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it = πe
t + r̂∗t + απ(πt − π∗) + αyỹt,

it πe
t πt − π∗

ỹt r̂∗t

απ αy
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yt

yt

yt = xt + st,

xt st
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gt

it = rt + πe
t ,

πe
t
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πt

πe
t

yt 100

y∗t

ỹt

gt

it

rt

r∗t

r̃t

qt

q∗t

q̃t

zt

κt

w π̄

πe
t+1 = πt+1

πe
t+1 = wπt+1 + (1− w)πt

πe
t+1 = wπ̄ + (1− w)πt

πe
t+1 =

1
4

∑3
i=0 πt−i
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w

r∗t

r∗t =
1

σ
gL,t + nt + θt,

σ gL,t

nt θt
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r∗t = cgt + zt,

c gt zt

(nt) (θt)

(r∗) (gt)

zt

gt

gt gL,t

α

gt = gL,t
α.

gt = gL,t α = 1

α = 1

Yt = Ct

r∗t =
1

σ
gt + θt.

r∗t = cgt + zt.

c c = 1
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c

zt c

c = 1

r∗t = cgt + zt
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yt = y∗t︸︷︷︸
trend

+ ỹt︸︷︷︸
cyclical

,

rt = r∗t︸︷︷︸
trend

+ r̃t︸︷︷︸
cyclical

,

y∗t ỹt r∗t r̃t

r∗t = cgt + zt.

y∗t

y∗t = y∗t−1 + gt−1 + ey
∗

t ,

gt = gt−1 + egt .

zt

zt = zt−1 + ezt .

ỹt = a

(
r̃t−1 + r̃t−2

2

)
+ Φỹ,1ỹt−1 + Φỹ,2ỹt−2 + eỹt ,

πt = bỹt + Φπ,1πt−1 + Φπ,2πt−2 + Φπ,3πt−3 + Φπ,4πt−4 + eπt .
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(a < 0)

(b > 0)

zt

r̃t = ρr̃t−1 + eκt .

zt |ρ| < 1

∑4
i=1 Φπ,i = 1

|Φỹ,1 + Φỹ,2| < 1
a ≤ −0.0025 b ≥ 0.025 a

b [−0.025, 0.025]
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yt = Hxt +Azt + εt,

xt = Fxt−1 + ηt, t = 1, . . . , T.

p× 1 yt p

m× 1 xt m

k × 1 zt k

H ,A,F εt ηt

σeỹ eỹt

σ t

εt ηt

εt ∼ N(0,R),

ηt ∼ N(0,Q).

R Q

R Q

p, d, q p, d, q

H ,A,F xt
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qt = q∗t︸︷︷︸
trend

+ q̃t︸︷︷︸
cyclical

,

q∗t q̃t

ỹt = a

(
r̃t−1 + r̃t−2

2

)
+ Φỹ,1ỹt−1 + Φỹ,2ỹt−2 + θ1q̃t−1 + θ2q̃t−2 + eỹt ,

πt = bỹt + Φπ,1πt−1 + Φπ,2πt−2 + Φπ,3πt−3 + Φπ,4πt−4 + ψΔqt−1 + eπt .

q̃t−1 q̃t−2

Δqt−1

r̃t = γq̃t−1 + κt−1,

κt = ρκt−1 + eκt .

γ > 0

κt

|ρ| < 1
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q∗t = q∗t−1 + eq
∗

t .

q̃t = Φq̃,1q̃t−1 + Φq̃,2q̃t−2 + eq̃t .

|Φq̃,1 + Φq̃,2| < 1

yt = y∗t + ỹt,

rt = r∗t + r̃t,

r∗t = cgt + zt,

y∗t = y∗t−1 + gt−1 + ey
∗

t ,

gt = gt−1 + egt ,

zt = zt−1 + ezt .
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yt = Hxt +Azt + εt, εt ∼ N(0,R),

xt = Fxt−1 + ηt, ηt ∼ N(0,Q), t = 1, . . . , T.

xt

xt|zt ∼ N(ξt,Pt).

ξt Pt

(ξ0) P0 (R,Q)

ξt Pt εt,ηt

H ,A,F xt

ξt Pt

ξ0,P0,R,Q
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ξ0,P0,R,Q

ξ0,P0,R,Q

ξ0(0)

P0(0) H(0),A(0),F (0),R(0)

Q(0)

ξ0(0) P0(0)

H(1),A(1),F (1),R(1) Q(1)

H(1),A(1),F (1),R(1) Q(1)

ξ0(1) P0(1)

ξ0(j) P0(j) H(j + 1),A(j + 1),F (j +

1),R(j + 1) Q(j + 1)

H ,A,F ,R Q xt
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P0

P0(0) P0(j)

R Q (σ2)

xt
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yt = y∗t + ỹt,

rt = cgt + zt + r̃t,

y∗t = y∗t−1 + gt−1 + ey
∗

t ,

gt = gt−1 + egt ,

zt = zt−1 + ezt .

{y∗t−1, gt, zt}
y∗t gt−1 y∗t−1

rt gt zt

qt = q∗t + q̃t,

q∗t = q∗t−1 + eq
∗

t ,

q̃t = Φq̃,1q̃t−1Φq̃,2q̃t−2 + eq̃t .

q̃t qt

q∗t

y∗t rt
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yt rt

rt yt gt

ey
∗

t

gt y∗t

λg =
σeg

σey∗
.

λg gt

λg zt

a

eỹt zt ỹt

λz = |a| × σez

σeỹ

.

λz zt

λg λz
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ρ 0.988

: ỹt = a

(
r̃t−1 + r̃t−2

2

)
+ Φỹ,1ỹt−1 + Φỹ,2ỹt−2 + eỹt ,

: ỹt = a

(
r̃t−1 + r̃t−2

2

)
+ Φỹ,1ỹt−1 + Φỹ,2ỹt−2 + θ1q̃t−1 + θ2q̃t−2 + eỹt .

θ1 θ2

a

a

a

a

a
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90 90

λg 0.105 0.098

λz 0.030 0.048

a −0.106 [−0.426, 0.215] −0.239 [−0.460,−0.018]

Φỹ,1 0.949 [0.786, 1.111] 0.886 [0.698, 1.075]

Φỹ,2 −0.207 [−0.385,−0.028] −0.140 [−0.351, 0.071]

θ1 −1.522 [−4.009, 0.966]

θ2 1.649 [−1.041, 4.339]

σeỹ 1.463 1.393

σey∗ 0.405 0.401

σeg 0.043 0.039

b 0.114 [0.003, 0.226] 0.151 [0.014, 0.287]

Φπ,1 0.476 [0.325, 0.627] 0.474 [0.302, 0.646]

Φπ,2 0.124 [−0.104, 0.352] 0.156 [−0.087, 0.398]

Φπ,3 −0.046 [−0.265, 0.174] −0.076 [−0.307, 0.155]

ψ −0.207 [−0.407,−0.007]

σeπ 1.311 1.263

c −0.124 [−2.677, 2.429] 0.313 [−0.244, 0.870]

γ 1.040 [−0.624, 2.704]

ρ 0.988 [0.935, 1.042] 0.978 [0.887, 1.069]

σez 0.665 0.280

σeκ 0.257 0.138

Φq̃,1 1.496 [1.244, 1.748]

Φq̃,2 −0.728 [−0.995,−0.462]

σeq∗ 1.716

σeq̃ 0.227

−463.092 −654.441



doi:10.6342/NTU202302935

a

90 90 90

a [−0.46,−0.02] [−0.05,−0.01] [−0.40,−0.31]

θ1 [−4.01, 0.97] [0.02, 0.07] [−0.07,−0.01]

θ2 [−1.04, 4.34] [−0.08,−0.03] [−0.05, 0.02]

b [0.01, 0.29] [0.13, 0.30] [0.01, 0.04]

ψ [−0.41,−0.01] [−0.11,−0.04] [−0.27,−0.23]

c [−0.24, 0.87] [0.80, 1.07] [0.83, 1.00]

γ [−0.62, 2.70] [0.10, 0.20] [0.01, 0.05]

πt = bỹt +
4∑

i=1

Φπ,iπt−i + eπt ,

πt = bỹt +
4∑

i=1

Φπ,iπt−i + ψΔqt−1 + eπt .

ψ

b

b 0.22

b 0.15
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r∗t = cgt + zt.

r∗t gt

c

r̃t = γq̃t−1 + κt−1.

γ 1.04

a
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ỹt

y∗t

gt
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r̃t

r∗t

zt
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q̃t

q∗t

κt
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ỹt

y∗t

gt

r̃t

r∗t

zt

q∗t

q̃t

κt

5.1 ρ

8

0

0
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r̃t = ρr̃t−1 + eκt .

r̃t = γq̃t−1 + κt−1,

q̃t = Φq̃,1q̃t−1 + Φq̃,2q̃t−2 + eq̃t .

γ̂ = 1.04

0 θ1 θ2 ψ γ
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a

a

r∗t = cgt + zt.

c
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c = 1

r∗t = gt + zt.

c = 0

r∗t = r∗t−1 + er
∗

t .

c
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yt = Hxt +Azt + εt εt ∼ N(0,R)

xt = Fxt−1 + ηt ηt ∼ N(0,Q)

yt =
[
yt rt πt

]′
; zt =

[
πt−1 πt−2 πt−3 πt−4

]′

xt =
[
y∗t gt ỹt ỹt−1 r̃t r̃t−1 zt

]′

A =

⎡
⎣ 0 0 0 0

0 0 0 0
Φπ,1 Φπ,2 Φπ,3 Φπ,4

⎤
⎦ ; H =

⎡
⎣ 1 0 1 0 0 0 0

0 c 0 0 1 0 1
0 0 b 0 0 0 0

⎤
⎦

F =

⎡
⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

1 1 0 0 0 0 0

0 1 0 0 0 0 0

0 0 Φỹ,1 Φỹ,2
a
2

a
2

0

0 0 1 0 0 0 0

0 0 0 0 ρ 0 0

0 0 0 0 1 0 0

0 0 0 0 0 0 1

⎤
⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

diag(R) =
[
0 0 σ2

eπ

]

diag(Q) =
[
σ2
ey∗ σ2

eg σ2
eỹ 0 σ2

eκ 0 σ2
ez

]

(1)Φπ,4 = 1−
3∑

j=1

Φπ,j (2) σ2
eg = λ2

gσ
2
ey∗ (3) σ2

ez = a2λ2
zσ

2
eỹ
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yt = Hxt +Azt + εt εt ∼ N(0,R)

xt = Fxt−1 + ηt ηt ∼ N(0,Q)

yt =
[
yt rt qt πt

]′
; zt =

[
πt−1 πt−2 πt−3 πt−4 Δqt

]′

xt =
[
y∗t gt ỹt ỹt−1 r̃t r̃t−1 κt q∗t q̃t q̃t−1 zt

]′

A =

⎡
⎢⎢⎣

0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
Φπ,1 Φπ,2 Φπ,3 Φπ,4 ψ

⎤
⎥⎥⎦ ; H =

⎡
⎢⎢⎣

1 0 1 0 0 0 0 0 0 0 0
0 c 0 0 1 0 0 0 0 0 1
0 0 0 0 0 0 0 1 1 0 0
0 0 b 0 0 0 0 0 0 0 0

⎤
⎥⎥⎦

F =

⎡
⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

1 1 0 0 0 0 0 0 0 0 0

0 1 0 0 0 0 0 0 0 0 0

0 0 Φỹ,1 Φỹ,2
a
2

a
2

0 0 θ1 θ2 0

0 0 1 0 0 0 0 0 0 0 0

0 0 0 0 0 0 1 0 γ 0 0

0 0 0 0 1 0 0 0 0 0 0

0 0 0 0 0 0 ρ 0 0 0 0

0 0 0 0 0 0 0 1 0 0 0

0 0 0 0 0 0 0 0 Φq̃,1 Φq̃,2 0

0 0 0 0 0 0 0 0 1 0 0

0 0 0 0 0 0 0 0 0 0 1

⎤
⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

diag(R) =
[
0 0 0 σ2

eπ

]

diag(Q) =
[
σ2
ey∗ σ2

eg σ2
eỹ 0 0 0 σ2

eκ σ2
eq∗ σ2

eq̃ 0 σ2
ez

]

(1)Φπ,4 = 1−
3∑

j=1

Φπ,j (2) σ2
eg = λ2

gσ
2
ey∗ (3) σ2

ez = a2λ2
zσ

2
eỹ




