
For the model feature is same as Finn(2000) , except the household utility
function it is refer as Finn(1995).

1 Household First order condition

Household MAX:

E0

∞∑
t=0

βtU(Ct, Nt) = E0

∞∑
t=0

βt{logCt + ϕ(log(1−Nt))} As Finn(1995)

(1)

Household Budget constraint:

Ct + It + PO,tOt = WtNt +RtKtut (2)

Kt+1 = It + (1− δ(ut))Kt (3)

其中, 0 < β < 1 , ϕ < 0, Qt = 1
rt .

Utilization Rate:

Ot

Kt

= a(ut), a(ut) =
υ0
υ1
uυ1t (4)

⇒ ut =

(
Ot

Kt

) 1
υ1

(
υ1
υ0

) 1
υ1

(5)

Depreciation Rate:

δ(ut) =
ω0

ω1

uω1
t (6)

0 < δ(.) < 1, ω0 > 0, ω1 > 1 , υ0 > 0 , υ1 > 1 .
By Lagrange we can obtain the optimal choose of Ct , Nt , Kt+1 , ut First
order condition:

L :Et

∞∑
t=0

βt{logCt + ϕ(log(1−Nt)) + λt(WtNt +RtKtut − Ct

− (Kt+1 − (1− δ(ut))Kt)− PO,ta(ut)kt} (7)
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∂L
∂Ct

= 0 ⇒ λt =
1

Ct
(8)

∂L
∂Nt

= 0 ⇒ λt =
ϕ

(1−Nt)Wt

(9)

∂L
∂Kt+1

= 0 ⇒ λt = Etβλt+1 (Rt+1ut+1 + (1− δ(ut+1))− PO,t+1a(ut+1))

(10)

∂L
∂ut

= 0 ⇒ RtKt = δ′(ut)Kt + PO,ta
′(ut)Kt (11)

上式可整理為:

FOC Labor supply:

1

Ct
=

ϕ

(1−Nt)Wt

⇒ (1−Nt) =
ϕCt
Wt

(12)

FOC Capital:

⇒ Etβ
Ct
Ct+1

(Rt+1ut+1 + (1− δ(ut+1))− PO,t+1a(ut+1)) = 1 (13)

Utilization Rate:

⇒ RtKt = ω0u
(ω1−1)
t Kt + PO,tυ0u

(υ1−1)
t Kt (14)

2 Firm First order condition

Firm MAX profits:

πt = YH,t −RtKtut −WtNt (15)

Firm production function:

YH,t = (AtNt)
α(utKt)

(1−α) (16)

By Lagrange we can obtain the optimal choose of Nt , Kt First order
condition:
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L : (AtNt)
α(utKt)

(1−α) −RtKtut −WtNt (17)

FOC capital:

∂L
∂Kt

= 0 ⇒ Rtut =
YH,t(1− α)

Kt

(18)

FOC labor:

∂L
∂Nt

= 0 ⇒ Wt =
YH,tα

Nt

(19)

3 Household Log linearize

Utilization Rate

Ot

Kt

= a(ut), a(ut) =
υ0
υ1
uυ1t ⇒ Ôt − K̂t = â(ût), â(ût) = υ1ût (20)

ut =

(
Ot

Kt

) 1
υ1

(
υ1
υ0

) 1
υ1

⇒ Ôt − K̂t = υ1ût (21)

Depreciation Rate

δ(ut) =
ω0u

ω1
t

ω1

⇒ δ̂(ût) = ω1ût (22)

Law of Motion:

Kt+1 = It + (1− δ(ut))Kt

⇒ K̂t+1 = δ̄(ū)Ît + (1− δ̄(ū))K̂t − δ̄(ū)ω1ût (23)

Oil shocks

logPO,t = (1− ρO)logPO + ρO(logPO,t−1) + εOt ⇒ P̂O,t = ρOP̂O,t−1 + εOt
(24)

labor supply:

(1−Nt) =
ϕCt
Wt

⇒ N̄N̂t + (1− N̄)(Ĉt − Ŵt) = 0 (25)
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capital:

Etβ
Ct
Ct+1

(Rt+1ut+1 + (1− δ(ut+1))− PO,t+1a(ut+1)) = 1

R̄ū(R̂t+1 + ût+1)− δ̄(ū)ω1ût+1 − P̄O
υ0
υ1
ūυ1(P̂O,t+1 + υ1ût+1) =

1

β
(Ĉt+1 − Ĉt)

(26)

Utilization Rate:

Rt = ω0u
(ω1−1)
t + PO,tυ0u

(υ1−1)
t

⇒ R̄R̂t = ω0ū
(ω1−1)(ω1 − 1)ût + P̄Oυ0ū

(υ1−1)
(
P̂O,t + (υ1 − 1)ût

)
(27)

⇒ R̂t =
1

R̄
ω0ū

(ω1−1)(ω1 − 1)ût +
P̄O
R̄
υ0ū

(υ1−1)
(
P̂O,t + (υ1 − 1)ût

)
(28)

4 Firm Log linearize

Firm production function:

YH,t = (AtNt)
α(utKt)

(1−α) ⇒ ŶH,t = αÂt + αN̂t + (1− α)ût + (1− α)K̂t

(29)

technology shocks

logAt = (1− ρA)logA+ ρA(logAt−1) + εAt ⇒ Ât = ρAÂt−1 + εAt (30)

capital:

Rtut =
YH,t(1− α)

Kt

⇒ R̂t = ŶH,t − K̂t − ût (31)

labor:

Wt =
YH,tα

Nt

⇒ Ŵt = ŶH,t − N̂t (32)

5 good market equilibrium

Resource constraint

YH,t = Ct + It + PO,tOt ⇒ ŶH,t =
C̄

Ȳ
Ĉt +

Ī

Ȳ
Ît +

P̄OŌ

Ȳ
P̂O,tÔt (33)
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