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The Model Economy

Household

Utility Function

U = E0

∞∑
t=0

βt [
(cγ(1 − N)1−γ)1−σ − 1

1 − σ
] (1)
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The Model Economy

Household

Budget Constrain

St + Ct + Bt ≤ (1 + r e
t )St−1 + (1 + r f

t−1)Bt−1 + WtNt (2)

• St is the stock shares that the representative house-
hold purchases from firms in the economy. Bt is the
bonds that the representative household issues in the
economy.
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The Model Economy

Household

Optimization

1 + re
t =

Uc,t

βUc,t+1
(3)
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The Model Economy

Firm

Production Function

Yt = At (utKt )
1−α(Nt )

α (4)

• ut is capital utilization rate.
• At is the aggregate technological shocks that have the fol-

lowing process.

log(At ) = ρAlog(At−1) + εA,t (5)

• εA,t is i.i.d normal distribution, N(0, σ2
A).
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The Model Economy

Firm

Capital Accumulation Process

Kt+1 = [1 − Φ(
It

It−1
)]It + [1 − φ(ut )]Kt (6)

• Φ( It
It−1

) is the adjustment cost for investment.

Φ(
It

It−1
) = (

It
It−1

− 1)2 (7)

• φ(ut ) denotes the function of capital utilization rate in pro-
duction process.

φ(ut ) = ω0 + ω1(ut − 1) +
ω2

2
(ut − 1)2 (8)

Research Inquiry Ningru Zhao



The Model Economy

Firm

Model Completion
Yt = Ct + It (9)

At (utKt )
1−α(Nt )

α = Ct + It (10)
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The Model Economy

Social Planner’s Problem

Optimization

Max E0

∞∑
t=0

βtU(Ct ,1 − Nt )

s.t At (utKt )
1−α(Nt )

α = Ct + It

Kt+1 = [1 − Φ(
It

It−1
)]It + [1 − φ(ut )]Kt
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The Model Economy

Social Planner’s Problem

First Oder Conditions

Uc = µt (11)

UN = µtαAt (utKt )
1−α(Nt )

α−1 (12)

µt (1 − α)At (ut )
−αK 1−α

t Nα
t = qtφu(ut )Kt (13)

µt = qt [1 − Φ(
It

It−1
) − ΦI(

It
It−1

)
It

It−1
] + Et [βqt+1ΦI(

It+1

It
)(

It+1

It
)2]

(14)

qt = βEt [µt+1(1 − α)At+1(ut+1)1−α(Kt+1)−αNα
t+1 + qt+1(1 − φ(ut+1))]

(15)

1 + re
t+1 = Et

1
β

[
qt

qt+1

φu(ut )

φu(ut+1)

At+1

At
(

Nt+1utKt

Ntut+1Kt+1
)α] (16)
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The Model Economy

Social Planner’s Problem

Model Solution
• µt and qt are Lagrangian multiplier associated with equa-

tion(10) and equation (6), respectively.
• Combining all the first order conditions for consumer and

firm, and all auxiliary conditions, I can compute the se-
quence of Ct , Yt , It , Kt , Nt , µt , qt , ut and re

t .
• Note: consider the capacity utilization rate ut is unit in equi-

librium and the value of Φ function should be equal to dis-
count rate 0.025, get ω0 = 0.025, ω1 = 0.0454 and ω2 is
free to calibrate.
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