
1 The Model

2 Households

max
Ct,Nt,Bt

Et

∞∑
t=0

C1−σ
t

1− σ
− N1+ϕ

t

1 + ϕ
(1)

s.t. : Ct +Qt
Bt

Pt
=
Bt−1

Pt−1

Pt−1
Pt

+
Wt

Pt
Nt −

Tt
Pt

(2)

limEt {BT} ≥ 0 (3)

FOCs:

C−σt = λt (4)

−Nϕ
t = λt

Wt

Pt
(5)

Qt = Et
λt+1

λt

Pt
Pt+1

(6)

2.1 Wage-Setting

max
W ∗
t

Et

{
∞∑
s=0

(βθw)s
[
UCt+sNt+s(h)

Wt(h)

Pt+s
− U(Ct+s, Nt+s)

]}
(7)

s.t.Nt(h) =

(
Wt(h)

Wt

)−εw,t
Nt (8)

max
W ∗
t

Et

{
∞∑
s=0

(βθw)s
[
UCt+s

(
Wt(h)

Wt+s

)−εw,t+s
Nt+s

Wt(h)

Pt+s
− U(Ct+s, Nt+s)

]}
(9)

max
W ∗
t

Et

{
∞∑
s=0

(βθw)s
[
UCt+s

(
1

Wt+s

)−εw,t+s
Nt+s

W
1−εw,t+s
t (h)

Pt+s
−
N1+ϕ
t+s (h)

1 + ϕ

]}
(10)

max
W ∗
t

Et

{
∞∑
s=0

(βθw)s
[
UCt+s

(
1

Wt+s

)−εw,t+s
Nt+s

W
1−εw,t+s
t (h)

Pt+s
− 1

1 + ϕ

(
Wt(h)

Wt+s

)−εw,t+s(1+ϕ)
N1+ϕ
t+s

]}
(11)

Labor demand schedule:

Nt+s(h) =

(
Wt(h)

Wt+s

)−εw,t+s
Nt+s = e

−εw,t+s ln
(
Wt(h)
Wt+s

)
Nt+s
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FOC:

Et

{
∞∑
s=0

(βθw)s
[
UCt+s (1− εw,t+s)

(
Wt(h)

Wt+s

)−εw,t+s
Nt+s

1

Pt+s
+ εw,t+s

(
Wt(h)

Wt+s

)−εw,t+s(1+ϕ)−1 1

Wt+s

N1+ϕ
t+s

]}
= 0(12)

Et

{
∞∑
s=0

(βθw)s
[
UCt+s (1− εw,t+s)Nt+s(h)

1

Pt+s
+ εw,t+sN

1+ϕ
t+s (h)

1

Wt(h)

]}
= 0(13)

Et

{
∞∑
s=0

(βθw)sNt+s(h)

[
(1− εw,t+s)

λt+s
Pt+s

+ εw,t+sN
ϕ
t+s(h)

1

Wt(h)

]}
= 0(14)

Et

{
∞∑
s=0

(βθw)sNt+s(h)

[
(1− εw,t+s)

λt+s
Pt+s

Wt(h) + εw,t+sN
ϕ
t+s(h)

]}
= 0(15)

(16)

3 Detrending

Define:

C̃t =
Ct
At−1

, λ̃t =
λt
A−σt−1

, W̃t =
Wt

A−σt−1
, Ãt =

At
At−1

C̃−σt = λ̃t

−Nϕ
t = λ̃t

W̃t

Pt

Qt = Et
λt+1

A−σ
t

A−σ
t

λt
A−σ
t−1

A−σ
t−1

1
πt+1

= Et
λ̃t+1

λ̃t

A−σ
t

A−σ
t−1

1
πt+1
⇔ Qt = Et

λ̃t+1

λ̃t
Ã−σt

1
πt+1

4 Steady State

5 Linearizing

Wage equation
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LHS:

Et

{
∞∑
s=0

(βθw)sNt+s(h) (1− εw,t+s) λt+s
Pt+s

Wt(h)

}
≈ E0

∞∑
s=0

(βθw)sN(h) (1− εw) λ
P
W (h)

{
n̂t+s(h) + λ̂t+s + ŵt(h)− p̂t+s

}
−E0

∞∑
s=0

(βθw)sN(h)εw
λ
P
W (h)ε̂w,t+s

=
∞∑
s=0

(βθw)sN(h) (1− εw) λ
P
W (h)ŵt(h) + E0

∞∑
s=0

(βθw)sN(h) (1− εw) λ
P
W (h)

{
n̂t+s(h) + λ̂t+s − p̂t+s

}
−E0

∞∑
s=0

(βθw)sN(h)εw
λ
P
W (h)ε̂w,t+s

= 1
1−βθwN(h) (1− εw) λ

P
W (h)ŵt(h) + E0

∞∑
s=0

(βθw)sN(h) (1− εw) λ
P
W (h)

{
n̂t+s(h) + λ̂t+s − p̂t+s

}
−E0

∞∑
s=0

(βθw)sN(h)εw
λ
P
W (h)ε̂w,t+s

RHS:

Et

{
∞∑
s=0

(βθw)sεw,t+sN
1+ϕ
t+s (h)

}
≈ E0

∞∑
s=0

(βθw)sεwN
1+ϕ(h) {ε̂w,t+s + (1 + ϕ) n̂t+s(h)}

Equating:

E0

∞∑
s=0

(βθw)sεwN
1+ϕ(h) {ε̂w,t+s + (1 + ϕ) n̂t+s(h)}

= 1
1−βθw εw,t+sN

1+ϕ(h)ŵt(h) + E0

∞∑
s=0

(βθw)sεw,t+sN
1+ϕ(h)

{
n̂t+s(h) + λ̂t+s − p̂t+s

}
−E0

∞∑
s=0

(βθw)sN(h)εw
λ
P

1−εw
1−εwW (h)ε̂w,t+s

⇔ E0

∞∑
s=0

(βθw)sεwN
1+ϕ(h) {ε̂w,t+s + (1 + ϕ) n̂t+s(h)}

= 1
1−βθw εw,t+sN

1+ϕ(h)ŵt(h) + E0

∞∑
s=0

(βθw)sεw,t+sN
1+ϕ(h)

{
n̂t+s(h) + λ̂t+s − p̂t+s

}
−E0

∞∑
s=0

(βθw)sεw,t+sN
1+ϕ(h) εw

1−εw ε̂w,t+s

⇔ E0

∞∑
s=0

(βθw)s {ε̂w,t+s + (1 + ϕ) n̂t+s(h)}

= 1
1−βθw ŵt(h) + E0

∞∑
s=0

(βθw)s
{
n̂t+s(h) + λ̂t+s − p̂t+s

}
−E0

∞∑
s=0

(βθw)s εw
1−εw ε̂w,t+s

⇔ 1
1−βθw ŵt(h) = E0

∞∑
s=0

(βθw)s
{
ε̂w,t+s + (1 + ϕ) n̂t+s(h)− n̂t+s(h)− λ̂t+s + p̂t+s + εw

1−εw ε̂w,t+s

}
⇔ 1

1−βθw ŵt(h) = E0

∞∑
s=0

(βθw)s
{
ϕn̂t+s(h)− λ̂t+s + p̂t+s + 1

1−εw ε̂w,t+s

}
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Labor demand schedule

N(h)n̂t+s(h) = ln
(
W (h)
W

)(
W (h)
W

)−εw
Nεwε̂w,t+s − εw

(
W (h)
W

)−εw
N {ŵt(h)− ŵt+s}+

(
W (h)
W

)−εw
Nn̂t+s

⇔ n̂t+s(h) = −εw
(
ŵt(h)− ŵt+s − ln

(
W (h)
W

)
ε̂w,t+s

)
+ n̂t+s

ln
(
W (h)
W

)
= 0?

Combined

n̂t+s(h) = n̂t+s − εw (ε̂w,t+s + ŵt(h)− ŵt+s)
1

1−βθw ŵt(h) = E0

∞∑
s=0

(βθw)s
{
ϕn̂t+s(h)− λ̂t+s + p̂t+s + 1

1−εw ε̂w,t+s

}
combined

1
1−βθw ŵt(h) = E0

∞∑
s=0

(βθw)s
{
ϕ (n̂t+s − εw (ε̂w,t+s + ŵt(h)− ŵt+s))− λ̂t+s + p̂t+s + 1

1−εw ε̂w,t+s

}
1

1−βθw ŵt(h) = E0

∞∑
s=0

(βθw)s
{
ϕ (n̂t+s − εw (ŵt(h)− ŵt+s))− λ̂t+s + p̂t+s +

(
−ϕεw + 1

1−εw

)
ε̂w,t+s

}
(1+ϕεw)(ŵt(h)−ŵt)

1−βθw = E0

∞∑
s=0

(βθw)s
{
ϕ (n̂t+s + εw (ŵt+s − ŵt))− ŵt − λ̂t+s + p̂t+s

+
(
−ϕεw + 1

1−εw

)
ε̂w,t+s

}
(1+ϕεw)(ŵt(h)−ŵt)

1−βθw = E0

∞∑
s=0

(βθw)s
{
ϕn̂t+s − ŵt+s + ϕεw (ŵt+s − ŵt) + ŵt+s − ŵt − λ̂t+s + p̂t+s

+
(
−ϕεw + 1

1−εw

)
ε̂w,t+s

}
(1+ϕεw)(ŵt(h)−ŵt)

1−βθw = E0

∞∑
s=0

(βθw)s
{
ϕn̂t+s − ŵt+s + (1 + ϕεw) (ŵt+s − ŵt)− λ̂t+s + p̂t+s

+
(
−ϕεw + 1

1−εw

)
ε̂w,t+s

}
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TRICK

(1 + ϕεw) (ŵt(h)− ŵt)1− βθw = E0

∞∑
s=0

(βθw)s

 ϕn̂t+s − ŵt+s + (1 + ϕεw)
s−1∑
i=0

πwt+i+1 − λ̂t+s + p̂t+s

+
(
−ϕεw + 1

1−εw

)
ε̂w,t+s


and :

∞∑
s=0

(βθw)s
s−1∑
i=0

πwt+i+1 = βθw
1−βθw

∞∑
s=0

(βθw)sπwt+i+1

(1+ϕεw)(ŵt(h)−ŵt)
1−βθw = E0

∞∑
s=0

(βθw)s
{
ϕn̂t+s − ŵt+s + (1 + ϕεw) βθw

1−βθwπ
w
t+i+1 − λ̂t+s + p̂t+s

+
(
−ϕεw + 1

1−εw

)
ε̂w,t+s

}
ŵt(h)− ŵt = 1−βθw

1+ϕεw
E0

∞∑
s=0

(βθw)s
{
ϕn̂t+s − ŵt+s − λ̂t+s + p̂t+s +

(
−ϕεw + 1

1−εw

)
ε̂w,t+s

}
+βθw

∞∑
s=0

(βθw)sπwt+i+1

WritingInDifferencedFORM...CHECK

ŵt(h)− ŵt = βθw (ŵt+1(h)− ŵt+1) + 1−βθw
1+ϕεw

(
ϕn̂t − ŵt − λ̂t + p̂t +

(
−ϕεw + 1

1−εw

)
ε̂w,t

)
+ βθwπ

w
t+1

substitute :

ŵt(h)− ŵt = θw
1−θw (ŵt − ŵt−1) = θw

1−θwπ
w
t

θw
1−θwπ

w
t = βθwEt

(
θw

1−θwπ
w
t+1

)
+ 1−βθw

1+ϕεw

(
ϕn̂t − ŵt − λ̂t + p̂t +

(
−ϕεw + 1

1−εw

)
ε̂w,t

)
+ βθwEtπ

w
t+1

πwt = βθwEt
(
πwt+1

)
+ (1−βθw)(1−θw)

(1+ϕεw)θw

(
ϕn̂t − ŵt − λ̂t + p̂t +

(
−ϕεw + 1

1−εw

)
ε̂w,t

)
+ β (1− θw)Etπ

w
t+1

πwt = βEtπ
w
t+1 + (1−βθw)(1−θw)

(1+ϕεw)θw

(
ϕn̂t − ŵt − λ̂t + p̂t +

(
−ϕεw + 1

1−εw

)
ε̂w,t

)
πwt = βEtπ

w
t+1 + (1−βθw)(1−θw)

(1+ϕεw)θw

(
ϕn̂t − ŵRt − λ̂t +

(
−ϕεw + 1

1−εw

)
ε̂w,t

)
πwt = βEtπ

w
t+1 + (1−βθw)(1−θw)

(1+ϕεw)θw

(
ϕn̂t − ŵRt − λ̂t +

(
−ϕεw + 1

1−εw

)
ε̂w,t

)
πwt = βEtπ

w
t+1 + (1−βθw)(1−θw)

(1+ϕεw)θw

(
ϕn̂t − ŵRt − λ̂t + 1−ϕεw+ϕε2w

1−εw ε̂w,t

)

for:

(
W (h)
W

)
= 0 :

πwt = βEtπ
w
t+1 + (1−βθw)(1−θw)

(1+ϕεw)θw

(
ϕn̂t − ŵRt − λ̂t + 1

1−εw ε̂w,t

)
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