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A. Supplemantary Materials

i. Firm, first optimization problem

First, for any given level of labor costs, they have to find the output-maximizing combination of
labor.

max
Nijt

(∫ 1

0
N

εw−1
εw

ijt dj
) εw

εw−1
≡ Nt

s.t
∫ 1

0
WjtNijtdj ≤ Zt

L =

(∫ 1

0
N

εw−1
εw

ijt dj
) εw

εw−1
+

(
Zt −

∫ 1

0
WjtNijtdj

)
Solve this problem,

∂L

∂Nijt
=

εw

εw − 1

(∫ 1

0
N

εw−1
εw

ijt dj
) εw

εw−1−1
εw − 1

εw
N
− 1

εw
ijt − λtWjt = 0

⇒ N
1

εw
t N

− 1
εw

ijt = λtWjt

N
1

εw
t N

− 1
εw

ikt = λtWkt

⇒
(Nijt

Nikt

)− 1
εw

=
Wjt

Wkt
⇒ Nijt =

(Wjt

Wkt

)εw

· Nikt

Insert Nijt we got to the constraint mentioned above, then

Zt =
∫ 1

0
WjtNijtdj =

∫ 1

0
Wjt

(Wjt

Wkt

)εw

Niktdj =
∫ 1

0
W1−εw

jt djWεw
kt Nikt

⇒ Nikt =
ZtW−εw

kt∫ 1
0 W1−εw

jt dj

We insert Nikt again to Nt,

Nt =

(∫ 1

0
N

εw−1
εw

ijt dj
) εw

εw−1
=

∫ 1

0

 ZtW−εw
jt∫ 1

0 W1−εw
jt dj

dj


εw−1

εw


εw
εw−1

= Zt

∫ 1

0

W1−εw
jt(∫ 1

0 W1−εw
jt dj

) εw−1
εw

dj


εw

εw−1

⇒ Zt

(∫ 1

0
W1−εw

jt dj
)1− (εw−1)

εw


εw

εw−1

= Zt

(∫ 1

0
W1−εw

jt dj
) 1

εw−1
≡ 1
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Since Wt
∫ 1

0 Nitdi = Zt ⇒ Wt = Zt, thus

∴ Wt =

(∫ 1

0
W1−εw

jt dj
) 1

1−εw

We insert Nijt again to Zt, to get the demand of labor for firm i

Zt =
∫ 1

0
WjtNijtdj =

∫ 1

0
Wjt

(Wjt

Wkt

)−εw

Niktdj = NiktW
εw
kt

∫ 1

0
W1−εw

jt dj

⇒ Zt = NiktW
εw
kt W1−εw

t ⇒ Nikt =

(
Wkt
Wt

)−εw Zt

Wt
=

(
Wkt
Wt

)−εw

Nit

∴ Nijt =

(Wjt

Wt

)−εw

Nit

ii. Firm, second optimization problem

Second, given this optimal labor vector, firms have to set prices such that profit is maximized.

max
P∗t

{
∞

∑
k=0

θk
pEt

[
Qt,t+k

(
P∗t Yit+k|t − TCn

it+k|t

(
Yit+k|t

))]}

s.t. Yit+k|k =

(
P∗t

Pt+k

)−εp

Ct+k

⇒ max
P∗t

{
∞

∑
k=0

θk
pEt

[
βk (1− λ)

(
Ct+k
Ct

)−σ Pt

Pt+k

(
P∗t

(
P∗t

Pt+k

)−εp

Ct+k − TCn
it+k|t

((
P∗t

Pt+k

)−εp

Ct+k

))]}

Find the optimal price P∗t

P∗t =
εp(

εp − 1
)
(1− λ)

Et ∑∞
k=0 θk

pβkC1−σ
t+k P

εp
t+k MCr

t+k|t

Et ∑∞
k=0 θk

pβkC1−σ
t+k P

εp−1
t+k

Log-linearized P∗t

P∗t
Pt−1

=
εp

(εp − 1)(1− λ)

Et ∑∞
k=0 θk

pβkC1−σ
t+k P

εp
t+k MCr

t+k|t

Et ∑∞
k=0 θk

pβkC1−σ
t+k P

εp−1
t+k

1
Pt−1

⇒ P∗t
Pt−1

Et

∞

∑
k=0

θk
pβkC1−σ

t+k P
εp−1
t+k =

εp

(εp − 1)(1− λ)
Et

∞

∑
k=0

θk
pβkC1−σ

t+k P
εp
t+k MCr

t+k|t
1

Pt−1
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A first-order Taylor expansion of the LHS:

∞

∑
k=0

θk
pβkC1−σPεp−1 +

1
P

Et

∞

∑
k=0

θk
pβkC1−σPεp−1 (P∗t − P)

− P
P2 Et

∞

∑
k=0

θk
pβkC1−σPεp−1(Pt−1 − P)

+ Et

∞

∑
k=0

θk
pβkC1−σ(εp − 1)Pεp−2(Pt+k − P)

+ Et

∞

∑
k=0

θk
pβk(1− σ)C−σPεp−1(Ct+k − C)

= C1−σPεp−1Et

∞

∑
k=0

θk
pβk [1 + p̂∗t − p̂t−1 + (εp − 1) p̂t+k + (1− σ)ĉt+k

]

A first-order Taylor expansion of the RHS:

εp

(εp − 1)(1− λ)

∞

∑
k=0

θk
pβkC1−σPεp−1MCr −

εp

(εp − 1)(1− λ)

∞

∑
k=0

θk
pβkC1−σPεp MCr 1

P2 (Pt−1 − P)

+
εp

(εp − 1)(1− λ)
Et

∞

∑
k=0

θk
pβkC1−σεpPεp−1MCr 1

P
(Pt+k − P)

+
εp

(εp − 1)(1− λ)
Et

∞

∑
k=0

θk
pβk(1− σ)C−σPεp MCr 1

P
(Ct+k − C)

+
εp

(εp − 1)(1− λ)

∞

∑
k=0

θk
pβkC1−σPεp−1MCr 1

P
(MCr

t+k|t −MCr)

= C1−σPεp−1Et

∞

∑
k=0

θk
pβk

[
1 +− p̂t−1 + εp p̂t+k + (1− σ)ĉt+k + m̂cr

t+k|t

]
The expressions on the LHS and RHS can be rearranged to appear as follows.

⇒ Et

∞

∑
k=0

θk
pβk( p̂∗t − p̂t+k) = Et

∞

∑
k=0

θk
pβk(m̂cr

t+k|t)

⇒ p̂∗t
1− θpβ

= Et

∞

∑
k=0

θk
pβk

(
m̂cr

t+k|t + p̂t+k

)

∴ p̂∗t = (1− θpβ)Et

∞

∑
k=0

θk
pβk( ˆmcr

t+k|t + p̂t+k)
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B. Supplemantary Materials

i. Household Optimization

Unrestricted households (represented by the share of λ) maximize their lifetime utility while
discounting the future with a factor β ∈ (0, 1).

max
Ct,s ,Nt,s

E0

{
∞

∑
t=0

βtu (Ct,s, Nt,s)

}
(1)

s.t.
∫ 1

0
PtCt,s + QtBt,s ≤ Bt−1,s + WtNt,s + Tt (2)

F.O.Cs

1 = βQ−1
t Et

{(
Ct+1,s

Ct,s

)−σ Pt

Pt+1

}
(3)

Cσ
t,sNϕ

t,s =
Wt

Pt
(4)

Log-linearization yields:

ĉt,s = Et ĉt+1,s −
1
σ
(ît − Etπ̂t+1) (5)

σĉt,s + ϕn̂t,s = ω̂t (6)

Where ωt indicates a real wage Wt
Pt

and ω̂t denotes a linear form of real wage.

ii. Rule of thumb Optimization

Restricted households (represented by the share of 1− λ) also maximize their lifetime utility in
the same way as unrestricted households. However, their budget constraint is different because
they don’t consider inter-temporal problems.

max
Ct,h ,Nt,h

E0

{
∞

∑
t=0

βtu (Ct,h, Nt,h)

}
(7)

s.t.
∫ 1

0
PtCt,h ≤WtNt,h + Tt (8)

Due to their inability to maximize consumption inter-temporally, we can deduce the following:

Ct,h =
1
Pt

(WtNt,h + Tt) (9)

Cσ
t,hNϕ

t,h =
Wt,h

Pt
(10)
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Log-linearized yields:

ĉt,h = ω̂t + n̂t,h (11)

σĉt,h + ϕn̂t,h = ω̂t (12)

iii. Optimal wage selection

Rewrite the flow budget constraints for Ct+k|t

Ct+k|t =
1

Pt+k

(
Dt+k|t + W∗t Nt+k|t + Tt+k − Et+kQt+k,t+k+1Dt+k+1|t

)
Insert Ct+k|t and Nt+k|t we derived in firms part to the utility function:

Et

{
∞

∑
k=0

(βθw)
k u
(

Ct+k|t, Nt+k|t

)}

= Et

{
∞

∑
k=0

(βθw)
k u

([
1

Pt+k

(
Dt+k|t + W∗t Nt+k|t + Tt+k − Et+kQt+k,t+k+1Dt+k+1|t

)]
,

[(
W∗t

Wt+k

)−εw

Nt+k

])}

= Et

{
∞

∑
k=0

(βθw)
k u

([
1

Pt+k

(
Dt+k|t + W∗t

(
W∗t

Wt+k

)−εw

Nt+k + Tt+k − Et+kQt+k,t+k+1Dt+k+1|t

)]
,

[(
W∗t

Wt+k

)−εw

Nt+k

])}

max
W∗t

Et

{
∞

∑
k=0

(βθw)
k u

([
1

Pt+k

(
Dt+k|t + W∗t

(
W∗t

Wt+k

)−εw

Nt+k + Tt+k − Et+kQt+k,t+k+1Dt+k+1|t

)]
,

[(
W∗t

Wt+k

)−εw

Nt+k

])}

Solve the problem. FOC:

Et

{
∞

∑
k=0

(βθw)
k

[
uC

(
Ct+k|t, Nt+k|t

) 1
Pt+k

(1− εw)
W∗t

Wt+k

−εw

Nt+k − uN

(
Ct+k|t, Nt+k|t

)
εw

W∗t
Wt+k

−εw−1 1
Wt+k

Nt+k

]}
⇒

Et

{
∞

∑
k=0

(βθw)
k

[
uC

(
Ct+k|t, Nt+k|t

) 1
Pt+k

(1− εw)
W∗t

Wt+k

−εw

Nt+k − uN

(
Ct+k|t, Nt+k|t

)
εw

1
W∗t

W∗t
Wt+k

−εw

Nt+k

]}

= Et

{
∞

∑
k=0

(βθw)
k
[

uC

(
Ct+k|t, Nt+k|t

) 1
Pt+k

(1− εw)Nt+k|t − uN

(
Ct+k|t, Nt+k|t

)
εw

1
W∗t

Nt+k|t

]}
= 0

Multiply both sides by W∗t
1−εw

:

Et

{
∞

∑
k=0

(βθw)
k
[

uC

(
Ct+k|t, Nt+k|t

) 1
Pt+k

Nt+k|tW
∗
t +

εw

εw − 1
uN

(
Ct+k|t, Nt+k|t

)
Nt+k|t

]}
= 0

Define MRSt+k|t ≡ −
uN(Ct+k|t ,Nt+k|t)
uC(Ct+k|t ,Nt+k|t)

as the marginal rate of substitution between consumption

and hours in period t+k for a household resetting the wage in period t.

Et

{
∞

∑
k=0

(βθw)
k
[

Nt+k|tuC

(
Ct+k|t, Nt+k|t

)( W∗t
Pt+k

− εw

εw − 1
MRSt+k|t

)]}
= 0
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⇒

Et

{
∞

∑
k=0

(βθw)
k

[(
W∗t

Wt+k

)−εw

Nt+kuC

(
Ct+k|t, Nt+k|t

) W∗t
Pt+k

]}
=

εw

εw − 1
Et

{
∞

∑
k=0

(βθw)
k

[(
W∗t

Wt+k

)−εw

Nt+kuC

(
Ct+k|t, Nt+k|t

)
MRSt+k|t

]}

⇒

W∗1−εw
t Et

{
∞

∑
k=0

(βθw)
k 1

W−εw
t+k

uC

(
Ct+k|t, Nt+k|t

) Nt+k
Pt+k

}
=

εw

εw − 1
W∗−εw

t Et

{
∞

∑
k=0

(βθw)
k

[
1

W−εw
t+k

Nt+kuC

(
Ct+k|t, Nt+k|t

)
MRSt+k|t

]}

∴ W∗t =
εw

εw − 1

Et ∑∞
k=0 (βθw)

k Wεw
t+k Nt+kuC

(
Ct+k|t, Nt+k|t

)
MRSt+k|t

Et ∑∞
k=0 (βθw)

k Wεw
t+kuC

(
Ct+k|t, Nt+k|t

)
Nt+k
Pt+k

And the linearization process aligns with the goods price.

C. Supplemantary Materials

i. Aggregate dynamic IS curve

We will derive the necessary equations by using equations (18), (19), (22), (27), (28), (33), and (34).

First, we use the labor aggregate equation for getting the n̂t,s

n̂t = λn̂t,h + (1− λ)n̂t,s

⇒ n̂t,s =
1

1− λ
(n̂t − λn̂t,h)

=
1

1− λ

(
1

1− α
(ŷt − ât)− λn̂t,h

)
(∵ ŷt = ât + (1− α)n̂t)

Second, use again the consumption aggregate equation for getting the ĉt,s;

ĉt = λĉt,h + (1− λ)ĉt,s

⇒ ĉt,s =
1

1− λ
(ĉt − λĉt,h)

=
1

1− λ
(ŷt − λĉt,h) (∵ ŷt = ĉt)
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Third, we utilize the equation σĉt,s + ϕn̂t,s = ω̂t = σĉt,h + ϕn̂t,h and rephrase it as n̂t,h;

σĉt,h + ϕn̂t,h = σĉt,s + ϕn̂t,s

=
ϕ

1− λ

[
1

1− α
(ŷt − ât)− λn̂t,h

]
+

σ

1− λ
(ŷt − λĉt,h)

⇒ ϕ

1− λ
n̂t,h +

σ

1− λ
ĉt,h =

ϕ + (1− α)σ

(1− λ)(1− α)
ŷt −

ϕ

(1− λ)(1− α)
ât

⇒ ϕn̂t,h + σĉt,h =
ϕ + (1− α)σ

1− α
ŷt −

ϕ

1− α
ât

Rearrange the above equation as n̂t,h ⇒ n̂t,h =
1
ϕ

[
ϕ + (1− α)σ

1− α
ŷt −

ϕ

1− α
ât − σĉt,h

]

Fourth, we are going to express ĉt,h as a function of aggregate;

ĉt,h = ω̂t + n̂t,h

= σĉt,h + (1 + ϕ)n̂t,h (∵ ω̂t = σĉt,h + ϕn̂t,h)

= σĉt,h + (1 + ϕ)
1
ϕ

[
ϕ + (1− α)σ

1− α
ŷt −

ϕ

1− α
ât − σĉt,h

]

And rearrange the above equation as ĉt,h;

ĉt,h =
(1 + ϕ)

ϕ + σ
· ϕ + (1− α)σ

1− α
ŷt −

ϕ(1 + ϕ)

(ϕ + σ)(1− α)
ât

∴ ĉt,h = χŷt −
ϕ(1 + ϕ)

(ϕ + σ)(1− α)
ât ât (∵ χ =

(1 + ϕ)

ϕ + σ
· ϕ + (1− α)σ

1− α
)

Fifth, we continue to derive ĉt,s as a function of aggregate;

ĉt = λĉt,h + (1− λ)ĉt,s

⇒ ĉt,s =
1

1− λ
(ĉt − λĉt,h)

=
1

1− λ

(
ŷt − λχŷt +

λϕ(1 + ϕ)

(ϕ + σ)(1− α)
ât

)

=
1− λχ

1− λ
ŷt +

λϕ(1 + ϕ)

(1− λ)(ϕ + σ)(1− α)
ât
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Sixth, we will now derive the DIS curve in the two-agent model;

ĉt,s = Et ĉt+1,s −
1
σ
(ît − Etπ̂t+1)

⇒ 1− λχ

1− λ
ŷt +

λϕ(1 + ϕ)

(1− λ)(ϕ + σ)(1− α)
ât =

1− λχ

1− λ
Etŷt+1 +

λϕ(1 + ϕ)

(1− λ)(ϕ + σ)(1− α)
ât+1 −

1
σ
(ît − Etπ̂t+1)

After rearranging for ŷt, we can finally obtain the aggregate IS curve.

∴ ŷt = Etŷt+1 −
(1− λ)

σ(1− λχ)
(ît − Etπ̂t+1) +

λϕ(1 + ϕ)

(1− λ)(ϕ + σ)(1− α)
(ρa − 1)ât
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