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Introduction

Background

New Keynesian models ) no unemployment (like RBC)

Search and Matching models ) no role for monetary policy (like RBC)

Recent literature ) labor market frictions + nominal rigidities

) unemployment + role for monetary policy

Two Questions

How do labor market frictions a¤ect the transmission of monetary policy and its
optimal design?

How does the presence of nominal rigidities in�uence the dynamic e¤ects of real
shocks in an economy with labor market frictions?
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Objectives

Describe essential ingredients of the new class of models

Address two previous questions using a tractable model

Relate to main �ndings in the literature

Novel element

Variable labor market participation

Should unemployment play a signi�cant role in the design of monetary policy?
(vs. employment, output gap).
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Summary of Main Findings

Quantitatively realistic labor frictions are likely to have, by themselves, a limited
impact on the economy�s equilibrium dynamics

Main role of labor market frictions: to make room for wage rigidities

The introduction of sticky prices, combined with a realistic Taylor rule, in a
model with labor market frictions and �exible Nash-bargained wages has a limited
impact on the economy�s equilibrium dynamics. (exception: monetary
non-neutralities). The optimal policy is one of strict in�ation targeting.

When realistic nominal wage stickiness is introduced, the optimal policy involves
moderate deviations from price stability.

Unemployment gap �uctuations: independent source of welfare losses. An
optimized simple interest rate rule calls for some stabilizing policy response to
such �uctuations.
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A Model with Labor Market Frictions and Nominal
Rigidities

Households

maxE0
∞

∑
t=0

βt
�
logCt �

χ

1+ ϕ
L1+ϕ
t

�
where

Lt = Nt + ψUt

Nt = (1� δ)Nt�1 + xtU
0
t

Ut � (1� xt )U0t
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Firms: Final Goods
Technology

Yt (i) = Xt (i)

Calvo price setting
pt = θp pt�1 + (1� θp) p�t

Optimal price setting rule

p�t = µp + (1� βθp)
∞

∑
k=0
(βθp)

k (EtfpIt+kg � τ)

Price in�ation equation

πpt = β Etfπpt+1g � λp bµpt
where bµpt � pt � (pIt � τ)� µp
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Firms: Intermediate Goods
Technology

Y It (j) = AtNt (j)
1�α

where
Nt (j) = (1� δ)Nt�1(j) +Ht (j) (1)

Hiring cost
Gt = Γxγ

t

where xt � Ht/U0t
Aside: Relation to matching function approach (with posting cost Γ).

M(Vt ,Ut ) = V
ς
t U

1�ς
t =) Gt = Γ x

1�ς
ς

t
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Optimal Hiring Policy

MRPNt (j) =
Wt (j)
Pt

+ Gt � (1� δ) Et fΛt ,t+1 Gt+1g

� Wt (j)
Pt

+ Bt

where MRPNt (j) � (P It /Pt ) (1� α)AtNt (j)�α

Labor Market Frictions, Price Markups, and In�ation Dynamics

bµpt = �snt �Φ (bbt � bωt )
where Φ � B

(W /P )+B and

bbt = γ

1� β(1� δ)
bxt � β(1� δ)

1� β(1� δ)
(γEtfbxt+1g �brt )

Calibration: Φ ' 0.006 ) negligible e¤ect of labor market frictions on markup
measures (Krause et al.)
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Monetary Policy

it = ρ+ φπ πpt + φy yt + vt
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Participation Condition

Value of unemployment

VUt = xt
Z 1
0

Ht (z)
Ht

VNt (z)dz + (1� xt )
�
�ψMRSt + Et

n
Λt ,t+1VUt+1

o�

Optimal participation condition: VUt = 0 for all t =)

ψ MRSt =
xt

1� xt

Z 1
0

Ht (z)
Ht

SHt (z) dz
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Wage Determination: The Case of Flexible Wages
Nash bargaining

ξ SHt (j) = (1� ξ) SFt (j)

Symmetric equilibrium

Wt

Pt
= ξ MRSt + (1� ξ) MRPNt
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Wage Determination: The Case of Sticky Wages

Staggered nominal wage setting à la Calvo (applied to �rms)

Wages bargained at the individual level withing each �rm

New hires paid average �rm wage

Nash bargaining
ξ SHt jt = (1� ξ) SFt jt

which implies

Et

(
∞

∑
k=0
((1� δ)θw )

kΛt ,t+k

�
W �
t

Pt+k
�Ωtar

t+k jt

�)
= 0

where
Ωtar
t+k jt � ξ MRSt+k + (1� ξ) MRPNt+k jt
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Sustainability of the �xed wage

W �
t 2 [W t+k jt ,W t+k jt ]

where

W t+k jt� Pt+k
�
MRSt+k � (1� δ)Et+k

n
Λt+k ,t+k+1(θwSHt+k+1jt + (1� θw )SHt+k+1jt+k+1)

o�
W t+k jt� Pt+k

�
MRPNt+k jt + (1� δ) Et+k fΛt+k ,t+k+1 Gt+k+1g

�
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Log-linearized wage in�ation equation

πwt = β(1� δ) Etfπwt+1g � λw (bωt � bωtart )

where bωtart = (1� Υ) (bct + ϕblt ) + Υ (�bµpt + at � α bnt )
with Υ � (1�ξ)MRPN

W /P and λw � (1�β(1�δ)θw )(1�θw )
θw (1�Υ(1�Φ)) .

Relation to New Keynesian wage in�ation equation

πwt = β Etfπwt+1g � λehl (bωt �dmrst )
where dmrst = bct + ϕbnt
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Aggregate Demand and Output

Yt = Ct + GtHt

Yt =
1

Dpt D
w
t
AtN1�α

t

where

Dpt �
Z 1
0

�
Pt (i)
Pt

��ε

di � 1

Dwt �
"Z 1
0

�
Nt (j)
Nt

�1�α

dj

#�1
� 1
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Calibration

N = 0.59 , L = 0.62 ) u = 0.05

x = 0.7 ) δ ' 0.12 (BG)
α = 1/3
β = 0.99,.ϕ = 5

θp = 0.75, θw = 0.75

φp = 1.5, φy = 0.5/4 (Taylor)

G = 0.045 (W/P) (HM and Shimer, based on Silva and Toledo)

γ = 1 (BG)

Free parameters

ξ = 0.5) ψ = 0.041 (e¢ cient)

ξ = 0.05) ψ = 0.82 (preferred)
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Analysis of Equilibrium Dynamics

Responses to monetary and technology shocks (baseline calibration).

The role of labor market frictions

The role of price stickiness

The role of wage stickiness
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Figure 3a. The Effects of Monetary Policy Shocks: Sticky Wages (ξ=0.05)
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Figure 3b. The Effects of Technology Shocks: Sticky Wages (ξ=0.05)
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Figure 4a. The Role of Labor Market Frictions
Flexible Wages, Monetary Policy Shock
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Figure 4b. The Role of Labor Market Frictions
Flexible Wages, Technology Shock
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Figure 5a. The Role of Price Stickiness
Flexible Wages, Monetary Policy Shock
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Figure 5b. The Role of Price Stickiness
Flexible Wages, Technology Shock
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Figure 6a. The Role of Wage Stickiness
Sticky Prices, Monetary Policy Shock
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Figure 6b. The Role of Wage Stickiness
Sticky Prices, Technology Shock
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Optimal Monetary Policy Design

Welfare losses around e¢ cient steady state

1
2
E0

∞

∑
t=0

βt Lt

where

Lt =
ε

λp
(πpt )

2 +
(1�Φ)2(1� α)

αλ�w
(πwt )

2

+
(1+ ϕ)(1�Ω)N

(1� α)L

�eyt + (1� α)ψU
N

eut�2

Optimal policy
- �exible wages: strict in�ation targeting (BG)
- sticky wages: deviations from price stability

Optimized simple rule

it = 1.51 πpt � 0.10 yt + 0.01 πwt � 0.025 ut
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Figure 7. Monetary Policy Design: Optimal vs. Taylor  
Sticky Prices and Wages, Technology Shock
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Figure 8. Monetary Policy Design: Optimal vs. Optimal Simple  
Sticky Prices and Wages, Technology Shock
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Possible Extensions

Real wage rigidities (via partial indexation to price in�ation)

Di¤erential wage �exibility for new hires (Bodart et al.)

Preferences with smaller short-run wealth e¤ects (Jaimovich-Rebelo)

Other demand shocks
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Figure 1. Estimated Effects of Technology Shocks



Figure 2b. The Effects of Technology Shocks: Sticky Wages (ξ=0.5)
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Figure 2a. The Effects of Monetary Policy Shocks: Sticky Wages (ξ=0.5)
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A Model with Labor Market Frictions and Nominal
Rigidities

Households

maxE0
∞

∑
t=0

βt
�
logCt �

χ

1+ ϕ
L1+ϕ
t

�
subject to

Ct �
�Z 1

0
Ct (i)1�

1
ε di
� ε

ε�1

Lt = Nt + ψUt

Nt = (1� δ)Nt�1 + xtU
0
tZ 1

0
Pt (i)Ct (i) di +Qt Bt � Bt�1 +

Z 1
0
Wt (j)Nt (j) dj +Πt

Some identities and de�nitions

Ut � (1� xt )U0t

ut =
Ut

Ut +NtJordi Galí (CREI and UPF) Monetary Policy and Unemployment October 2009 20 / 35



Firms: Final Goods
Technology

Yt (i) = Xt (i)

Calvo price setting
pt = θp pt�1 + (1� θp) p�t

Optimal price setting rule

p�t = µp + (1� βθp)
∞

∑
k=0
(βθp)

k (EtfpIt+kg � τ)

Price in�ation equation

πpt = β Etfπpt+1g � λp bµpt
where bµpt � pt � (pIt � τ)� µp
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Firms: Intermediate Goods
Technology

Y It (j) = AtNt (j)
1�α

where
Nt (j) = (1� δ)Nt�1(j) +Ht (j) (2)

Hiring cost
Gt = Γxγ

t

where xt � Ht/U0t
Aside: Relation to matching function approach (with posting cost Γ).

M(Vt ,Ut ) = V
ς
t U

1�ς
t =) Gt = Γ x

1�ς
ς

t
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Optimal Hiring Policy

MRPNt (j) =
Wt (j)
Pt

+ Gt � (1� δ) Et fΛt ,t+1 Gt+1g

� Wt (j)
Pt

+ Bt

where MRPNt (j) � (P It /Pt ) (1� α)AtNt (j)�α

Labor Market Frictions, Price Markups, and In�ation Dynamics

bµpt = �snt �Φ (bbt � bωt )
where Φ � B

(W /P )+B and

bbt = γ

1� β(1� δ)
bxt � β(1� δ)

1� β(1� δ)
(γEtfbxt+1g �brt )

Calibration: Φ ' 0.006 ) negligible e¤ect of labor market frictions on in�ation
dynamics (Krause et al.)
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Monetary Policy

it = ρ+ φπ πpt + φy yt + vt
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The Case of Flexible Wages
Households

VNt (j) =
Wt (j)
Pt

�MRSt + Et
n

Λt ,t+1
h
(1� δ)VNt+1(j) + δVUt+1

io
where MRSt � χCtL

ϕ
t

VUt = xt
Z 1
0

Ht (z)
Ht

VNt (z)dz + (1� xt )
�
�ψMRSt + Et

n
Λt ,t+1VUt+1

o�
Optimal participation condition: VUt = 0 for all t =)

ψ MRSt =
xt

1� xt

Z 1
0

Ht (z)
Ht

SHt (z) dz

SHt (j) =
Wt (j)
Pt

�MRSt + (1� δ) Et
n

Λt ,t+1 SHt+1(j)
o
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Firms

SFt (j) = MRPNt (j)�
Wt (j)
Pt

+ (1� δ) Et
n

Λt ,t+1 SFt+1(j)
o

= Gt

Reservation wages:

ΩH
t (j) = MRSt � (1� δ) Et

n
Λt ,t+1 SHt+1(j)

o
ΩF
t (j) = MRPNt (j) + (1� δ) Et

n
Λt ,t+1 SFt+1(j)

o
Bargaining set

ΩF
t (j)�ΩH

t (j) = SFt (j) + SHt (j)
� Gt
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Nash bargaining

ξ SHt (j) = (1� ξ) SFt (j)

Wt (j)
Pt

= ξ ΩH
t (j) + (1� ξ) ΩF

t (j)

= ξ MRSt + (1� ξ) MRPNt (j)

Symmetric equilibrium

Wt

Pt
= ξ MRSt + (1� ξ) MRPNt

implied participation condition

ξψ MRSt = (1� ξ)
xt

1� xt
Gt
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The Case of Sticky Wages

Households

VNt+k jt =
W �
t

Pt+k
�MRSt+k

+Et+k
n

Λt+k ,t+k+1
h
(1� δ)(θwVNt+k+1jt + (1� θw )VNt+k+1jt+k+1) + δVUt+k+1

io

VUt = xt
Z 1
0

Ht (z)
Ht

VNt (z)dz + (1� xt )
�
�ψMRSt + Et

n
Λt ,t+1VUt+1

o�
Optimal participation: VUt = 0 for all t =)

SHt+k jt =
W �
t

Pt+k
�MRSt+k

+(1� δ) Et+k
n

Λt+k ,t+k+1 (θwSHt+k+1jt + (1� θw )SHt+k+1jt+k+1)
o

ψ MRSt =
xt

1� xt

Z 1
0

�
Ht (z)
Ht

�
SHt (z) dz
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Firms

SFt+k jt � MRPNt+k jt �
W �
t

Pt+k

+(1� δ) Et+k
n

Λt+k ,t+k+1 (θwSFt+k+1jt + (1� θw )SFt+k+1jt+k+1)
o

= Gt+k

where MRPNt+k jt �
P It+k
Pt+k

(1� α)At+kN
�α
t+k jt
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Nash bargaining
ξ SHt jt = (1� ξ) SFt jt (3)

which implies

Et

(
∞

∑
k=0
((1� δ)θw )

kΛt ,t+k

�
W �
t

Pt+k
�Ωtar

t+k jt

�)
= 0

where
Ωtar
t+k jt � ξ MRSt+k + (1� ξ) MRPNt+k jt

Sustainability of the �xed wage

W �
t 2 [W t+k jt ,W t+k jt ]

where

W t+k jt � Pt+k
�
MRSt+k � (1� δ) Et+k

n
Λt+k ,t+k+1 (θwSHt+k+1jt + (1� θw )SHt+k+1jt+k+1)

o�
W t+k jt � Pt+k

�
MRPNt+k jt + (1� δ) Et+k fΛt+k ,t+k+1 Gt+k+1g

�
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Log-linearized wage in�ation equation

πwt = β(1� δ) Etfπwt+1g � λw (bωt � bωtart )

where bωtart = (1� Υ) (bct + ϕblt ) + Υ (�bµpt + at � α bnt )
Υ � Υ � (1�ξ)MRPN

W /P and λw � (1�β(1�δ)θw )(1�θw )
θw (1�Υ(1�Φ)) .

Relation to New Keynesian wage in�ation equation

πwt = β Etfπwt+1g � λehl (bωt �dmrst )
where dmrst = bct + ϕbnt
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Aggregate Demand and Output

Yt = Ct + GtHt

Yt =
1

Dpt D
w
t
AtN1�α

t

where

Dpt �
Z 1
0

�
Pt (i)
Pt

��ε

di � 1

Dwt �
"Z 1
0

�
Nt (j)
Nt

�1�α

dj

#�1
� 1
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Optimal Monetary Policy Design

Welfare losses around e¢ cient steady state

1
2
E0

∞

∑
t=0

βt Lt

where

Lt =
ε

λp
(πpt )

2+
(1�Φ)2(1� α)

αλ�w
(πwt )

2+
(1+ ϕ)(1�Ω)N

(1� α)L

�eyt + (1� α)ψU
N

eut�2

Optimal policy

Optimized simple rule

it = 1.51 πpt � 0.10 yt + 0.01 πwt � 0.025 ut

Jordi Galí (CREI and UPF) Monetary Policy and Unemployment October 2009 33 / 35



Calibration

N = 0.59 , L = 0.62 ) u = 0.05

x = 0.7 ) δ ' 0.12 (BG)
α = 1/3
β = 0.99,.ϕ = 5

θp = 0.75, θw = 0.75

φp = 1.5, φy = 0.5/4 (Taylor)

G = 0.045 (W/P) (HM and Shimer, based on Silva and Toledo)

γ = 1 (BG)

ξ = 0.5) ψ = 0.041 or ξ = 0.05) ψ = 0.82
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Possible Extensions

Real wage rigidities (via partial indexation to price in�ation)

Di¤erential wage �exibility for new hires (Bodart et al.)

Preferences with smaller short-run wealth e¤ects (Jaimovich-Rebelo)

Other demand shocks
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