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1. The model

1.1. Households

1. Two types of consumers: a fraction λ of rule-of-thumb consumers and (1 � λ) of
optimizing households. In our basic model in Section 3 of the paper λ = 0.

2. Separable utility function (as Baxter and King, 1993):

U(ct, 1� lt, gc
t ) =

(ct(1� lt)γ)
1�σ � 1

1� σ
+ Γ(gc

t ) (1)

3. Budget restriction for optimizing households:

Bt

(1+ it)
+ Pt(1+ τc

t )ct (2)

= Pt(1� τw
t )wtlt + Bt�1 + Pt(1� λ)gs

t +
Z 1

0
Ωitdi

where Ωit are firms profits and

lt =
1Z

0

litdi, wtlt =
1Z

0

witlitdi (3)

1.2. Firms technology

1.

yit = Akα
itl

1�α
it � κi (4)
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1.3. The Government

1. Government budget constraint:

Ptτ
w
t wtlt + Ptτ

k
t

1Z
0

ritkitdi+ Ptτ
c
t ct = Pt(gc

t + gs
t ) (5)

where rit is the equivalent to the rental cost of capital that would rationalize the quan-
tity of capital used by the firm and it is defined below.

2. Model solution

2.1. Optimizing Households:

max
cot ,lot ,Bt+1

E0

(
∞

∑
t=0

βt (cot(1� lot)γ)
1�σ � 1

1� σ
+ βtΓ(gc

t )

)
(6)

subject to

Bt

(1+ it)
+ Pt(1+ τc

t )cot (7)

= Pt(1� τw
t )wtlot + Bt�1 + Pt(1� λ)gs

t +
Z 1

0
Ωitdi

The Lagrangian

Lt = E0

∞

∑
t=0

βt

(
(cot(1� lot)γ)

1�σ � 1
1� σ

+ Γ(gc
t )

+µt

�
(1� τw

t )wtlot +
Bt�1

Pt�1πt
+ (1� λ)gs

t +
Z 1

0

Ωit
Pt

di

�Bt

Pt

1
1+ it

� (1+ τc
t )ct

��
(8)

First order conditions

∂Lt

∂cot
= (1� lot)

γ (cot(1� lot)
γ)�σ � µt(1+ τc

t ) = 0 (9)

∂Lt

∂lot
= �γcot(1� lot)

(γ�1) (cot(1� lot)
γ)�σ + µt(1� τw

t )wt = 0 (10)
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∂Lt

∂Bt
= �µtEt

�
1

1+ it

�
+ βEtµt+1

1
πt+1

= 0 (11)

Now (9) can be expressed as,

(cot(1� lot)γ)
1�σ

cot
= µt(1+ τc

t ) (12)

or

µt =
(cot(1� lot)γ)

1�σ

(1+ τc
t )cot

=
c�σ

ot (1� lot)γ(1�σ)

(1+ τc
t )

(13)

From equation (10)

µt(1� τw
t )wt =

γ (cot(1� lot)γ)
1�σ

(1� lot)
(14)

but, using (13),

(1� τw
t )

(1+ τc
t )

wt =
γcot

(1� lot)
(15)

which also applies to the labour supply to each firm

(1� τw
t )

(1+ τc
t )

wit =
γcot

(1� loit)
(16)

From (11)

1 = βEt

�
µt+1

µt

1+ it

πt+1

�
(17)

or, using (13),

1 = βEt

 
(1+ τc

t )c
�σ
ot+1(1� lot+1)

γ(1�σ)

(1+ τc
t+1)c

�σ
ot (1� lot)γ(1�σ)

1+ it
πt+1

!
(18)

which is the Euler equation.

2.2. Rule-of-thumb consumers

max
crt ,lrt

(crt(1� lrt)γ)
1�σ � 1

1� σ
+ βtΓ(gc

t ) (19)
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subject to

Pt(1+ τc
t )crt = Pt(1� τw

t )wtlrt + Ptλgs
t

The Lagrangian

Lt =
(crt(1� lrt)γ)

1�σ � 1
1� σ

+ Γ(gc
t ) + λrt [(1� τw

t )wtlrt + λgs
t � (1+ τc

t )crt]

First order conditions

∂Lt

∂crt
= (1� lrt)

γ (crt(1� lrt)
γ)�σ � λrt(1+ τc

t ) = 0 (20)

∂Lt

∂lrt
= �γcrt(1� lrt)

(γ�1) (crt(1� lrt)
γ)�σ + λrt(1� τw

t )wt = 0 (21)

Combinind these two FOCs

(1� τw
t )

(1+ τc
t )

wt =
γcrt

(1� lrt)
(22)

which can be used in the budget restrictions to solve for lrt

1
γ
(1� τw

t )wt(1� lrt) = (1� τw
t )wtlrt + λgs

t (23)

or

(1� lrt) = γlrt +
γλgs

t
(1� τw

t )wt
(24)

Then

1� γλgs
t

(1� τw
t )wt

= (1+ γ) lrt (25)

and

lrt =
1

1+ γ

�
1� γλgs

t
(1� τw

t )wt

�
(26)

Using again the budget constraint we can solve for crt

crt =
(1� τw

t )wt

1+ γ

�
1� γλgs

t
(1� τw

t )wt

�
+ λgs

t (27)

=
(1� τw

t )wt

(1+ τc
t )(1+ γ)

+
λgs

t
(1+ τc

t )(1+ γ)
(28)
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2.3. Alternative specifications of the utility function (Guo and Harrison, 2006)
Guo and Harrison (2006) consider the two follwoing specifications of the utility funrtion:

U2 = ln ct + γ ln(1� lt) + Γ(gc
t ) (29)

U3 = ln ct � Υ3
l
1+γg
t

1+ γg
+ Γ(gc

t ) (30)

Notice that the first one (U2) correspond to our utility function when σ = 1.

Optimizing consumers

In these cases the FOCs imply that the intratemporal conditions are given by

(1� τw
t )

(1+ τc
t )

wt =
γcot

(1� lot)
(31)

and

(1� τw
t )

(1+ τc
t )

wt = Υ3cotl
γg
ot (32)

wheras the intertemporal condition in both cases is

1 = βEt

 
cot(1+ τc

t )

cot+1(1+ τc
t+1)

1+ it

πt+1

!
(33)

Non-optimizing consumers

max
crt ,lrt

ln crt � Υ3
l
1+γg
rt

1+ γg
+ Γ(gc

t ) (34)

subject to

Pt(1+ τc
t )crt = Pt(1� τw

t )wtlrt + Ptλgs
t

The Lagrangian

Lt = ln crt � Υ3
l
1+γg
rt

1+ γg
+ Γ(gc

t ) + λrt [(1� τw
t )wtlrt + λgs

t � (1+ τc
t )crt]
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The first order conditions are

∂Lt

∂crt
=

1
crt
� λrt(1+ τc

t ) = 0 (35)

∂Lt

∂lrt
= �Υ3l

γg
rt + λrt(1� τw

t )wt = 0 (36)

Combinind these two FOCs

(1� τw
t )

(1+ τc
t )

wt = Υ3crtl
γg
rt (37)

which can be used in the budget restrictions to solve for lrt

1 = Υ3l
γg+1
rt

�
1+

λgs
t

(1� τw
t )wtlrt

�
(38)

Given lrt, the solution of crt is

crt =
(1� τw

t )wt

Υ3l
γg
rt

(39)

and then

lt = λlrt + (1� λ)lot (40)

and

ct = λcrt + (1� λ)cot (41)

2.4. Firms
We follow Woodford (2004 and 2006) and Christiano (2004), assuming that capital and
labour are firm-specific.

The aggregator.

Final good is produced using intermediate goods by a competitive/representative firm
(the aggregator) that solves the following problem

max
yit

Pt

�Z 1

0
(yit)

ε�1
ε di

� ε
ε�1
�
Z 1

0
Pityitdi (42)

where �Z 1

0
(yit)

ε�1
ε di

� ε
ε�1
= yt (43)
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First order condition

∂

∂yit
= Pt

ε

ε� 1
ε� 1

ε
(yit)

�1
ε

�Z 1

0
(yit)

ε�1
ε di

� 1
ε�1
� Pit = 0 (44)

Therefore

Pit
Pt
=

�
yt

yit

� 1
ε

(45)

or

yit = yt

�
Pit
Pt

��ε

(46)

Zero profits implies

Ptyt =
Z 1

0
Pityitdi = ytPε

t

Z 1

0
(Pit)

1�ε di (47)

or

Pt =

�Z 1

0
(Pit)

1�ε di
� 1

1�ε

(48)

Intermediate good firms

The presented discounted value of profits of the intermediate good firm is given by

max
eit+j ,kit+j+1,lit+1

Et

∞

∑
j=0

ρt,t+jβ
j

 
(1� τk

t+j)

"
Pit+j

Pt+j
yit+j � wit+jlit+j

#
� eit+j

!
(49)

subject to

kit+j+1 = Φ

 
eit+j

kit+j

!
kit+j + (1� δ)kit+j (50)

yit+j = yt+j

 
Pit+j

Pt+j

!�ε

(51)

and

yit+j = Atkα
it+jl

1�α
it+j � κ (52)



8

The Lagrangian of this problem is

Lit = Et

∞

∑
j=0

βj
�

ρt,t+j

�
(1� τk

t+j)

��
At+jkα

it+jl
1�α
it+j � κ

� ε�1
ε y1/ε

t+j � wit+jlit+j

�
� eit+j

�
(53)

�µk
it+j kit+j+1 �Φ

 
eit+j

kit+j

!
kit+j � (1� δ)kit+j

)
(54)

and the FOCs are

∂Lit
∂eit

= �ρt + µk
itΦ

0
it = 0 (55)

∂Lit
∂lit

= ρt
ε� 1

ε

 
Atkα

itl
1�α
it � κ

yt

!� 1
ε

(1� α)kα
itl
�α
it � wit = 0 (56)

∂Lit
∂kit+1

= �µk
it + βEtρt+1(1� τk

t+1)
ε� 1

ε

 
At+1kα

it+1l1�α
it+1 � κ

yt+1

!� 1
ε

αkα�1
it+1l1�α

it+1 (57)

+βEtµ
k
it+1

�
Φit+1 �Φ0

it+1
eit+1

kit+1
+ (1� δ)

�
= 0

From equation (55)

µk
it = ρt,t

�
Φ0

it
��1 (58)

or

qt �
µk

it
ρt,t

=
�
Φ0

it
��1 (59)

From equation (56)

wit =
ε� 1

ε

�
yit
yt

�� 1
ε

(1� α)Atkα
itl
�α
it (60)

Taking into account that

Pit =
ε� 1

ε
Ptmcit (61)

and �
yit
yt

�� 1
ε

=
Pit
Pt

(62)
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then

wit = (1� α)mcit Atkα
itl
�α
it (63)

and

µk
it = βEtµ

k
it+1

�
Φit+1 �Φ0

it+1
eit+1

kit+1
+ (1� δ)

�
(64)

+βEtρt+1(1� τk
t+1)rit+1

where

rit+1 � mcit+1αAt+1kα�1
it+1l1�α

it+1 (65)

Price setting: nominal inertia in the standard case

If some firms change prices only every some periods, the analysis above is not adequate,
since there is not a symmetric equilibrium in which Pit = Pt. We follow Calvo’s model of
nominal inertia (see Calvo, 1983): a percentage φ of firms set

Pit = πPit�1 (66)

whereas the rest of the firms (1� φ) select ePit to maximize the value of their shares, that is,
the present discount value of future profits:

PV(ePit) = Et

(
∞

∑
j=0

ρt,t+j(βφ)jΩt+j(ePit)

+
∞

∑
j=0

ρt,t+jβ
jφ(j�1)(1� φ)PV(ePit+j)

)
(67)

Since the terms in PV(ePit+j) do not depend on ePit (there is no cost of changing prices nor
any state dependence on ePit+j), the relevant term of the maximization of PV(ePit) is the
first. Therefore,

maxePit

Et

∞

∑
j=0

ρt,t+j(βφ)j
h ePitπ

jyit+j � Pt+jmct+j(yit+j + κ)
i

(68)

subject to

yit+j =
�ePitπ

��ε
Pε

t+jyt+j (69)
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Substituting (69) in (68)

maxePit

Et

∞

∑
j=0

ρt,t+j(βφ)jPε
t+jyt+j

"�ePitπ
�1�ε

� Pt+jmct+j

 �ePitπ
��ε

+
κ

Pε
t+jyt+j

!#
(70)

The first order condition is

∂

∂ePit
= Et

∞

∑
j=0

ρt,t+j(βφ)jPε
t+jyt+j

�
(1� ε)

�ePitπ
�ε
+ Pt+jmct+jεπ j

�
π j ePit

��ε�1
�
= 0 (71)

or

�(1� ε)
�ePit

��ε ∞

∑
j=0

π j(1�ε)ρt,t+j(βφ)jPε
t+jyt+j

= ε
�ePit

��ε�1 ∞

∑
j=0

π�jεPε+1
t+j mct+jyt+jρt,t+j(βφ)j (72)

or

ePit =
ε

ε� 1

∑∞
j=0(βφ)jEt

h
ρt,t+jP

ε+1
t+j mct+jyt+jπ

�jε
i

∑∞
j=0(βφ)jEt

h
ρt,t+jP

ε
t+jyt+jπ

j(1�ε)
i (73)

and the aggregate price index at t, using (48) is

Pt =
h
φ (πPt�1)

1�ε + (1� φ)eP1�ε
t

i 1
1�ε (74)

Notice that for all price-adjusting firms ePit = ePt.

Price setting: nominal inertia when labour and capital are firm-specific

We shall further assume that labour and capital cannot be instantaneously reallocated
across firms, so that, the marginal cost of firms adjusting prices (mcit,t) differs from the
average marginal cost at time t (mct). Following Woodford (2004 and 2006) and Christiano
(2004), in this case the coefficient which measures the response of inflation (bπt, in devia-
tions from steady state) to changes in marginal costs (cmct, also in deviations) departs from
the one in the standard Calvo model since now it includes a multiplicative term:

bπt = βEtbπt+1 +
(1� βφ)(1� φ)

φ

1� φβκ1

(1+ ε α
1�α )(1� φβκ1) +

α
1�α φβκ2

cmct (75)

where κ1 and κ2 are the solutions, together with ψ, of the following system of equations:

ψ =
α

1�α (1� βφ)

(1+ ε α
1�α )(1� φβκ1) +

α
1�α φβκ2

(76)
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κ2 =
Ξφκ1

βκ1φ� 1
(77)

and

(1+ β+ [1� β(1� δ)])
1

1� α

1
Φ00 κ2 + βκ2(κ1 + α)� (1� φ)ψκ2 (βκ2 � Ξ) = 0 (78)

where

Ξ = � (1� β(1� δ))
1

1� α

1
Φ00 ε (79)
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2.5. Equilibrium

kit+1 = Φ
�

eit
kit

�
kit + (1� δ)kit (E.1)

1 = βEt

 
(1+ τc

t )c
�σ
ot+1(1� lot+1)

γ(1�σ)

(1+ τc
t+1)c

�σ
ot (1� lot)γ(1�σ)

1+ it
πt+1

!
(E.2)

(1� τw
t )

(1+ τc
t )

wt =
γct

(1� lt)
(E.3)

ct =
λ

(1+ τc
t )

�
(1� τw

t )wt

1+ γ
+

λgs
t

1+ γ

�
+ (1� λ)cot (E.4)

lt =
λ

1+ γ

�
1� γλgs

t
(1� τw

t )wt

�
+ (1� λ)lot (E.5)

qit =

�
Φ0
�

eit
kit

���1
(E.6)

qit = Et

"
β

ρt,t+1

ρt,t

�
(1� τk

t+1)rit+1 + qit+1

�
Φ
�

eit+1

kit+1

�
+ (1� δ)�Φ0

�
eit+1

kit+1

�
eit+1

kit+1

��#
(E.7)

wit = mcit(1� α)Atkα
itl
�α
it (E.8)

rit = mcitαAkα�1
it l1�α

it (E.9)

Et

∞

∑
j=0

ρt,t+j(βφ)jPε
t+jyt+j

�
(1� ε)

�ePitπ
�ε
+ Pt+jmcit+jεπ j

�
π j ePit

��ε�1
�
= 0 (E.10)

Pt =
h
φ (πPt�1)

1�ε + (1� φ)eP1�ε
t

i 1
1�ε (E.11)
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πt �
Pt

Pt�1
(E.12)

τw
t wtlt + τk

t

1Z
0

ritkitdi+ τc
t ct = gc

t + gs
t (E.13)

yt = ct + et + gc
t (E.14)

yt = Akα
t l1�α

t � κ (E.15)

Etρt,t+j+1

Etρt,t+j
=

Etuct+j+1(�)
Etuct+j(�)

(E.16)

� Notice that ePit = ePt

� All τw
t , τk

t and τc
t will be assumed constant for all t unless said otherwise.

� Notice that for the alternative specifications of the utility function (U2 and U3), equa-
tion E.2 should be replaced by

1 = βEt

 
cot(1+ τc

t )

cot+1(1+ τc
t+1)

1+ it

πt+1

!
(E.2b)

and equation E.3 for U3by

(1� τw
t )

(1+ τc
t )

wt = Υ3ctl
γg
t (E.3c)

� Additionally, for U3 we have that

1 = Υ3l
γg+1
rt

�
1+

λgs
t

(1� τw
t )wtlrt

�
(80)

Given lrt, the solution of crt is

crt =
(1� τw

t )wt

Υ3l
γg
rt

(81)

and then E.5 is replaced by

lt = λlrt + (1� λ)lot (E.5c)
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and E.4 by

ct = λcrt + (1� λ)cot (E.4c)
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3. Linearization of the model around the steady state

3.1. Linearization of E.1
First we linearize Φ

�
et
kt

�
kt. Using Taylor, and taking into account the symmetry of the

steady state equilibrium,

Φ
�

eit
kit

�
kit ' Φk+

�
Φ�Φ0 e

k

�
(kit � k) +Φ0(eit � e)

Therefore

kit+1 = Φk+
�

Φ�Φ0 e
k
+ 1� δ

�
(kit � k) +Φ0(eit � e) + (1� δ)k

In steady state:

k = Φk+ (1� δ)k ) Φ = δ

Then

(1+bkit+1)k = Φk+ (1� δ)k+Φ0e(1+ beit)�Φ0e+�
Φ�Φ0 e

k
+ 1� δ

�
(1+bkit)k��

Φ�Φ0 e
k
+ 1� δ

�
k

or

kbkit+1 = Φ0ebeit +

�
Φ�Φ0 e

k
+ 1� δ

�bkitk

bkit+1 =

�
1� e

k

�bkit +
e
k
beit

As Φ0 = 1.Since bkt =

1Z
0

bkitdi and bet =

1Z
0

beitdi, integrating over all i 2 (0, 1) we have that

bkt+1 =

�
1� e

k

�bkt +
e
k
bet (L.1)
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3.2. Linearization of E.2

1 = βEt

 
(1+ τc

t )c
�σ
ot+1(1� lot+1)

γ(1�σ)

(1+ τc
t+1)c

�σ
ot (1� lot)γ(1�σ)

1+ it
πt+1

!
(E.2)

Under the assumption τc is constant

�σbcot � γ(1� σ)
lo

(1� lo)
blot (82)

= �σbcot+1 � γ(1� σ)
lo

(1� lo)
blot+1 +

i
1+ i

bit � bπt+1 (83)

Then

bcot = bcot+1 �
1
σ

 
i

1+ i
bit � bπt+1

!
� γ

(σ� 1)
σ

lo

(1� lo)
∆blot+1 (L.2)

3.3. Linearization of E.3

(1� τw
t )

(1+ τc
t )

wt =
γct

(1� lt)
(E.3)

Under the assumption τc and τw are constant

bwt = bct +
l

(1� l)
blt (L.3)

3.4. Linearization of E.4

ct =
λ

(1+ τc
t )

�
(1� τw

t )wt

1+ γ
+

λgs
t

1+ γ

�
+ (1� λ)cot (E.4)

In steady state

c = λcr + (1� λ)co (84)

Therefore

bct =
λ

c

�
(1� τw)w
(1+ γ)

bwt +
λgs

(1+ γ)
bgs

t

�
+
(1� λ)co

c
bcot (L.4)
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3.5. Linearization of E.5

lt =
λ

1+ γ

�
1� γλgs

t
(1� τw

t )wt

�
+ (1� λ)lot (E.5)

In steady state

l = λlr + (1� λ)lo (85)

Therefore

blt = λ

l

�
� γλgs

(1+ γ)(1� τw)w
(bgs

t � bwt)

�
+
(1� λ)lo

l
blot (L.5)

3.6. Linearization of E.6
Using Taylor

Φ0
�

eit
kit

�
' Φ0

�
e
k

�
+Φ

00 e
k
(beit �bkit)

Therefore E.5 can be written as

1
q
(1� bqit) = Φ0

�
e
k

�
+Φ

00 e
k
(beit �bkit)

Assuming that Φ0
�

e
k

�
= 1, then

�bqit = Φ
00 e

k
(beit �bkit)

which allows us to obtain the following aggregate expression

�bqt = Φ
00 e

k
(bet �bkt) (L.6)

3.7. Linearization of E.7
The steady state is of E.6 is (q = 1)

1 = β(1� τk)r+ β

�
Φ
�

e
k

�
+ (1� δ)�Φ0

�
e
k

�
e
k

�
Define

zit+1 =
eit+1

kit+1
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and using Taylor

Φ(zit+1) ' Φ(z) +Φ0(z)(zit+1 � z)

Φ0(zit+1)zit+1 ' Φ0(z)z+
�
Φ00(z)z+Φ0(z)

�
(zit+1 � z) =

Φ00(z)zzit+1 +Φ0(z)zit+1 �Φ00(z)z2

Then, we can write E.6 as

qit = βEt

�
µt+1

µt

h
(1� τk)rit+1 + qit+1

�
(1� δ) +Φ�Φ0z�Φ00(z)zzit+1 +Φ00(z)z2

�i�
or

qit = βEt

�
µt+1

µt
(1� τk

t )rit+1

�
� βΦ00(z)zEt

�
µt+1

µt
qit+1zit+1

�
+

β
�
(1� δ) +Φ�Φ0z�Φ00z2

�
Et

�
µt+1

µt
qit+1

�

Now, taking a linear approximation around the steady state and since βEt

�
µt+1

µt

1+it
πt+1

�
= 1,

(1+ bqit) = β(1� τk)rEt

"
1+ Etbπt+1 �

i
1+ i

bit �
τk

1� τk
bτk

t+1 +brit+1

#

�βΦ00z2

"
1+ Etbπt+1 �

i
1+ i

bit + bqit+1 + bzit+1

#
+

+β
�
(1� δ) +Φ�Φ0z�Φ00z2

� "
1+ Etbπt+1 �

i
1+ i

bit + bqit+1

#

That using

bzit+1 = beit+1 �bkit+1

and the steady-state restriction, can be written as follows:

bqit = (Etbπt+1 �
i

1+ i
bit) + β(1� τk)rEt

 brit+1 �
τk

1� τk
bτk

t+1

!
+

�
1� (1� τk)r

�
Etbqit+1 � βΦ00

�
e
k

�2
Et(beit+1 �bkit+1)



19

Integrating over all i 2 (0, 1) we have that

bqt = (Etbπt+1 �
i

1+ i
bit) + β(1� τk)rEt

 brt+1 �
τk

1� τk
bτk

t+1

!
+

�
1� (1� τk)r

�
Etbqt+1 � βΦ00

�
e
k

�2
Et(bet+1 �bkt+1) (L.7)

3.8. Linearization of E.8
Integrating over all i 2 (0, 1) we have that

bwt = cmct + bat + αbkt � αblt (L.8)

3.9. Linearization of E.9
Integrating over all i 2 (0, 1) we have that

brt = cmct + bat + (α� 1)bkt + (1� α)blt (E.9)

3.10. New Phillips curve when capital and labour are firm-specific

bπt = βEtbπt+1 +
(1� βφ)(1� φ)

φ

1� φβκ1

(1+ ε α
1�α )(1� φβκ1) +

α
1�α φβκ2

cmct (86)

3.11. Fiscal Policy: linearization of fiscal rule for transfers
In the steady state we assume that the variation of public debt is zero (b = 0) :

τwwl + τkrk+ τcc� (gc + gp + gs) = 0 (87)

then linearizing the budget constraint

Ptτ
w
t wtlt + Ptτ

k
t

1Z
0

ritkitdi+ Ptτ
c
t ct � Pt(gc

t + gs
t ) = �

Bt

(1+ it)
+ Bt�1 (E.13)

we have that

τwwl( bwt + bτw
t + blt) + τkrk(brt + bτk

t +bkt) + τcc (bτc
t + bct)� gcbgc

t � gsbgs
t

= � 1
(1+ i)

�
bt � b

�
+

1
π̄

�
bt�1 � b

�
(88)
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In our simulations bτw
t = bτk

t = bτc
t = 0. We assume that the fiscal rule in transfers is

given by

bgs
t = αs

b

�
bt � b

�
+ αs

ybyt + εs
t (89)

In order to have the minimun distortion we can use a low value of αs
b (equal to 0.1), which

guarantee the equilibrium in all simulation and αs
y = 0. Finally, we may allow government

consumption to rect to output deviations, that is

bgc
t = αc

ybyt + εc
t (90)

Unless explicitelly mentioned, we assume that αc
y = εc

t = 0.

3.12. Linearization of E.14

ybyt = cbct + ebet + gcbgc
t

3.13. Linearization of E.15

byit =
y+ κ

y

�bat + αbkit + (1� α)blit� (91)

To obtain an alternative expresion notice that:

yg = Ak
α
l
1�α

(92)

Then

wl + rk+ κ = yg (93)

Using the expressions for w and r

ε� 1
ε
(1� α)yg +

ε� 1
ε

αyg + κ = yg (94)

which can be simplified to

κ =
yg

ε
(95)

Since yg = y+ κ

κ =
y+ κ

ε
(96)
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or

κ =
y

ε� 1
(97)

This expression allows us to obatin an expression for yg in terms of y

yg = y+ κ = yg = y+
y

ε� 1
=

ε

ε� 1
y (98)

Therefore

byit =
y+ κ

y

�bat + αbkit + (1� α)blit� = ε

ε� 1

�bat + αbkit + (1� α)blit� (99)

Integrating over all i 2 (0, 1) we have that

byt =
ε

ε� 1

�bat + αbkt + (1� α)blt� (100)

3.14. Monetary policy: linearization of the interest rate rule

it = ρrit�1 + (1� ρr)i+ (1� ρr)ρπ(πt � π) + (1� ρr)ρybyt

i(1+bit) = ρri(1+bit�1) + (1� ρr)i+ (1� ρr)ρπ(π(1+ bπt)� π) + (1� ρr)ρybyt

ibit = ρribit�1 + (1� ρr)ρπ(πbπt) + (1� ρr)ρybyt

3.15. Linearization of E.17

1

Υ3l
γg+1
rt

=

�
1+

λgs
t

(1� τw
t )wtlrt

�
(E.17)

�(γg + 1)blrt =
1

Υ3l
γg+1
r

λgs

(1� τw)wlr
( bgs

t � bwt � blrt) (101)

3.16. Linearization of E.18

crt =
(1� τw

t )wt

Υ3l
γg
rt

(E.18)
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bcrt = bwt � γg
blrt (102)

3.17. Linearization of E.4c

bct =
λcr

c
bcrt +

(1� λ)co

c
bcot (103)

3.18. Linearization of E.5c

blt = λlr

l
blrt +

(1� λ)lo

l
blot (104)
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4. The simulated model (AD): the steady state.

ē
k
= δ (SS.1)

(1� τw
t )

(1+ τc
t )

w =
γc

(1� l)
(SS.2)

β�1 =
1+ ı̄

π̄
(SS.3)

q̄ =
�

Φ0
�

ē
k̄

���1
(SS.4)

1 = β(1� τ̄k)r̄+ β [1� δ] (SS.5)

(Notice that we have made use here of SS.4 and SS.12)

w̄ = mc(1� α)Ak̄α l̄�α (SS.6)

r = mcαAk̄α�1 l̄1�α (SS.7)

mc =
ε� 1

ε
(SS.8)

τ̄wwl + τ̄k r̄k̄+ τ̄c c̄ = (gc + gs) (SS.9)

y = c̄+ ē+ gc (SS.10)

y =
ε� 1

ε
Ak̄α l̄1�α (SS.11)

c =
λ

(1+ τc)

�
(1� τw)w

1+ γ
+

λgs

1+ γ

�
+ (1� λ)co (SS.12)
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l =
λ

1+ γ

�
1� γλgs

(1� τw)w

�
+ (1� λ)lo (SS.13)

� Again Assuming that θ = 0.

� Exogenous variables (5): π and most fiscal variables: τ̄k, τ̄c, gc

y , gs

y .

� Endogenous variables (13): c, l, w, i, q, e, k, r, mc, y, τw, co, lo.
� In the resolution l (l = 0.33) is given; then γ is made endogenous. We also impose that

τ̄w = τ̄k and τ̄c = 0.
� Notice that for the alternative specification of the utility function (U3), equation SS.2

should be replaced by

(1� τw)

(1+ τc)
w = Υ3cl

γg (SS.2c)

A new equation is added,

1 = Υ3lr
γg+1

�
1+

λgs

(1� τw)wlr

�
(SS.14)

SS.13 is replaced by

c = λ

�
(1� τw)w
(1+ τc)

+
l

Υ3lr
γg

�
+ (1� λ)co (SS.13c)

and SS.14 by

l = λlr + (1� λ)lo (SS.14)
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5. The simulated model (AD): deviations from the steady state.

bkt+1 =

�
1� e

k

�bkt +
e
k
bet (AD.1)

bcot = bcot+1 �
1
σ

 
i

1+ i
bit � bπt+1

!
� γ

(σ� 1)
σ

lo

(1� lo)
∆blot+1 (AD.2)

bwt = bct +
l

(1� l)
blt (AD.3)

bct =
λcr

c

�
(1� τw)w
(1+ γ)cr

bwt +
λgs

(1+ γ)cr
bgs

t

�
+
(1� λ)co

c
bcot (AD.4)

blt = λlr

l

�
� γλgs

lr(1+ γ)(1� τw)w
(bgs

t � bwt)

�
+
(1� λ)lo

l
blot (AD.5)

bqt = �Φ
00 e

k
(bet �bkt) (AD.6)

bqt =
bπt+1

π
� i

1+ i
bit + (1� τk)rβEt

 brt+1 �
τk

1� τk
bτk

t+1

!
+

�
1� (1� τk)r

�
Etbqt+1 � βδΦ00

�
e
k

�
Et(bet+1 �bkt+1) (AD.7)

(Notice that we have substituted out AD.1, using: e
k
= δ)

bwt = cmct + bat + αbkt � αblt (AD.8)

brt = cmct + bat + (α� 1)bkt + (1� α)blt (AD.9)

bπt = βEtbπt+1 +
(1� βφ)(1� φ)

φ

1� φβκ1

(1+ ε α
1�α )(1� φβκ1) +

α
1�α φβκ2

cmct (AD.10)
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τwwl( bwt + bτw
t + blt) + τkrk(brt + bτk

t +bkt) + τcc (bτc
t + bct)� gcbgc

t � gsbgs
t(AD.11)

= � 1
(1+ i)

�
bt � b

�
+

1
π̄

�
bt�1 � b

�

byt =
c
y
bct +

e
y
bet +

gc

y
bgc

t (AD.12)

byt =
ε� 1

ε

�bat + αbkt + (1� α)blt� (AD.13)

Fiscal and monetary reaction functions:

bit = ρr
bit�1 + (1� ρr)ρπ

πt

π
+ (1� ρr)ρybyt (AD.14)

bgc
t = αc

ybyt + εc
t (AD.15)

bgs
t = αs

y

�
bt � b

�
+ εs

t (AD.16)

bcot = Et�1bcot + εe
t (AD.17)

bet = Et�1bet + εe
t (AD.18)

blot = Et�1blot + ελ
t (AD.19)

bπt = Et�1bπt + επ
t (AD.20)

bqt = Et�1bqt + ε
q
t (AD.21)

brt = Et�1brt + εr
t (AD.22)
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bat = ρabat�1 + εa
t (AD.23)

� Variable order in the system, when bτk = bτw = bτc = 0:bkt+1 bet Etbc ot+1 bcot blt bit bwt bπt bqt brt blot cmct bct byt bgc
t bt bgs

t
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

Etbet+1 Etblot+1 Etbπt+1 Etbqt+1 Etbrt+1 bat
18 19 20 21 22 23

� Number of equations: 23
� Endogenous variables (23): bkt+1, bet, Etbc ot+1, bct, blt, bit, bwt, bπt, bqt, brt, bcot, cmct, blot, byt, bgc

t , bt, bgs
t ,bet+1, Etblot+1, Etbπt+1, Etbqt+1, Etbrt+1 and bzt.

(Notice that bkt+1is a variable endogenously set at t. Thus they are not expectational
and do not require auxiliary equations. They enter in g0, whereas bkt does so in g1).

� In our simulations εc
t = εs

t = 0 and αc
y = 0, unless said otherwise.

� From Christiano (2004) κ1 and κ2 are the solutions, together with ψ, of the following
system of equations:

ψ =
α

1�α (1� βφ)

(1+ ε α
1�α )(1� φβκ1) +

α
1�α φβκ2

κ2 =
Ξφκ1

βκ1φ� 1

and

(1+ β+ [1� β(1� δ)])
1

1� α

1
Φ00 κ2 + βκ2(κ1 + α)� (1� φ)ψκ2 (βκ2 � Ξ) = 0

where

Ξ = � (1� β(1� δ))
1

1� α

1
Φ00 ε

� Notice that under the alternative specifications of the utility functions (U2 and U3),
equation AD.2 changes to

bcot = bcot+1 �
i

1+ i
bit + bπt+1 (AD.2b)

� For U3, equation AD.3 is given by

bwt = bct + γg
blt (AD.3c)
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AD.4 by

bct =
λcr

c
bcrt +

(1� λ)co

c
bcot (105)

and AD.5 by

blt = λlr

l
blrt +

(1� λ)lo

l
blot (106)

� Additionally two new variables (bcrt and blrt) and two new equations are added

�(γg + 1)blrt =
1

Υ3l
γg+1
r

λgs

(1� τw)wlr
( bgs

t � bwt � blrt) (AD.25)

and

bcrt = bwt � γg
blrt (AD.26)


