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A FONCs for Households and Firms

A sequence of budget constraints is given by:

Rt−1

�
Dn
t−1 +Bn

t−1Γ (−spt−1) (1− δt)
�
+WtNt + PRt ≥

� 1

0

Pt (i)Ct (i) di+Dn
t +Bn

t ,

(A.1)

As shown in Eq.(4) in the text, the optimal allocation of any given expenditure within goods

yields is Ct (i) =
�
Pt(i)
Pt

�−ε
Ct. Plugging this into Eq.(A.1) yields:

� 1

0

Pt (i)Ct (i) di = PtCt. (A.2)

Plugging Eq.(A.2) into Eq.(A.1) yields Eq.(5) in the text.

Representative household maximizes Eq.(1) in the text subject to Eq.(5) in the text. The

FONCs are given by:

λt =
1

PtCt

, (A.3)

λt =
Nϕ
t

Wt

(A.4)

λt = βλt+1Rt (A.5)

λt = βλt+1RtEt (1− δt+1)
�
Γ (−spt) +BtΓ

′ (−spt) [B (1−R)]−1
�

(A.6)

Combining Eqs.(A.3) and (A.5) yields βEt

�
PtCt

Pt+1Ct+1

	
= 1

Rt
which is Eq.(6) in the text while

combining Eqs.(A.3) and (A.4) yields CtN
ϕ
t = Wt

Pt
which is Eq.(7) in the text. Combining

Eqs.(A.3), (A.5) and (A.6) yields:

βEt



PtCt

Pt+1Ct+1

�
=

1

RtEt (1− δt+1)
�
Γ (−spt) +BtΓ′ (−spt) [B (1−R)]

−1
� ,
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which is Eq.(8) in the text.

Under Calvo—Yun-style price-setting behavior, the pricing rules are given by:

Pt =
�
θP 1−εt−1 + (1− θ) P̃ 1−εt

� 1
1−ε

, (A.7)

The maximization problems faced by firms given by:

max
P̃t

Et

�
∞


k=0

(θβ)
k
(Pt+kCt+k)

−1
Ỹt+k

�
P̃t −MCn

H,t+k

	�

This problem’s FONC is given by:

Et

�
∞


k=0

(θβ)
k
(Pt+kCt+k)

−1
Ỹt+k



P̃t −

ε

ε− 1
MCn

H,t+k

��
= 0, (A.8)

which can be rewritten as:

P̃t =
Et

��
∞

k=0 θ
kβkỸt+k

ε
ε−1Pt+kMCt+k

	

Et

��
∞

k=0 θ
kβkỸt+k

	 . (A.9)

This is Eq.(24) in the text itself.

B Deriving the Welfare Costs

We derive welfare criteria for policy authorities in the text which includes welfare cost function

Eq.(35) in the text and transitory component Υ0. First of all, we derive second-order approximated

utility function following Gali[3]. Second, we derive second-order approximated AS equation follow-

ing Benigno and Woodford[2]. Third, to eliminate linear terms in these second -order approximated

utility function and AS equation, we derive second order solvency condition following Benigno and

Woodford[1]. Then we eliminate those linear terms following Benigno and Woodford[1].

B.1 Second-order Approximation of Utility Function

Second-order approximation of period utility function Ut ≡ lnCt −
1

1+ϕN
1+ϕ
t is given by:

Ut − U

UCC
=

Φ

ςC
yt −

�
1− Φ

ςC
zt +

(1− Φ) (1 + ϕ)

2ςC
y2t −

(1− Φ) (1 + ϕ)

ςC
ytat

�
+ o

�
� ξ �3

�
, (B.1)

where we use the facts that ct = ς−1C yt −
ςG
ςC
gt and nt = yt + zt − at. Here, zt is o

�
� ξ �2

�
.

Let define u ≡
�

∞

t=0 β
t Ut−U
UCC

. Plugging Eq.(B.1) into this definition yields:

u =

∞


t=0

βtE0

�
Φ

ςC
yt −

(1− Φ) ε

2ςCκ
π2t −

(1− Φ) (1 + ϕ)

2ςC
y2t +

(1− Φ) (1 + ϕ)

ςC
ytat

�

+ t.i.p. + o
�
� ξ �3

�
, (B.2)

where we use the fact that:

∞


t=0

βtzt =
ε

2κ

∞


t=0

βtπ2t . (B.3)

See Chapter 6 in Woodford[7].
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B.2 Second-order Approximation of AS Equation

Let define Kt ≡
�

∞

k=0 θ
kβkỸt+k

ε
ε−1Pt+kMCt+k and Ft ≡

�
∞

k=0 θ
kβkỸt+k where Kt and Ft are the

numerator and the denominator in the RHS of Eq.(24) in the text. Log-linearizing those definitions

are given by:

kt = −εx̃t + (1− θβ)
∞


k=0

(θβ)
k
Et

�
k̃t,t+k

	
−

θε

1− θ
πt,

ft = −εx̃t + (1− θβ)
∞


k=0

(θβ)k Et

�
f̃t,t+k

	
−

θε

1− θ
πt, (B.4)

with k̃t,t+k ≡ −ςGct+k+ςGgt+k+mct+k+ε
�k

s=1 πt+s and f̃t,t+k ≡ −ςGct+k+ςGgt+k+(ε− 1)
�k

s=1 πt+s.

Subtracting the second equality from the first equality in Eq.(B.4) yields:

kt − ft = k̃t − f̃t (B.5)

where we define k̃t ≡ (1− θβ)
�

∞

k=0 (θβ)
k
Et

�
k̃t,t+k

	
and f̃t ≡ (1− θβ)

�
∞

k=0 (θβ)
k
Et

�
f̃t,t+k

	
.

Second-order approximation of the definitions k̃t,t and f̃t,t are given by:

k̃t = k̃t +
1

2
k̃2t + o

�
� ξ �3

�

= (1− θβ)
∞


k=0

(θβ)k


k̃t,t+k +

1

2
k̃t,t+k

�
+ o

�
� ξ �3

�

f̃t = f̃t +
1

2
f̃2t + o

�
� ξ �3

�

= (1− θβ)

∞


k=0

(θβ)
k



f̃t,t+k +

1

2
f̃t,t+k

�
+ o

�
� ξ �3

�
(B.6)

Plugging Eq.(B.6) into Eq.(B.5) yields:

kt − ft = (1− θβ)
∞


k=0

(θβ)k
��
k̃t,t+k − f̃t,t+k

	
+

1

2

�
k̃2t,t+k − f̃2t,t+k

	�
−

(1− θβ) θ

2 (1− θ)
πtZt

+o
�
� ξ �3

�
(B.7)

with Zt ≡
�

∞

k=0 (θβ)
k
�
k̃2t,t+k + f̃2t,t+k

	
where we use the fact that k̃t − f̃t =

θ
1−θπt which can be

derived by log-linearizing the definitions Kt and Ft.

The first term of Eq.(B.7) can be rewritten as:

∞


k=0

(θβ)
k
�
k̃t,t+k − f̃t,t+k

	
=

∞


k=0

(θβ)
k
mct+k +

1

1− θβ
Pt (B.8)

with Pt ≡
�

∞

k=1 (θβ)
k
πt+k.

Let define �kkt,t+k ≡ −ςGct+k + ςGgt+k + mct+k and �ff t,t+k ≡ −ςGct+k + ςGgt+k. Now, the

second term of Eq.(B.7) can be rewritten as:

1

2

�
k̃2t,t+k − f̃2t,t+k

	
=

1

2

�
�kk

2

t,t+k − �ff
2

t,t+k

	

+

∞


k=0

(θβ)
k
πt+kNt+k

+
2θ − 1

(1− θβ) 2

∞


k=0

(θβ)
k
πt+k (πt+k + 2Pt+h) . (B.9)
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Let define �kkt,t+k ≡ −ςGct+k+ ςGgt+k+mct+k and �ff t,t+k ≡ −ςGct+k+ ςGgt+k. By using this

definition, the definitions of k̃t,t+k and f̃t,t+k can be rewritten as:

k̃t,t+k = �kkt,t+k + ε

k


s=1

πt+s

f̃t,t+k = �ff t,t+k + (ε− 1)

k


s=1

πt+s (B.10)

Plugging Eqs.(B.8)—(B.10) into Eq.(B.7) yields:

k̃t − f̃t =

∞


k=0

(θβ)
k
Et

�
(1− θβ)

��
�kkt,t+k − �ff t,t+k

	
+

1

2

�
�kk

2

t,t+k − �ff
2

t,t+k

	��

+

∞


k=1

(θβ)
k
πt+k + (1− θβ)

∞


k=0

(θβ)
k
πt+kNt+k

+
2θ − 1

2

∞


k=0

(θβ)
k
(πt+k + 2Pt+k)−

(1− θβ) θ

2 (1− θ)
πtZt + o

�
� ξ �3

�
(B.11)

with Nt+k ≡
�

∞

k=0 (θβ)
k
�
ε�kkt,t+k+1 + (1− ε)�ff t,t+k+1

�
.

The FONC for firms can be rewritten as:

1

1− θ

�
1− θΠε−1

t

�
=



Ft
Kt

�ε−1
(B.12)

By second-order approximation, Eq.(B.12) can be rewritten as:

πt +
ε− 1

2 (1− θ)
π2t =

1− θ

θ
(kt − ft) + o

�
� ξ �3

�
(B.13)

Plugging Eq.(B.13) into Eq.(B.11) yields:

πt +
ε− 1

(1− θ) 2
π2t +

1− θβ

2
πtZt = κ

��
�kkt,t − �ff t,t

	
+

1

2

�
�kk

2

t,t − �ff
2

t,t

	�
+ βEt [πt+1

+
1− θβ

2
πt+1Zt+1 +

2ε− 1

2
π2t+1 +

θ (ε− 1)

(1− θ) 2
π2t+1

�
,

which acn be rewritten as:

νt = κ

�
�kkt,t − �ff t,t +

1

2

�
�kk

2

t,t − �ff
2

t,t

	�
+ βνt+1 +

ε

2
π2t , (B.14)

by using the definition νt = πt +
ε−1

(1−θ)2π
2
t +

1−θβ
2 πtZt +

ε
2π

2
t .

Then, we get:

ν = κ

∞


t=0

βtE0

�
�kkt,t − �ff t,t +

1

2

�
�kk

2

t,t − �ff
2

t,t

	
+

ε

2κ
π2t

�
(B.15)

Second order approximation of Eq.(26) in the text MCt =
CtN

ϕ
t

(1−τt)At
is given by:

mct =
MCC

MC
Cct +

MCN

MC
Nnt +

MCτ

MC
ττ̂t +

MCA

MC
at +

1

2
c2t +

ϕ

2
n2t +

MCτ

MC

τ

2
τ̂2t

+
ϕ (ϕ− 1)

2
n2t + ϕctnt +

MCC

MC
C
MCCτ

MCC

τctτ̂t − ϕntat − ctat +
MCN

MC
N
MCNτ

MCN

τntτ̂t

+
MCA

MC

MCAτ

MCA

τ τ̂tat +
MCτMCττ

MCMCτ

τ2

2
τ̂2t + s.o.t.i.p. + o

�
� ξ �3

�
(B.16)
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By using the definition of �kkt,t+k and �ff t,t+k, we have:

�kkt,t − �ff t,t +
1

2

�
�kk

2

t,t − �ff
2

t,t

	
= mct +

1

2

�
(−ςGct + ςGgt +mct)

2 − (−ςGct + ςGgt)
2
�
+ s.o.t.i.p.

= mct +
1

2
mc2t − ςGctmct + ςGgtmct + s.o.t.i.p..

Let define �kft ≡ mct +
1
2mc2t − ςGctmct + ςGgtmct. Then we have:

�kft = �kkt,t − �ff t,t +
1

2

�
�kk

2

t,t − �ff
2

t,t

	
. (B.17)

Plugging Eq.(B.16) into the definition of �kft yields:

�kf t = ct + ϕnt +
τ

1− τ
τ̂t − at + (1− ςG) c

2
t + ϕ2n2t +

τ [(1− τ) (1 + ǫτ ) + τ ]

2 (1− τ )
2 τ̂2t

+ ϕ (2− ςG) ctnt +
(1− τ) ǫC + τςC

1− τ
ctτ̂t − 2ϕntat − (2− ςG) ctat

+
ϕ [(1− τ) ǫN + τ ]

1− τ
ntτ̂t −

(1− τ ) ǫA + τ

1− τ
τ̂tat + ςGctgt + ϕςGntgt +

ςGτ

1− τ
τ̂tgt

− ςGgtat + s.o.t.i.p. + o
�
� ξ �3

�
, (B.18)

with ǫτ ≡
MCττ
MCτ

τ , ǫC ≡
MCCτ
MCC

τ , ǫN ≡
MCNτ

MCN
τ and ǫA ≡

MCAτ
MCA

τ .

Eq.(28) in the text can be rewritten as:

Ct = Yt −Gt, (B.19)

which can be second-order approximated as:

C (Yt, Gt) = C + CY Y yt + CGGgt + CY Y
1

2



1 +

CY Y

CY

Y Y

�
y2t +

CY G

CY

Y Gytgt

+ s.o.t.i.p. + o
�
� ξ �3

�
.

Because of Ct−C
C

= ct, this can be rewritten as:

ct = CY ς
−1
C yt + CGς

−1
C ςGgt + CY ς

−1
C

1

2



1−

CY Y

CY

Y

�
y2t +

CY G

CY

Y ς−1C ςGytgt

+ s.o.t.i.p. + o
�
� ξ �3

�
, (B.20)

=
1

ςC
yt −

ςG
ςC

gt −
ςG
2ςC

y2t +
ςG
ς2G

ytgt + s.o.t.i.p. + o
�
� ξ �3

�

Second-order approximation of Eq.(22) in the text Nt =
YtZt
At

can be rewritten as:

nt = yt − at +
1

2
y2t + zt − ytat + s.o.t.i.p. + o

�
� ξ �3

�
. (B.21)

Plugging Eqs.(B.21) and (B.21) into Eq.(B.18) yields:

�kf t =
1 + ϕςC

ςC
yt +

τ

1− τ
τ̂t + ϕzt +

ων1
2ς2C

y2t +
ων2

2 (1− τ )
2 τ̂

2
t +

ων3
ς2C

ytgt

−
ων4
ςC

ytat −
ων5

(1− τ ) ςC
τ̂tgt −

ων6
1− τ

τ̂tat +
ων7

(1− τ ) ςC
ytτ̂t + t.i.p.

+ o
�
� ξ �3

�
, (B.22)

5



with ων1 ≡ ςCϕ [ςC (1 + 2ϕ) + 2 (2− ςG)]− ςG, ων2 ≡ τ [1 + ǫτ (1− τ)],

ων3 ≡ 1 − ςC {ςG (1− 2ςG)− ϕ [ςG (2− ςG)− 2]}, ων4 ≡ ϕςC [1 + 2 (1 + ϕ)] + (1 + ϕ) (2− ςG),

ων5 ≡ ςGǫC (1− τ), ων6 ≡ (1− τ) (ϕǫN + ǫA) + τ (1 + ϕ) and ων7 ≡ (1− τ ) [ǫC + ϕςCǫN ] +

τςC (1 + ϕ).

Plugging Eq.(B.22) into Eq.(B.15), we have:

ν = κ

∞


t=0

βtE0

�
1 + ϕςC

ςC
yt +

τ

1− τ
τ̂t +

ων1
2ς2C

y2t +
ων2
2ς2C

τ̂2t +
ων3
ς2C

ytgt −
ων4
ςC

ytat

−
ων5

(1− τ) ςC
τ̂tgt −

ων6
1− τ

τ̂tat +
ων7

(1− τ) ςC
ytτ̂t +

ε (1 + ϕ)

2κ
π2t

�
+ t.i.p., (B.23)

where we use Eq.(B.3).

B.3 Second-order Approximation of Solvency Condition

Let define:

Wt ≡
∞


t=0

βtEt
�
C−1t SPt

�
(B.24)

with Wt = (1− δt)C
−1
t RG

t BtΠ
−1
t .

First, we take a second-order approximation of C−1t SPt as follows:

C−1t SPt = C−1SP



1− ct + spt +

1

2
c2t + ctspt

�
+ s.o.t.i.p. (B.25)

Second-order approximation of the definition of SPt ≡ τtYt −Gt is given by:

spt = (1 + ωg) τ̂t + (1 + ωg) yt − ωggt +
1 + ωg

2
τ̂2t +

1 + ωg
2

y2t + (1 + ωg) ytτ̂t + s.o.t.i.p.

+o
�
� ξ �3

�
, (B.26)

with ωg ≡
G
SP

where we use the fact that spt =
SPt−SP

SP
.

Plugging Eq.(B.21) into Eq.(B.25) yields:

C−1t SPt =

�
1− ς−1C yt +

ςG
ςC

gt + spt +
1 + ςG
2ς2C

y2t −
2ςG
ς2C

ytgt − ςCytspt +
ςG
ςC

gtspt

�

+ s.o.t.i.p. + o
�
� ξ �3

�
. (B.27)

Plugging Eq.(B.26) into Eq.(B.27) yields:

C−1t SPt = C−1SP

�
1−

1− ςC (1 + ωg)

ςC
yt +

ςG − ςCωg
ςC

gt + (1 + ωg) τ̂t +
ωw1
2ς2C

y2t

+
1 + ωg

2
τ̂2t +

ωw2
ς2C

ytgt −
(1 + ωg) ςG

ςC
ytτ̂t +

ςG (1 + ωG)

ςC
τ̂tgt

�

+ s.o.t.i.p. + o
�
� ξ �3

�
, (B.28)

with ωw1 ≡ (1 + ςG) [1− ςC (1 + ωg)] and ωw2 ≡ ςC [ςG (1 + ωg) + ωg]− 2ςG.

Let define wt ≡
C
−1

t SPt−C
−1SP

C−1SP
. Combining Eqs.(B.24) and (B.28) and this definition yields:

wt = (1− β)

�
−
1− ςC (1 + ωg)

ςC
yt +

ςG − ςCωg
ςC

gt + (1 + ωg) τ̂t +
ωw1
2ς2C

y2t +
1 + ωg

2
τ̂2t

+
ωw2
ς2C

ytgt −
(1 + ωg) ςG

ςC
ytτ̂t +

ςG (1 + ωG)

ςC
τ̂tgt

�
+ βEt (ωt+1) + s.o.t.i.p.

+ o
�
� ξ �3

�
. (B.29)
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Iterating forward Eq.(B.29) yields:

w = (1− β)

∞


t=0

βtE0

�
−
1− ςC (1 + ωg)

ςC
yt + (1 + ωg) τ̂t +

ωw1
2ς2C

y2t +
1 + ωg

2
τ̂2t

+
ωw2
ς2C

ytgt −
(1 + ωg) ςG

ςC
ytτ̂t +

ςG (1 + ωG)

ςC
τ̂tgt

�
+ t.i.p. + o

�
� ξ �3

�
(B.30)

B.4 Eliminating Liner Terms

In the first-order, Eqs.(B.3), (B.23) and (B.30) are given by:

w = (1− β)

∞


t=0

βtEt

�
−
1− ςG (1 + ωg)

ςC
yt + (1 + ωg) τ̂t

�
+ t.i.p. + o

�
� ξ �2

�

ν = κ

∞


t=0

βtEt

�
1 + ςCϕ

ςC
yt +

τ

1− τ
τ̂t

�
+ t.i.p. + o

�
� ξ �2

�

u =
∞


t=0

βtEt



Φ

ςC
yt

�
+ t.i.p. + o

�
� ξ �2

�
. (B.31)

Thus, we formularize to eliminate linear terms on yt and τ̂t in the last equality in Eq.(B.31) as

follows:

Φ

ςC
= ϑ1

�
−
1− ςC (1 + ωg)

ςC

�
+ ϑ2

�
1 + ςCϕ

ςC

�

0 = ϑ1 (1 + ωg) + ϑ2



τ

1− τ

�

where ϑ1 and ϑ2 are undetermined coefficients. Here, Φ
ςC

and 0 are coefficients on yt and τ̂t in

the last equality in Eq.(B.31) while − 1−ςC(1+ωg)
ςC

and (1 + ωg) are coefficients on those in the first

equality in Eq.(B.31), respectively and and 1+ςCϕ
ςC

and τ
1−τ are coefficients on those in the second

equality in Eq.(B.31), respectively.

By solving this system, we get:

ϑ1 = −
τΦ

Γ
(B.32)

ϑ2 =
(1− τ) (1 + ωg)Φ

Γ
(B.33)

with Γ ≡ (1 + ωg) (1− τ ) (1 + ςCϕ) + τ [1− ςC (1 + ωg)].

By using the facts that − 1−ςC(1+ωg)
ςC

and 1+ςCϕ
ςC

are coefficients on yt on Eqs.(B.23) and (B.30),

the linear term yt on Eq.(B.3) is given by:

∞


t=0

βt
Φ

ςC
Et (yt) = ϑ1 (1− β)−1 w + θ2κ

−1ν − θ1

∞


t=0

βtE0

�
ωw1
2ς2C

y2t +
1 + ωg

2
τ̂2t +

ωw2
ς2C

ytgt

−
(1 + ωg) ςG

ςC
ytτ̂t +

ςG (1 + ωG)

ςC
τ̂tgt

�
− ϑ2

∞


t=0

βtE0

�
ων1
2ς2C

y2t +
ων2
2ς2C

τ̂2t t

+
ων3
ς2C

ytgt −
ων4
ςC

ytat −
ων5

(1− τ ) ςC
τ̂tgt −

ων6
1− τ

τ̂tat +
ων7

(1− τ ) ςC
ytτ̂t

+
ε (1 + ϕ)

2κ
π2t

�
+Υ0 + t.i.p., (B.34)
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where Υ0 ≡ −
τΦ

Γ(1−β)w +
(1−τ)(1+ωg)Φ

Γκ ν.

By plugging Eqs.(B.32) and (B.33) into Eq.(B.34), we get:

∞


t=0

βt
Φ

ςC
E0 (yt) = −

∞


t=0

βtE0

�
Φ [(1− τ) (1 + ωg)ων1 − ωw1]

2Γς2C
y2t

−
Φ [ωw2τ − (1− τ) (1 + ωg)ων3]

Γς2C
ytgt −

Φ(1− τ) (1 + ωg)ων4
ΓςC

ytat

+
(1− τ) (1 + ωg)Φε (1 + ϕ)

2Γκ
π2t

�
+Υ0 + t.i.p. + o

�
� ξ �3

�
. (B.35)

Plugging Eq.(B.35) into Eq.(B.2) yields:

u = −
∞


t=0

βtE0

�
Λx
2

(yt − y∗t )
2 +

Λπ
2
π2t

�
+Υ0 + t.i.p. + o

�
� ξ �3

�
,

which is second-order approximated utility function without linear terms and terms in parentheses

corresponds to Eq.(35) in the text.

C FONCs for Policy Authorities

Under the OM policy, The Lagrangean is given by:

$ =

∞


t=0

βtE0

�
Lt + µ1,t

�
xt − xt+1 + ςC r̂t − ςCπt+1 +

ςC (1− β)

βφ
δt+1 −

ςC
β
r̂t−1

+
ςC
β
πt −

ςCωo
β2φ

δt +
ςC̟

β
spt −

ςC (ωγ + φβ)

β2
spt−1 − ǫx,t

�
+ µ2,t [πt

−βπt+1 −
κ (1 + ϕςC)

ςC
xt − ǫπ,t

�
+ µ3,t



spt −

1

̟
r̂t−1 +

ωo
φβ̟

δt +
1

̟
πt

−
ωγ − φβ

̟β
spt−1 −

1− β

φ̟
δt+1

�
− µ4,t



spt −

βτ

(1− β) ςB
xt − ǫsp,t

��
.

Note that τ̂t disappears because of τ̂t = 0 for all t. The FONCs are given by Eqs.(38)—(42) in the

text.

Under the MIS policy, The Lagrangean is given by:

$ =
∞


t=0

βtE0

�
LRt + µ1,t

�
xt − xt+1 + ςC r̂t − ςCπt+1 +

ςC (1− β)

βφ
δt+1 −

ςC
β
r̂t−1

+
ςC
β
πt −

ςCωo
β2φ

δt +
ςC̟

β
spt −

ςC (ωγ + φβ)

β2
spt−1 − ǫx,t

�
+ µ2,t [πt

−βπt+1 −
κ (1 + ϕςC)

ςC
xt − ǫπ,t

�
+ µ3,t



spt −

1

̟
r̂t−1 +

ωo
φβ̟

δt +
1

̟
πt

−
ωγ − φβ

̟β
spt−1 −

1− β

φ̟
δt+1

�
− µ4,t



spt −

βτ

(1− β) ςB
xt − ǫsp,t

��
.

Note that τ̂t disappears because of τ̂t = 0 for all t. The FONCs are given by Eq.(40) and Eqs(42)—

(45) in the text where we plug Eq.(9) in the text into LRt .

Under the OMF policy, The Lagrangean is given by:

$ =
∞


t=0

βtE0

�
Lt + µ1,t

�
xt − xt+1 + ςC r̂t − ςCπt+1 +

ςC (1− β)

βφ
δt+1 −

ςC
β
r̂t−1

8



+
ςC
β
πt −

ςCωo
β2φ

δt +
ςC̟

β
spt −

ςC (ωγ + φβ)

β2
spt−1 − ǫx,t

�
+ µ2,t [πt

−βπt+1 −
κ (1 + ϕςC)

ςC
xt −

κτ

1− τ
τ̂t − ǫπ,t

�
+ µ3,t



spt −

1

̟
r̂t−1 +

ωo
φβ̟

δt +
1

̟
πt

−
ωγ − φβ

̟β
spt−1 −

1− β

φ̟
δt+1

�
+ µ4,t

�
spt −

βτ

(1− β) ςB
τ̂t −

βτ

(1− β) ςB
xt − ǫsp,t

��
.

The FONCs are given by Eqs.(38)—(42) in the text and µ2,t = −
(1−τ)β
(1−β)ςBκ

µ4,t.
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