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A Details on Derivation of the Model

In this section, details are provided on the derivation of the model that was
developed in section 2 in the text.

A.1 Households

Preferences of the representative household in countries H and F are given by:

U ≡ E0

∞X
t=0

δt
µ
lnCt −

1

1 + ϕ
N1+ϕ
t

¶
,

U∗ ≡ E0

∞X
t=0

δt
∙
lnC∗t −

1

1 + ϕ
(N∗t )

1+ϕ

¸
, (A.1)

where C∗t denotes consumption in country F , N
∗
t ≡ NF,t +N∗N,t denotes hours

of work in country F , NF,t ≡
R 2
1
NF,t (f) df and N

∗
N,t ≡

R 2
1
N∗N,t (f) df denote

hours of work to produce tradables produced in country F and nontradables
produced in country F , respectively. The first equality in Eq.(A.1) is Eq.(1) in
the text.

More precisely, private consumption is a composite index defined by:

Ct ≡
∙
γ
1
ηC

η−1
η

T,t + (1− γ) 1η C
η−1
η

N,t

¸ η
η−1

,

C∗t ≡
∙
γ
1
η
¡
C∗T,t

¢ η−1
η + (1− γ) 1η

¡
C∗N,t

¢ η−1
η

¸ η
η−1

, (A.2)

with CN,t ≡
hR 1
0
CN,t (h)

θ−1
θ dh

i θ
θ−1
, C∗N,t ≡

hR 2
1
C∗N,t (f)

θ−1
θ dh

i θ
θ−1

CH,t ≡hR 1
0
CH,t (h)

θ−1
θ dh

i θ
θ−1

and CF,t ≡
hR 2
1
CF,t (f)

θ−1
θ df

i θ
θ−1
, where the index

{h, f} denotes a variable that is specific to agents h and f , C∗T,t = CT,t de-
notes the consumption index for tradables in country F and C∗N,t denotes an
index of consumption across the nontradable goods produced in country F . The
first equality in Eq.(A.2) is Eq.(2) in the text.
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A sequence of budget constraints is given by:

Bt +WtNt − St ≥
Z 1

0

PH,t (h)CH,t (h) dh+

Z 2

1

PF,t (f)CF,t (f) df

+

Z 1

0

PN,t (h)CN,t (h) dh+ EtQt,t+1Bt+1,

Bt +W
∗
t N
∗
t − S∗t ≥

Z 1

0

PH,t (h)C
∗
F,t (f) df +

Z 2

1

PF,t (f)C
∗
F,t (f) df

+

Z 1

0

P ∗N,t (f)C
∗
N,t (f) df + EtQt,t+1Bt+1, (A.3)

with PH,t ≡
hR 1
0
PH,t (h)

1−θ
dh
i 1
1−θ
, PF,t ≡

hR 2
1
PF,t (f)

1−θ
df
i 1
1−θ

and PN,t ≡hR 1
0
PN,t (h)

1−θ dh
i 1
1−θ
, where P ∗N,t ≡

hR 2
1
P ∗N,t (f)

1−θ df
i 1
1−θ

denotes the price

index of nontradables produced in country F and S∗t denotes the lump sum
taxes in country F . The optimal allocation of any given expenditure within
each category of goods yields the following demand functions:

CH,t (h) =

µ
PH,t (h)

PH,t

¶−θ
CH,t, ; CF,t (f) =

µ
PF,t (f)

PF,t

¶−θ
CF,t,

C∗H,t (h) =

µ
PH,t (h)

PH,t

¶−θ
C∗H,t, ; C∗F,t (f) =

µ
PF,t (f)

PF,t

¶−θ
C∗F,t,

CN,t (h) =

µ
PN,t (h)

PN,t

¶−θ
CN,t, ; C∗N,t (f) =

Ã
P ∗N,t (f)

P ∗N,t

!−θ
C∗N,t.(A.4)

These equalities implies that
R 1
0
PH,t (h)CH,t (h) dh = PH,tCH,t,

R 2
1
PF,t (f)CF,t (f) df =

PF,tCF,t,
R 1
0
PN,t (h)CN,t (h) dh = PN,tCN,t and

R 2
1
P ∗N,t (f)CN,t (f) df = P

∗
N,tC

∗
N,t.

Total consumption expenditures by households in countries H and F are
given by:

PH,tCH,t + PF,tCF,t + PN,tCN,t = PtCt,

PF,tCF,t + PH,tCH,t + P
∗
N,tC

∗
N,t = P ∗t C

∗
t .

Combining Eq.(A.3) and these equalities, we obtain:

Bt +WtNt − St ≥ PtCt + EtQt,t+1Bt+1,

Bt +W
∗
t N
∗
t − S∗t ≥ P ∗t C

∗
t + EtQt,t+1Bt+1, (A.5)

where the first equality in Eq.(A.5) is Eq.(3) in the text.
Combining Eq.(A.4) and aggregators, we have:

CH,t =
1

2

µ
PH,t
PT,t

¶−1
CT,t, ; CF,t =

1

2

µ
PF,t
PT,t

¶−1
CT,t,

C∗H,t =
1

2

µ
PH,t
PT,t

¶−1
C∗T,t, ; C∗F,t =

1

2

µ
PF,t
PT,t

¶−1
C∗T,t,

CT,t = γ

µ
PT,t
Pt

¶−η
Ct, ; CN,t = (1− γ)

µ
PN,t
Pt

¶−η
Ct,

C∗T,t = γ

µ
PT,t
P ∗t

¶−η
C∗t , ; C∗N,t = (1− γ)

µ
P ∗N,t
P ∗t

¶−η
C∗t , (A.6)
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where the first and the second equalities in Eq.(A.6) make up Eq.(6) in the text.
CPIs are given by:

Pt ≡
h
γP 1−ηT,t + (1− γ)P 1−ηN,t

i 1
1−η

,

P ∗t ≡
h
γP 1−ηT,t + (1− γ)

¡
P ∗N,t

¢1−ηi 1
1−η

, (A.7)

where P ∗t denotes the CPI in country F . The first equality in Eq.(A.7) is Eq.(4)
in the text.

PPIs are given by:

PP,t ≡
PH,tYH,t + PN,tYN,t

YH,t + YN,t
,

P ∗P,t ≡
PF,tYF,t + P

∗
N,tY

∗
N,t

YF,t + Y ∗N,t
, (A.8)

where P ∗P,t denotes the PPI in country F . The first equality in Eq.(A.8) is
Eq.(5) in the text.

The representative household maximizes Eq.(A.1) subject to Eq.(A.5). Op-
timality conditions are given by:

δEt
C−1t+1Pt
C−1t Pt+1

=
1

Rt
, ; δEt

¡
C∗t+1

¢−1
P ∗t

(C∗t )
−1
P ∗t+1

=
1

Rt
, (A.9)

CtN
ϕ
t =

Wt

Pt
, ; C∗t (N

∗
t )
ϕ =

W ∗t
P ∗t

. (A.10)

The RHS of Eq.(A.9) is an intertemporal optimality condition in country F ,
whereas the RHS of Eq.(A.10) is an intratemporal optimality condition in coun-
try F . The LHS of both Eqs.(A.9) and (A.10) are Eqs.(7) and (8) in the text,
respectively.
Combining and iterating Eq.(A.9) with an initial condition, we have the

following optimal risk-sharing condition:

Ct = ϑC∗t Qt, (A.11)

which is Eq.(9) in the text. When C−1 = C∗−1 = P−1 = P ∗−1 = 1, we have
ϑ = 1.

A.2 Firms

Each producer can use a linear technology to produce a differentiated good as
follows:

YH,t (h) = AH,tNH,t (h) , ; YN,t (h) = AN,tNN,t (h) ,

YF,t (f) = AF,tNF,t (f) , ; Y ∗N,t (f) = A
∗
N,tN

∗
N,t (f) , (A.12)

with YH,t ≡
³R 1

0
YH,t (h)

θ−1
θ dh

´ θ
θ−1
, YF,t ≡

³R 2
1
YF,t (f)

θ−1
θ df

´ θ
θ−1
, YN,t ≡³R 1

0
YN,t (h)

θ−1
θ dh

´ θ
θ−1

and Y ∗N,t ≡
³R 2

1
Y ∗N,t (f)

θ−1
θ df

´ θ
θ−1
, where AF,t and
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A∗N,t denote stochastic productivity shifters associated with tradables and non-
tradables produced in country F , respectively. The first equalities in Eq.(A.12)
are Eq.(10) in the text.

Using the Dixit—Stiglitz aggregators, Eq.(A.12) can be rewritten as:

YH,t =
AH,tNH,tR 1
0
YH,t(h)
YH,t

dh
; YN,t =

AN,tNN,tR 1
0
YN,t(h)
YN,t

dh
,

YF,t =
AF,tNF,tR 1
0
YF,t(f)
YF,t

df
; Y ∗N,t =

AN,tN
∗
N,tR 1

0

Y ∗
N,t

(f)

Y ∗
N,t

df
. (A.13)

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

PH,t =

∙
α (PH,t−1)

1−θ
+ (1− α)

³
P̃H,t

´1−θ¸ 1
1−θ

,

PN,t =

¸
α (PN,t−1)

1−θ
+ (1− α)

³
P̃N,t

´1−θ¸ 1
1−θ

,

PF,t =

∙
α (PF,t−1)

1−θ
+ (1− α)

³
P̃F,t

´1−θ¸ 1
1−θ

,

P ∗N,t =

∙
α
¡
P ∗N,t−1

¢1−θ
+ (1− α)

³
P̃ ∗N,t

´1−θ¸ 1
1−θ

, (A.14)

where P̃F,t and P̃
∗
N,t are the prices chosen by firms when they obtain the chance

to change prices associated with tradables and nontradables produced in country
F , respectively.

The maximization problems faced by firms are as follows:

max
P̃H,t

Et

∞X
k=0

(αδ)
k
h
Λt+kC̃H,t+k

³
P̃H,t − PP,t+kMCH,t+k

´i
,

max
P̃N,t

Et

∞X
k=0

(αδ)
k
h
Λt+kC̃N,t+k

³
P̃N,t − PP,t+kMCN,t+k

´i
,

max
P̃F,t

Et

∞X
k=0

(αδ)
k
h
Λ∗t+kC̃F,t+k

³
P̃F,t − P ∗P,t+kMCF,t+k

´i
,

max
P̃∗
N,t

Et

∞X
k=0

(αδ)
k
h
Λ∗t+kC̃

∗
N,t+k

³
P̃ ∗N,t − P ∗P,t+kMC∗N,t+k

´i
,

with Λt ≡ (PtCt)−1, Λ∗t ≡ (P ∗t C∗t )−1, C̃H,t+k ≡
³

P̃H,t
PH,t+k

´−θ
CH,t+k and C̃N,t+k ≡³

P̃N,t
PN,t+k

´−θ
CN,t+k, where C̃F,t+k ≡

³
P̃F,t
PF,t+k

´−θ
CF,t+k and C̃

∗
N,t+k ≡

µ
P̃ ∗N,t
P ∗
N,t+k

¶−θ
C∗N,t+k

denote the total demands when the prices change, MCF,t ≡ W ∗t (1−τ)
P∗
P,t
AF,t

and

MC∗N,t ≡
W ∗t (1−τ)
P∗
P,t
A∗
N,t

denote the marginal costs associated with tradables and

nontradables produced in country F , respectively.
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The FONCs are as follows:

Et

" ∞X
k=0

(αδ)
k
Λt+kC̃H,t+k

³
P̃H,t − ζPP,t+kMCH,t+k

´#
= 0,

Et

" ∞X
k=0

(αδ)k Λt+kC̃N,t+k

³
P̃N,t − ζPP,t+kMCN,t+k

´#
= 0,

Et

" ∞X
k=0

(αδ)
k
Λ∗t+kC̃F,t+k

³
P̃F,t − ζP ∗P,t+kMCF,t+k

´#
= 0,

Et

" ∞X
k=0

(αδ)
k
Λ∗t+kC̃

∗
N,t+k

³
P̃ ∗N,t − ζP ∗P,t+kMC∗N,t+k

´#
= 0.

(A.15)

The first and second equalities in Eq.(A.15) are Eq.(11) in the text.
Combining the definition of the marginal cost and Eq.(A.10), we have:

MCH,t =
(1− τ )CtNϕ

t Pt
PP,tAH,t

, ; MCN,t =
(1− τ )CtNϕ

t Pt
PP,tAN,t

,

MCF,t =
(1− τ)C∗t (N∗t )ϕ P ∗t

P ∗P,tAF,t
, ; MC∗N,t =

(1− τ )C∗t (N∗t )ϕ P ∗t
P ∗P,tA

∗
N,t

.

(A.16)

The first equality in Eq.(A.16) is Eq.(12) in the text.

A.3 Centralized Government

The government expenditure index is given by:

GH,t ≡
µZ 1

0

GH,t (h)
θ−1
θ dh

¶ θ
θ−1

, ; GN,t ≡
µZ 1

0

GN,t (h)
θ−1
θ dh

¶ θ
θ−1

,

GF,t ≡
µZ 2

1

GF,t (f)
θ−1
θ df

¶ θ
θ−1

; G∗N,t ≡
µZ 2

1

G∗N,t (f)
θ−1
θ df

¶ θ
θ−1

,

where GF,t denotes government expenditures on tradable goods produced in
country F and G∗N,t denotes government expenditures on non-tradable goods
produced in country F . For simplicity, we assume that government purchases
are fully allocated to a domestically produced good. For any given level of pub-
lic consumption, the government allocates expenditures across goods in order
to minimize total cost. This yields the following set of government demand
schedules, analogous to those associated with private consumption.

GH,t (h) =

µ
PH,t (h)

PH,t

¶−θ
GH,t ; GN,t =

µ
PN,t (h)

PN,t

¶−θ
GN,t,

GF,t (f) =

µ
PF,t (f)

PF,t

¶−θ
GF,t ; G∗N,t =

Ã
P ∗N,t (f)

P ∗N,t

!−θ
G∗N,t. (A.17)
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Under the optimal monetary policy without a fiscal policy regime, the gov-
ernment expenditure constraint is given by:

Gt = G
∗
t = 0, (A.18)

whereas under the optimal monetary and fiscal policy mix regime, it is relaxed
as follows:

Gt = −G∗t . (A.19)

A.4 Market Clearing

Market clearing conditions for tradables are given by:

YH,t (h) = CH,t (h) + C
∗
H,t (h) +GH,t (h) ,

YF,t (f) = CF,t (f) + C
∗
F,t (f) +GF,t (f) . (A.20)

The first equality in Eq.(A.20) is Eq.(13) in the text.
As for nontradables, equilibrium requires that:

YN,t (h) = CN,t (h) +GN,t (h) ,

Y ∗N,t (f) = C∗N,t (f) +G
∗
N,t (f) . (A.21)

The first equality in Eq.(A.21) is Eq.(14) in the text.
The market in countryH for tradables clears when domestic demand is given

by Eq.(A.20). As for nontradables, equilibrium requires Eq.(A.21).
Using Eqs.(A.4), (A.11) and (A.17), Eq.(A.20) can be rewritten as:

YH,t (h) =

µ
PH,t (h)

PH,t

¶−θ(
γ

2

µ
PH,t
PT,t

¶−1
Ct

"µ
PT,t
Pt

¶−η
+

µ
PT,t
P ∗t

¶−η
Q−1t

#
+GH,t

)
,

YF,t (f) =

µ
PF,t (f)

PF,t

¶−θ(
γ

2

µ
PF,t
PT,t

¶−1
Ct

"µ
PT,t
Pt

¶−η
+

µ
PT,t
P ∗t

¶−η
Q−1t

#
+GF,t

)
,

where we use the fact that C∗t =
Ct
Qt
, which is derived from Eq.(A.11). Com-

bining these equalities and Eqs.(A.4), (A.11) and (A.17), Eq.(A.20) can be
rewritten as:

YH,t =
γ

2

µ
PH,t
PT,t

¶−1
Ct

"µ
PT,t
Pt

¶−η
+

µ
PT,t
P ∗t

¶−η
Q−1t

#
+GH,t,

YF,t =
γ

2

µ
PF,t
PT,t

¶−1
Ct

"µ
PT,t
Pt

¶−η
+

µ
PT,t
P ∗t

¶−η
Q−1t

#
+GF,t. (A.22)

The first equality in Eq.(A.22) is Eq.(15) in the text.
Using Eqs.(A.4), (A.11) and (A.17), Eq.(A.21) can be rewritten as follows:

YN,t (h) =

µ
PN,t (h)

PN,t

¶−θ "
(1− γ)

µ
PN,t
Pt

¶−η
Ct +GN,t

#
,

Y ∗N,t (f) =

µ
PN,t (h)

PN,t

¶−θ "
(1− γ)

µ
P ∗N,t
P ∗t

¶−η
Ct
Qt
+G∗N,t

#
.
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Combining these equalities and Eqs.(A.4), (A.11) and (A.17), Eq.(A.21) can be
rewritten as follows:

YN,t = (1− γ)
µ
PN,t
Pt

¶−η
Ct +GN,t,

Y ∗N,t = (1− γ)
µ
P ∗N,t
P ∗t

¶−η
CtQ

−1
t +G∗N,t. (A.23)

The first equality in Eq.(A.23) is Eq.(16) in the text.
The aggregate domestic indices are defined by:

Yt ≡
PH,t
PP,t

YH,t +
PN,t
PP,t

YN,t ; Gt ≡
PH,t
PG,t

GH,t +
PN,t
PG,t

GN,t

Y ∗t ≡
PF,t
P ∗P,t

YF,t +
P ∗N,t
P ∗P,t

Y ∗N,t ; G∗t ≡
PF,t
P ∗G,t

GF,t +
P ∗N,t
P ∗G,t

G∗N,t (A.24)

The first equality in Eq.(A.24) is Eq.(17) in the text.

B Nonstochastic Steady State

We focus on the equilibria where the state variables follow paths that are close
to a deterministic stationary equilibrium, in which the PPI inflation rate is
zero. Because this steady state is nonstochastic, all shifters are unit value, i.e.,
AH,t = AN,t = AF,t = A∗N,t = Dt = Zt = 1. In addition, we assume that
Gt = G

∗
t = 0 in this steady state.

In this steady state, the gross nominal interest rate is equal to the inverse
of the subjective discount factor as follows:

R = δ−1.

When α→ 0, Eq.(A.15) implies that:

PH
PP

= ζMC ;
PN
PP

= ζMC,

PF
P ∗P

= ζMC∗ ;
P ∗N
P ∗P

= ζMC∗,

where we use the fact that MCH = MCN ≡ MC and MCF = MC
∗
N ≡ MC∗

must hold in the nonstochastic steady state. These equalities imply that:

PH = PN = PP ,

PF = P
∗
N = P

∗
P . (B.1)

Eq.(B.1) and FONCs for firms under the nonstochastic steady state imply:

MC =MC∗ = ζ−1.

In addition,

MC = (1− τ)CNϕ

MC∗ = (1− τ)C∗ (N∗)ϕ ,
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is applied. Combining these two conditions associated to marginal cost yields:

ζ−1

1− τ = CN
ϕ = C∗ (N∗)ϕ

To eliminate distortions stemming from a monopolistically competitive market,
τ = 1− ζ−1 is set.
Eq.(A.22) can be rewritten as:

YH =
γ

2

µ
P ∗P
PP

¶ 1
2

P−ηT C
£
P η + (P ∗)η Q−1

¤
,

YF =
γ

2

µ
P ∗P
PP

¶− 1
2

P−ηT C
£
P η + (P ∗)η Q−1

¤
, (B.2)

by using Eq.(B.1). Similar to Eq.(B.2), Eq.(A.23) can be rewritten as:

YN = (1− γ)
µ
PP
P

¶−η
C,

Y ∗N = (1− γ)
µ
P ∗P
P ∗

¶−η
CQ−1t . (B.3)

Following Gali and Monacelli[1], we assume that the PPP (Purchasing Power
Parity) holds in the steady state, which means that:

Q = 1,

PN = P ∗N . (B.4)

Combining Eqs.(B.1) and (B.4), we have:

PP = P
∗
P . (B.5)

Eqs.(B.4), (B.2) and (B.3) imply as follows:

YH = YF = γC,

YN = Y
∗
N = (1− γ)C. (B.6)

Market clearing in the text implies:

Y = YH + YN

Y ∗ = YF + Y
∗
N

These equalities and Eq.(B.6) imply that:

Y = Y ∗ = C. (B.7)

Eq.(B.4) imply that:

C = C∗. (B.8)

C Details on Log-linearization of the Model

In this section, which complements section 3 in the text, we describe the details
on log-linearization of the model.
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C.1 Aggregate Demand and Output

Log-linearizing Eqs.(A.9) and (A.11), we obtain the following:

ct = Etct+1 − r̂t + Etπt+1 + dt,
cRt = qt. (C.1)

The second equality in Eq.(C.1) is Eq.(19) in the text.
Log-linearizing and manipulating Eq.(A.7), we obtain:

πt = γπT,t + (1− γ)πN,t,
π∗t = γπT,t + (1− γ)π∗N,t, (C.2)

where π∗N,t denotes the inflation rate of nontradables produced in country F .
Log-linearizing and manipulating Eq.(A.8), we obtain:

πP,t = γπH,t + (1− γ)πN,t,
π∗P,t = γπF,t + (1− γ) π∗N,t, (C.3)

where π∗P,t denotes the PPI inflation rate in country F .
Log-linearizing Eq.(A.24), we have:

yt = γyH,t + (1− γ) yN,t,
y∗t = γyF,t + (1− γ) y∗N,t. (C.4)

Log-linearizing Eqs.(A.22) and (A.23) and plugging these equalities into
Eq.(C.4), we have:

yt = ct +
γ

2
tt +

ψ

2
nt + ĝt,

y∗t = c∗t −
γ

2
tt −

ψ

2
nt + ĝ

∗
t , (C.5)

with ĝ∗t ≡ dG∗t
Y ∗ denoting a percentage deviation of government spending from

steady-state output levels in country F .
Subtracting the second equality in Eq.(C.5) from the first equality in Eq.(C.5),

we have:

yRt = γtt + (1− γ)$nt + ĝRt . (C.6)

Using the definition of the TOT and Eqs.(C.2) and (C.3), we have:

∆tt = −
1

γ
πRP,t −

1− γ
γ

∆nt. (C.7)

Plugging Eqs.(C.7) and (C.5) into Eq.(C.1), we have NKISs as follows:

yt = Etyt+1 − r̂t + EtπP,t+1 −
ψ

2
∆Etnt+1 −∆Etĝt+1,

y∗t = Ety
∗
t+1 − r̂t + Etπ∗P,t+1 +

ψ

2
∆Etnt+1 −∆Etĝ∗t+1.

(C.8)
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The first equality in Eq.(C.8) is Eq.(20) in the text.
Log-linearizing Eq.(A.19), we have:

ĝWt = 0,

corresponding to Eq.(21) in the text.
Combining this equality and Eq.(22) in the text, we have:

ĝWt = ĝRt

which implies:

ĝt = ĝ
∗
t = 0.

Thus, imposing Eqs.(21) and (22) in the text suffices for the necessary and
sufficient conditions that government expenditure is zero in each country.

C.2 Aggregate Supply and Inflation

Log-linearizing Eq.(A.15) and rearranging, we can describe the dynamics of
inflation in terms of marginal cost as follows:

πH,t = δEtπH,t+1 + λ (1− γ) pN,t − λ (1− γ) pH,t + λmcH,t,

πN,t = δEtπN,t+1 − λγpN,t + λγpH,t + λmcN,t,

πF,t = δEtπF,t+1 + λ (1− γ) p∗N,t − λ (1− γ) pF,t + λmcF,t,

π∗N,t = δEtπ
∗
N,t+1 − λγp∗N,t + λγpF,t + λmc∗N,t. (C.9)

Plugging Eq.(C.9) into Eq.(C.3) yields:

πP,t = δEtπP,t+1 + λmct,

π∗P,t = δEtπ
∗
P,t+1 + λmc∗t , (C.10)

where:

mct = γmcH,t + (1− γ)mcN,t,

mc∗t = γmcF,t + (1− γ)mc∗N,t, (C.11)

where mc∗t denotes the logarithmic domestic marginal cost in country F . The
first equality in Eq.(C.10) is Eq.(23) in the text. Eq.(C.11) is derived by log-
linearizing the definition of country wide real marginal cost in the text.
Combining the second and fourth equalities of Eq.(C.9), we have:

πRN,t = δEtπ
R
N,t+1 + λγnt − λγtt + λmcRN,t, (C.12)

which is Eq.(24) in the text.
Log-linearizing Eq.(A.13) and combining it with Eq.(C.4), we have:

yt = γaH,t + (1− γ) aN,t + nt,
y∗t = γaF,t + (1− γ) a∗N,t + n∗t , (C.13)

where we use Lemma 1 in Appendix E.
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Combining log-linearized Eq.(A.10), Eqs.(C.5) and (C.13), we have:

mcH,t = (1 + ϕ) yt −
ψ

2
nt − ĝt − (1 + ϕγ) aH,t − (1− γ)ϕaN,t,

mcN,t = (1 + ϕ) yt −
ψ

2
nt − ĝt − ϕγaH,t − [1 + (1− γ)ϕ] aN,t,

mcF,t = (1 + ϕ) y∗t +
ψ

2
nt − ĝ∗t − (1 + ϕγ) aF,t − (1− γ)ϕa∗N,t,

mc∗N,t = (1 + ϕ) y∗t +
ψ

2
nt − ĝ∗t − ϕγaF,t − [1 + (1− γ)ϕ] a∗N,t.

(C.14)

Using Eq.(C.11), Eq.(C.14) can be rewritten as follows:

mct = (1 + ϕ) yt −
ψ

2
nt − ĝt − (1 + ϕ) γaH,t − (1 + ϕ) (1− γ) aN,t,

mc∗t = (1 + ϕ) y∗t +
ψ

2
nt − ĝ∗t − (1 + ϕ) γaF,t − (1 + ϕ) (1− γ) a∗N,t.

(C.15)

The first equality in Eq.(C.15) is Eq.(25) in the text.
Combining the second and last equalities in Eq.(C.14), we obtain:

mcRN,t = (1 + ϕ) yRt − ψnt − ĝRt − ϕγaH,t + ϕγaF,t − [1 + (1− γ)ϕ] aN,t,
+ [1 + (1− γ)ϕ] a∗N,t, (C.16)

which is Eq.(26) in the text.

C.3 Dynamics of Relative Price

Log-linearizing Eq.(A.7) and rearranging it yields:

qt = (1− γ) nt, (C.17)

which is Eq.(18) in the text.
Combining Eqs.(C.1), (C.2) and (C.17), and rearranging, we have:

∆Etnt+1 =
1

1− γ∆Etc
R
t+1.

Combining this equality and Eq.(C.4), we obtain:

∆Etnt+1 =
1

ψ
Etπ

R
P,t+1 +

1

ψ
∆Ety

R
t+1 −

1

ψ
∆Etĝ

R
t+1. (C.18)

Using the definition of the NPD and the inflation rate of nontradables, ex-
pected changes in the NPD can be written as:

∆Etnt+1 = −EtπRN,t+1. (C.19)
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C.4 Marginal Cost and Output Gap

We define the relationship between output, its natural level and its gap as
follows:

yt ≡ ȳt + ỹt,

y∗t ≡ ȳ∗t + ỹ
∗
t ,

where ỹt denotes the logarithmic output gap at its natural level, and ȳt denotes
the logarithmic natural level output. Under flexible prices, ỹt = ỹ∗t = 0 must
hold.

When the fiscal authorities design their policies to dissolve the distortion
generated by monopolistically competitive markets, real marginal costs under
flexible price equilibrium are unity, and their logarithm is given by:

mct = mc
∗
t = 0.

In addition, under the flexible price equilibrium, all relative prices are unity.
Thus, the logarithmic NPD under the flexible price equilibrium is given by:

nt = 0.

Combining these facts, Eq.(C.15) implies that:

ȳt =
1

1 + ϕ
ĝt + γaH,t + (1− γ) aN,t,

ȳ∗t =
1

1 + ϕ
ĝ∗t + γaF,t + (1− γ) a∗N,t. (C.20)

The first equality in Eq.(C.20) is Eq.(27) in the text.
Using Eq.(C.20), the log-linear approximated model can be rewritten in

terms of the output gap. Eq.(C.8) can be rewritten as:

ỹt = Etỹt+1 − r̂t + EtπP,t+1 −
ψ

2
∆Etnt+1 − ν∆Etĝt+1 − γaH,t − (1− γ) aN,t,

ỹ∗t = Etỹ
∗
t+1 − r̂t + Etπ∗P,t+1 +

ψ

2
∆Etnt+1 − ν∆Etĝ∗t+1 − γaF,t − (1− γ) a∗N,t.

(C.21)

NKPCs in terms of the output gap are given by:

πP,t = δEtπP,t+1 + κỹt −
ψλ

2
nt,

π∗P,t = δEtπ
∗
P,t+1 + κỹ∗t +

ψλ

2
nt. (C.22)

The first equality in Eq.(C.22) is Eq.(29) in the text.
Similar to NKPCs, we derive NKISs in terms of the output gap. Eq.(C.18)

can be rewritten as:

∆Etnt+1 =
1

ψ
Etπ

R
P,t+1 +

1

ψ
∆Etỹ

R
t+1 −

ν

ψ
∆Etĝ

R
t+1 −

γ

ψ
aH,t +

γ

ψ
aF,t,

− 1− γ
ψ

aN,t +
1− γ

ψ
a∗N,t. (C.23)
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Therefore, NKISs are altered as follows:

ỹt = Etỹt+1 − 2r̂t + EtπP,t+1 + Etπ∗P,t+1 +∆Etỹ∗t+1 + r̄t,
ỹ∗t = Etỹ

∗
t+1 − 2r̂t + Etπ∗P,t+1 + EtπP,t+1 +∆Etỹt+1 + r̄t, (C.24)

by plugging Eq.(C.23) into Eq.(C.21). The first equality in Eq.(C.24) is Eq.(28)
in the text.

C.5 Canonical Balassa—Samuelson Theorem and NKBS

As mentioned in the former subsection, we now turn to the relationship between
the canonical Balassa—Samuelson theorem and the NKBS. Using Eq.(C.20),
NKBS Eq.(C.12) can be rewritten as:

πRN,t = δEtπ
R
N,t+1 + λϕỹRt + λnt + νλĝRt − λaN,t + λa∗N,t, (C.25)

which is Eq.(30) in the text.

D Derivation of the NKPC

The first equality of Eq.(A.15) can be rewritten as:

Et

∞X
k=0

(αδ)k
h
X̃
−(θ−1)
H,t+k X

−(η−1)
T,t+k − ζ (1− τ) X̃−θH,t+kX−1H,t+kX

−η
T,t+kXP,t+kMCH,t+k

i
= 0,

with X̃H,t+k ≡ P̃H,t
PH,t+k

, XH,t+k ≡ PH,t+k
PT,t+k

, XT,t+k ≡ PT,t+k
Pt+k

and XP,t+k ≡ PP,t+k
Pt+k

.

Log-linearizing this equality, we have:

Et

" ∞X
k=0

(αδ)k (x̃H,t+k + xH,t+k + xT,t+k − xP,t+k −mcH,t+k)
#
= 0,

with x̃H,t+k ≡ ln X̃H,t+k, xH,t+k ≡ lnXH,t+k, xT,t+k ≡ lnXT,t+k and xP,t+k ≡
lnXP,t+k.

Using the fact that x̃H,t+k = xH,t −
Pk

s=1 πH,t+s, this can be rewritten as
follows:

Et

" ∞X
k=0

(αδ)k
Ã
x̃H,t −

kX
s=1

πH,t+s + xH,t+k + xT,t+k − xP+k,t −mcH,t+k
!#

= 0.

Furthermore, using the fact that
P∞

k=0 (αδ)
kPk

s=1 πH,t+s =
1

1−αδ
P∞

k=1 (αδ)
k πH,t+k,

this can be rewritten as follows:

1

1− αδ x̃H,t −
1

1− αδEt
∞X
k=1

(αδ)k πH,t+k + Et

∞X
k=0

(αδ)k xH,t+k + Et

∞X
k=0

(αδ)k xT,t+k,

−Et
∞X
k=0

(αδ)
k xP+k,t − Et

∞X
k=0

(αδ)
k
mcH,t+k = 0.
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Rearranging this, we have:

x̃H,t =

∞X
k=1

(αδ)
k
πH,t+k − (1− αδ)

∞X
k=0

(αδ)
k
xH,t+k − (1− αδ)

∞X
k=0

(αδ)
k
xT,t+k,

+ (1− αδ)
∞X
k=0

(αδ)k xP+k,t + (1− αδ)
∞X
k=0

(αδ)kmcH,t+k,

= αδπH,t+1 − (1− αδ) xH,t − (1− αδ) xT,t + (1− αδ) xP,t + (1− αδ)mcH,t + αδx̃H,t+1.

Log-linearizing Eq.(A.14), we have:

x̃H,t =
α

1− απH,t.

Using this fact, we have:

πH,t = δπH,t+1 − λxH,t − λxT,t + λxP,t + λmcH,t,

= δπH,t+1 + (1− γ)λpN,t − (1− γ)λpH,t + λmcH,t.

Taking the conditional expectation at t, the second equality in this equation is
clearly the same as the first equality in Eq.(C.9). Other NKPCs are derived
similarly.

E Welfare Criterion

Following Gali and Monacelli[1] and Woodford[4], we show the derivation of
the welfare criterion in the text based on the second-order approximated utility
function.

Let Ut ≡ u (Ct)−v (Nt). The second-order Taylor expansion of u (Ct) ≡ lnCt
is given by:

u (Ct) = ct + t.i.p. + o
³
kξk3

´
= c̃t + t.i.p. + o

³
kξk3

´
(E.1)

with ṽt ≡ vt − v̄t where v̄t denotes value of vt in its flexible price equilibrium.
The second-order Taylor expansion of v (Nt) ≡ 1

1+ϕN
1+ϕ
t is as follows:

v (Nt) = v (N) + vN (N) (Nt −N) +
1

2
vNN (N) (Nt −N)2 + o

¡
k a k3

¢
, (E.2)

with Nt being hours of labor and N being the steady-state value of Nt. Ex-
panding Nt with a second-order Taylor expansion, we have:

Nt = N +Nnt +
1

2
Nn2t + o

¡
k a k3

¢
. (E.3)

Plugging Eq.(E.3) into Eq.(E.2), we obtain:

v (Nt) = N1+ϕ

µ
nt +

1 + ϕ

2
n2t

¶
+ t.i.p. + o

¡
k a k3

¢
= N1+ϕ

µ
ñt +

1 + ϕ

2
ñ2t

¶
+ t.i.p. + o

¡
k a k3

¢
(E.4)
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where we use the fact that
¡
N +Nnt +

1
2Nn

2
t

¢2
= 2N2nt + 2N

2n2t + t.i.p. +

o
¡
k a k3

¢
and vN (N)N = N1+ϕ.

Combining Eqs.(19), (23), (24) and (35) in the text, we have:

ct = nt + n
∗
t − c∗t (E.5)

Plugging this equality into Eq.(E.1), we have:

u (Ct) = ñt + ñ
∗
t − c̃∗t (E.6)

The optimal allocation must maximize u (Ct) − v (Nt)subject to Eq.(E.5).
An optimality condition is given by:

∂ (u (Ct)− v (Nt))
∂Nt

= N−1t −Nϕ
t = 0.

This equality implies that:

N1+ϕ
t = 1. (E.7)

where we use the technological constraint yt = nt + t.i.p. which is assumed in
Gali and Monacelli (2005).

Eq.(A.13) can be rewritten as:

NH,t =
YH,t

R 1
0

³
PH,t(h)
PH,t

´−θ
dh

AH,t
; NN ,t =

YN ,t
R 1
0

³
PN ,t(h)
PN ,t

´−θ
dh

AN ,t
,

where we use the facts that

R
1

0
YH,t(h)dh

YH,t
=
R 1
0

³
PH,t(h)
PH,t

´−θ
dh and

R
1

0
YN ,t(h)dh

YN ,t
=R 1

0

³
PN ,t(h)
PN ,t

´−θ
dh.

Log-linearizing these equalities, we obtain:

ñH,t = ỹH,t + ln

Z 1

0

µ
PH,t (h)

PH,t

¶−θ
dh+ t.i.p., ; ñN ,t = ỹN ,t + ln

Z 1

0

µ
PN ,t (h)
PN ,t

¶−θ
dh+ t.i.p..

Combining these equalities, the first equality Eq.(22) in the text and log-
linearized definition of country level hours of work, nt = γnH,t + (1− γ)nN ,t
yields:

ñt = ỹt + γ ln

Z 1

0

µ
PH,t (h)

PH,t

¶−θ
dh+ (1− γ) ln

Z 1

0

µ
PN ,t (h)

PN ,t

¶−θ
dh+ t.i.p..(E.8)

Let define pP,t (h) ≡ γpH,t (h) + (1− γ) pN ,t (h) and p∗P,t (f) ≡ γpF,t (f) +
(1− γ) p∗N ,t (f) define as the price of domestic goods produced in country H.
Eq.(E.8) can be rewritten as:

ñt = ỹt + γ ln Eh

µ
PH,t (h)

PH,t

¶−θ
+ (1− γ) lnEh

µ
PN ,t (h)
PN ,t

¶−θ
+ t.i.p.,

= ỹt − θEh
½
γ ln

µ
PH,t (h)

PH,t

¶
+ ln (1− γ)

µ
PN ,t (h)
PN ,t

¶¾
+ t.i.p.,

= ỹt − θEh {γ (pH,t (h)− pH,t) + (1− γ) (pN ,t (h)− pN ,t)}+ t.i.p.,

= ỹt − θ ln Eh
µ
PP,t (h)

PP,t

¶
+ t.i.p.,

= ỹt + ln

Z 1

0

µ
PP,t (h)

PP,t

¶−θ
dh+ t.i.p., (E.9)
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Plugging Eqs.(E.4), (E.6), (E.7) and (E.9) into:

UWt ≡ 1

2
(Ut + U

∗
t )

=
1

2
[u (Ct)− v (Nt) + u (C∗t )− v (N∗t )] ,

we have:

UWt =
1

2

∙
c̃t −N1+ϕ

µ
ñt +

1 + ϕ

2
ñ2t

¶
+ c̃∗t − (N∗)1+ϕ

µ
ñ∗t +

1 + ϕ

2
(ñ∗t )

2

¶¸
+ t.i.p. + o

¡
kξk3

¢
= −1

2

"
ln

Z 1

0

µ
PP,t (h)

PP,t

¶
dh+

1 + ϕ

2
ñ2t + ln

Z 2

1

Ã
P ∗P,t (f)

P ∗P,t

!
df +

1 + ϕ

2
(ñ∗t )

2

#
+ t.i.p. + o

¡
kξk3

¢
.

Note that we use Eq.(E.5) to eliminate linear terms. Combining this equality,
Eq.(C.13) and the definition of output gap in the text, we have:

UWt = −1
2

"
ln

Z 1

0

µ
PP,t (h)

PP,t

¶
dh+

1 + ϕ

2
ỹ2t + ln

Z 2

1

Ã
P ∗P,t (f)

P ∗P,t

!
df +

1 + ϕ

2
(ỹ∗t )

2

#
+ t.i.p. + o

¡
kξk3

¢
. (E.10)

Let define p̂P,t (h) ≡ pP,t (h) − pP,t. As derived by Gali and Monacelli[1],
notice that:µ

PP,t (h)

PP,t

¶1−θ
= exp [(1− θ) p̂P,t (h)]

= 1− (1− θ) p̂P,t (h) +
(1− θ)2
2

p̂P,t (h) + o
¡
kξk3

¢
(E.11)

In the symmetric equilibrium, we have
PP,t(h)
PP,t

= 1. This implies:

Eh

µ
PP,t (h)

PP,t

¶1−θ
= 1 (E.12)

Combining Eqs.(E.11) and (E.12), we have:

Ehp̂P,t (h) =
θ − 1
2
Ehp̂P,t (h)

2
(E.13)

In addition, second order approximation to
³
PP,t(h)
PP,t

´−θ
, yields:

µ
PP,t (h)

PP,t

¶−θ
= 1− θp̂P,t (h) +

θ2

2
p̂P,t (h)

2
+ o

¡
kξk3

¢
This equality implies as follows:Z 1

0

µ
PP,t (h)

PP,t

¶−θ
dh = 1− θEhp̂P,t (h) +

θ2

2
Ehp̂P,t (h)

2 + o
¡
kξk3

¢
(E.14)
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Plugging Eq.(E.13) into Eq.(E.14), we have:Z 1

0

µ
PP,t (h)

PP,t

¶−θ
dh = 1 +

θ

2
Ehp̂P,t (h)

2 + o
¡
kξk3

¢
= 1 +

θ

2
varh (p̂P,t (h)) + o

¡
kξk3

¢
This equality imples as follows:

ln

Z 1

0

µ
PP,t (h)

PP,t

¶−θ
dh =

θ

2
varh (pP,t (h)) + o

³
kξk3

´
(E.15)

which clearly corresponds to the one derived by Gali and Monacelli[1].
Lemma 1

∞X
t=0

δtvarh (pP,t (h)) =
1

λ

∞X
t=0

δtπ2P,t

Proof : See Woodford[4], p 399-400.
Combining Lemma 1, Eqs.(E.10) and (E.15), we have:

UW = E0

∞X
t=0

δtUWt

= −E0
∞X
t=0

δt
1

4

∙
θ

λ
π2P,t + (1 + ϕ) ỹ2t +

θ

λ

¡
π∗P,t

¢2
+ (1 + ϕ) (ỹ∗t )

2

¸
+ t.i.p. + o

³
kξk3

´
= −E0

∞X
t=0

δtLt + t.i.p. + o
³
kξk3

´
,

where LWt ≡ 1
4

h
θ
λπ

2
P,t + (1 + ϕ) ỹ2t +

θ
λ

¡
π∗P,t

¢2
+ (1 + ϕ) (ỹ∗t )

2
i
. This corre-

sponds to Eq.(33) in the text.

F The Optimal Monetary Policy Rule

The central bank seeks to minimize Eq.(E.1) subject to Eqs.(C.22), (C.24) and
(C.25). The Lagrangian is given by:

$ = E0

∞X
t=0

δt2

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎣

LWt + μ1,t
¡
ỹt − ỹt+1 + 2r̂t − πP,t+1 − π∗P,t+1 −∆ỹ∗t+1

¢
+μ2,t

¡
ỹ∗t − ỹ∗t+1 + 2r̂t − π∗P,t+1 − πP,t+1 −∆ỹt+1

¢
+μ3,t

¡
nt+1 − nt − πRN,t+1

¢
+μ4,t

³
πP,t − δπP,t+1 − κỹt + ψλ

2 nt
´

+μ5,t

³
π∗P,t − δπ∗P,t+1 − κỹ∗t − ψλ

2 nt
´

+μ6,t
¡
πRN,t − δπRN,t+1 + ϕλỹt − ϕλỹ∗t + λnt

¢

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎦
.

FONCs associated with this Lagrangian with respect to rt, πP,t, π
∗
P,t, ỹt, ỹ

∗
t ,

nt and π
R
N,t are given by:

μ1,t + μ2,t = 0,
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θ

λ
πP,t + μ4,t = 0,

θ

λ
π∗P,t + μ5,t = 0,

(1 + ϕ) ỹt + μ1,t + μ2,t − κμ4,t + ϕλμ6,t = 0,

(1 + ϕ) ỹ∗t + μ1,t + μ2,t − κμ5,t + ϕλμ6,t = 0,

μ6,t = 0,

−μ3,t +
ψλ

2
μ4,t −

ψλ

2
μ5,t + λμ6,t = 0.

Rearranging the FONCs, we obtain:

ỹt = −θπP,t,
ỹ∗t = −θπ∗P,t. (F.1)

Combining both the first and second equalities in Eq.(F.1) yields:

ỹWt = −θπWt . (F.2)

Following Monacelli[2], let the NKPCs be as follows:

πP,t = δEtπP,t+1 + κỹt −
ψλ

2
nt + εt,

π∗P,t = δEtπ
∗
P,t+1 + κỹ∗t +

ψλ

2
nt + ε∗t , (F.3)

where εt and ε
∗
t denote supply shocks that prevent the central bank from simul-

taneously stabilizing inflation and the output gap in the equalities of countries
H and F , respectively.1

Plugging Eq.(F.1) into Eq.(F.3), we have:

πP,t =
δ

1 + κθ
EtπP,t+1 −

ψλ

(1 + κθ) 2
nt +

1

1 + κθ
εt,

π∗P,t =
δ

1 + κθ
Etπ

∗
P,t+1 +

ψλ

(1 + κθ) 2
nt +

1

1 + κθ
ε∗t .

Iterating forward, we have:

πP,t =
1

1 + κθ

∞X
j=0

µ
δ

1 + κθ

¶j
εt+j −

ψλ

(1 + κθ) 2

∞X
j=0

µ
δ

1 + κθ

¶j
nt+j ,

π∗P,t =
1

1 + κθ

∞X
j=0

µ
δ

1 + κθ

¶j
ε∗t+j +

ψλ

(1 + κθ) 2

∞X
j=0

µ
δ

1 + κθ

¶j
nt+j ,

where we use the fact that δ
1+κθ < 1. Taking conditional expectations at t, this

can be altered as follows:

πP,t =
1

1 + κθ
εt −

ψλ

(1 + κθ) 2

∞X
j=0

µ
δ

1 + κθ

¶j
nt+j ,

π∗P,t =
1

1 + κθ
ε∗t +

ψλ

(1 + κθ) 2

∞X
j=0

µ
δ

1 + κθ

¶j
nt+j . (F.4)

1Although εt does not appear explicitly in our model, this is introduced to derive an
optimal policy rule. See Monacelli[2] for details.
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Combining Eqs.(F.2) and (F.4), we have:

πWt =
1

1 + κθ
εWt ; ỹWt = − θ

1 + κθ
εWt ,

which implies:

Etπ
W
t+1 = Etỹ

W
t+1 = 0. (F.5)

Combining the first and second equalities in Eq.(C.24), we obtain:

ỹWt = Etỹ
W
t+1 − 2r̂t + EtπWt+1 + r̄t. (F.6)

Plugging Eqs.(F.2) and (F.5) into Eq.(F.6) yields:

r̂t =
1

2
r̄t +

θ

2
πP,t +

θ

2
π∗P,t.

This equality is Eq.(35) in the text.

G The Optimal Fiscal Policy Rule

The centralized government seeks to minimize Eq.(E.1) subject to Eqs.(C.22),
(C.24) and (C.25). The Lagrangian is given by:

$ = E0

∞X
t=0

δt2

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎣

LWt + μ1,t
¡
ỹt − ỹt+1 + 2r̂t − πP,t+1 − π∗P,t+1 −∆ỹ∗t+1

¢
+μ2,t

¡
ỹ∗t − ỹ∗t+1 + 2r̂t − π∗P,t+1 − πP,t+1 −∆ỹt+1

¢
+μ3,t

¡
nt+1 − nt − πRN,t+1

¢
+μ4,t

³
πP,t − δπP,t+1 − κỹt + ψλ

2 nt

´
+μ5,t

³
π∗P,t − δπ∗P,t+1 − κỹ∗t − ψλ

2 nt
´

+μ6,t
¡
πRN,t − δπRN,t+1 + ϕλỹt − ϕλỹ∗t + λnt + νλgRt

¢

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎦
.

The FONCs associated with this Lagrangian with respect to πP,t, π
∗
P,t, ỹt,

ỹ∗t , nt, π
R
N,t and g

R
t are given by:

θ

λ
πP,t + μ4,t = 0,

θ

λ
π∗P,t + μ5,t = 0,

(1 + ϕ) ỹt + μ1,t + μ2,t − κμ4,t + ϕλμ6,t = 0,

(1 + ϕ) ỹ∗t + μ1,t + μ2,t − κμ5,t + ϕλμ6,t = 0,

μ6,t = 0,

−μ3,t +
ψλ

2
μ4,t −

ψλ

2
μ5,t + λμ6,t = 0,

μ6,t = 0.

Rearranging the FONCs, we obtain:

θπP,t + ỹt = θπ∗P,t + ỹ
∗
t .
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This implies that:

ỹRt = −θπRP,t. (G.1)

Combining both equalities in Eq.(F.3), we have:

πRP,t = δEtπ
R
P,t+1 + κỹRt − ψλnt + εRt ,

with εRt ≡ εt − ε∗t . Using Eq.(G.1), Eq.(G.2) can be rewritten as:

πRP,t =
δ

1 + κθ
Etπ

R
P,t+1 − ψλnt + εRt . (G.2)

Iterating Eq.(G.2) forward yields:

πRP,t =
1

1 + κθ
εRt −

ψλ

1 + κθ

∞X
j=0

µ
δ

1 + κθ

¶j
nt+j . (G.3)

Putting Eq.(G.3) forward one period and taking the conditional expectation
at period t, we have:

Etπ
R
P,t+1 = −

ψλ

1 + κθ

∞X
j=0

µ
δ

1 + κθ

¶j
nt+1+j . (G.4)

Plugging Eqs.(G.3) and (G.4) into Eq.(G.2) yields:

nt =
1

ψλ
εRt . (G.5)

This implies:

Etπ
R
N,t+1 = −Etnt+1 + nt

=
1

ψλ
εRt . (G.6)

Plugging Eqs. (G.1), (G.5) and (G.6) into Eq.(C.25), we obtain:

ĝRt = ḡ
R
t + θσπ

R
P,t +

1

νλ
πRN,t −

λ+ δ

νλ
nt.

This is Eq.(37) in the text.

H Derivation for Explicit Social Loss

The local government in countries H and F seek to minimize their respective
losses LNC and LNC∗ subject to structural model. FONCs imply as follows:

πWP,t =
1

1 + κθ
εWt ; ỹWt = − θ

1 + κθ
εWt

πRP,t =

µ
1

1 + κθ

¶2
εRt ; ỹRt = −θ

µ
1

1 + κθ

¶2
εRt (H.7)
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Note that we combine and iterate FONCs. The centralized government seeks to
minimize its union-wide losses LW . Equalities derived by FONCs corresponds
to Eq.(H.7).

Plugging Eq.(H.7) into Eq.(38) in the text, we have:

LNCt =
1

2

(∙
1

(1 + κθ) 2

¸2µ
1 +

1

1 + κθ

¶2 ∙
θ

κ
+ (1 + ϕ) θ2

¸
ε2t

+

∙
1

(1 + κθ) 2

¸2µ
1 +

1

1 + κθ

¶2 ∙
θ

κ
+ (1 + ϕ) θ2

¸
(ε∗t )

2

)

Because of constant variance, this equality implies as follows:

LNCt =
1

2

(∙
1

(1 + κθ) 2

¸2µ
1 +

1

1 + κθ

¶2 ∙
θ

κ
+ (1 + ϕ) θ2

¸
σ2ε

+

∙
1

(1 + κθ) 2

¸2µ
1 +

1

1 + κθ

¶2 ∙
θ

κ
+ (1 + ϕ) θ2

¸
(σ∗ε )

2

)
(H.8)

Plugging Eq.(H.8) and its counterpart in country F into the definition of the
union-wide social loss brought about by self-oriented fiscal authorities LNCW ,
we have the equality in page 29 in the text. Plugging Eq.(H.7) into the expected
welfare loss function LW , we have the same equality, namely, the equality in
page 29 in the text. Thus, LW = LNCW holds.
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