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A Appendix: The model

The model is an Open Economy New Keynesian Model. The world economy consists of five

regions: Home (EA), US (∗), CH (China, ∗∗), JP (Japan, ∗∗∗) and RW (rest of the world).

The size of the world economy is normalized to 1. EA, US, CH, JP and RW have sizes equal

to n, n∗, n∗∗, n∗∗∗, and (1− n− n∗ − n∗∗ − n∗∗∗), respectively, with n, n∗, n∗∗, n∗∗∗ > 0 and

n+n∗+n∗∗+n∗∗∗ < 1. For each region, the size refers to the overall households’ population and

to the number of firms operating in each sector (intermediate tradable, intermediate nontradable,

final nontradable consumption, final nontradable investment). Each region has a central bank

that sets the nominal interest rate according to a standard Taylor rule, and reacts to domestic

consumer prices and GDP growth.1

Households consume a final good, which is a composite of intermediate nontradable goods

and intermediate tradable goods. Intermediate tradables are domestically produced or imported.

All households supply differentiated labor services to domestic firms and act as wage setters in

monopolistically competitive labor markets, as they charge a wage mark-up over their marginal

rate of substitution between consumption and leisure.

Households trade two bonds. One is traded domestically, and is denominated in the domestic

currency. The other is internationally traded, and is denominated in US dollars. The related first–

order conditions imply that an uncovered interest parity condition holds, linking the differential

between domestic and US monetary policy rates to the expected depreciation of the exchange

rate of the domestic currency vis-à-vis the US dollar.

On the production side there are firms that, under perfect competition, produce two final

manufacturing goods (consumption and investment goods) and firms that, under monopolistic

competition, produce intermediate (internationally) tradable and nontradable goods.

The final manufacturing goods are sold domestically and are produced combining all available

intermediate goods using a constant-elasticity-of-substitution (CES) production function. The

two resulting bundles can have different composition. Intermediate tradable and nontradable

goods are produced combining capital and labor, supplied by the domestic households. Capital

and labor are assumed to be mobile across the two intermediate sectors.

Given the assumption of differentiated intermediate goods, firms have market power, are

price-setters and restrict output to create excess profits. Intermediate tradable goods can be

sold domestically and abroad. It is assumed that markets for tradable goods are segmented, so

that firms can set a different price in each of the three regions.

In line with other dynamic general equilibrium models of the EA (see, among the others,

Warne et al. (2008) and Gomes et al. (2010), we include adjustment costs on real and nominal

variables, ensuring that consumption, production, and prices react in a gradual way to a given

shock. On the real side, habits and quadratic costs prolong the adjustment of consumption and

1We make the assumption of a cashless economy.
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investment, respectively. On the nominal side, quadratic costs make wages and prices sticky.2

In what follows, we report the main equations for the Home country. Similar equations hold

in the other regions (if not so, we report the differences).

A.1 Firms

We initially show the final good sectors (private consumption and investment good). There-

after, the intermediate good sectors (intermediate nontradable goods, and intermediate tradable

goods). We report only equations of the Home (EA) economy. Similar equations hold for the

other regions. We explicitly state when this is not the case.3

A.1.1 Final private consumption good

There is a continuum of symmetric Home firms producing final nontradable consumption goods

under perfect competition. Each firm producing the consumption good is indexed by x ∈ (0, n],

where the parameter 0 < n < 1 measures the size of the Home region. Firms in the other regions

are similarly indexed. The CES production technology used by the generic firm x is

At (x) ≡


a

1
φA

T


a

1
ρA

H QHA,t (x)
ρA−1

ρA +

(1− aH)
1
ρA ×((

4∑
i=1

a
1

ρIMPA

IMPA,iQIMPA,i,t(x)
ρIMPA−1

ρIMPA

) ρIMPA
ρIMPA−1

) ρA−1

ρA



ρA
ρA−1

φA−1

φA

+ (1− aT )
1
φA QNA,t(x)

φA−1

φA



φA
φA−1

(A.1)

where QHA, QIMPA,i, and QNA are bundles of respectively intermediate tradables produced in

Home, intermediate tradables produced in one among the other four regions and imported by

Home, and intermediate nontradables produced in the Home country.

The parameter ρIMPA > 0 is the elasticity of substitution among imported consumption

goods, ρA > 0 is the elasticity of substitution among tradable goods and φA > 0 is the elasticity

of substitution between tradable and nontradable goods. The parameter aH (aH > 0) is the

weight of the Home tradable, the parameter aIMPA,i (0 < aIMPAi, < 1,
4∑
i=1

aIMPA,i = 1) the

weight of the generic imported tradable from country i, and the parameter aT (0 < aT < 1) the

weight of the tradable goods.

2See Rotemberg (1982).
3For a detailed description ot the main features of the model see also Pesenti (2008), which provides a descrip-

tion of the GEM (the International Monetary Fund Global Economy Model).
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A.1.2 Final investment good

The production of the investment good is similar to that of the consumption bundle. There are

symmetric Home firms under perfect competition indexed by y ∈ (0, n]. Output of the generic

Home firm y is

Et (y) ≡


v

1
φE

T


v

1
ρE

H QHE,t (x)
ρE−1

ρE +

(1− vH)
1
ρE ×((

4∑
i=1

v
1

ρIMPE

IMPE,iQIMPE,i,t(x)
ρIMPE−1

ρIMPE

) ρIMPE
ρIMPE−1

) ρE−1

ρE



ρE
ρE−1

φE−1

φE

+ (1− vT )
1
φE QNE,t(x)

φE−1

φE



φE
φE−1

(A.2)

where QHE , QIMPE,i, and QNE are bundles of respectively intermediate tradables produced in

Home, intermediate tradables produced in one among the other four regions and imported by

Home, and intermediate nontradables produced in the Home country. The parameter ρIMPE > 0

is the elasticity of substitution among imported investment goods, ρE > 0 is the elasticity of

substitution among tradable goods and φE > 0 is the elasticity of substitution between tradable

and nontradable goods.

The parameter vH (vH > 0) is the weight of the Home tradable, the parameter vIMPE,i

(0 < vIMPE,i < 1,
4∑
i=1

vIMPE,i = 1) the weight of the generic imported tradable from country i,

and the parameter vTE (0 < vTE < 1) the weight of the tradable goods.

A.1.3 Final public consumption good

The public consumption good CgN,t is fully biased towards the intermediate nontradable good

CgN,t (x) ≡

[(
1

n

)θN ∫ n

0

CgN,t (i, x)
θN−1

θN di

] θN
θN−1

, (A.3)

where θN > 1 is the elasticity of substitution among brands in the nontradable sector.
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A.1.4 Demand for intermediate goods

Final consumption goods are composed by CES bundles of differentiated intermediate goods,

each produced by a single firm under conditions of monopolistic competition,

QHA,t (x) ≡

[(
1

n

)θT ∫ n

0

Qt (h, x)
θT−1

θT dh

] θT
θT−1

, (A.4)

QGA,t (x) ≡

[(
1

n∗

)θT ∫ n+n∗

n

Qt (g, x)
θT−1

θT dg

] θT
θT−1

, (A.5)

QFA,t (x) ≡

[(
1

n∗∗

)θT ∫ n+n∗+n∗∗

n+n∗
Qt (f, x)

θT−1

θT df

] θT
θT−1

, (A.6)

QMA,t (x) ≡

[(
1

n∗∗∗

)θT ∫ n+n∗+n∗∗+n∗∗∗

n+n∗+n∗∗
Qt (m,x)

θT−1

θT dm

] θT
θT−1

, (A.7)

QRA,t (x) ≡

[(
1

1− n− n∗ − n∗∗ − n∗∗∗

)θT ∫ 1

n+n∗+n∗∗+n∗∗∗
Qt (r, x)

θT−1

θT dr

] θT
θT−1

,(A.8)

QNA,t (x) ≡

[(
1

n

)θN ∫ n

0

Qt (i, x)
θN−1

θN di

] θN
θN−1

, (A.9)

where firms in the Home intermediate tradable and nontradable sectors are respectively indexed

by h ∈ (0, n] and n ∈ (0, n], firms in US by g ∈ (n, n + n∗], firms in CH by f ∈ (n + n∗, n +

n∗ + n∗∗], firms in JP by m ∈ (n + n∗ + n∗∗, n + n∗ + n∗∗ + n∗∗∗] and firms in the RW by

r ∈ (n+n∗+n∗∗+n∗∗∗, 1]. Parameters θT , θN > 1 are respectively the elasticity of substitution

among brands in the tradable and nontradable sector. The prices of the intermediate nontradable

goods are denoted p(i). Each firm x producing the final consumption good takes these prices

as given when minimizing production costs. The resulting demand for intermediate nontradable

input i is

QA,t (i, x) =

(
1

n

)(
Pt (i)

PN,t

)−θN
QNA,t (x) , (A.10)

where PN,t is the cost-minimizing price of one basket of local nontradable intermediates,

PN,t =

[∫ n

0

Pt (i)
1−θN di

] 1
1−θN

. (A.11)

Firms y producing the final investment goods have similar demand curves. Aggregating over x

and y, it can be shown that total demand for intermediate nontradable good i by firms in the
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final consumption and investment sectors is∫ n

0

QA,t (i, x) dx+

∫ n

0

QE,t (i, y) dy +

∫ n

0

CgN,t (i, x) dx =(
Pt (i)

PN,t

)−θN (
QNA,t +QNE,t + CgN,t

)
, (A.12)

where CgN is public sector consumption.

Home demands for (intermediate) domestic and imported tradable goods and the cost-

minimizing prices of the corresponding baskets can be derived in a similar way.

A.2 Supply of intermediate goods

We report the production function and the implied first-order conditions. Finally, we show the

labor bundle.

Production function The supply of each Home intermediate nontradable good i is denoted

by NS(i):

NS
t (i) =

α 1
ξN

LN
(TRENDt (i)LN,t (i))

ξN−1

ξN + α
1
ξN

KN
KN,t (i)

ξN−1

ξN + (1− αLN − αKN )
ξN−1

ξN

(
KG
t−1
grt

) ξN−1

ξN


ξN
ξN−1

.

(A.13)

The term KG
t−1 denotes public capital.

The growth rate of the labor-augmenting technology process, grt = TRENDt/TRENDt−1

is the source of endogenous growth. The term TRENDt represents a unit-root labor-augmenting

technology process, that is common to all sectors producing intermediate goods. Because of this

process, all real variables have to be divided by the process to be stationary. In the following

we describe the model equations by assuming that all real variables are made stationary after

dividing them by the productivity level.

Firm i uses labor LN,t (i) and capital KN,t (i) supplied by domestic household and takes

the stock of public capital KG
t−1 as given. The parameter ξN > 0 measures the corresponding

elasticities of substitution. The parameters 0 < αLN < 1 and 0 < αKN < 1 are the weights of

labor and capital, respectively. Firms producing intermediate goods take the prices of labor and

capital and the stock of public capital KG
t−1 as given when minimizing their costs. 4

4In the main text we consider the limiting case of ξN = 1, so that the generic CES production function A.13
becomes a Cobb-Douglas:

NS
t (i) =

(TRENDt (h)LN,t (i)
)αLN KN,t (i)αKN

(
KG
t−1

grt

)(
1−αLN−αKN

)
ξN
ξN−1

. (A.14)
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FOCs: demand of inputs Denoting Wt the nominal wage index and RKt the nominal rental

price of capital, cost minimization implies that

LN,t (i) = αLN

(
Wt

MCNS ,t (i)

)−ξN
NS
t (i) , (A.15)

and

KN,t (i) = αKN

(
RKt

MCNS ,t (i)

)−ξN
NS
t (i) , (A.16)

where MCNS ,t (i) is the nominal marginal cost:

MCNS ,t (i) =
(
αLNW

1−ξN
t + αKN

(
RKt
)1−ξN) 1

1−ξN . (A.17)

The production of each Home tradable good, TS (h), is similarly characterized. Specifically,

firms operate a CES production function:

TSt (h) =

(
α

1
ξT

LT
(TRENDt (i)LT,t (i))

ξT−1

ξT + α
1
ξT

KT
KT,t (i)

ξT−1

ξT + (1− αLT − αKT )
ξT−1

ξT

(
KG
t−1
grt

)) ξT
ξT−1

.

(A.18)

The labor-augmenting technology shock specific to the generic US firm f , TRENDUS
(
fUS

)
,

is defined as

TRENDt (h) = A
(

(R&Dt (h))
η

(R&Dt)
1−η
)γ
× (A.19)

(R&D∗t )
γ∗
× (R&D∗∗t )

γ∗∗
× (R&D∗∗∗t )

1−γ−γ∗−γ∗∗−γ∗∗∗
,∀h,

where A > 0 is a scaling parameter, R&D (h) is the Home firm h’s demand for the stock of R&D

(accumulated by domestic households), while the aggregate stock of R&D in Home is

R&D =

∫ n

0

R&Dt (h) dh, (A.20)

where 0 < n < 1 is the number of firms in the Home tradable sector. Similar equations hold for

US, JP and CH.

The TREND (h) is positively affected by the stock of R&D optimally chosen by the generic

firms in Home, US, JP, and CH intermediate tradable sectors. When choosing the optimal

R&D (h), the generic firm h takes into account its direct contribution to TREND (h) (measured

by the parameter η, 0 < η < 1). The parameters γ measure the elasticity of TREND (f)

with respect to country-specific R&D (0 < γ, γ∗, γ∗∗, γ∗∗∗ < 1, γ + γ∗ + γ∗∗ + γ∗∗∗ < 1).

The generic firm h optimally demands capital, labor, and R&D (all of them are supplied by
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domestic households), taking as given prices, the stock of public capital (accumulated by domestic

government), the R&D accumulated by other (domestic and foreign) individual firms, and the

aggregate R&D in each domestic and foreign sector.5

A similar trend holds for every firm in US (and JP, CH, and RW):

TREND∗t (h∗) = A
(

(R&D∗t (h∗))
η∗

(R&D∗t )
1−η∗

)γ∗

× (A.21)

(R&Dt)
γ × (R&D∗∗t )

γ∗∗
× (R&D∗∗∗t )

1−γ−γ∗−γ∗∗−γ∗∗∗
,

As we consider a symmetric equilibrium, in which all firms belonging to the same sector make

the same choices, TRENDt (h) will end up being the same for every Home firm. The same

is true for every firm in US, JP, CH, and RW (even if RW firms are assumed to not invest

in R&D). Thus, TRENDt (h) will be equal to all trends in other regions. This implies that

there is a (common) global trend of labor-augmenting technology shock TRENDworld
t , i.e. in

the symmetric equilibrium the trend is common across all firms producing intermediate tradable

and nontradable goods in all regions of the global economy,

TRENDt=TREND
∗
t=TREND∗∗t =TREND∗∗∗t =TREND∗∗∗∗t =TRENDworld

t .

Firms in the nontradable sector demand physical capital and labor supplied by domestic

households, and take public capital and the (global common) labor-augmenting technology as

given. They do not invest in R&D, in line with the empirical evidence.

FOCs: supply of intermediate tradables Firms operating in the Home intermediate trad-

able sector solve a similar problem. We assume that there is market segmentation because

nominal prices are invoiced and sticky in the currency of the destination market (local currency

pricing).

The (generic) Home firm producing the brand h chooses the optimal prices Pt (h) in the Home

market, P ∗t (h) in the US, P ∗∗t (h) in CH, P ∗∗∗t (h) in JP and P ∗∗∗∗t (h) in the RW to maximize

the expected flow of profits (in terms of domestic consumption units),

Et

∞∑
τ=t

βτλt,τ


Pτ (h)
Pτ

Qτ (h) +
SτP

∗
τ (h)
Pτ

Q∗τ (h)

+
SτP

∗∗
τ (h)

S∗∗
τ Pτ

Q∗∗τ (h) +
SτP

∗∗∗
τ (h)

S∗∗∗
τ Pτ

Q∗∗∗τ (h) +
SτP

∗∗∗∗
τ (h)

S∗∗∗∗
τ Pτ

Q∗∗∗∗τ (h)

−MCH,τ (h)
Pτ

(Qτ (h) +Q∗τ (h) +Q∗∗τ (h) +Q∗∗∗τ (h) +Q∗∗∗∗τ (h))

 , (A.22)

where the term Et denotes the expectation operator conditional on the information set at time

t, λt,τ is the appropriate stochastic discount factor, and MCT,t (h) is the nominal marginal cost,

S, S∗∗, S∗∗∗, S∗∗∗∗ are the nominal exchange rates of the Home, CH, JP, and RW currency

vis-à-vis the US dollar, respectively.

The maximization is subject to the demand of the destination market and (destination-

5Firms do not demand public capital and there is no price or tariff paid for its use.
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specific) quadratic price adjustment costs.

The demand curves for the generic Home intermediate good h depend on local demand for

all Home goods and on relative prices. Thus, the demand curves in Home country, US, CH, JP,

and RW are

Qτ (h) =

(
PH,τ (h)

PH,τ

)−θH
QH,τ , (A.23)

Q∗τ (h) =

(
P ∗H,τ (h)

P ∗H,τ

)−θH
Q∗H,τ , (A.24)

Q∗∗τ (h) =

(
P ∗∗H,τ (h)

P ∗∗H,τ

)−θH
Q∗∗H,τ , (A.25)

Q∗∗∗τ (h) =

(
P ∗∗∗H,τ (h)

P ∗∗∗H,τ

)−θH
Q∗∗∗H,τ , (A.26)

Q∗∗∗∗τ (h) =

(
P ∗∗∗∗H,τ (h)

P ∗∗∗∗H,τ

)−θH
Q∗∗∗∗H,τ , (A.27)

respectively.

The country-specific adjustment costs paid by the generic firm h are

ACpH,τ (i) ≡
κpH
2

(
PH,τ (h) /PH,τ−1 (h)

πindHH,τ−1π
1−indH
target

− 1

)2
PH,τ
Pτ

QH,τ , (A.28)

ACp∗H,τ (h) ≡
κp∗H
2

 P ∗H,τ (h) /P ∗H,τ−1 (h)(
π∗H,τ−1

)ind∗H
π
1−ind∗H
target∗

− 1


2

SτP
∗
H,τ

P ∗τ
Q∗H,τ , (A.29)

ACp∗∗H,τ (i) ≡
κp∗∗H

2

 P ∗∗H,τ (h) /P ∗∗H,τ−1 (h)(
π∗∗H,τ−1

)ind∗∗H
π
1−ind∗∗H
target∗∗

− 1


2

SτP
∗∗
H,τ

S∗∗τ P
∗∗
τ

Q∗∗H,τ , (A.30)

ACp∗∗∗H,τ (i) ≡
κp∗∗∗H

2

 P ∗∗∗H,τ (h) /P ∗∗∗H,τ−1 (h)(
π∗∗∗H,τ−1

)ind∗∗∗H

π
1−ind∗∗∗H
target∗∗∗

− 1


2

SτP
∗∗
H,τ

S∗∗∗τ P ∗∗∗τ

Q∗∗∗H,τ , (A.31)
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ACp∗∗∗∗H,τ (i) ≡
κp∗∗∗∗H

2

 P ∗∗∗∗H,τ (h) /P ∗∗∗∗H,τ−1 (h)(
π∗∗∗∗H,τ−1

)ind∗∗∗∗H

π
1−ind∗∗∗∗H
target∗∗∗∗

− 1


2

SτP
∗∗∗∗
H,τ

S∗∗∗∗τ P ∗∗∗∗τ

Q∗∗∗∗H,τ , (A.32)

in the domestic, US, CH, JP, and RW markets, respectively. The parameters κpH ,κpH
∗
,κpH

∗∗
,

κpH
∗∗∗

, κpH
∗∗∗∗

> 0 measure the degree of nominal rigidity in the Home country, US, CH, JP,

and RW, respectively, whereas indH , ind∗H , ind∗∗H ind∗∗∗H , ind∗∗∗∗H are the corresponding index-

ation parameters. Moreover, πtarget, πtarget∗ , πtarget∗∗ πtarget∗∗∗ , πtarget∗∗∗∗denote the long-run

(consumer-price) inflation targets set by the central bank in EA, US, CH, JP and RW, respec-

tively.

First order condition with respect to the domestic price of the Home tradable good.

The first order condition with respect to the Home price set in the domestic market, Pt (h), is:

0 =
λt
Pt

(
PH,t(h)

PH,t

)−θH
QH,t

−λt
Pt
θH

(PH,t(h))−θH−1

P−θHH,t

(PH,t(h)−MCH,t (h))QH,t

−λtκpH
1/PH,t−1 (h)

πindHH,t−1π
1−indH
target

(
PH,t (h) /PH,t−1 (h)

πindHH,t−1π
1−indH
target

− 1

)
PH,t
Pt

QH,t

+βκpHEt

[
λt+1

PH,t+1 (h) /PH,t (h)
2

πindHH,t π1−indH
target

(
PH,t+1 (h) /PH,t (h)

πindHH,t π1−indH
target

− 1

)
PH,t+1

Pt+1
QH,t+1

]
, (A.33)

where θH > 1 is the elasticity of substitution among intermediate tradable brands, while the

terms multiplied by κpH are related to the presence of price adjustment costs.

In symmetric equilibrium (i.e., PH,t (h) = PH,t for every h) and dividing all terms by λtQH,t,

the FOC becomes

0 =
1

Pt

(
PH,t
PH,t

)−θH
− 1

Pt
θH

(PH,t)
−θH−1

P−θHH,t

(PH,t(h)−MCH,t)

−κpH
1/PH,t−1

πindHH,t−1π
1−indH
target

(
PH,t/PH,t−1

πindHH,t−1π
1−indH
target

− 1

)
PH,t
Pt

+βκpHEt

[
λt+1

λt

PH,t+1/P
2
H,t

πindHH,t π1−indH
target

(
PH,t+1/PH,t

πindHH,t π1−indH
target

− 1

)
PH,t+1

Pt+1

QH,t+1

QH,t

]
; (A.34)

using the definition πH,t ≡ PH,t/PH,t−1 and rearranging terms we get
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PH,t
Pt

= θH (PH,t −MCH,t)
1

Pt

+
PH,t
Pt

κpH
πH,t

πindHH,t−1π
1−indH
target

(
πH,t

πindHH,t−1π
1−indH
target

− 1

)

−βκpHEt

[
PH,t
Pt+1

λt+1

λt

π2
H,t+1

πindHH,t π1−indH
target

(
πH,t+1

πindHH,t π1−indH
target

− 1

)
QH,t+1

QH,t

]
. (A.35)

The equation, in real terms (i.e., in units of domestic consumption) becomes

pH,t = θH (pH,t −mcH,t) +AH,t, (A.36)

where pH,t ≡ PH,t/Pt (similar expressions hold for other relative prices), AH,t is defined as

AH,t ≡ pH,tκpH
πH,t

πindHH,t−1π
1−indH
target

(
πH,t

πindHH,t−1π
1−indH
target

− 1

)

−pH,tβκpHEt

[
1

πt+1

λt+1

λt

π2
H,t+1

πindHH,t π1−indH
target

(
πH,t+1

πindHH,t π1−indH
target

− 1

)
QH,t+1

QH,t

]
. (A.37)

First order condition with respect to the price of the Home tradable good in the

US market. The FOC with respect to price of the Home good in the US P ∗t (h) is

0 =
λt
Pt

(
P ∗H,t(h)

P ∗H,t

)−θ∗H
Q∗H,tS

∗
t

−λt
Pt
θ∗H

(P ∗H,t(h))−θ
∗
H−1

P ∗H,t
−θ∗H

(
P ∗H,t(h)−MC∗H,t (h)

)
Q∗H,tS

∗
t

−λtκpH
∗ 1/P ∗H,t−1 (h)

π∗H,t−1
ind∗Hπ∗target

1−ind∗H

(
P ∗H,t (h) /P ∗H,t−1 (h)

π∗H,t−1
ind∗Hπ∗target

1−ind∗H
− 1

)
P ∗H,t
Pt

Q∗H,tS
∗
t

+βκpH
∗
Et

[
λt+1

P ∗H,t+1 (h) /P ∗H,t (h)
2

π∗H,t
ind∗Hπ∗target

1−ind∗H

(
P ∗H,t+1 (h) /P ∗H,t (h)

π∗H,t
ind∗Hπ∗target

1−ind∗H
− 1

)
P ∗H,t+1

P ∗t+1

Q∗H,t+1S
∗
t+1

]
.

(A.38)

In symmetric equilibrium, the previous equation becomes

p∗H,t = θ∗H
(
p∗H,t −mc∗H,t

)
+A∗H,t, (A.39)
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where A∗H,t is

A∗H,t ≡ p∗H,tκ∗H
p π∗H,t

π∗H,t−1
ind∗Hπ∗target

1−ind∗H

(
π∗H,t

π∗H,t−1
ind∗Hπ∗target

1−ind∗H
− 1

)

−βκpHEt

[
p∗H,t

1

πt+1

λt+1

λt

π2
H,t+1

π∗H,t
ind∗Hπ∗target

1−ind∗H

(
π∗H,t+1

π∗H,t
ind∗Hπ∗target

1−ind∗H
− 1

)
Q∗H,t+1

Q∗H,t

S∗t+1

S∗t

]
.

(A.40)

First order conditions with respect to the price of the Home tradable good in CH,

JP and RW. Similar equations hold for the prices P ∗∗t (h), P ∗∗∗t (h) and P ∗∗∗∗t (h)set in the

CH, JP and RW market, respectively.

First order condition with respect to the price of the Home nontradable good. Each

firm i sets the price PN,t(i) in the Home intermediate nontradable sector to maximize the present

discounted value of profits

Et

∞∑
τ=t

βtλt,τ

[
QN,τ (i)

(
PN,τ (i)
Pτ − MCN,τ (i)

Pτ

)]
, (A.41)

where the term Et denotes the expectation operator conditional on the information set at time

t, λt,τ is the appropriate discount rate, and MCN,t (h) is the nominal marginal cost.

The maximization is subject to the demand constraint

QN,τ (i) =

(
1

n

)(
PN,τ (i)

PN,τ

)−θN
QN,τ , (A.42)

and the quadratic adjustment cost,

ACpN,τ (i) ≡
κpN
2

(
PN,τ (i) /PN,τ−1 (i)

πindNN,τ−1π
1−indN
target

− 1

)2
PN,τ
Pτ

QN,τ . (A.43)

The adjustment cost is paid in unit of sector-specific product QN,t, where κpN ≥ 0 is a parameter

that measures the degree of price stickiness, πN,t−1 is the previous-period gross inflation rate of

nontradable goods (πN,t ≡ PN,t/PN,t−1) , π is the long-run (consumer-price) inflation target set

by the central bank, and 0 ≤ indN ≤ 1 is a parameter that measures indexation to previous-

period inflation.

12



The FOC with respect to PN,t(i) is

0 =
λt
Pt

(1− θN )
PN,t (i)

−θN

PN,t−θN
QN,t −

λt
Pt
θN

PN,t (i)
−θN−1

PN,t−θN
MCN,t (i)QN,t

−λtκpN
1/PN,t−1(i)

πindNN,t−1π
1−indN
target

(
PN,t(i)/PN,t−1(i)

πindNN,t−1π
1−indN
target

− 1

)
PN,t
Pt

QN,t

+βκpNEt

[
λt+1

PN,t+1(i)/P 2
N,t(i)

πindNN,t π1−indN
target

(
PN,t+1(i)/PN,t(i)

πindNN,t π1−indN
target

− 1

)
PN,t+1

Pt+1
QN,t+1

]
; (A.44)

which becomes

pN,t =
θN

θN − 1
mcN,t −

AN,t
θN − 1

, (A.45)

where AN,t contains terms related to the presence of price adjustment costs

AN,t ≡ pN,tκpN
πN,t

πindNN,t−1π
1−indN
target

(
πN,t

πindNN,t−1π
1−indN
target

− 1

)

−βκpNEt

[
pN,t

1

πt+1

λt+1

λt

π2
N,t+1

πindNN,t π1−indN
target

(
πN,t+1

πindNN,t π1−indN
target

− 1

)
QN,t+1

QN,t

]
. (A.46)

Price of EA imports from the US The US producer of the tradable brand f solves the

following profit maximization problem (similar to the one solved by the EA exporter):

Et

∞∑
τ=t

βτλt,τ


Pτ (f)
PτS∗

τ
Qτ (f) +

P∗
τ (f)
P∗
τ
Q∗τ (f) +

P∗∗
τ (f)

P∗∗
τ S∗∗

τ
Q∗∗τ (f) +

P∗∗∗
τ (f)

P∗∗∗
τ S∗∗∗

τ
Q∗∗∗τ (f) +

P∗∗∗∗
τ (f)

P∗∗∗∗
τ S∗∗∗∗

τ
Q∗∗∗∗τ (f) +

−MC∗
F,τ (f)

Pτ
(Qτ (f) +Q∗τ (f) +Q∗∗τ (f) +Q∗∗∗τ (f) +Q∗∗∗∗τ (f))

 . (A.47)

The demand curve in Home country for US goods is

Qτ (f) =

(
PF,τ (f)

PF,τ

)−θF
QF,τ , (A.48)

while the (country-specific) adjustment costs paid by the generic firm f in the Home country,

invoiced in the currency of the Home country, are

ACpF,τ (f) ≡
κpF
2

(
PF,τ (f) /PF,τ−1 (f)

πindFF,τ−1 (πtarget)
1−indF − 1

)2
PF,τ
Pτ

QF,τ . (A.49)
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The FOC with respect to PF,t (f) is

0 =
λt
Pt

(
PF,t(f)

PF,t

)−θF
QF,t

−λt
Pt
θF

(PF,t(f))−θF−1

P−θFF,t

(
PF,t(f)−MC∗F,t (h)St

)
QF,t

−λtκpF
1/PF,t−1 (f)

πindFF,t−1π
1−indF
target

(
PF,t (f) /PF,t−1 (f)

πindFF,t−1π
1−indF
target

− 1

)
PF,t
Pt

QF,tSt

+βκpFEt

[
λt+1

PF,t+1 (f) /PF,t (f)
2

πindFF,t π1−indF
target

(
PF,t+1 (f) /PF,t (f)

πindFF,t π1−indF
target

− 1

)
PF,t+1

Pt+1
QF,t+1St+1

]
. (A.50)

In the symmetric equilibrium, the previous equation becomes

pF,t = θF (PF,t −mcF,tSt) +AF,t, (A.51)

where AF,t contains terms related to the presence of price adjustment costs

AF,t ≡ pF,tκpF
πF,t

πindFF,t−1π
1−indF
target

(
πF,t

πindFF,t−1π
1−indF
target

− 1

)

−βκpFEt

[
pF,t

1

πt+1

λt+1

λt

π2
F,t+1

πindFF,t π1−indF
target

(
πF,t+1

πindFF,t π1−indF
target

− 1

)
QF,t+1

QF,t

St+1

St

]
. (A.52)

Labor bundle In the case of the generic firm i operating in the intermediate nontradable

sector, the labor input LN (i) is a CES combination of differentiated labor inputs supplied by

domestic agents and defined over a continuum of mass equal to the country size (j ∈ [0, n]):

LN,t (i) ≡
(

1

n

) 1
σL
[∫ n

0

Lt (i, j)
σL−1

σL dj

] σL
σL−1

, (A.53)

where L (i, j) is the demand of the labor input of type j by the producer of good i and σL > 1

is the elasticity of substitution among labor inputs. Cost minimization implies that

Lt (i, j) =

(
1

n

)(
Wt (j)

Wt

)−σL
LN,t (j) , (A.54)

where W (j) is the nominal wage of labor input j and the wage index W is

Wt =

[(
1

n

)∫ n

0

Wt (j)
1−σL dj

] 1
1−σL

. (A.55)
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Similar equations hold for firms producing intermediate tradable goods. Each household is the

monopolistic supplier of a labor input j and sets the nominal wage facing a downward-sloping

demand obtained by aggregating demand across domestic firms.

A.3 Households

In the Home country there is a countinuum of households of mass j ∈ [0, n]. Each household j

maximizes its lifetime expected utility subject to the budget constraint. The lifetime utility, in

consumption C and labor L, is

E0

∞∑
t=0

βt
(

log

(
Ct(j)− bc

Ct−1
grt

)
− 1

1 + ζ
Lt (j)

1+ζ

)
, (A.56)

where 0 < β < 1 is the discount factor, bc ∈ (0, 1) is the external habit parameter, ζ > 0 is the

reciprocal of the Frisch elasticity of labor supply, and Lt is the demand of the household-specific

labor type by domestic firms,

Lt (j) =

(
Wt(j)

Wt

)−σL
Lt, (A.57)

where the parameter σL > 1 measures the elasticity of substitution among different labor brands

supplied by different households. The budget constraint is

BH,t(j) + StBF,t(j) ≤ Rt−1
BH,t−1(j)

grt

+R∗t−1ZUSRP,t−1 [1− ΓBF ,t−1]St
BF,t−1(j)

grt
+Rkt

Kt−1(j)

grt
+Wt(j)Lt(j)

−κW
2

(
Wt(j)/Wt−1(j)

πindWW,t π1−indW
t

− 1

)2

WtLt + Πprof
t (j)− PC,tCt(j)− PI,tIt(j)− PC,tIR&D,t(j),

(A.58)

where the parameter κW > 0 measures the degree of nominal wage rigidity and Lt is the total

amount of labor in the Home economy. BH,t is the end-of-period t position in a nominal bond

denominated in the Home currency, BF,t is the end-of period position in a nominal bond denomi-

nated in US dollars. The two bonds respectively pay the domestic Rt and US R∗t (gross nominal)

policy rates at the beginning of period t+ 1. The interest rates are known at time t (consistent

with the riskless bond assumption). The variable St is the bilateral nominal exchange rate of the

domestic currency vis-à-vis the US dollar, defined as number of Home currency units per unit of

US dollar.

The function ΓBF ,t captures the costs of undertaking positions in the international asset

market and pins down a well-defined steady-state. It has the following functional form:

Φ

(
StBF,t
Pt

− b
)
≡ exp

(
φb

(
StBF,t
Pt

− b
))

φB ≥ 0.
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The parameter φB controls the speed of convergence to the non-stochastic steady state.6

The sources of the household income are physical capital Kt(j), which is rented to domestic

intermediate firms at the net rate Rkt , labor Lt(j), which is supplied to domestic firms and earns

the nominal wage Wt(j), and Πprof
t (j), which represents profits from ownership of domestic firms

(the profits are rebated in a lump-sum way to households).

The variable It(j) is investment in physical capital. The latter is accumulated according to

the following law:

Kt(j) ≤ (1− δ)Kt−1(j)

grt
+

[
1− ψ

2

(
It(j)

It−1(j)
− grt

)2

It(j)

]
, (A.59)

where 0 < δ < 1 is the depreciation rate and investment is subject to a quadratic adjustment

cost.

R&D is accumulated by the generic household according to

R&Dt (j) = (1− δR&D)
R&Dt−1 (j)

grt
+

(
1− ψR&D

2

(
IR&D,t (j)

IR&D,t−1 (j)
− grt

))2

IR&D,t (i) , (A.60)

The parameter 0 < δR&D < 1 is the depreciation rate; ψR&D > 0 is a parameter measuring

R&D investment adjustment costs and IR&D,t is the investment in R&D (whose composition is

assumed to be the same as that of private consumption).

A.3.1 First-order conditions

Household maximizes the intertemporal utility with respect to consumption Ct(j), BH,t(j),

BF,t(j), Wt(j), subject to the budget constraint, the capital accumulation law, the R&D ac-

cumulation law, and the adjustment costs.

The corresponding FOCs in the generic period t are:

• with respect to domestic bond Ct(j)

λt(j) =

(
Ct(j)− bc

Ct−1
grt

)−1
, (A.61)

• with respect to domestic euro-denominated bond BH,t(j)

λt(j) = βEt
λt+1(j)

grt+1
Rtπ

−1
t+1, (A.62)

6 The function Φ (.) depends on real holdings of the foreign assets in the entire Home economy. Hence, domestic
households take it as given when deciding on the optimal holding of the foreign bond. We require that Φ(0) = 1
and that Φ(.) = 1 only if StBF,t/Pt = b, where b is the steady state real holdings of the foreign assets in the entire
home economy. The function Φ(.) is assumed to be differentiable and decreasing at least in the neighborhood of
the steady state. The payment of this cost is rebated in a lump-sum fashion to foreign agents.
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• with respect to US-dollar bonds BF,t(j)

λt(j) = βEt
λt+1(j)

grt+1
R∗t (1− ΓB,t)

∆St+1

πt+1
, (A.63)

• with respect to the end-of-period capital Kt(j)

Qt(j) = βEt

[
λt+1

rKt+1

grt+1
+Qt+1(j)

(1− δ)
grt+1

]
, (A.64)

where Q(j) is the Tobin’s Q (i.e., the multiplier of the capital accumulation law),

• with respect to investment It(j)

λt(j)pI,t = Qt(j)

[
1− ψ

2

(
It(j)

It−1(j)
− grt

)2

− ψ
(

It(j)

It−1(j)
− grt

)
It(j)

It−1(j)

]

+βEtQt+1(j)ψ

[(
It+1(j)

It(j)
− grt+1

)
I2t+1(j)

I2t (j)

]
, (A.65)

• with respect to the end-of-period R&D stock R&Dt(j)

QR&D,t(j) = βEt

[
λt+1

rR&D
t+1

grt+1
+QR&D,t+1(j)

(1− δR&D)

grt+1

]
, (A.66)

where QR&D(j) is the R&D-specific Tobin’s Q (i.e., the multiplier of the R&D accumulation

law),

• with respect to R&D investment IR&D,t(j)

λt(j) = QR&D,t(j)

[
1− ψR&D

2

(
IR&D,t(j)

IR&D,t−1(j)
− grt

)2

− ψR&D

(
IR&D,t(j)

IR&D,t−1(j)
− grt

)
IR&D,t(j)

IR&D,t−1(j)

]

+βEtQR&D,t+1(j)ψR&D

[(
IR&D,t+1(j)

IR&D,t(j)
− grt+1

)
I2R&D,t+1(j)

I2R&D,t(j)

]
, (A.67)

• with respect to nominal wage Wt(j)

σL
Wt(j)

−σL(1+ζ)−1

W
−σL(1+ζ)
t

Lζt + (1− σL)
Wt(j)

−σL

W−σLt

= λtκW

(
Wt(j)/Wt−1(j)

πindwW,t−1π
1−indw

− 1

)
Wt/Wt−1(j)

πindIW,t−1π
1−indw

−βλt+1κW

(
Wt+1(j)/Wt(j)

πindwW,t π
1−indw

− 1

)
Wt+1Wt+1(j)/Wt(j)

2Lt+1

πindwW,t π
1−indwLt

. (A.68)

A.4 Monetary policy

The Home central bank sets the policy rate according to the following Taylor rule:
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(
Rt
R̄

)4

=

(
Rt−1
R̄

)4ρR (Πt,t−3

Π̄4

)(1−ρR)ρπ ( GDPt
GDPt−1

)(1−ρR)ρGDP

. (A.69)

where Rt is the gross monetary policy rate. The parameter ρR (0 < ρR < 1) captures inertia

in interest rate setting, while the parameter R̄ represents the steady-state gross nominal policy

rate. The parameters ρπ and ρGDP are respectively the weights of Home consumer price index

(CPI) inflation rate (πt) (taken as a deviation from its long-run constant target πtarget) and

GDP.

A.5 Fiscal policy

The Home fiscal authority exogenously decides the amount of investment in infrastructure and,

thus, the accumulation of public capital, KG,t, according to

KG,t = (1− δG)
KG,t−1

grt
+ IG,t, (A.70)

where 0 < δG < 1 is the depreciation rate, and IG,t is public investment.7

The government budget constraint is

BG,t −
BG,t−1
grt

Rt−1 ≤ PN,tCG,t + PtIG,t − TAXt, (A.71)

where BG,t > 0 is public debt, which is financed by a one-period nominal bond issued in the

domestic bond market, paying the (gross) monetary policy interest rate Rt. The variable CG,t

represents government purchases of goods and services, while TAXt > 0 (< 0) are lump-sum

taxes (transfers) to households. Consistent with the empirical evidence, CG,t is fully biased

towards the nontradable intermediate good. Therefore, it is multiplied by the corresponding

price index PN,t.
8 Investment in public capital IG,t is assumed to have the same composition

as private consumption, in line with the existing literature. Thus, it is pre-multiplied by the

consumption price deflator Pt.

The government follows a fiscal rule defined on lump-sum taxes to bring the public debt as

a % of domestic GDP, bG > 0, in line with its long-run (steady-state) target b̄G and to stabilize

its rate of change.9

7We do not explicitly consider the possibility that public investment takes time to accumulate into physical
capital. For the public capital projects with delay between the authorization of a government spending plan and
the completion of an investment project, see Kydland and Prescott (1982) and Leeper et al. (2010).

8See Corsetti and Muller (2006).
9The definition of nominal GDP is

GDPt = PtCt + P It It + PtIR&D,t + PtIG,t + PN,tCG,t + PEXPt EXPt − P IMP
t IMPt, (A.72)

where Pt, is the price of private consumption, public investment, and investment in R&D, given that we assume
that public investment and R&D investment bundles have the same composition as private consumption. P It ,
PN,t, P

EXP
t , P IMP

t are prices of private investment in physical capital, public consumption, exports, and imports,
respectively.
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The rule is
TAXt

TAXt−1
=

(
bG,t
b̄G

)φ1
(

bG,t
bG,t−1

)φ2

, (A.73)

where parameters φ1, φ2 are greater than zero, calling for a increase (reduction) in lump-sum

taxes whenever the current-period public debt (as a ratio to GDP) is above (below) the tar-

get and the previous-period public debt, respectively. We choose lump-sum taxes to stabilize

public finance as they are non-distortionary and, thus, allow for a “clean” evaluation of the

macroeconomic effects of public investment.
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