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1. Introduction

In recent years, the global economyhas experienced supply-side shocks that have significantly
affected inflationdynamics andmacroeconomic stability. Prominent examples include energy
price shocks, often triggered by geopolitical events, and increased production costs from
supply-chain disruptions. Despite differing causes, these shocks share a key characteristic:
they originate in specific sectors but quickly propagate through complex production networks
and international supply chains, ultimately affecting the entire economy. Consequently,
understanding how these shocks are transmitted through input-output (IO) linkages and spill
over across countries and sectors has become a central focus of macroeconomic research.

In this context, this paper examines how production networks shape the transmission of
foreign price shocks and the associated implications for monetary policy. Our first contri-
bution is to derive analytical results in a New Keynesian small open-economy model with
domestic and international IO linkages, showing how outcomes differ relative to one-sector
open economies (Gali and Monacelli 2005; Corsetti et al. 2010) and to closed economies
with production networks (La’O and Tahbaz-Salehi 2022; Rubbo 2023). We find that (i) pro-
duction networks introduce a novel monetary policy trade-off for conventional inflation
targets, arising from inefficient movements in sectoral terms-of-trade (ToT), which feed into
domestic inflation both directly through marginal costs and indirectly through sectoral trade
imbalances; (ii) in contrast to the one-sector counterpart, international production networks
steepen the Phillips curve relative to a closed economy; and (iii) openness modifies the
sectoral weights of the Divine Coincidence Inflation (DCI) index by replacing gross sales with
their domestic value-added content. Our second contribution is to assess the quantitative
importance of production networks in a larger model calibrated to the main euro area (EA)
countries and their trading partners. Focusing on shocks to imported energy prices, we find
first that production networks amplify the cumulative response of inflation bymore than 50%
over time, with roughly half of this amplification accounted for by international production
networks alone. Second, IO linkages worsen the trade-off faced by monetary policy, implying
a larger sacrifice ratio.

More in detail, we first consider an analytically tractable small open-economymodel with
production networks in which fluctuations originate from shocks to the prices of imported
goods.1Under logarithmicutility and aunit elasticity of substitution across goods—assumptions
that we relax in the quantitative analysis—we derive the vector of domestic New Keynesian
Phillips curves in terms of deviations from efficient allocations. We use these results to ana-
lyze how production networks shape shock transmission and the implications for monetary

1These shocks capture, for example, increases in the international price of energy or higher importing costs
due to supply-side bottlenecks, which are exogenous from the perspective of a small open economy.
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policy.
We show that productionnetworks play a pivotal role in shaping transmission and generate

monetary policy trade-offs absent in one-sector models.
First, we document that international IO linkages steepen the slope of the Phillips curve

relative to a closed economy. In a one-sector economy with unit elasticities of substitution
and log utility, the degree of openness has no implications for the elasticity of domestic
inflation with respect to movements in the output gap. By contrast, with IO linkages and
multiple sectors, movements in the output gap induce shifts in sector-level net exports. As a
result, part of the increase in domestic activity leaks abroad, requiring a larger increase in
domestic real wages to sustain a given increase in employment and output. Consequently,
marginal costs and domestic inflation rise further, increasing the elasticity of domestic prices
with respect to output-gap movements.

Second, we show that inefficient movements in sectoral ToT propagate to sectoral and
headline inflation over and abovemovements in the output gap. Consequently, and in contrast
to the one-sector benchmark, conventional inflation aggregates can deviate from target even
when the output gap is closed.2 This occurs through the channels described below, which are
naturally absent in closed economies with production networks.

On the one hand, movements in the ToT directly affect sectoral prices depending on a
sector’s exposure to the foreign economy. The resulting increase in the domestic price of
imported production inputs further raises marginal costs. This occurs both directly, through
a sector’s use of intermediate goods, and indirectly through the production network, as the
costs of the sector’s suppliers also increase. That is, this channel would be present in a multi-
sector economy with heterogeneous sectors even in the absence of cross-sector input–output
linkages, but it is further reinforced by production-network linkages.

On the other hand, inefficient movements in ToT generate sectoral trade imbalances
that transmit to domestic inflation through labor supply and real-wage adjustments. Two
countervailing forces are at play. First, a deterioration in the ToT induces an expenditure-
switching effect toward domestic goods, raising net exports. Second, offsetting this effect, the
resulting increase in domestic demand feeds back into sectoral employment and increases
the demand for imported goods.We show that, absent cross-sector production linkages, these
forces exactly cancel, implying no effect on inflation. With production networks, however,
this result breaks down because the sector experiencing the ToT deterioration also benefits
from higher demand from other domestic sectors, generating sector-level movements in net
exports that affect marginal costs through labor supply and wages. Hence, this channel fully

2In one-sector economies, ToT movements may also generate monetary-policy trade-offs in the presence of,
for example, incomplete financial markets (Corsetti et al. 2010). Instead, in our framework, these trade-offs
arise from the multi-sector structure with IO linkages.
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relies on cross-sector relationshipswithin the production network; absent these relationships,
it would be absent.

A final component of the sectoral Phillips curve is the gap between lagged domestic prices
and their efficient level, which captures the direct effect of international price shocks on
inflation. This term is analogous to that derived in Rubbo (2023) for a closed economy with
TFP shocks, which we extend to an open-economy setting with international price shocks. It
incorporates the direct effect of the international price shock on domestic prices, mediated
by sector-level exposure to foreign industries.

Lastly, we document that the international dimension of the economy further amplifies
the persistence that production networks impart to shock propagation in closed-economy
settings (Huang and Liu 2004; Pasten et al. 2020; Ghassibe 2021). Specifically, sectoral ToT
introduce an additional source of price inertia and persistence, as producers inherit the price
stickiness of their suppliers through marginal costs

Third, we characterize the inflation index associated with output-gap stabilization, the
Divine Coincidence Index. Relative to the closed-economy index in Rubbo (2023), openness
modifies the relevant sales weights because gross sales include imported intermediate inputs
that do not generate domestic value added. The open-economy DCI therefore downweights
sectorswith a larger direct and indirect imported-input content. This result is closely related to
Qiu et al. (2026), who derive a DCI index in a static small open economy under balanced trade.
We obtain the domestic value-added adjustment in a dynamic environment with complete
international risk sharing, under which trade need not be balanced period by period.

In the second part of the paper, we consider a quantitative version of the model that
allows for a more general parameterization of elasticities of substitution and country size.3

We calibrate the model to 44 sectors per country and 6 regions: the four largest EA countries
(Germany, France, Italy, and Spain), the rest of the EA, and the rest of the world. The model
replicates observed trade flows across sectors and countries using IO tables from the OECD
and Eurostat. We also use micro-level CPI data from Gautier et al. (2024) to calibrate hetero-
geneous sector- and country-specific price-adjustment probabilities, allowing the model to
match the variation in price rigidity observed in the data.

Motivated by the recent energy price crisis, we study the transmission of an exogenous
increase in the international price of energy and focus on the responses of EA variables.

First, we find that the presence of IO linkages matters quantitatively for the transmission
of an increase in imported energy prices. We quantify and isolate the role that production
networks play through a series of counterfactuals where we sequentially remove domestic,
international, and both domestic and international non-energy production networks, always

3In addition, we incorporate other quantitatively relevant dimensions, including incomplete financial
markets, nominal wage rigidities, and domestic-currency pricing (Devereux and Engel 2003).
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preserving the role of energy as a consumption good and as a production input. We find that
without domestic and international non-energy production networks, cumulative headline
inflation would be roughly 64% of our baseline, which includes a fully fledged production
network structure. In particular, we find that despite headline inflation rising similarly on
impact—driven by the rise of energy prices—it stabilizes and dies out much faster when
production networks are absent, in line with the intuition provided above.

Second, we then quantify how production networks shape monetary policy trade-offs,
as measured by the sacrifice ratio. This measures the required change in the output gap
required to bring headline inflation one percentage point down. We find that under a one-
sector economy, the sacrifice ratio would be 17.57% smaller than in our fully-fledged economy
with production networks. Therefore, ignoring this dimension would underestimate the cost
of strict headline-inflation stabilization in an open economy in the face of foreign shocks.

Related literature. Our paper contributes to several strands of the literature, at the intersec-
tion of the macroeconomic effects of production networks, the propagation of international
macroeconomic shocks, and their monetary policy implications.

The seminal works of Acemoglu et al. (2012) and Baqaee and Farhi (2019) study the propa-
gation of granular shocks in production networks under flexible prices, abstracting from their
inflationary effects. Building on these contributions, Pasten et al. (2020), Ghassibe (2021),
La’O and Tahbaz-Salehi (2022), Rubbo (2023), or Höynck (2025), incorporate input-output
linkages into frameworks with nominal rigidities.4 Our work incorporates several of the
insights considered in this previous literature, and it extends them by considering how the
international dimension of production networks additionally affects shock transmission and
monetary policy trade-offs.

Our paper also contributes to the growing literature that incorporates input-output link-
ages into open-economy models. Baqaee and Farhi (2024) study shock propagation in an
open-economy model with production networks, but with a limited role for nominal price
rigidities and monetary policy. Comin et al. (2023) develop a tractable small open-economy
model with nominal rigidities and potentially binding capacity constraints, while Andrade
et al. (2023) develop a three-sector small open-economy model à la Gali and Monacelli (2005)
to study the propagation of productivity shocks. More closely related to our analysis, Kalemli-
Özcan et al. (2025) develop a multi-country New Keynesian model with production and trade
networks to study tariff shocks. They show that their inflation and output effects depend
on global imbalances, the degree of complementarity within production networks, inter-
national risk sharing, and the endogenous monetary policy responses of tariff-imposing

4For earlier work incorporating intermediate goods in frameworks with nominal rigidities see, for example,
Basu (1995), Huang and Liu (2004), and Nakamura and Steinsson (2010).
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and tariff-exposed economies. Gnocato et al. (2025) distinguish between tariffs on final and
intermediate goods and show that the latter generate larger GDP losses and more persistent
inflation because cost pressures propagate through global production linkages. While these
papers focus on trade-policy shocks, our analysis considers foreign price shocks that also cap-
ture changes in commodity prices and supply bottlenecks, and our quantitative application
focuses on international energy prices.

Our characterization of monetary policy is also related to Qiu et al. (2026), who derive
a DCI index in a static small open economy under balanced trade. We instead consider
a dynamic environment with complete international risk sharing. Our results show that
the relevant inflation weights adjust sectoral sales for their domestic value-added content,
thereby clarifying how the closed-economyweights in Rubbo (2023) changewith cross-border
input-output linkages.

More generally, our work contributes to the ample literature studying monetary policy in
open economies. In addition to the papers mentioned earlier, most of this work has focused
on optimalmonetary policy in one-sectormodels, like for example Corsetti and Pesenti (2005),
Gali andMonacelli (2005), De Paoli (2009), Corsetti et al. (2010), and Egorov andMukhin (2023).
Our paper complements this earlier research by showing that accounting for input-output
linkages in open-economy models can significantly affect the conduct of monetary policy.

Finally, we also contribute to the literature exploring the transmission of energy shocks.
An earlier contribution is Bodenstein et al. (2008), which studied optimalmonetary policy in a
closed-economy model with an energy sector. Gagliardone and Gertler (2023) explore the ori-
gins of the inflation surge in the US using a closed-economy New Keynesian framework with
oil. Auclert et al. (2023), Chan et al. (2024), and Bayer et al. (2023) explore the consequences
of the recent energy crisis in open economy models with household heterogeneity.

Roadmap. The paper proceeds as follows. Section 2 presents the international input-output
NewKeynesian framework. In Section 3, we analytically inspect the transmissionmechanism
of foreign price shocks and the monetary policy implications. Later, in Section 4, we consider
a quantitative version of the model and assess the macroeconomic consequences of shocks
to the international price of energy in a networked economy, and quantify the implications
for monetary policy. A final section concludes.

2. General Model

We consider a world economy composed of K countries, indexed by k. The core of our
model is a production structure characterized by national and international production
networks through IO linkages. Namely, each country is comprised of I production sectors,
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possibly heterogeneous within and between countries. Within each sector, there is a unit
mass of monopolistically competitive firms indexed by f ∈ (0, 1) that produce using labor
and intermediate goods produced by other domestic and foreign sectors. In addition, we
allow for heterogeneous nominal price rigidities at the sectoral and country levels.

2.1. Households

There is a representative household in each country k that derives utility from consumption
and disutility from labor according to the following per-period utility function:

Ut = U(Ck,t)− N1+φk,t /(1 +φ),(1)

where Nk,t is aggregate labor supplied by the household, U(Ck,t) is a constant-relative-risk-
aversion utility function over aggregate consumption, Ck,t, and φ denotes the inverse of the
Frisch elasticity. We allow for nominal wage rigidities à la Erceg et al. (2000), which if present
give rise to the New Keynesian Wage Phillips Curve derived in Appendix B.4.

Aggregate consumption is defined as a constant-returns-to-scale (CRS) composite of sec-
toral consumption, each of which is itself a CRS aggregation of country-specific consumption
goods. This nested structure is summarized by

Ck,t = Ck

(
{Cki,t}

I
i=1

)
and Cki,t = Cki

(
{Ckl i,t}

K
l =1

)
,(2)

where Cki,t is consumption of sector i at time t, and Ckl i,t is country’s k household’s consump-
tion of good produced by industry i in country l . Finally, we let Ckl i,t be a Dixit and Stiglitz
(1977) aggregator over differentiated goods produced by firms in sector i in country l :

(3) Ckl i,t =

(∫ 1

0
C
(ϵ pki−1)/ϵ

p
ki

kl i f ,t d f

)ϵ pki/(ϵ pki−1)
,

where ϵ pki denotes the sectoral constant elasticity of substitution between good varieties.
The household faces the following per-period budget constraint:

PCk,tCk,t +
Bk,t
1 + ik,t

+ EKk,t
∑
h∈H

Qht B
h
k,t ≤ Wk,tNk,t + E

K
k,t
∑
h∈H

(Qht + D
h
t )B

h
k,t−1 + Bk,t−1 + Πk,t − Tk,t,

(4)

whereWk,t is the nominal wage received by the household, Πk,t =
∑I
i=1Πki,t are the profits

of domestic firms, and Tk,t is a lump-sum tax or transfer. PCk,t denotes the consumer price
index in country k, implied by the consumption aggregators (2). Since firm profits Πki,t are
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computed at the net price the firm itself sets (Section 2.2) and therefore do not include
the price-wedge revenue described below, the net international wedge transfer implied by
footnote 7—the wedge collected by domestic households as exporters, net of the wedge paid
by domestic households as importers—is understood to enter household resources through
Tk,t, alongside the lump-sum tax that finances production subsidies (Section 2.3). We leave
the explicit decomposition of Tk,t into these two components for future work; it does not
affect any of the results derived in this paper.

There are two sets of assets in the economy. The first of them,Bk,t, is a one-period nominal
bond only traded domestically that pays a gross nominal interest rate 1+it, set by themonetary
authority. The second one is a setH of bonds traded internationally at price Qht , with dividend
payouts Dht .

5 These bonds are denominated in the currency of country K, and hence EKk,t is
the bilateral nominal exchange rate between country k and country K.

Under the previous notation, we have the following allocation of consumption across
sectors, countries, and differentiated goods:

(5)
∂Ck
∂Cki,t

=
PCki,t
PCk,t

,
∂Cki
∂Ckl i,t

=
(1 + τkl i,t)Pkkl i,t

PCki,t
, and Ckl i f ,t =

Pkkl i f ,t
Pkkl i,t

−ϵ pki
Ckl i,t,

where PCki,t denotes the consumer price index of sector i faced by the household in country

k, and Pkkl i,t ≡
[∫ 1
0 (P

k
kl i f ,t)

1−ϵ pkid f
]1/(1−ϵ pki), where Pmkl i,t is the price of a good produced in

sector i and country l , purchased by country k, invoiced in the currency of countrym.6

The term τkl i,t is an exogenous price wedge between the price set by industry i in country
l exporting to country k, Pkkl i,t, and the gross price paid by domestic agents, (1 + τkl i,t)P

k
kl i,t.

7

Our motivation for these price wedges is to have a source of exogenous movements in import
prices that are not necessarily triggered by changes in the economic activity of the exporting

5This specification follows Egorov andMukhin (2023). Note if S is the set of possible states of nature, we have
that financial markets are complete ifH = S. On the other hand, by settingH = 1 we have the usual specification
of incomplete financial markets with a single bond traded internationally.

6Under the CRS assumptions, we have that PCk,tCk,t =
∑I

i=1 P
C
ki,tCki,t and P

C
ki,tCki,t =

∑K
l =1(1 + τkl i,t)P

k
kl i,tCkl i,t.

7These theoretical price wedges are similar to import tariffs, since both elements distort international good
prices faced by domestic agents. However, a key difference is that while the domestic government typically
collects tariff revenues, and hence do not suppose a direct wealth transfer across countries, we assume that
wedge payments accrue to the households in the exporting producer’s economy: for a shipment from l to k,
households receive the collection τkl i,tPkl i,t per unit. Hence, τ generates a direct international transfer. In
this case the price wedges generate a direct wealth loss for the importing country and a wealth gain for the
exporting country (see equations 15 and 17). A full treatment of tariffs, in which the domestic government
collects the resulting revenue and rebates it to domestic households, is developed in companion work within
related multi-country production-network frameworks (Domínguez-Díaz et al. 2026; Aguilar et al. 2026); here
we instead adopt the price-wedge interpretation, which isolates the transmission of exogenous movements in
import prices.
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country. These are reminiscent of, for example, energy price shocks arising as a consequence
of geopolitical tensions, or even supply-chain disruptions as the ones witnessed after the
COVID-19 pandemic.More generally, one can think of thesewedges as part of the transmission
mechanism of any foreign shock that leads to changes in international goods’ prices.

Finally, the first-order condition for households’ savings in domestic bonds results in the
following Euler equation, U′(Ck,t) = βEt

[
U′(Ck,t+1)(1 + ik,t)/(1 + πCk,t+1)

]
, where 1 + πCk,t+1 ≡

PCk,t+1/P
C
k,t is the gross consumer price inflation in country k, and β denotes the discount

factor.

2.2. Firms

There are I industries in each economy, indexed by i ∈ {1, 2, ..., I}, and within each industry
there is a unit mass of firms, indexed by f ∈ (0, 1).

Production. Each firm f , in sector i and country k, produces a differentiated good Yki f ,t
using a CRS production function Fki using labor Nki f ,t and a basket of intermediate goods
Xki f ,t as inputs:

(6) Yki f ,t = Fki
(
Nki f ,t,Xki f ,t

)
.

The bundle of intermediate goods Xki f ,t is defined similar to the household’s consumption
basket, given by a CRS aggregator of sectoral intermediate goods, which are themselves
defined as a CRS aggregator of country-specific intermediate goods:

Xki f ,t = Xki

({
Xkij f ,t

}I
j=1

)
and Xkij f ,t = Xkij

({
Xkl ij f ,t

}K
l =1

)
,(7)

where Xkij f ,t is firm’s f demand in sector i of country k for goods produced in sector j, and
Xkl ij f ,t is firm’s f demand in sector i of country k for goods produced in sector j in country
l . Xkl ij f ,t is itself a Dixit-Stiglitz aggregator over differentiated goods produced by firms in

sector j in country l : Xkl ij f ,t =

[∫ 1
0 X

(ϵ pkj−1)/ϵ
p
kj

kl ij f f ′,t d f ′
]ϵ pkj/(ϵ pkj−1)

.

Cost minimization by firms delivers the following first-order conditions for labor and
intermediate goods demands,Wk,t = MCki,t∂Fki/∂Nki f ,t and PXkij,t = MCki,t∂Fki/∂Xkij f ,t, and
the allocation of intermediate goods demand across sectors and countries:

(8)
∂Xki
∂Xkij,t

=
PXkij,t
PXki,t

,
∂Xkij
∂Xkl ij,t

=
(1 + τkl j,t)Pkkl j,t

PXkij,t
, Xkl ij f ,t =

Pkkl j f ,t
Pkkl j,t

−ϵ pkj
Xkij,t.
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Above, PXki,t denotes the price index of the intermediate input bundle Xki f ,t faced by firms
in sector i in country k, and PXkij,t is the price index of the sectoral intermediate input Xkij f ,t
faced by firms in sector i in country k. As in the case of households, the prices faced by
domestic industries are subject to price wedges τkl j,t.

Nominal marginal costs in sector i of country k are denoted by MCki,t. Under CRS, all
firms in a given sector choose the same combination of inputs, and MCki,t is common across
firms and given by the minimum cost of producing one unit of output:

(9) MCki,t = min
Nki,t,Xkl ij,t

Wk,tNki,t +
I∑
j=1

K∑
l =1

(1 + τkl j,t)P
k
kl j,tXkl ij,t s.t. Fki

(
Nki,t,Xki,t

)
≥ 1.

Price Setting. Firms set prices in a staggered manner (Calvo 1983). Specifically, firms in
sector i of country k can reset their price with probability 1− θ pki each period. We allow for a
country– and sector–specific probability of price adjustment.

We entertain two possibilities for the pricing decisions to foreign markets: producer
currency pricing (PCP) or local currency pricing (LCP). Under PCP, the firm sets its export
price in the domestic currency, and hence the selling price to the domestic and foreign
markets coincide,

Pml ki,t = Ekm,tPki,t.(10)

A firm that is resetting its price chooses its optimal selling price to the domestic market, Pki,t,
by solving the following problem:

(11) max
Pki,t

Et

∞∑
s=0

SDFt,t+s(θ
p
ki)
s
[ K∑
l =1

(
Pki,t − (1− τ pki)MCki,t+s

)
Dl ki,t+s

]
,

where SDFt,t+s = βsU′(Ck,t+s)/U′(Ck,t) is the stochastic discount factor between periods t
and t + s, and Dl ki,t+s denotes the demand for the firm’s good from domestic agents given
in equations (5) and (8). We further allow for having a country-sector specific production
subsidy τ pki.

8

Under LCP, the firm sets its export price to country l in the currency of country l , denoted
by Pl ki,t,

Pml ki,t = Elm,tPl ki,t,(12)

8Production subsidies will be useful to derive our analytical results in section 3, as they allow us to eliminate
steady-state distortions arising frommonopolistic competition (Galí 2015).
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solving the problemmaxPl ki,t Et
∑∞
s=0 SDFt,t+s

(
θ
p
ki

)s [
Elk,t+sPl ki,t − (1− τ pki)MCki,t+s

]
Dl ki,t+s,

whereDl ki,t+s is the demand from agents from country l for the firm’s production.
Profits in sector i of country k are given by export- and domestic-market revenues net

of costs, expressed in the producer’s currency, Πki,t =
∑K
l =1 P

k
l ki,tDl ki,t −MCki,tYki,t—where,

under LCP, revenues invoiced in the destination currency are converted at the prevailing
exchange rate, Pkl ki,t = Elk,tPl ki,t—and aggregate profits rebated to households are Πk,t =∑I
i=1Πki,t.

2.3. Government

The government is composed of a fiscal authority and a central bank. The fiscal authority
issues domestic debt Bk,t, provides production subsidies to firms, and collects lump-sum

taxes Tk,t from the household in order to balance its budget constraint,
Bk,t
1+ik,t

+ Tk,t = Bk,t−1 +∑I
i=1 τ

p
kiMCki,tYki,t, where Yki,t denotes the production of sector i in country k.

The central bank sets the nominal interest rate, ik,t. The specific monetary policy rule is
inconsequential for our analytical results in Section 3 as long as it ensures determinacy; we
therefore defer its definition to Section 4.

2.4. Market Clearing and GDP

Market clearing in the goodsmarket requires that the quantity produced of each goodmatches
the quantity demanded at home and abroad, either for direct consumption or intermediate
use. That is,

Yki,t =
K∑
l =1

Cl ki,t +
K∑
l =1

I∑
j=1

Xl kji,t.(13)

Market clearing in the labor market requires that the aggregate labor supplied matches
the sum of labor demand across sectors, for each country. That is,

Nk,t =
I∑
i=1

Nki,t.(14)

Finally, the aggregate resource constraint of the economy requires that the net foreign
position of country k equals its trade balance:

EKk,t
∑
h∈H

Qht B
h
k,t − EKk,t

∑
h∈H

(Qht + D
h
t )B

h
k,t−1 =P

EXP
k,t EXPk,t − PIMPk,t IMPk,t,(15)
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where the first term in the right-hand side of (15) is the total nominal exports of country k,

PEXPk,t EXPk,t =
K∑
l ̸=k

I∑
i=1

(1 + τl ki,t)Pkl ki,tCl ki,t + I∑
j=1
(1 + τl ki,t)P

k
l ki,tXl kji,t

 ,(16)

where Pml ki,t denotes the price of a good from sector i, originating in country k, sold in country
l , and invoiced in the currency of countrym. The second term in (15) is the total nominal
imports,9

PIMPk,t IMPk,t =
K∑
l ̸=k

∑
i∈I

(1 + τkl i,t)Pkkl i,tCkl i,t + I∑
j=1
(1 + τkl i,t)P

k
kl i,tXkl ji,t

 .(17)

Nominal GDP is defined as the sum of total household consumption and nominal net
exports,

Yk,t =P
C
k,tCk,t + P

EXP
k,t EXPk,t − PIMPk,t IMPk,t.(18)

Defining the GDP deflator, PkY ,t, as the ratio between nominal GDPmeasured using time–t
prices and nominal GDP measured using steady-state prices

PYk,t =
PCk,tCk,t + P

EXP
k,t EXPk,t − PIMPk,t IMPk,t

PCk Ck,t + P
EXP
k EXPk,t − PIMPk IMPk,t

,

we have that real GDP is given by:10

(19) Yk,t = Yk,t/P
Y
k,t.

3. Analytical Insights

To derive the intuition behind the transmission of foreign shocks in an open economy with
production networks, and the associated implications for monetary policy, we consider a
simplified version of the model outlined in Section 2. The following assumptions not only
render the model analytically tractable but also allow us to nest familiar cases in the litera-

9As discussed in Section 2.1, wedge payments accrue to households in the exporting economy rather than to
exporting producer firms. Valuing trade flows at the gross price (1 + τ)P in (16) and (17) nonetheless matches
aggregate micro-level receipts and payments, since it combines the exporting firm’s net-price revenue with the
wedge transfer accruing separately to its domestic households; the resulting movements in net foreign assets
correspond to actual international transfers.
10Aggregate gross value added and real GDP coincide, up to first order, in the absence of time-varying taxes.
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ture in a transparent way, providing useful benchmarks to highlight the novel mechanisms
presented in this paper.

Assumptions. First, we assume that there are only two countries K = 2, with the home
country being small relative to the foreign country. To ease notation, we will denote foreign
variables with an asterisk, ∗. Under the small open economy assumption, aggregate variables
in the foreign economy are held constant at their steady-state values. Furthermore, we focus
on the case where the preferences and the technology are symmetric across countries.

Second, we make the following functional assumptions about preferences, wage rigidi-
ties, and technology. Regarding preferences, we assume that utility (1) is logarithmic in
consumption:

(20) U(Ct) = logCt.

We further assume that wages are fully flexible, so that the labor supply condition is given by

(21) Nφk,t = U
′(Ck,t)Wk,t/P

C
k,t.

In addition, we assume that the functional form of all consumption (2) and intermediate
(7) goods aggregators are Cobb and Douglas (1928): C({Ci,t}Ii=1) =

∏I
i=1 C

βi
i,t, Ci({C

H
i,t,C

F
i,t}) =

(CHi,t)
1−ζi(CFi,t)

ζi,

Xi({Xij,t}
I
j=1) =

I∏
j=1

X
νij
ij,t, and Xij({X

H
ij,t,X

F
ij,t}) = (X

H
ij,t)

1−ζij (XFij,t)
ζij ,(22)

and that the elasticity of substitution between labor and intermediate goods in the production
function (6) is unitary:

(23) Yi f ,t = N
αi
i f ,tX

1−αi
i f ,t .

Third, we assume that international financial markets are complete. Together with log
utility (20), this implies the following risk-sharing condition:

(24) Ct = QtC∗t ,

where Qt is the real exchange rate, defined as

Qt = EtP
C,∗
t /PCt .(25)
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Finally, regarding pricing, we make the following assumptions. First, we assume PCP, so
that the law of one price holds and (10) becomes

(26) PFi,t = EtP∗i,t

where PFi,t is the price of sectoral good i produced in the Foreign, denominated in domestic
currency, and P∗i,t is the price of the same good denominated in the foreign currency. Second,
we also assume that a set of production sectoral subsidies τ pi = 1/ϵ

p
i is in place.

11

3.1. Log-linearized Equilibrium Conditions

Under the previous set of assumptions, we derive a log-linear approximation of the model
around a symmetric steady state with zero inflation.12 In what follows, we focus on the set
of equilibrium conditions of the domestic economy that underpin our discussion of the
transmission of foreign shocks and the associated implications for monetary policy. We first
derive the key equilibrium conditions under sticky prices and then consider the case of
flexible prices, which helps us to illustrate the effects of nominal rigidities on the transmis-
sion of foreign shocks and the trade-offs faced by monetary policy. Regarding notation, we
use lowercase letters to denote deviations of a variable from its steady state. For example,
yt = (Yt − Y )/Y denotes the deviation of domestic real GDP from its steady-state level Y .
Furthermore, we use boldface letters and symbols (e.g., x,Ω) to denote vectors and matrices
throughout the text.

We first obtain the set of sectoral Phillips curves in the domestic economy by log-
linearizing the first-order conditions associated with (11):

(27) πHt = κ(mct − pHt ) + βEtπ
H
t+1,

where πHt = [πH1,t, . . . ,π
H
I,t]

⊺ = pHt − pHt−1 is an I × 1 vector containing the domestic sec-
toral inflation rates, pHt = [ pH1,t, . . . , p

H
I,t]

⊺ is an I × 1 vector of domestic sectoral prices,
mct = [mc1,t, . . . ,mcI,t]⊺ is an I × 1 vector of sectoral nominal marginal costs, and κ =
diag (κ1, . . . ,κI) is an I × I diagonal matrix containing the slopes of the sectoral Phillips
curves, with κi = (1− βθi)(1− θi)/θi.

The heterogeneous frequencies of price adjustment imply sector-specific Phillips curve
slopes, collected in κ, which in turn generally give rise to sector-specific prices, pHt , and
inflation rates, πHt . Moreover, note that differences in production structures across sectors,

11These sectoral subsidies remove steady-state distortions arising frommonopolistic competition and ensure
that the flexible-price allocation is efficient.
12We relegate the derivation to Appendix A.
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and in particular IO linkages, do not affect directly (27). However, these features are key
determinants of nominal marginal costs across sectors,mct. To see this, we log-linearize
the solution to the cost-minimization problem (9) and obtain the following expression for
sectoral nominal marginal costs:

(28) mct = αwt +ΩH p
H
t +ΩF

(
τt + pFt

)
= αwt +Ω pHt +ΩFst,

where α = [α1, . . . ,αI]⊺ denotes the vector of sectoral labor shares, with αi = WNi/(PiYi);ΩH
(ΩF) is the domestic (foreign) I × I IO matrix,

ΩH =


ωH11 ωH12 . . . ωH1I
ωH21 ωH22 . . . ωH2I
... ... . . . ...
ωHI1 ωHI2 . . . ωHII

 , ΩF =


ωF11 ωF12 . . . ωF1I
ωF21 ωF22 . . . ωF2I
... ... . . . ...
ωFI1 ωFI2 . . . ωFII

 ,

with elementsωHij = PjX
H
ij /(PiYi) = (1− αi)νij(1− ζij) (ω

F
ij = PjX

F
ij /(PiYi) = (1− αi)νijζij) that

denote the domestic (foreign) IO shares; pFt = [ pF1,t, . . . , p
F
I,t]

⊺ is the I × 1 vector of foreign
sectoral prices in domestic currency, with elements pFi,t = et + p

∗
i,t, and τt = [τ1,t, . . . , τI,t]⊺

is the vector of price wedges faced by the domestic agents.13 Furthermore,Ω = ΩH +ΩF
denotes the total IO matrix, and st = [s1,t, . . . , sI,t]⊺ is an I × 1 vector containing the sectoral
ToT, si,t = τi,t + pFi,t − pHi,t, given by:

(29) st = τt + pFt − pHt .

The expression for marginal costs in (28) helps to build intuition about how foreign
price shocks propagate through the production network. When the price of imported input i
increases due to a price wedge τi,t, its impact on domestic sectors depends on their direct
usage of that input, which is captured by the i-th column of the input–output matrixΩF.

This initial shock then triggers additional general-equilibrium effects. First, domestic
firms adjust their prices pHt in response to higher costs, affecting other domestic producers
through IO linkages captured byΩH. Second, the exchange rate et responds to the shock,
influencing the domestic-currency prices of all foreign goods pFt and creating an additional
cost pressure on firms that use imported inputs. Third, changes in economic activity will
also affect marginal costs through movements in wages, wt.

Let us now build intuition on how wages, and hence marginal costs, are affected. We start
13The expression for pFi,t follows from log-linearizing the law of one price condition (26).
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by considering the log-linearized version of the labor supply condition (21):

(30) wt − pCt = ct +φnt = ct +φ yt,

where the second equality uses that aggregate hours worked, nt, equal aggregate real value
added, yt. Next, to obtain an expression for consumption, ct, we rely on a log-linear approxi-
mation of GDP (19):

(31) yt = (1 +φλ
⊺ΩF1)−1

[
ct + (β

⊺
F + λ

⊺ΩF)st − λ⊺diag (ΩF1)nt
]
,

where nt = [n1,t, . . . ,nI,t]⊺ is an I × 1 vector of sectoral employment levels, βF =[
PFi C

F
i /(P

CC), . . . ,PFI C
F
I /(P

CC)
]⊺

= [β1ζ1, . . . ,βIζI]⊺ denotes the I × 1 vector of foreign con-

sumption shares, λ =
[
PHi Yi/(P

YY ), . . . ,PHI YI/(P
YY )

]⊺
denotes the I × 1 vector of Domar

weights and satisfies λ⊺ = β⊺ (I −Ω)−1, λ⊺ΩF1 =
∑I
i=1
∑I
j=1 PiX

F
ji /(P

YY ) denotes the share
of imported intermediate goods over GDP, and the diagonal matrix diag (ΩF1) collects,
for each sector j, the total cost share of imported intermediate inputs. The consumption
share vector β =

[
β1 β2 . . . βI

]⊺
= βH + βF contains elements βi = PiCi/(PCC), and

βH =
[
PHi C

H
i /(PCC), . . . ,P

H
I C

H
I /(PCC)

]⊺
=
[
β1(1− ζ1), . . . ,βI(1− ζI)

]⊺ denotes the I× 1 vector
of domestic consumption shares.

The above equation shows that real GDP is affected by three components: aggregate
consumption, sectoral ToT, and sectoral employment levels. The last two terms in (31) capture
movements in the domestic trade balance, arising from the aggregation of sector-specific
trade imbalances.

First, movements in the sectoral ToT, st, generate expenditure-switching effects. For
example, an increase in τi,t that makes foreign goods in sector i relativelymore expensive will
generally reduce demand for foreign goods and increase demand for domestically produced
goods. Importantly, because agents are differentially exposed to changes in sectoral prices,
trade imbalances may differ across industries. This is evident from the coefficient on st in
(31), which is given by the vector of foreign consumption shares, βF, and the input–output
matrix relative to foreign producers,ΩF, appropriately aggregated using the vector of Domar
weights, λ. Second, shocks may lead to changes in sectoral labor demand, nt, thereby also
affecting demand for overall intermediate goods, xi,t, and hence sectors’ demand for imports.

Finally, the coefficient (1 +φλ⊺ΩF1)−1 is a general-equilibriummultiplier that captures
second-round effects. Trade imbalances that inducewealth effects on labor supply (and hence
on aggregate GDP) generate changes in wages, which in turn feed back into the demand for
consumption and for imported intermediate goods.

Equation (31) can be further simplified. As shown in Appendix A.2, using the goods
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market-clearing conditions (13) we obtain the following expression for the vector of sectoral
employment:

(32) nt = Nsst −Nττt + (N y − 1)φ yt,

whereNs =
(
I−Λ−1Ω⊤

HΛ
)−1(I−ΩH) andNτ =

(
I−Λ−1Ω⊤

HΛ
)−1(I−Ω) are I× Imatrices

that summarize the elasticity of sectoral employment to sectoral ToT and to the price-wedge
shocks, with Λ = diag(λ), while N y =

(
I − Λ−1Ω⊤

HΛ
)−1

α is a I × 1 vector, and 1 is a I × 1
vector of ones.

The terms in (32) reflect that expenditure switching toward domestic goods, induced
by changes in the ToT, tends to increase labor demand across sectors, whereas the price
wedge shock itself tends to reduce labor demand by depressing overall domestic demand.
The term involving aggregate GDP in (32) captures the general-equilibrium effect of economy-
wide labor supply on sectoral employment through the labor-supply condition. An increase
in aggregate output raises the marginal disutility of labor and therefore tends to increase
real wages, as implied by (30). The resulting effect on sectoral employment depends on the
properties ofN y. In the absence of domestic input-output linkages (ΩH = 0),N y = α and this
channel reduces sectoral employment. With production networks, the sign and magnitude of
the effect are ambiguous and reflect how aggregate output propagates through the network
structure.

Introducing (32) into (31) we obtain:

yt = (1 +φλ
⊺diag (ΩF1)N y)−1

{
ct +

[
β
⊺
F + λ

⊺ (ΩF − diag (ΩF1)Ns)
]
st + λ⊺diag (ΩF1)Nττt

}
.

(33)

Finally, equation (33) features the general-equilibriummultiplier (1 +φλ⊺diag (ΩF1)N y)−1,
which captures the feedback from aggregate GDP to labor supply and import demand through
the network structure. The term λ⊺diag (ΩF1)Nτ governs the direct contribution of sectoral
ToT shocks τt to aggregate output. The overall effect of τt on yt is thus given by the product
of this coefficient and the general-equilibriummultiplier.

Flexible-price equilibrium. We next consider the natural allocation, that is, the allocation that
would prevail in the absence of nominal rigidities. We focus here on the main results and
relegate the derivations to Appendix A.2. There, we also show that the natural equilibrium
coincides with the solution to the social planner’s problem. Therefore, the flexible-price equi-
librium is efficient. In terms of notation, we denote variables associated with this equilibrium
by a superscript n.

In the flexible-price equilibrium, where prices equal nominal marginal costs ( pH,ni,t =
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mci,t) and nominal wages remain constant, the domestic prices adjust as follows:

(34) pH,nt = (I −ΩH)−1ΩFτt.

Equation (34) shows how, in a flexible-price equilibrium, domestic prices adjust in response
to the price-wedge shocks τt. First, there is a direct effect of the shock on domestic prices,
mediated by the direct exposure of domestic industries to foreign sectors,ΩF. Second, there
is a general-equilibrium effect captured by the Leontief inverse with respect to domestic
producers, (I −ΩH)−1. This term captures the fact that, as domestic producers adjust their
prices, these adjustments feed back into marginal costs through the production network,
leading to a further increase in domestic prices. Hence, the presence of input–output linkages
in the production network amplifies the impact of the shock on domestic prices.

Once the response of domestic prices in the natural equilibrium (34) has been derived, it
is straightforward to see that the response of the ToT is given by snt =

[
I − (I −ΩH)−1ΩF

]
τt.

Finally, Appendix A.2 also shows that, under these efficient price adjustments, GDP in the
flexible-price equilibrium remains unaffected by international price-wedge shocks:

(35) ynt = 0.

3.2. Sectoral Phillips Curves

In this section,we examine the implications and relevance of domestic and foreignproduction
networks for the transmission of foreign price-wedge shocks to domestic inflation in a small
open economy.

One-Sector Small Open Economy. To more transparently identify the contribution of produc-
tion networks to the transmission of foreign shocks, we first consider the New Keynesian
Phillips curve in a one-sector economy in which production uses intermediate inputs. In
Appendix A.2, we show that in this case the Phillips curve is given by:

πHt = κ(1 +φ)(1−ωH) ỹt + βEtπ
H
t+1,(36)

where ỹt denotes the output gap—computed as the log-deviation from the natural output
prevailing under price flexibility— and ωH denotes the share of domestically produced
intermediate goods used in Home’s production in this one-sector economy.

Equation (36) is analogous to the expression derived in Gali and Monacelli (2005) for a
one-sector small open economy, but extended to allow for intermediate goods. Three features
stand out. First, domestic price inflation is itself the inflation index associatedwith output-gap
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stabilization. Second, the presence of intermediate goods (ωH > 0) reduces the slope of the
Phillips curve in (36), in line with the results of Christiano (2016) and Rubbo (2023) for closed
economies. Third, conditional on the domestic intermediate-input shareωH, the slope of
the Phillips curve is independent of the degree of openness of the economy: the slope in
the open economy coincides with the one that would arise in a one-sector closed economy
with the same domestic intermediate-input intensity. Openness margins that operate by
displacing domestic intermediates—loweringωH—would of course move the slope through
that channel.

The previous set of results, as shown in Gali and Monacelli (2005), relies on the assump-
tion of unitary elasticities of substitution between domestic and foreign goods and on the
assumption of log utility. Although these assumptions may seem strong—and indeed we relax
them in Section 4 for our quantitative application— they provide a useful benchmark for
analyzing the impact of production networks, to which we now turn.

Multi-sector Small Open Economy. In our baseline small open economy with production
networks and multiple sectors, combining equations (27), (28), (30), and (33), the domestic
sectoral Phillips curves can be written as14

πHt =B
(
1 +φ +φλ⊺diag (ΩF1)N y

)
ỹt +Ψs̃t −Vχt + β(I −V)EtπHt+1,(37)

where ñt =
[
ñ1,t . . . ñI,t

]⊺
denotes the vector of sectoral employment gaps, s̃t =[̃

s1,t . . . s̃I,t
]⊺
denotes the vector of sectoral ToT gaps, and the vector χt ≡ pHt−1 − (I −

ΩH)−1ΩFτt denotes the wedge between lagged domestic prices, pHt−1, and the efficient
response of domestic prices to the shocks, as given by equation (34).

The derivations of the matrices B = ∆(I − Ω∆)−1α/[1 − β⊺∆(I − Ω∆)−1α] and V ={
∆(I −Ω∆)−1 −B[λ⊺ − β⊺∆(I −Ω∆)−1]

}
(I − Ω) are equivalent to those in the closed-

economy version of the model in Rubbo (2023), with ∆ = (I + κ)−1κ. Finally, Ψ ≡ ∆(I −
Ω∆)−1ΩF+Bβ⊺∆(I−Ω∆)−1ΩF+Bλ⊺ (diag (ΩF1)Ns −ΩF) denotes the slope of the Phillips
curve with respect to the ToT gaps.

The vector of sectoral Phillips curves in (37) shows that production networks can play a
key role in shaping both the transmission of international price shocks to domestic prices
and the trade-offs faced by the monetary authority.

More precisely, and in contrast to the one-sector economy, it is apparent from (37) that
closing the output gap, ỹt, does not in general stabilize inflation across domestic sectors,
πHt , because of sectoral wedges contained in χt and inefficient movements in the sectoral

14We relegate the derivation to Appendix A.2.
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ToT, s̃t.15We next describe how each element transmits into domestic sectoral inflation and
shapes the trade-offs faced by the monetary authority under conventional inflation targets.

We first focus on the slope of domestic sectoral inflation with respect to the output gap,
given byB

(
1 +φ +φλ⊺diag (ΩF1)N y

)
. The first component,B (1 +φ), is analogous to the

slope in a closed economy with production networks, after appropriately recalibrating con-
sumption and input–output shares. The intuition for this coefficient follows Rubbo (2023).
In such a closed economy, 1 +φ is the slope of labor supply, determining how an increase
in employment translates into real wages. This increase in real wages feeds into marginal
costs and inflation through two channels captured byB. The first channel,∆(I −Ω∆)−1α,
captures the increase in nominal wages via the direct effect mediated by the labor share α,
and via the indirect effect operating through the production network, ∆(I − Ω∆)−1. The
latter term governs pass-through into prices by incorporating price stickiness, via∆, and the
indirect effect of higher prices of domestic suppliers through the rigidity-adjusted Leontief
inverse, (I −Ω∆)−1. The resulting increase in prices due to higher nominal wages raises
the consumer price level, thereby partially offsetting the initial increase in real wages. This
is captured by the the second component present in B, 1/[1 − β⊺∆(I − Ω∆)−1α], which
uses consumption shares, β⊺, to aggregate the increase in sectoral prices induced by higher
nominal wages,∆(I −Ω∆)−1α, into the consumer price level.

The second term of the slope, φBλ⊺diag (ΩF1)N y, is shaped by the open economy di-
mension. In contrast to the one-sector economy, the closed- and open-economy slopes no
longer coincide:

PROPOSITION 1. The slope of the Phillips curve (37) with respect to the output gap is strictly steeper
than its closed-economy counterpart.

PROOF. See Appendix A.

Proposition 1 shows that international production networks steepen the Phillips curve
relative to a closed economy. Importantly, this result does not arise because firms’ pricing
decisions are intrinsically more sensitive to demand. Rather, it reflects a general-equilibrium
mechanismwhereby producing a given increase in domestic output requires a larger increase
in domestic labor input once imported intermediate goods and sectoral trade imbalances are
taken into account.

To see this, consider an increase in the output gap. As shown in equation (33), in an
economy with international production networks aggregate consumption increases by more
than aggregate output, generating a wedge between consumption and output that is propor-
tional to λ⊤ diag(ΩF1)N y. This wedge reflects the general-equilibrium feedback described
15This observation concerns the vector of sectoral inflation rates, rather than the particular weighted index

characterized below.
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in Section 3: part of the additional output is used to cover the higher demand for imported
intermediate inputs that accompanies higher domestic production, and the associated trade
imbalance feeds back into household wealth and consumption by more than the direct
increase in value added.

The presence of this consumption–output wedge has direct implications for labor supply.
Because consumption rises by more than output, households must supply the labor needed
to produce the output gap while also absorbing a larger increase in consumption. Through
the labor-supply condition (30), wt − pCt = ct +φ yt, this additional consumption growth adds
directly to the required increase in the real wage, over and above the usual φ yt term. In this
sense, international production networks amplify the labor-supply response associated with
a given output gap.

Higher real wages feed directly into firms’ marginal costs. As a result, for a given increase
in the output gap, marginal costs rise by more in the presence of international production
networks. This amplification is made explicit in equation (37), where the slope of the Phillips
curve depends on the additional termφλ⊺diag (ΩF1)N y, which reflects this network-induced
amplification of the labor-supply channel.

We next focus on the coefficient governing the transmission of sectoral ToT gaps into
domestic prices, Ψ, which is also absent in the one-sector framework. This transmission
operates through the following main channels.

First, there is a direct effect on marginal costs. This effect is given by the direct exposure
to sectoral ToT gaps, captured byΩF, andmultiplied by the component∆(I−Ω∆)−1 ofΨ. As
in the case of the slope with respect to the output gap, the latter term captures the direct effect
on prices,∆, and the indirect effect through the production network, via the rigidity-adjusted
Leontief inverse (I−Ω∆)−1. That is, this channel would be present in amulti-sector economy
with heterogeneous sectors even in the absence of cross-sector input–output linkages—where
ΩF would be diagonal—but is further reinforced by the production network linkages.

Second, sectoral ToT gaps also affect marginal costs indirectly through wages, via their
impact on the aggregate consumer price level. In particular, a vector of ToT gaps s̃t induces
an increase in domestic prices given by∆(I−Ω∆)−1ΩF s̃t, which raises the CPI. Holding real
wages fixed therefore requires an increase in the nominal wage. This scalar wage adjustment
feeds back into sectoral marginal costs and prices according to the coefficientBβ⊤∆(I −
Ω∆)−1ΩF, which constitutes the second term ofΨ. Hence, this term should be interpreted
as the matrix of coefficients translating the common nominal-wage response induced by ToT
movements into sectoral inflation dynamics.

The following result states that a deterioration in the ToT, such as the one caused by a
price-wedge shock, tends to increase domestic prices through the two channels discussed
above.

20



REMARK 1. The elements inΨ related to the first and second transmission channels,∆(I−Ω∆)−1ΩF
andBβ⊺∆(I −Ω∆)−1ΩF, respectively, are entrywise non-negative. Moreover, any entry corre-
sponding to a domestic sector that is directly or indirectly exposed to foreign sectors throughΩF is
strictly positive. In particular, strict positivity holds entrywise under the additional assumption that
the relevant network is sufficiently connected and that the associated IO shares are strictly positive.

The third and final channel is captured by the last term ofΨ,Bλ⊺ (diag (ΩF1)Ns −ΩF),
which summarizes how inefficient movements in sectoral ToT generate sectoral trade im-
balances that affect labor supply and wages, and thereby feed into sectoral inflation. Two
opposing forces are at play. On the one hand, the associated scalar real-wage response to
ToT-induced expenditure switching reflects a decline in imports, which is mapped into sec-
toral marginal costs through the coefficientBλ⊤ΩF. On the other hand, in a counteracting
effect, this same expenditure switching toward domestic goods raises sectoral employment,
with elasticityNs, and thereby increases demand for imported intermediate goods, pushing
up real wages and marginal costs. The following proposition also clarifies why this term is
absent in a one-sector economy, even when intermediate goods are present:

PROPOSITION 2. SupposeΩH andΩF are diagonal, so that no sector uses another sector’s output
as an intermediate input, either domestically or from abroad. Then diag (ΩF1)Ns =ΩF, and hence
the third channel ofΨ vanishes identically.

PROOF. See Appendix A.

The previous proposition illustrates that what matters are production linkages across
sectors: the termBλ⊺ (diag (ΩF1)Ns −ΩF) is absent not only in one-sector economies, but
also inmulti-sector frameworks with heterogeneous sectors and no cross-sector relationships
in the production network—where bothΩF andΩH are diagonal matrices. With cross-sector
linkages this term is generically non-zero, as documented quantitatively in Appendix A.3.

The intuition is as follows. Consider the one-sector economy with intermediate goods
characterized by the Phillips curve (36). In that case, a 1% increase in the ToT translates one-
to-one into higher demand for the domestic intermediate good, given the unitary elasticity of
substitution. The associated increase in the demand for imports arising from higher sectoral
employment exactly offsets this effect, given the Cobb–Douglas production function, thereby
leaving net exports—and hence wages—unchanged. With cross-sector linkages, however,
other domestic sectors also reallocate demand toward the now cheaper domestic sector,
further increasing overall demand and generating trade imbalances that distort real wages
and inflation.

Finally, the term χt ≡ pHt−1 − (I − ΩH)−1ΩFτt extends the result in Rubbo (2023) for
domestic TFP shocks to our open economy with international price-wedge shocks. It incor-
porates the direct effect of the international price shock into domestic prices. This effect
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depends on the sectoral exposure to international prices, measured byΩF, as well as on the
exposure to the induced increase in domestic prices, captured by the multiplier (I −ΩH)−1.
These price changes feed into inflation through two offsetting channels summarized by V:
directly, through higher marginal costs, as captured in the term∆(I −Ω∆)−1, and indirectly,
through lower real wages, as captured byB[λ⊺ − β⊺∆(I −Ω∆)−1].

The above discussion shows that accounting for both domestic and international pro-
duction networks is crucial for understanding the propagation of international price-wedge
shocks. Beyond transmission, production networks also shape the persistence of the infla-
tionary episode. To lay bare this persistence, it is instructive to set the forcing terms of
(37)—the output gap, the sectoral terms-of-trade gaps, and the price-wedge shock—to zero
( ỹt = s̃t = τt = 0), which isolates the homogeneous dynamics:

πHt = −V pHt−1 + β(I −V)EtπHt+1.(38)

Here the lagged price level pHt−1 is the only source of endogenous inertia, with loading V.
The following proposition characterizes how the network shapes this persistence.

PROPOSITION 3. Consider the homogeneous dynamics (38).
(i) Suppose V is diagonalizable with real eigenvalues in [0, 1), a property we verify numerically

for every calibrated network considered in this paper.16 Along each eigendirection of V, the
price level follows a stable autoregressive process with root ρj = g(vj), where vj is the associated
eigenvalue and

g(v) =
[1 + β(1− v)]−

√
[1 + β(1− v)]2 − 4β(1− v)2
2β(1− v)

(39)

is strictly decreasing, with g(0) = 1 and g(1) = 0. The matrix V always has a zero eigenvalue
along the uniform direction 1, associated with the aggregate price level; the persistence of
relative prices, which drives conventional inflation indices following an asymmetric shock, is
governed by the smallest strictly positive eigenvalue of V.

(ii) In the one-sector economy V = 0 and the Phillips curve (36) is purely forward-looking. With
I ≥ 2 interconnected sectorsV is generically non-zero. Index the intensity of the input–output
network by a ∈ [0, 1], scaling all input shares uniformly,Ω(a) = aΩ, with labor shares
α(a) = 1 − aΩ1 adjusting to preserve constant returns to scale, and let price rigidity be
common across sectors,∆ = zI with z ∈ (0, 1). If the eigenvalues ofΩ−Ω1β⊺ are real and
non-negative, then every strictly positive eigenvalue of V is non-increasing in a—strictly
decreasing along every eigendirection whose associated eigenvalue ofΩ−Ω1β⊺ is strictly

16We diagonalize V for each of the five euro-area economies under every network configuration used in
Section 4 and confirm that its eigenvalues are real and lie in [0, 1) throughout.
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positive—and, by part (i), the persistence of inflation is increasing in the intensity of the
input–output network.

PROOF. See Appendix A.

Proposition 3 identifies the production network as the source of the endogenous persis-
tence of inflation. The mechanism is the network propagation of nominal rigidity: through
marginal costs, each producer inherits the price stickiness of its suppliers, so that rigidity
accumulates along the input–output chain (Huang and Liu 2004; Ghassibe 2021). In ourmodel
this operates through the rigidity-adjusted Leontief inverse (I −Ω∆)−1 =

∑
k≥0(Ω∆)k that

enters V: a more intensive network raises the higher-order terms of this series, slowing the
decay of the price level and lengthening the inflationary episode.

This persistence is a property of the network structure rather than of the number of sectors
or of cross-sectoral heterogeneity in price rigidity: it requires interconnected sectors—it is
absent in the one-sector economy of equation (36), which features the same intermediate-
input intensity—and it is generated by the structure ofΩ while the sectoral rigidities∆ are
held fixed. It is thus distinct frommechanisms operating through sectoral heterogeneity in
price stickiness (Pasten et al. 2020). These properties shape the quantitative counterfactuals
of Section 4, which hold the set of sectors and the sectoral rigidities ∆ fixed and remove
blocks of the input–output matrixΩ, reassigning the eliminated input shares to labor so
as to preserve constant returns to scale. The resulting differences in the half-life of the
cumulative headline response thus capture the contribution of network propagation together
with the implied shift toward a more labor-intensive technology; Appendix A.3 disentangles
the two margins (Figure 2). The international dimension enters through Ω = ΩH + ΩF:
removing imported intermediatesΩF shortens the chains along which stickiness propagates
and reduces persistence, as in the counterfactual without international input linkages.

The Divine Coincidence Inflation Index. In a closed economy, Rubbo (2023) shows that the
inflation index associated with output-gap stabilization weights sectoral inflation by sales
shares and by the inverse of sectoral price flexibility. These weights align aggregate inflation
with the sales-weighted mark-up gap that determines aggregate output. We next characterize
how openness changes these weights.

In the open economy, this mapping is modified by the presence of imported intermediate
inputs. Gross sales no longer measure the amount of domestic value added embodied in each
sector’s production. In particular, the term

[
(I −ΩH)−1α

]
imeasures the total domestic value-

added content embodied in sector i, taking into account all rounds of production through the
domestic input-output network. By constant returns to scale, (I−ΩH)−1α = 1−(I−ΩH)−1ΩF1.
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Thus, the domestic value-added content of a sector is lower when its production relies more
heavily, directly or indirectly, on imported intermediate inputs.

Although the aggregate output gap depends on sectoral ToT gaps, as shown in Appendix A
(see equation A.61), the ToT gaps are themselves jointly determined with sectoral mark-ups.
Combining these equilibrium relations, we show in Appendix A that

ỹt = − 1
1 +φ

I∑
i=1
λi

[
(I −ΩH)−1α

]
i
µi,t.(40)

Thus, aggregate output is determined by a constant-weight combination of sectoral mark-up
gaps, once sales shares are adjusted for their domestic value-added content. The following
proposition characterizes the corresponding inflation index.

PROPOSITION 4. Define the open-economy Divine Coincidence Inflation index as

πDCt =

I∑
i=1

λi
κi

[
(I −ΩH)−1α

]
i
πHi,t

I∑
j=1

λj
κj

[
(I −ΩH)−1α

]
j

.(41)

This index satisfies

πDCt =
1 +φ

I∑
j=1

λj
κj

[
(I −ΩH)−1α

]
j

ỹt + βEtπ
DC
t+1.(42)

Consequently, closing the aggregate output gap at all dates stabilizes the open-economy DCI at all
dates, and vice versa.

PROOF. See Appendix A.

Proposition 4 shows how international input-output linkages modify the sectoral weights
of the DCI relative to the closed-economy benchmark of Rubbo (2023). The Domar weight
of each sector is adjusted by the domestic value-added content of its production. Sectors
whose gross sales embody a larger amount of imported inputs receive a lower weight because
a smaller fraction of their sales corresponds to domestic value added and domestic labor
income. When there are no imported intermediate inputs,ΩF = 0 and constant returns to
scale imply (I −ΩH)−1α = 1. The weights then reduce to λi/κi, as in Rubbo (2023).
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This domestic value-added adjustment provides a direct comparison with Qiu et al. (2026).
Their output-gap-stabilizingweights combine three channels—the sector’s role as a supplier to
domestic demand, its contribution to net exports (and hence to domestic labor income), and
a net-profit income channel—under period-by-period balanced trade in a static economy.17 In
our complete-markets environment, international risk sharing collapses these margins into
the domestic value-added content term in (41). In both cases, openness shifts weight away
from sectors whose gross sales largely embody foreign inputs; what differs is the sufficient
statistic implementing this adjustment, and the difference is pinned downbyhow the external
account is closed. Under period-by-period balanced trade, the destination of a sector’s sales
matters—exports must finance imports contemporaneously—so the weights must track these
margins separately. Under complete risk sharing, state-contingent transfers absorb trade
imbalances, the destination of sales becomes irrelevant, and the margins collapse into a
single statistic: the domestic value-added content of the sector’s sales.

4. Quantitative Analysis

A key determinant of the recent inflation surge in the EA has been the increasing energy
prices (Arce et al. 2024). Motivated by this, we next use our model to explore the aggregate
effects of a shock to the price of imported energy paid by European firms. For this purpose,
we extend the analytical framework presented in Section 3 on several dimensions.

4.1. Quantitative Model

After having derived intuition for the main transmission mechanisms and implications of
foreign shocks in the previous simplified framework, we now turn to a quantitative analysis
introducing features commonly present in workhorse New Keynesian open economymodels.
Motivated by the recent energy crisis, we focus on the effects of international energy price
shocks. We highlight next the main differences relative to the simpler environment discussed
in Section 3, and relegate to Appendix B the full characterization of the equilibrium equations
of the quantitative model.

17Qiu et al. (2026) implement output-gap stabilization by setting to zero the index
∑

iMOG,i
1−δi
δi

πi,t, where δi
is the probability of price adjustment and the weightMOG,i combines the sector’s centrality as a supplier to
domestic demand, its net-export centrality, and a net-profit income channel, the latter two scaled by a factor
increasing in openness (their Theorem 1 and Proposition 2). In a closed economy these weights collapse to the
Domar weight, recovering Rubbo (2023), just as our weights collapse to λi/κi whenΩF = 0.
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4.1.1. Assumptions

First, as specified in the general environment in Section 2, we consider a K ≥ 2 number of
countries, which are potentially different in their preferences and technologies. More in par-
ticular, we no longer restrict utility (1) to be logarithmic: U(Ck,t) = C

1−σ
k,t /(1− σ). Furthermore,

we allow for nominal wage rigidities (Erceg et al. 2000), heterogeneous across countries but
homogeneous across sectors.

We consider more general CES production function (6), without imposing a unitary elas-
ticity of substitution:

Yki f ,t =

[
α̃

1
ψ

kiN
ψ−1
ψ

ki f ,t + ϑ̃
1
ψ

ki X
ψ−1
ψ

ki f ,t

] ψ
ψ−1

.(43)

Similarly, we assume a CES structure for the consumption (2) and intermediate (7) good
aggregators. Given the quantitative focus on energy shocks, we introduce an additional layer
to distinguish between energy and non-energy goods,18

Ck,t =

[
β̃

1
γ

k (C
E
k,t)

γ−1
γ +

(
1− β̃k

) 1
γ (CMk,t)

γ−1
γ

] γ
γ−1

, Xki,t =
[
β̃

1
ϕ

ki (X
E
ki,t)

ϕ−1
ϕ + (1− β̃ki)

1
ϕ (XMki,t)

ϕ−1
ϕ

] ϕ
ϕ−1

,

(44)

where CEk,t and C
M
k,t denote the consumption of energy and non-energy goods, respectively,

and XEki,t and X
M
ki,t sector i intermediate goods’ demand for energy and non-energy goods,

respectively. These are given by:

CEk,t =

∑
i∈IE

ν̃
1
η

kiC
η−1
η

ki,t


η
η−1

, CMk,t =

∑
i∈IM

υ̃
1
ι
kiC

ι−1
ι
ki,t

 ι
ι−1

,(45)

XEki,t =

∑
j∈IE

ν̃
1
χ

kijX
χ−1
χ

kij,t


χ
χ−1

, XMki,t =

∑
j∈IM

υ̃
1
ξ

kijX
ξ−1
ξ

kij,t

 ξ
ξ−1

,(46)

where IE and IM denote the sets of sectors producing energy and non-energy goods, respec-
tively. The aggregation over sectoral goods produced in different countries is given by CES
18This specification allows us to introduce a specific elasticity of substitution of the energy consumption that

does not necessarily need to be equal to the elasticity of substitution between the rest of goods and services.
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aggregators:

(47) Cki,t =

 K∑
l =1
ζ̃
1
δ
kl iC

δ−1
δ
kl i,t

 δ
δ−1

and Xkij,t =

 K∑
l =1
ζ̃
1
µ

kl ijX
µ−1
µ

kl ij,t


µ
µ−1

.

Second, we consider the case of incomplete financial markets, where only one interna-
tional bond is traded, denominated in country K’s currency. This means that an analogous
risk-sharing condition of the type (24) no longer holds.

Third, regarding the price-setting structure we implement the following features. We
dispense with the assumption on production sectoral subsidies τ pki, allowing for positive
profits at steady state. In addition, we adopt the LCP paradigm (Devereux and Engel 2003),
meaning that a law of one price similar to (26) no longer holds.

We assume that the (log-)price wedge, introduced in (5), follows an AR(2) process:

(48) τl kj,t = ρ
τ
1,l kjτl kj,t−1 + ρ

τ
2,l kjτl kj,t−2 + ε

τ
l kj,t,

where ετl kj,t ∼ N
(
0, (στl kj)

2
)
.

4.1.2. Monetary Authority

There is a monetary authority in each country k ∈ K. In terms of the monetary stance, we
differentiate between those countries that belong to a monetary union and those countries
that are member states of currency unions.

Non-members of Currency Unions. Each central bank follows a Taylor rule:

ik,t = ρ
r
kik,t−1 +

(
1− ρrk

) (
ϕπkπ

ϕ
k,t + ϕ

y
k ŷk,t

)
+ εrk,t,(49)

where the coefficients are allowed to vary by country; ρrk denotes the degree of interest rate
smoothing in the monetary instrument, coefficients {ϕπk ,ϕ

y
k } modulate the elasticity of the

policy rate with respect to changes in a given inflation index πϕk,t, and output ŷk,t, measured
as the log-deviation from its steady-state value. The Taylor rule features a monetary policy
shock, which follows εrk,t ∼ N

(
0, (σkr)2

)
.

Furthermore, we allow the monetary authority to choose the particular inflation mea-
sure (CPI, PCE, PPI, GDP deflator, etc.) that they aim to stabilize, πϕk,t = Φ⊺πk,t =∑K
l =1
∑I
i=1ϕkl iπkl i,t, where

∑K
l =1
∑I
i=1ϕkl i = 1. For example, when ϕkl i is equal to the con-

sumption share of sector i in the country k, then the central bank targets headline inflation.
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Members of Currency Unions. Suppose that a subset KMU ⊂ K of countries belongs to a
monetary union. Without loss of generality, we assume that the central bank of a country
kMU ∈ KMU sets the nominal interest rate to stabilize the union-wide price inflation index
and output deviations, πMUt and ŷMUt ,19

iMU,t = ρrMUiMU,t−1 +
(
1− ρrMU

) (
ϕπMUπ

ϕ
MU,t + ϕ

y
MU ŷMU,t

)
+ εrMU,t,(50)

where πϕMU,t =
∑
k∈KMU ϕ

MU
k π

ϕ
k,t and ŷMUt =

∑
k∈KMU ϕ

MU
k ŷk,t are defined as the GDP-

weighted sum of member states’ price inflation and output deviations, where ϕMUk =
Yk/
∑
l∈KMU Yl is the measure of the (steady-state) relative size of country k in the monetary

union in terms of nominal GDP.
The central banks in the rest of countries l ̸= kMU that belong to the monetary union

adopt a peg vis-a-vis the country kMU that sets the monetary stance:

(51) Ek
MU

k,t = Ek
MU

k ∀k ∈ KMU \ {kMU},

where EkMUk is the bilateral nominal exchange rate in steady state.

4.2. Model Calibration

We calibrate the model economy presented in Section 4.1 at the quarterly frequency to K = 6
countries: Spain, France, Italy, Germany, the Rest of the EA (REA), and the Rest of the World
(ROW). The production structure within each country contains I = 44 sectors.20 We next
discuss the calibration strategy and collect in Table 1 the main parameter values and the
corresponding targets or sources.

Households. We set the household’s discount factorβ to 0.99, implying an annual real interest
rate of approximately 4.1%. The intertemporal elasticity of substitution σ is set to 1, a common
value in the literature. The inverse of the Frisch elasticityφ is set to 1, in linewith the estimates
presented in Chetty et al. (2011). Households’ borrowing premium γ∗ is set to 0.001 so that
the evolution of net foreign assets has only a small impact on the exchange rate and trade in
the short run while guaranteeing that the net foreign asset position is stabilized at zero in the
long run (Schmitt-Grohe and Uribe 2003).

The elasticity of substitution in consumption between energy and non-energy goods γ is
set to 0.4 following Böhringer and Rivers (2021). The elasticity of substitution in consumption
19The specific location of the union-wide central bank is innocuous as long as it targets union-wide variables.
20A detailed list of the sectors included in the analysis can be found on Table D.1, in Appendix D.
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Parameter Description Value Target / Source

Households
β Discount factor 0.99 R ≈ 4.1% p.a.
σ Inv. Intertemp. Elast. Subs. 1 Standard Value
φ Inv. Frisch Elasticity 1 Chetty et al. (2011)
γ Elast. Subst. E andM 0.4 Böhringer and Rivers

(2021)
η Elast. Subst. E 0.9 Atalay (2017)
ι Elast. Subst.M 0.9 Atalay (2017)
δ Trade Elasticity 1 Standard value
{β̃k, ν̃ki, υ̃ki, ζ̃kl i} Quasi-shares consumption ICIO tables (OECD)
θwk Calvo wage prob. 0.75 Christoffel et al.

(2008)

Firms
ψ Elast. Subst. N and X 0.5 Atalay (2017)
ϕ Elast. Subst. E andM 0.4 Böhringer and Rivers

(2021)
χ Elast. Subst. E 0.2 Atalay (2017)
ξ Elast. Subst.M 0.2 Atalay (2017)
µ Trade Elasticity 1 Standard value
{α̃ki, ϑ̃ki, β̃ki, ν̃kij, υ̃kij, ζ̃kij} Quasi-shares production ICIO tables (OECD)
Mki Markups Labor shares (Euro-

stat)
θ
p
ki Calvo price prob. Gautier et al. (2024)

Monetary Policy
ρk,r Interest Rate Smoothing 0.7 Standard Value
ϕk,π Reaction to Inflation 1.5 Galí (2015)
ϕk, y Reaction to real GDP 0.125 Galí (2015)

Exogenous Shock Process
ρτ1,kl i Persistence price wedge shock 1.17 Brent crude oil
ρτ2,kl i Persistence price wedge shock -0.2 Brent crude oil
στkl i Std. Dev. price wedge shock 1 Standard Value
σrk Std. Dev. monetary shock 1 Standard Value

Notes: List of calibrated parameters. See the main text for a discussion on targets, values, and data used.

TABLE 1. Calibration

between energy sources η and between non-energy sectors ι is set to 0.9 following Atalay
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(2017). Household’s trade elasticity δ is set to 1.21

To calibrate the quasi-consumption shares {β̃k, ν̃ki, υ̃ki, ζ̃kl i} we rely on the linearized
model to target the respective consumption sectoral consumption shares in each coun-
try. More precisely, in Appendix B we show that once the model has been linearized, it is
possible to read directly consumption shares from the data as long as we have as many
quasi-consumption shares parameters as data targets. Implementing this strategy, we obtain
consumption shares by country from Inter-country Input Output (ICIO) tables produced by
the OECD, using 2019 as our baseline period. Figure D.1A in Appendix D reports a heatmap of
the consumption share βkl i = PkiCkl i/(PCk Ck), where each element denotes the consumption
share of sector i of country l in households’ basket of country k.

Regarding wage rigidities, ECB (2009) report limited cross-sectoral heterogeneity in wage
frequency adjustments for EA countries. Therefore, we fix the Calvo wage non-adjustment
probability θwk to 0.75 for all countries—so that wages are reset on average once a year—in
line with the evidence presented in Christoffel et al. (2008) for the EA.

Production. The elasticity of substitution in production between labor and intermediate
inputsψ is set to 0.5 (Atalay 2017). The elasticity of substitution in production between energy
and non-energy goodsϕ is set to 0.4 (Böhringer and Rivers 2021). The elasticity of substitution
in production between energy sectors χ and between non-energy sectors ξ is set to 0.2,
following the estimates of Atalay (2017). Finally, as with households, we set the trade elasticity
for firms µ, equal to one.

We follow the same strategy as with households to calibrate the quasi-shares in production
{α̃ki, β̃ki, ν̃kij, υ̃kij, ζ̃kij}. Namely, using the linearizedmodel around the steady-statewe directly
read from the data the shares of each intermediate good in production as well as the shares of
labor and production in total costs. Our data source here again is the 2019 ICIO tables from the
OECD. Figure D.1C reports a heatmap of the home IOmatrix of the EA,ωkkij = PkjXkkij/(PkiYki),
where each element denotes the input share of sector j for output sector i, both sectors inside
the EA; in this aggregate representation, input flows between EA member countries are
included in the home block. Similarly, figure D.1D reports a heatmap of the foreign IO matrix
of the EA,ωkl ij = Pl jXkl ij/(PkiYki) with k = EA and l = ROW, where each element denotes the
input share of sector j purchased from the ROW for output sector i inside the EA. We report
in Appendix D the equivalent graphs for each country separately (Figure D.2).

We complement the ICIO tables with the Figaro database by Eurostat to calibrate the
labor share of each industry. Namely, once the quasi-shares in production have been used,
21A growing body of literature has estimated the value of these elasticities for different time horizons, finding

that the values of trade elasticities are significantly greater than one in the long term but not in the short term,
with values around 1 for horizons of up to two years (Boehm et al. 2023). Given that the focus of our work is
closer to a cyclical analysis rather than long-term, we choose the value of 1.
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we calibrate the sector-specific markupsMki to target the wage-bill-over-sales observed in
the data. Figure D.1B reports a heatmap of the labor share αki = WkNki/(PkiYki), where each
element denotes the labor share of sector i in country k.

Sectoral price rigidities are obtained from Gautier et al. (2024). Using CPI micro-data
from several EA countries, the authors report the frequency of price adjustment by COICOP
categories for each country separately, and from the aggregate EA. Using the COICOP–to–
NACE correspondence tables (Kouvavas et al. 2021), we compute the frequency of price
adjustment by each NACE category in each country, and obtain the heterogeneous price
rigidities θ pki for Spain, France, Italy, Germany and REA. Finally, we assume that the ROW
price rigidities coincide with the aggregate REA price rigidities.

A drawback of the evidence presented in Gautier et al. (2024) is that it does not contain
consistent price adjustment frequency data on energy goods. Therefore, we complement this
with the evidence presented in Dhyne et al. (2006) on price adjustments for energy goods for
EA countries. In line with the data presented there, and not surprisingly, energy sectors in
the model have the steepest price Phillips Curves, with nearly fully flexible prices. Figure
D.1E reports a heatmap of the pricing rigidities θ pki, where each element denotes nominal
price-setting rigidity of sector i in country k.

Monetary Policy. All Taylor rule parameters are set to standard values, and are homogeneous
across countries. The interest-rate smoothing coefficient ρrk is set to 0.7. The coefficients for
inflation and output, ϕπk and ϕ

y
k , are set to their standard values of 1.5 and 0.125, respectively.

Furthermore, we assume that central banks target the headline inflation index.

Exogenous Processes. We fit the persistence coefficients of the energy price shock to the
time-series data of the Brent crude oil. The variance of the innovation is set to 1. Lastly, the
variance of the monetary policy shock is also set to 1.22

4.3. Results

In this section, we first analyze the dynamics of EA variables, with a focus on how these
dynamics are shaped by IO linkages. Second, we analyze the contribution of production
networks to inflation dynamics through a series of counterfactuals. Third, we explore how
the trade-off between the output gap and inflation stabilization is affected by the presence of
the international IO production networks.
22Setting the innovation variances to one is a normalization choice. The quantitative experiments in the

next section are defined directly in terms of a 10% increase in the energy price wedge τkl j, so the scale of the
stochastic innovations does not affect the impulse responses reported there.
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The energy price shock we analyze is structured as follows. In both the model and the
data, the energymining sector of the ROWextracts themain energy products.23 These energy
goods are then sold to EA firms that primarily belong to the energy sectors Coke and refined
petroleum and Electricity.24 After being processed by these sectors, energy goods are then
supplied to households as consumption goods, and to the remaining sectors of the economy
as energy intermediate goods used in the production process.

In line with the previous reasoning, we consider a 10% increase in the price wedge τkl j
between the price charged by the energy mining sector located ROW and the price paid by
EA firms. Formally, we set k = {ES,DE,FR,IT,REA}, l = ROW and j = energy mining.

4.3.1. TheMacroeconomic Effects of Rising International Energy Prices

Figure 1 shows the IRFs of EA GDP (Panel 1B), real consumption (Panel 1C), headline inflation
(Panel 1D), core inflation (Panel 1E), wage inflation (Panel 1F), net exports (Panel 1G), MU
central bank policy rate (Panel 1H), and the nominal exchange rate with respect to the ROW
(Panel 1I) . The increase in the price of imported energy paid by EA firms is shown in Panel
1A.

The increase of production costs for EA firms induces them to decrease labor demand
and hence production, with value-added (real GDP) falling. In addition, the increase in
international energy prices means a negative wealth shock for households, reducing their
demand for domestic goods. Overall, we obtain a fall in real consumption larger than the fall
in real GDP. Both real exports and real imports fall, but imports fall by more—households
and firms substitute away from the nowmore expensive foreign goods—so the net-export
measure in Panel 1G, defined as the difference between the percentage deviations of real
exports and real imports (the log export–import ratio, since steady-state net exports are
zero), increases. The systematic monetary policy stance of the central bank of the monetary
union reacts by increasing the policy rate to control inflation. As a result, the currency of the
monetary union appreciates, which—under our convention—corresponds to a decline in the
nominal exchange rate (domestic currency per unit of foreign currency) and therefore to an
increase in its reciprocal, as shown in Panel 1I.

Headline inflation responds immediately and sharply, reflecting the high price flexibility
of energy sectors in the model and the non-negligible share of energy goods in households’
consumption basket. The inflationary spike is followed by a more persistent rise in core
inflation, which remains elevated long after the initial shock, contributing to the persistent
23In the data, this corresponds with the Mining and quarrying of energy products sectors, which accounts for

sections B.5 and B.6 in the ISIC, Rev.4 classification.
24In the data, these correspond with sections C.19 and D.35 in the ISIC, Rev.4 , classification respectively.
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A. IRF of EA Imported Energy Prices B. IRF of EA Output C. IRF of EA Consumption

D. IRF of EA Headline Inflation E. IRF of EA Core Inflation F. IRF of EAWage Inflation

G. IRF of EA Net Exports H. IRF of EA Policy Rate I. IRF of (inverse) EA Nominal Ex-
change Rate vs. ROW

FIGURE 1. Effects of an International Energy Price Shock on EA Variables

Notes: IRFs of EAmacroeconomic variables: import energy prices (Panel 1A), real GDP (Panel 1B), real consump-
tion (Panel 1C), headline inflation (Panel 1D), core inflation (Panel 1E), wage inflation (Panel 1F), net exports
(Panel 1G; difference between the percentage deviations of real exports and real imports, since steady-state net
exports are zero), nominal interest rate (Panel 1H), and nominal exchange rate vs. Rest of the World (Panel 1I)
to a 10% peak increase in imported energy prices.

increase of headline inflation.25 Intuitively, the increase in energy prices energy induces
production costs for firms to increase. As a result, firms respond by increasing the prices of
their products. Therefore, through the IO linkages, the costs of imported and domestically
produced goods for firms further increase, leading to an additional rise in prices. This
feedbackbetween increasing selling prices and rising production costs results in a generalized
increase in core and headline inflation. Finally, we obtain a remarkably persistent and hump-
shaped response of wage inflation, which contributes to the persistent rise in core inflation.
25On impact, the pass-through of headline to core inflation is significant, amounting to roughly 20%, in line

with the empirical evidence presented in Adolfsen et al. (2024).
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These results are robust to the calibration of the key demand elasticities: across a wide
grid of trade and energy/non-energy substitution elasticities, the cumulative inflation re-
sponse varies by less than ±5% outside the lowest trade-elasticity configuration, and the
stagflationary character of the shock is preserved over the entire grid (Appendix D.1).

4.3.2. Dissecting the Role of Production Networks

We next assess the role played by national and international production networks. Toward
this end, we consider a series of counterfactual economies in which we selectively shut
down non-energy input–output linkages, while always preserving the role of energy as both a
consumption good and a production input for firms.

We first consider an economy without non-energy production networks, where all
intermediate-input coefficients on non-energy suppliers are set to zero:ωkl ij = 0 whenever
j ∈ IM, for all countries k, l and all purchasing sectors i, while intermediate inputs from
energy sectors (j ∈ IE) are kept at their baseline values.We next consider an economywithout
domestic non-energy production networks, setting ωkl ij = 0 whenever k = l and j ∈ IM
(for all purchasing sectors i), while preserving international non-energy linkages and all
energy inputs. Finally, we consider an economywithout international non-energy production
networks, setting ωkl ij = 0 whenever k ̸= l and j ∈ IM (for all purchasing sectors i), while
preserving domestic non-energy linkages and all energy inputs. In each counterfactual, the
share of the eliminated inputs is reassigned to labor, so as to preserve constant returns to
scale and leave steady-state mark-ups unchanged.26

Figure 2 shows the CIRFs of headline (Panel 2A) and core inflation (Panel 2B) for our
baseline calibration and for each of the three counterfactual economies. The dashed red
lines represent our counterfactual economywith national and international IO links removed
altogether. On impact, headline inflation increases roughly by the same amount as in the
baseline calibration (solid blue lines). This is a consequence of headline inflation being driven
initially by the rise of international energy prices, which is common across counterfactuals.

However, the presence of IO linkages is key in explaining inflation dynamics beyond
impact. When we conduct our first counterfactual by removing the non-energy production
networks, cumulative inflation rises to only 64% of our baseline at the end of the simulation
horizon (compare the blue and red lines). On the one hand, this is a consequence of the
smaller increase in core inflation (Panel 2B). Without IO links, the feedback loop between
increasing selling prices and rising production costs is absent, significantly dampening the
increase in core inflation. On the other hand, inflation shows less persistence, dying out
26Appendix A.3 derives the exact analytical counterpart of each of these economies within the sectoral Phillips

curve (37) and shows, in particular, that the lower cumulative inflation documented below reflects weaker
network propagation and persistence rather than a flatter Phillips-curve slope.
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A. CIRF of Headline Inflation B. CIRF of Core Inflation

FIGURE 2. Inflation Dynamics and Production Networks

Notes: Cumulative IRF of EA headline (Panel 2A) and core (Panel 2B) inflation for the baseline and turning off
the full, international, or national non-energy IO structure. Energy is always kept as an intermediate input, and
the eliminated input shares are reassigned to labor.

substantially quicker than in our baseline.More precisely, in our baseline simulation, inflation
continues to rise steadily throughout the entire simulation horizon, whereas in the absence of
production networks it stabilizes much earlier. This finding formalizes the intuition provided
in section 3, whereby the presence of intermediate goods in the marginal costs of firms in
interaction with IO linkages leads to more persistent inflation dynamics. The result that
the bulk of the cumulative response builds up through the production network rather than
through the direct effect of energy in the consumption basket is corroborated by recent
euro-area evidence: López et al. (2024) find that indirect effects operating through firms’
production costs account for around three quarters of the cumulative euro-area headline
response to a gas-price shock at a three-year horizon, with the direct consumption channel
accounting for the remainder.

The next two counterfactuals dissect the contribution of national (dotted purple line)
and international (dashed yellow line) production networks. We find that the international
IO network is a key factor that adds significant persistence on headline and core inflation.
Given the upstream position of the energy within production chains, the shock propagates
particularly strongly to other productive sectors. Consequently, due to the high level of
integration between industrial sectors across European economies, there are significant
spillovers from the effects of the shock through the cross-country links captured in the IO
tables. This finding highlights the quantitative relevance of the multi-country dimension to
account for international spillover effects, which explain around 20% of the overall response
of headline inflation, and would be underestimated in the simpler small open economy
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framework in Section 3.27

The analytical framework in section 3 formalized the notion that national and interna-
tional IO networks induce persistent in inflation dynamics, and the analysis in this section
shows the quantitative relevance of our contribution. In other words, it is crucial to account
for both the national and international dimensions of production networks simultaneously.
Intuitively, higher domestic inflation leads to increased export prices, which contribute to
higher inflation abroad. In turn, rising inflation abroad translates into higher import prices,
feeding back into domestic inflation. This interaction between national and international
production networks amplifies the inflationary episode, resulting in a larger impact than if
these dimensions were considered in isolation.

4.3.3. Additional Results

In this section we summarize additional quantitative results, which are discussed in greater
detail in the Appendix.

The Role of Nominal Price Rigidities. What if the foreign shock originates in a rigid-price
sector? In Appendix C, we compare the energy price wedge shock with an equally-sized
wedge in the foreign semiconductors sector, in order to disentangle the role of sectoral price
rigidities from that of production networks. Although the EA is more directly exposed to
semiconductors than to energy in terms of both final demand and input use, the semiconduc-
tor shock generates a much smaller but more persistent increase in headline inflation. To
rationalize this pattern, we construct two rigidity-adjusted measures of sectoral importance.
First, a downstream flexibility index, which averages the price flexibility of sectors that buy
inputs from a given sector, shows that downstream users of energy are about 3.6 times more
flexible than downstream users of semiconductors. Second, a rigidity-adjusted network mul-
tiplier, which weights the Leontief inverse by sectoral Domar weights and Calvo parameters,
reveals that the multiplier associated with energy is roughly 65 percent larger than that of
semiconductors. The combination of almost fully flexible prices in the energy sector and
relatively flexible downstream buyers makes energy shocks intrinsically more inflationary
than shocks in a stickier but less rigidity-central upstream sector such as semiconductors.

Cross-country Heterogeneity. In Appendix C we show that the EA aggregate masks substan-
tial cross-country heterogeneity in the transmission of the common energy price shock,
27Interestingly, national and international production networks interact with each other. Without IO link-

ages, cumulative inflation increases by 0.32 percentage points (p.p.), while with only national or international
production networks, it increases by roughly 0.37 p.p. In other words, the “marginal effect” of each of them
is approximately 0.05 p.p., and adding those to the counterfactual without IO explains only 85% of the total
cumulative response in the baseline.
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attributable to differences in production structures and consumption baskets, with nominal
rigidity differences playing a secondary but non-negligible role. Spain exhibits the largest
impact response of headline inflation but relatively fast stabilization, reflecting the high
weight of energy in its consumption basket and a more downstream, less complex produc-
tion structure. Germany, by contrast, displays a much smaller impact effect but markedly
more persistent headline and core inflation, consistent with its longer and more upstream
production chains and stronger industry exposure to energy inputs. Counterfactuals that
equalize, first, the IO matrices and, second, both IO matrices and consumption shares across
countries progressively compress the dispersion in inflation dynamics, leaving residual dif-
ferences that can be traced back to heterogeneous price rigidities. Beyond inflation, the
heterogeneity is even more pronounced in real activity: cumulative output losses differ by
more than an order of magnitude across member states, driven primarily by differences
in energy consumption shares (ρ = −0.63, Figure C.4). Countries with more flexible prices
absorb the shock faster through the price channel, trading lower cumulative inflation for
larger real contractions. A counterfactual replacing country-specific price-adjustment fre-
quencies with their GDP-weighted mean leaves aggregate EA inflation nearly unchanged but
substantially overpredicts the aggregate output contraction, so that disaggregating the euro
area is consequential not only for distributional accuracy but also for aggregate predictions
(Figure C.5). This decomposition aligns with the empirical evidence in López et al. (2024),
who trace the cross-country dispersion in the transmission of gas-price shocks to euro-area
inflation precisely to differences in energy reliance across consumption baskets and produc-
tion structures with cross-country differences in retail energy-price regulation, absent from
our framework, as an additional factor.

Sectoral Decomposition. Following an energy-price shock, we find that the initial spike in EA
headline inflation is driven entirely by energy; as energy prices revert, non-energy sectors
take over—upstream contributions stabilize after 30 quarters, while downstream sectors
account for an increasingly persistent share via IO pass-through with nominal rigidities.28

Full details are relegated to Appendix C.

Systematic Monetary Policy and Production Networks. In Appendix C we study the interaction
between systematic policy and network amplification in the context of foreign energy price
shocks by varying the inflation coefficient in the Taylor rule. Weakening the systematic
response to inflation raises inflation volatility more than twice as much for core than for
headline inflation, and this effect is considerably stronger when production networks are
28We classify the 44 sectors into energy (mining, refined petroleum, electricity) and non-energy groups,

splitting the latter into upstream vs. downstream using the Antràs et al. (2012) upstreamness measure.
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present. This reflects the combination of stickier prices in core CPI sectors—whichmake core
inflation more responsive to the systematic policy stance—and the high import dependence
of the energy and food sectors, which limits the influence of domestic monetary policy on
headline inflation, together with the amplification of energy shocks along IO chains. As a
result, even though IO links muted the direct impact of monetary policy shocks on inflation
(Nakamura and Steinsson 2010; Rubbo 2023), they make the stance of systematic monetary
policy more consequential for inflation volatility in the face of supply-side disturbances.

4.4. Production Networks andMonetary Policy Trade-offs

Our previous findings indicate that IO links play a central role in explaining the inflation-
ary effects and cross-country propagation of international energy price shocks. Next, we
investigate the implications of these findings for monetary policy.

In the context of rising foreign energy prices that exert upward pressure on domestic
inflation, themonetary authority faces a trade-off: pursuing strict headline-inflation targeting
may succeed in stabilizing headline inflation, but at the cost of inducing a decline in the output
gap. In this section, we quantify this trade-off for conventional inflation aggregates—analyzed
analytically in Section 3—and examine how it is shaped by the multi-sectoral structure of
the economy, which constitutes our main departure from the one-sector framework in Gali
and Monacelli (2005), as well as by the open-economy dimension, which extends the closed-
economy setting of Rubbo (2023).

We consider two counterfactualmonetary regimes that differ in the systematic component
of the Taylor rule. In the Looking-Through (LT) regime, central banks set the policy rate
according to equations (49) and (50) with coefficients {ϕπk ,ϕ

y
k } = {1.5, 0} ∀k. We interpret this

as standard monetary policy in the face of supply-side disturbances, and we treat it as our
baseline scenario. In contrast, the Leaning Against the Wind (LATW) regime corresponds to
strict inflation targeting, modeled as {ϕπk ,ϕ

y
k } = {10, 0} ∀k, representing a more aggressive

stance against inflation deviations.
Under both regimes, we examine the dynamics of the headline inflation and the output

gap in the EA, in response to the energy price shock discussed in Section 4.3. Figure 3 presents
the IRFs of headline inflation (panel 3A) and the output gap (panel 3D) for both monetary
policy rules.

Under the LT regime (blue solid line), cumulative headline inflation increases by approx-
imately 0.4 p.p. after the shock. The output gap initially turns negative, but then becomes
positive as the energy price starts declining, and eventually returns to baseline. (Recall that
the energy shock includes a deflationary phase after the fourth period, see Figure 1A.) In
contrast, the LATW regime (red dashed line) achieves significantly lower and less persis-
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A. IRF of EA Headline Inflation B. IRF of EA of Headline Inflation,
One-sector Economy

C. IRF of EA of Headline Inflation,
Closed Economy

D. IRF of EA of Output Gap E. IRF of EA of Output Gap, One-
sector Economy

F. IRFof EAofOutputGap, Closed
Economy

FIGURE 3. Monetary Policy Trade-Offs

Notes: IRFs of EA headline inflation (panel 3A) and output gap (panel 3D) after an increase in imported energy
prices (10%) under Looking-through monetary policy {ϕπMU,ϕ

y
MU} = {1.5, 0} (blue and solid line) and Leaning

Against the Wind {ϕπMU,ϕ
y
MU} = {10, 0} (red and dashed line) monetary policy. Panels 3B and 3E reproduce the

analysis with common parameters across sectors and countries (the one-sector-economy limit). Panels 3C and
3F reproduce the analysis without the foreign IO network and consumption shares (the closed-economy limit).

tent inflation, at the cost of a much sharper and prolonged decline in the output gap. This
illustrates a clear policy trade-off: stricter inflation stabilization entails a substantially larger
output gap contraction. To evaluate how this trade-off is shaped by production networks and
international linkages, we conduct two counterfactual exercises.

First, we eliminate the multi-sectoral dimension by imposing full symmetry across sec-
tors and countries.29 These assumptions collapse the multi-sector model into a one-sector
economy, akin to the small open economy setup in Gali and Monacelli (2005) discussed
analytically in Section 3.2. Panels 3B and 3E show the IRFs of headline inflation and the
output gap, in this one-sector economy, to foreign prices. The trade-off between inflation
and output stabilization is noticeably milder. With the amplification effect of production
networks removed, stabilizing headline inflation becomes less costly in terms of the output
gap. Quantitatively, the cumulative output-gap cost of the leaning-against-the-wind stance is
29Specifically, we assume homogeneous production networks, consumption shares, labor shares, and nominal

rigidities:ωkl ij = ω, βkl i = β, αki = α, and θ
p
ki = θ

p for all k, l , i, j, where the bar denotes the average value in
the baseline calibration.
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roughly three-fourths smaller than in the baseline. As shown below, the associated cumula-
tive inflation gain shrinks almost as much, so the sacrifice ratio—the output cost per unit of
disinflation—falls by a more moderate 17.57%.

Second, we eliminate the international dimension.30 This environment resembles the
closed-economy setup of Rubbo (2023) discussed analytically in Section 3.2, extended to
include foreign price shocks. Unlike the one-sector case, closing the international dimension
does not soften the policy trade-off—if anything, it worsens it. Panels 3C and 3F display
the corresponding IRFs: both the peak inflation response and the output contraction under
LATW are larger than in the baseline, and the cumulative output loss under LATWmore than
doubles relative to the baseline economy. The reason is that international trade also acts
as a shock absorber: in the baseline economy, part of the adjustment to the energy shock
is accommodated through the terms of trade and through reallocating expenditure toward
foreign non-energy goods, whose prices do not carry the increase in domestic marginal costs
induced by the network pass-through of the shock. This margin is distinct from the impact
response to the wedge itself, which switches expenditure away from the nowmore expensive
energy imports and toward domestic goods. Once the trade channel is shut down, the entire
real burden of the shock—and of the subsequent monetary tightening—must be absorbed
domestically, deepening the output contraction alongside the inflationary response.

We next combine the results presented in Figures 3A-3F to uncover the sacrifice ratios.
In particular, we are interested in the differential sacrifice ratio between the two monetary
policy stances. Following the logic behind the Phillips multiplier in Barnichon and Mesters
(2021), we compute the differential sacrifice ratio P as

P =

∑T
s=0 ∂ ỹs/∂τ0

∣∣∣
LATW

−
∑T
s=0 ∂ ỹs/∂τ0

∣∣∣
LT∑T

s=0 ∂πs/∂τ0
∣∣∣
LATW

−
∑T
s=0 ∂πs/∂τ0

∣∣∣
LT

,(52)

where
∑T
s=0 ∂xs/∂τ0 denotes the cumulative impulse response of variable x over the full

T-period horizon to an exogenous unit change in the energy price wedge τ0. The numerator
in the expression (52) measures the difference in the cumulative output gap response, after
an energy price shock, caused by the LATW and the LT monetary stances. For instance, a
negative numerator indicates that the LATWmonetary stance generates a larger fall in the
output gap, compared to the LT stance. Similarly, the denominator measures the difference
in the cumulative headline inflation response, after an energy price shock, caused by the
LATW and the LT monetary stances. A negative denominator indicates that the LATW stance
30In the closed-economy counterfactual, the restrictionsωkl ij = 0 and βkl i = 0 for l ̸= k apply only to non-

energy goods. Energy continues to be traded internationally and enters both consumption and production as in
the baseline economy, so that the energy price wedge directly affects domestic costs and prices.
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induces lower inflation, compared to the LT stance.
The differential sacrifice ratio P should be interpreted as the relative output cost per unit

of inflation reduction, cumulated over the full horizon. Compared to the baseline, we find
that the sacrifice ratio is 17.57% lower in the one-sector economy, but 27.83% higher in the
closed economy. These two results are not contradictory: they mirror the two channels
identified analytically in Section 3.2. Removing the production network altogether, as in the
one-sector economy, eliminates the network’s dampening effect on the slope of the Phillips
curve, steepening it and thereby lowering the output cost of a given disinflation. Removing
only the international dimension, as in the closed economy, instead eliminates the additional
steepening that openness itself provides (Proposition 1), flattening the curve and raising the
output cost of disinflation. Production networks and openness therefore both operate on the
slope of the Phillips curve—the leading channel identified analytically—but with opposite
signswhen isolated fromone another. The quantitative sacrifice ratios are computed from full
cumulative responses and thus also embed the additional margins documented throughout
this section—terms-of-trade adjustment, sectoral trade imbalances, and network-driven
persistence—so the slope comparison organizes, rather than exhausts, the mechanism.

Taken together, these findings highlight the importance of modeling production struc-
tures and cross-border linkages in detail, rather than treating them as a single "openness"
dimension. The domestic production network is unambiguously costly for monetary policy:
for a given increase in headline inflation after an energy price shock, sectoral heterogeneity
and domestic input-output linkages worsen the policy trade-off faced by the central bank,
consistent with the broader point in Gagliardone and Gertler (2023) that energy cost-push
shocks operating through the supply side of the economy worsen the inflation–output trade-
off. The international dimension is more subtle: it deepens the response of both inflation
and the output gap to the shock, as documented throughout Section 4.3, yet it also gives
the economy a channel—adjustment through the terms of trade—to share part of the real
burden of the shock with the rest of the world, which lowers the sacrifice ratio relative to
autarky.31 Ignoring either dimension would give a misleading account of the costs of strict
headline-inflation stabilization in an open and interconnected economy. A more detailed
decomposition of these two channels, together with a continuous monetary-policy frontier
that traces this trade-off over the full range of ϕπk rather than at the two LT/LATW points, is
presented in Appendix A.4.
31Intuitively, both results reflect changes in the transmission mechanism rather than in the policy instrument

itself: production networks augment the degree of monetary non-neutrality (see Appendix C.4), making each
excess unit of inflation more costly to remove once the network is present, while shutting off trade removes the
terms-of-trade margin that would otherwise absorb part of that cost.
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5. Conclusions

This paper highlights the critical role of production networks in shaping the transmission
of international price shocks and the trade-offs faced by monetary policy. We show analyt-
ically that production networks—particularly their international dimension— introduce a
novel monetary policy trade-off for conventional inflation targets through sector-level trade
imbalances and ToT movements that propagate to domestic inflation. Quantitatively, we
study the transmission of an increase in the international price of imported energy in a
multi-country model with production networks calibrated to the main EA countries and their
trading partners. We find that production networks significantly amplify the cumulative
response of headline inflation over time, while simultaneously increasing the sacrifice ratio
faced by the central bank.

More generally, our framework is well suited to analyze the effects of trade policies, such
as tariffs, on inflation dynamics. In this context, it could be extended to incorporate the
international dimension of investment IO networks (vom Lehn and Winberry 2021; Quintana
2024), in addition to the trade in intermediate goods that we currently consider. We view
these extensions as fruitful avenues for future research.
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Appendix

Appendix A. Inspecting the Mechanisms

In this section, we derive the equilibrium conditions under the simplified version of the
model.

A.1. Production Networks and Inflation

Starting from a general Phillips curve, where πHi,t = pHi,t − pHi,t−1 denotes the inflation rate

of a good in sector i in country H, πHi,t = κi
(
mci,t − pHi,t

)
+ βEtπHi,t+1. The nominal marginal

cost faced by sector i are given by

(A.1) mci,t = αiwt + (1− αi) p
X
i,t.

where αi is the steady-state ratio of labor costs to sales in sector i, and 1− αi = PXi Xi/(PiYi)
denotes the steady-state ratio of input costs to sales in sector i. The price index of intermediate
goods faced by sector i is given by:

(A.2) pXi,t =
I∑
j=1
νij

[
(1− ζij) p

H
j,t + ζij(τj,t + p

F
j,t)
]
=

I∑
j=1
νij

(
pHj,t + ζijsj,t

)
,
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where νij = PijXij/(PXi Xi) denotes the purchases of sector i from sector j as a share of total
intermediate goods’ purchases of sector i, and 1− ζij = PjXHij /(PijXij) denotes the purchases of
sector i from Home’s sector j over total intermediate goods’ purchases of sector i from sector
j.

Introducing condition (A.2) into themarginal cost equation (A.1), and stacking over sectors,
we obtain:

(A.3) mct = αwt +ΩH p
H
t +ΩF(τt + pFt ) = αwt +Ω pHt +ΩFst.

We now seek to obtain the Phillips curve in price terms.We can write the previous Phillips
curve in matrix form,

πHt = κ
(
mct − pHt

)
+ βEtπ

H
t+1 = κ

[
mct −

(
πHt + pHt−1

)]
+ βEtπ

H
t+1

= (I + κ)−1κ
(
mct − pHt−1

)
+ (I + κ)−1βEtπ

H
t+1

= ∆
[
αwt +Ω pHt +ΩFst − pHt−1

]
+ (I −∆)βEtπ

H
t+1

= ∆
[
αwt +ΩFst +ΩπHt +Ω pHt−1 − pHt−1

]
+ (I −∆)βEtπ

H
t+1

(I −∆Ω)πHt = ∆
[
αwt +ΩFst − (I −Ω) pHt−1

]
+ (I −∆)βEtπ

H
t+1(A.4)

where we have introduced nominal marginal costs (A.3), and the different objects are defined
in section 3.2.

A.2. Production Networks andMonetary Policy

We now seek to write the sectoral Phillips curves in gaps from the flexible-price equilibrium.
Under no nominal wage rigidities, the labor supply condition is given by:

(A.5) wt − pCt = ct +φnt

where pCt is the consumption price index given by:

(A.6) pCt =
I∑
i=1
βi

[
(1− ζi) p

H
i,t + ζi(τi,t + p

F
i,t)
]
=

I∑
i=1
βi

(
pHi,t + ζisi,t

)
= β⊺ pHt + β

⊺
Fst

where βi = PiCi/(PCC) denotes the consumption share of households in H, and 1 − ζi =
(PiCHi )/(PiCi) denotes the consumption from sector i in H over total consumption of sector
i, β⊺ = [β1, . . . ,βI]⊺ is the vector of steady-state sectoral consumption shares, and β

⊺
F =

[β1ζ1, . . . ,βIζI]⊺ denotes the vector of steady-state sectoral foreign consumption shares.
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The risk-sharing condition (under complete markets and constant ROW variables, i.e.
c∗t = 0) is given by:

(A.7) ct = qt + c∗t = et − pCt .

Furthermore, the definition of nominal GDP is given by:

(A.8) PYt Yt = PCt Ct +
I∑
i=1

(
PHi,tC

H,∗
i,t − (1 + τi,t)P

F
i,tC

F
i,t

)
+

I∑
i=1

I∑
j=1

(
PHi,tX

H,∗
ji,t − (1 + τi,t)P

F
i,tX

F
ji,t

)

where PYt is the GDP deflator, C
H,∗
i,t and XH,∗ij,t denote Home’s sectoral exports to households

and firms in ROW, and CFi,t and X
F
ij,t are Home’s sectoral imports from households and firms.

We start by finding an expression for real GDP. In order to do so, we first linearize the
definition of nominal GDP (A.8):

pYt + yt = pCt + ct +
I∑
i=1
βiζi

(
pHi,t + c

H,∗
i,t − τi,t − pFi,t − cFi,t

)
(A.9)

+
I∑
i=1

I∑
j=1
λj(1− αj)νjiζji

(
pHi,t + x

H,∗
ji,t − τi,t − pFi,t − xFji,t

)

Next, note that we have the following expression for the GDP deflator:

pYt = pCt +
I∑
i=1
βiζi

(
pHi,t − τi,t − pFi,t

)
+

I∑
i=1

I∑
j=1
λj(1− αj)νjiζji

(
pHi,t − τi,t − pFi,t

)
(A.10)

= pCt +
I∑
i=1

βiζi + I∑
j=1
λj(1− αj)νjiζji

( pHi,t − τi,t − pFi,t
)
= pCt − (β⊺

F + λ
⊺ΩF)st

and hence we have that real GDP is given by:

(A.11) yt = ct +
I∑
i=1
βiζi

(
cH,∗i,t − cFi,t

)
+

I∑
i=1

I∑
j=1
λjνji(1− αj)ζji

(
xH,∗ji,t − xFji,t

)
.

Consider first the term
∑I
i=1 βiζi

(
cH,∗i,t − cFi,t

)
. Note that we have cH,∗i,t = et + p∗i − pHi,t + c

∗
i =

et + p∗i − pHi,t + (et + p
C,∗
t )− (et + p∗i,t) + c

∗
t = − pHi,t + (et + p

C,∗
t ) + ct− qt = − pHi,t + p

C
t + ct, where we

have made use of the risk-sharing condition (A.7), the relation p∗i,t + c
∗
i,t = pC,∗t + c∗t , and the

logarithmic transformation of (25). In addition, note that we have cFi,t = pCi,t−τi,t− pFi,t + ci,t =
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pCi,t − τi,t − pFi,t + ( p
C
t − pCi,t) + ct = pCt + ct − τi,t − pFi,t. Therefore, we have that:

(A.12)
I∑
i=1
βiζi

(
cH,∗i,t − cFi,t

)
=

I∑
i=1
βiζi

(
τi,t + p

F
i,t − pHi,t

)
= β

⊺
Fst.

Next, we work with the term xH,∗ji,t − xFji,t.
32 First, note that we have xH,∗ji,t = et + p∗i − pHi,t + x

∗
ji,t =

et + p∗i − pHi,t + (et + p
X,∗
j )− (et + p∗i ) + x

∗
j = − pHi,t + et + p

C,∗
t + (w∗

t − pC,∗t ) + n∗j,t = − pHi,t + p
C
t + qt +

c∗t +φn∗t + n∗j,t = − pHi,t + p
C
t + qt + ct − qt +φn∗t + n∗j,t = − pHi,t + p

C
t + ct, where we have made use

of the first-order conditions of the firms for labor demand and intermediate goods’ demand,
x∗j,t + p

X,∗
j,t = n∗j,t +w

∗
t , and of the fact that foreign variables are constant, in addition to the risk-

sharing condition (A.7), the relation p∗i,t + x
∗
ji,t = pX,∗j,t + x∗j,t, the logarithmic transformation of

(25), and the labor supply condition (A.5). Next, note that we have xFji,t = pHi,t−τi,t− pFi,t +xji,t =
pHi,t−τi,t− pFi,t+( p

X
j,t− pHi,t)+xj,t = −τi,t− pFi,t+ p

C
t +(wt− pCt )+nj,t = −τi,t− pFi,t+ p

C
t +ct+φnt+nj,t.

Therefore, we have that:

I∑
i=1

I∑
j=1
λjνji(1− αj)ζji

(
xH,∗ji,t − xFji,t

)
=

I∑
i=1

I∑
j=1
λjνji(1− αj)ζji

(
τi,t + p

F
i,t − pHi,t −φnt − nj,t

)(A.13)

=
I∑
i=1

I∑
j=1
λjνji(1− αj)ζji

(
si,t −φnt − nj,t

)
= λ⊺ΩFst − λ⊺diag (ΩF1)nt −ωXφ yt.

In addition, we have made use of the fact that aggregate GDP equals the sales-weighted sum
of sectoral value-added, and hence aggregate employment (using the labor market clearing
condition nt =

∑I
i=1 λiαini,t), yt =

∑I
i=1 λiαini,t = nt. Furthermore,ωX =

∑I
i=1
∑I
j=1 λjνji(1−

αj)ζji.
Next, plugging in (A.12) and (A.13) into (A.11) we obtain:

(A.14) (1 +φωX) yt = ct + (β
⊺
F + λ

⊺ΩF)st − λ⊺diag (ΩF1)nt.

Natural Equilibrium. In the natural allocation with flexible prices (denoted by superscript
n) where prices equal marginal costs and nominal wages remain constant (Rubbo 2023), we

32Here and in the analogous input-demand steps below, pXj,t (respectively p
X,∗
j,t ) denotes the price index of

the sector-j intermediate-input composite purchased by the buying sector under consideration. Although the
composition of this composite is buyer-specific through ζij, under the Cobb–Douglas aggregators (22) the stated
first-order relations between pair-level quantities, composite quantities, and their price indices hold for every
buyer, so we omit the buyer index to ease notation.
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have that pH,nt = αwnt +Ω pH,nt +ΩFsnt . Therefore, we can write:

(A.15) pH,nt = (I −Ω)−1ΩFs
n
t = (I −ΩH)−1ΩF

(
τt + p

F,n
t

)
.

That is, in response to an increase in import prices, domestic prices adjust through a direct
effect via its exposure to foreign markets (measured byΩF) and an indirect effect via IO
linkages mediated by the domestic Leontief inverse (I −ΩH)−1.

Note also that making use of this results and of the relationship between consumption
shares and Domar weights in steady state, λ⊺ = β⊺ (I −Ω)−1, we have that the consumer
price level in the flexible price equilibrium is given by:

pC,nt = β⊺ pH,nt + β⊺
Fs
n
t =

[
β
⊺
F + β

⊺ (I −Ω)−1ΩF
]
snt =

[
β
⊺
F + λ

⊺ (I −Ω) (I −Ω)−1ΩF
]
snt

(A.16)

= (β⊺
F + λ

⊺ΩF)snt .

Next, writing the expression for real GDP (A.14) in natural terms and using (A.16) we obtain
(1+φωX) ynt = c

n
t + p

C,n
t −λ⊺diag (ΩF1)nnt . In addition,make use of the labor supply condition

with flexible prices and constant nominal wages, together with ynt = n
n
t and−φ ynt = cnt + p

C,n
t

to obtain:

(A.17)
[
1 +φ(ωX + 1)

]
ynt = −λ⊺diag (ΩF1)nnt

Phillips Curve in Gaps from Natural Equilibrium. First, we start by writing the labor supply
condition (A.5), using yt = nt together with (A.14) to substitute out ct:

(A.18) wt − pCt =
[
1 +φ(ωX + 1)

]
yt −

(
β
⊺
F + λ

⊺ΩF
)
st + λ⊺diag (ΩF1)nt

Next, we substract pC,nt fromboth sides and use (A.16) to obtainwt− p̃Ct =
[
1 +φ(ωX + 1)

]
yt−(

β
⊺
F + λ

⊺ΩF
)
s̃t + λ⊺diag (ΩF1)nt, where tildes denote deviations from the flexible price

equilibrium: x̃t = xt − xnt for a variable x. Finally, make use of (A.17) and add and subtract[
1 +φ(ωX + 1)

]
ynt on the right-hand side to obtain:

(A.19) wt − p̃Ct =
[
1 +φ(ωX + 1)

]
ỹt −

(
β
⊺
F + λ

⊺ΩF
)
s̃t + λ⊺diag (ΩF1) ñt

We next work with the stacked sectoral Phillips curves (A.4). Next, we subtract∆α pCt on
both sides, and use (A.6) to write pCt = β⊺ pHt + β

⊺
Fst = β⊺πHt + β

⊺ pHt−1 + β
⊺
Fst, obtaining:

(A.20)
(I−∆Ω−∆αβ⊺)πHt = ∆

[
α(wt − pCt )− (I −Ω− αβ⊺) pHt−1 + (ΩF + αβ

⊺
F)st

]
+β(I−∆)EtπHt+1
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Adding and subtracting pC,nt on the right-hand side, using (A.16), we obtain (I − ∆Ω −
∆αβ⊺)πHt = ∆

[
α(wt − p̃Ct )− (I −Ω− αβ⊺) pHt−1 + (ΩF + αβ

⊺
F)st − αβ

⊺ pH,nt − αβ⊺
Fs
n
t

]
+

β(I − ∆)EtπHt+1. Next, adding and subtracting (I − Ω) pH,nt on the right-hand
side and using the fact that (I − Ω) pH,nt = ΩFsnt to obtain (I − ∆Ω −
∆αβ⊺)πHt = ∆

[
α(wt − p̃Ct )− (I −Ω− αβ⊺)( pHt−1 − pH,nt ) + (ΩF + αβ

⊺
F )̃st

]
+

β(I − ∆)EtπHt+1. Finally, using (A.15) we obtain (I − ∆Ω − ∆αβ⊺)πHt =
∆
{
α(wt − p̃Ct )− (I −Ω− αβ⊺)

[
pHt−1 − (I −ΩH)−1ΩF(τt + p

F,n
t )

]
+ (ΩF + αβ

⊺
F )̃st

}
+

β(I −∆)EtπHt+1. Next, plugging in the expression for the real wage gap (A.19) into (A.20) to
obtain:

(I −∆Ω−∆αβ⊺)πHt =∆α
[
1 +φ(ωX + 1)

]
ỹt −∆(I −Ω− αβ⊺)

[
pHt−1 − (I −ΩH)−1ΩF(τt + p

F,n
t )

]
+∆αλ⊺diag (ΩF1) ñt +∆(I − αλ⊺)ΩF s̃t + β(I −∆)EtπHt+1(A.21)

Social Planner’s Problem. We now seek to obtain the natural equilibrium variables as a
function of exogenous variables. To do so, we first solve the social planner problem. The
planner faces the following problem:

max
{CH,ni,t ,C

F,n
i,t ,N

n
i,t,X

H,n
ji,t ,X

F,n
ji,t ,E

n
t ,Dnt+1}

I
i=1,j=1

Et

∞∑
t=0
βt

logCnt −
 I∑

i=1
Nni,t

1+φ

/(1 +φ)


subject to the set of market clearing conditions and the aggregate resource constraint:

(Nni,t)
αi(Xni,t)

1−αi ≥ CH,ni,t + ζi
Ent P

F,∗,n
i,t

Ent P
H,∗,n
i,t

C∗,ni,t +
I∑
j=1

ζji Ent PF,∗,ni,t

Ent P
H,∗,n
i,t

X∗,n
ji,t + X

H,n
ji,t

 ∀i ∈ I, t

(A.22)

I∑
i=1

Ent P
F,∗,n
i,t

ζiC∗,ni,t − (1 + τi,t)C
F,n
i,t +

I∑
j=1

(
ζjiX

∗,n
ji,t − (1 + τi,t)X

F,n
ji,t

) ≥ EtQnt,t+1D
n
t+1 − Dnt ∀t

(A.23)

together with definitions of the consumption and intermediate goods’ aggregators.
Let ξi,t and ξt denote the lagrange multipliers on the constraints (A.22)

and (A.23), respectively. The first-order conditions of the planner’s problem for
{CH,ni,t ,CF,ni,t ,N

n
i,t,X

H,n
ji,t ,X

F,n
ji,t }

I
i=1,j=1 are, respectively, given by:
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 I∑
j=1

Nnj,t

φ = ξi,tαi Yni,tNni,t
(A.24)

1
Cnt

∂Cnt
∂Cni,t

∂Cni,t
∂CH,ni,t

= ξi,t(A.25)

1
Cnt

∂Cnt
∂Cni,t

∂Cni,t
∂CF,ni,t

= ξt(1 + τi,t)E
n
t P

F,∗,n
i,t(A.26)

ξj,t(1− αj)
Ynj,t
Xnj,t

∂Xnj,t
∂Xnji,t

∂Xnji,t
∂XH,nji,t

= ξi,t(A.27)

ξj,t(1− αj)
Ynj,t
Xnj,t

∂Xnj,t
∂Xnji,t

∂Xnji,t
∂XF,nji,t

= ξt(1 + τi,t)E
n
t P

F,∗,n
i,t(A.28)

ξtEtQnt,t+1 = Etξt+1(A.29)

Employing the definitions of the intermediate goods’ and consumption aggregators, we can
rewrite the first-order (A.25) - (A.28) conditions as:

βi(1− ζi) = ξi,tC
H,n
i,t(A.30)

βiζi = ξt(1 + τi,t)E
n
t P

F,∗,n
i,t CF,ni,t(A.31)

ξj,t(1− αj)Y
n
j,tνji(1− ζji) = ξi,tX

H,n
ji,t(A.32)

ξj,t(1− αj)Y
n
j,tνjiζji = ξt(1 + τi,t)E

n
t P

F,∗,n
i,t XF,nji,t(A.33)

Combining (A.24) and (A.25) we have that:

(A.34)

 I∑
j=1

Nnj,t

φ = βi(1− ζi)αiYni,t/(Nni,tCH,ni,t ).

Noting that in the flexible price equilibrium we have that βi(1− ζi) = P
H,n
i,t CH,ni,t /(PC,nt Cnt ) and

using the labor supply condition, we obtain that (A.34) is equivalent to the labor demand
condition of firms.

Next, combining (A.24) and (A.27) we have that:

(A.35) βj(1− ζj)(1− αj)νji(1− ζji)Y
n
j,t/(X

H,n
ji,t C

H,n
j,t ) = βi(1− ζi)/C

H,n
i,t .
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Again, noting that in the flexible price equilibriumwe have thatβj(1−ζj) = P
H,n
j,t CH,nj,t /(PC,nt Cnt )

and βi(1− ζi) = P
H,n
i,t CH,ni,t /(P

C,n
t Cnt ) we observe that (A.35) is equivalent to the intermediate

goods demand of domestic goods condition of firms.
Next, inserting (A.25) and (A.26) in (A.28), we obtain:

(A.36) βj(1− ζj)
1

CH,nj,t

(1− αj)
Ynj,t
XF,nji,t

νjiζji = βiζi
1

CF,ni,t

and again noting that in the flexible price equilibriumwe have that βj(1−ζj) 1
CH,nj,t

=
PH,nj,t

PC,nt Cnt
and

βiζi
1

CF,ni,t
=
(1+τi,t)P

F,n
i,t

PC,nt Cnt
we observe that (A.36) is equivalent to the intermediate goods demand

of foreign goods condition of firms.
Finally, using (A.26) into (A.29) to obtain:

(A.37) EtQnt,t+1 = Et
CF,ni,t
CF,ni,t+1

(1 + τi,t)Ent P
F,∗,n
i,t

(1 + τi,t+1)Ent+1P
F,∗,n
i,t+1

and again noting that in the flexible price equilibrium we have that CF,ni,t (1 + τi,t)E
n
t P

F,∗,n
i,t =

βiζiP
C,n
t Cnt we observe that (A.37) is equivalent to Euler Equation in the flexible price equilib-

rium.
Next, note that under the following definitions of the Lagrange multipliers:

PC,nt Cnt ξi,t = P
H,n
i,t(A.38)

PC,nt Cnt ξt = 1(A.39)

and using the labor supply condition Wt/PCt = Cnt N
φ
t , we have that the first-order condi-

tions coincide with the first-order conditions of households and firms in the flexible price
equilibrium:

Nni,tW
n
t = P

H,n
i,t αiY

n
i,t(A.40)

βi(1− ζi) =
PH,ni,t CH,ni,t

PC,nt Cnt
(A.41)

βiζi =
(1 + τi,t)P

F,n
i,t C

F,n
i,t

PC,nt Cnt
(A.42)
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PH,nj,t (1− αj)Y
n
j,tνji(1− ζji) = P

H,n
i,t XH,nji,t(A.43)

PH,nj,t (1− αj)Y
n
j,tνjiζji = (1 + τi,t)P

F,n
i,t X

F,n
ji,t(A.44)

EtQnt,t+1 = Et
[
PnC,t+1C

n
t+1/(P

C,n
t Cnt )

]
(A.45)

Finally, the first-order condition of the planner with respect the exchange rate is given by:

ξt
∑
i

PF,∗,ni,t

ζiC∗,ni,t − (1 + τi,t)C
F,n
i,t +

I∑
j=1

[
ζjiX

∗,n
ji,t − (1 + τi,t)X

F,n
ji,t

] = 0

Note that since ξt = 1/(P
C,n
t Cnt ) > 0 we have that nominal exports are equal to zero at all times

under the planner’s allocation:

(A.46)
∑
i

Ent P
F,∗,n
i,t

ζiC∗,ni,t − (1 + τi,t)C
F,n
i,t +

I∑
j=1

[
ζjiX

∗,n
ji,t − (1 + τi,t)X

F,n
ji,t

] = 0.

To see the implications of this condition for the flexible price allocation, we linearize equation
(A.46) to obtain:

(A.47) −(β⊺
F +λ

⊺ΩF)snt +
I∑
i=1
βiζi

(
cH,∗,ni,t − cF,ni,t

)
+

I∑
i=1

I∑
j=1
λj(1−αj)νjiζji

(
xH,∗,nji,t − xF,nji,t

)
= 0.

Using our derivation from the expressions (A.12)-(A.13), we can write (A.47) as −(β⊺
F +

λ⊺ΩF)snt + (β
⊺
F + λ

⊺ΩF)snt −ωXφnnt − λ⊺diag (ΩF1)nnt = 0, which implies that:

(A.48) −λ⊺diag (ΩF1)nnt = ωXφn
n
t

Next, using (A.48) into the expression for real GDP (A.14) we have that ynt = c
n
t + (β

⊺
F +

λ⊺ΩF)snt , and using that in the flexible price equilibrium pC,nt = (β⊺
F + λ

⊺ΩF)snt (equation
A.16), together with the labor supply condition, we obtain ynt = −φ ynt , which only holds if
(35) is satisfied.

In addition, using the risk-sharing condition cnt = e
n
t − pC,nt wehave that ent = 0. Under these

conditions, we obtain that the response of domestic prices in the flexible price equilibrium
is given by pH,nt = (I −ΩH)−1ΩFτt, and that the response of the ToT is given by:

(A.49) snt =
[
I − (I −ΩH)−1ΩF

]
τt.

We next show that ynt = 0—and hence, from the labor supply condition, pC,nt + cnt = 0—
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implies that sectoral-level employment remains constant (that is, nnt = 0). To see this, we
start from the market clearing condition for good i, Yni,t = C

H,n
i,t + CH,∗,ni,t +

∑
j

(
XH,nji,t + XH,∗,nji,t

)
.

Substituting out the demands for good i of domestic and foreign households and firms, we

have that: Yni,t = βi
PnC,tC

n
t

PH,ni,t
+
∑I
j=1

(
νji(1− ζji)

1−αj
αj

PnC,tC
n
t

PH,ni,t C
n
t
Nφt Nj,t + νjiζji

1−αj
αj

PnC,tC
n
t

PH,ni,t C
n
t
(N∗,n
t )φN∗,n

j,t

)
.

Linearizing this expression, and dividing by steady state GDP, we have that:

λi y
n
i,t =βi

(
pC,nt + cnt − pH,ni,t

)
+

(A.50)

I∑
j=1

[
λjνji(1− ζji)(1− αj)( p

C,n
t + cnt − pH,ni,t +φnnt + n

n
j,t) + λjνjiζji(1− αj)( p

C,n
t + cnt − pH,ni,t )

]

Next, using that in the flexible price equilibrium pC,nt + cnt = −φnnt = 0, and collecting terms,
the above expression simplifies to λi yni,t = −

[
βi +

∑I
j=1 λjνji(1− αj)

]
pH,ni,t +

∑I
j=1 λjνji(1 −

ζji)(1− αj)nnj,t. In addition, note that at the steady state we have λi = [βi +
∑I
j=1 λjνji(1− αj)],

leading to λi( p
H,n
i,t + yni,t) =

∑I
j=1 λjνji(1 − ζji)(1 − αj)n

n
j,t. Using the result that with flexible

prices we have that pH,ni,t + yni,t = n
n
i,t from the labor demand condition of firms and stacking

over i we have that:

(A.51) Λnnt =Ω
⊺
HΛn

n
t

whereΛ = diag(λ). Since bothΛ and (I −ΩH) are invertible, the only solution for (A.51) is
nnt = 0.

Finally, using ent = 0 in the flexible price equilibrium we can write pF,nt = 0. Introducing
this expression into the Phillips curve (A.21), (I −∆Ω−∆αβ⊺)πHt = ∆α

[
1 +φ(ωX + 1)

]
ỹt +

∆αλ⊺diag (ΩF1) ñt +∆(I − αλ⊺)ΩF s̃t + β(I −∆)EtπHt+1 −∆(I −Ω− αβ⊺) pHt−1 +∆(I −Ω−
αβ⊺) (I −ΩH)−1ΩFτt. Following the same transformations as in Rubbo (2023) to invert the
term (I −∆Ω−∆αβ⊺), we obtain

πHt = B (1 +φ +φλ⊺ΩF1) ỹt +Bλ⊺diag (ΩF1) ñt +V(I −Ω)−1ΩF s̃t −Vχt + β(I −V)EtπHt+1.
(A.52)

Consider now the market clearing condition (A.50) in the rigid-price equilibrium,
λi yi,t =

[
βi +

∑I
j=1 λjνji(1− αj)

] (
pCt + ct − pHi,t

)
+
∑I
j=1 λjνji(1 − ζji)(1 − αj)(φnt + nj,t) =

λi

(
pCt + ct − pHi,t

)
+
∑I
j=1 λjνji(1 − ζji)(1 − αj)(φnt + nj,t), where we have used λi = βi +∑I

j=1 λjνji(1−αj). Furthermore, we can write p
C
t + ct − pHi,t = et − pHi,t = pFi,t − pHi,t = si,t − τi,t,
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where we have used (A.7). Thus, we can write the previous expression as

λi yi,t =λi
(
si,t − τi,t

)
+

I∑
j=1
λjνji(1− ζji)(1− αj)(φnt + nj,t)(A.53)

Log-linearizing the production function (22)-(23), yi,t = αini,t +
∑I
j=1(1−αi)νij(1−ζij)x

H
ij,t +∑I

j=1(1− αi)νijζijx
F
ij,t = αini,t +

∑I
j=1(1− αi)νijx

H
ij,t −

∑I
j=1(1− αi)νijζijsj,t = αini,t +

∑I
j=1(1−

αi)νij(sj,t − τj,t +φnt + ni,t)−
∑I
j=1(1− αi)νijζijsj,t = ni,t + (1− αi)φnt + (1− αi)

∑I
j=1 νij(1−

ζij)sj,t − (1− αi)
∑I
j=1 νijτj,t, where the second equality made use of the international input

demand curve xFij,t − xHij,t = pHj,t − ( pFj,t + τj,t) = −sj,t, and the third equality made use of the
domestic input demand curve xHij,t = xij,t + p

X
j,t − pHj,t = pXi,t + xi,t − pHj,t = wt + ni,t − pHj,t =

pCt + ct +φnt + ni,t − pHj,t = pFj,t +φnt + ni,t − pHj,t = φnt + ni,t + sj,t − τj,t.
Pre-multiplying this last expression by λi, and combining it with (A.53),

we can write λi[ni,t + (1 − αi)φnt] −
∑I
j=1 λjνji(1 − ζji)(1 − αj)(φnt + nj,t) =

λi

[
si,t − (1− αi)

∑I
j=1 νij(1− ζij)sj,t − τi,t + (1− αi)

∑I
j=1 νijτj,t

]
, which can be written in

stacked form as (I−Ω
⊺
H)Λnt = [Λα−(I−Ω

⊺
H)λ]φ yt+Λ(I−ΩH)st−Λ(I−Ω)τt. Rearranging,

nt = [Λ−1(I−Ω⊤
H)

−1Λα− 1]φ yt +Λ−1(I−Ω
⊺
H)

−1Λ(I−ΩH)st−Λ−1(I−Ω
⊺
H)

−1Λ(I−Ω)τt =
(N y− 1)φ yt +Nsst−Nττt, whereN y =

(
I−Λ−1Ω⊤

HΛ
)−1

α,Ns =
(
I−Λ−1Ω⊤

HΛ
)−1(I−ΩH),

Nτ =
(
I −Λ−1Ω⊤

HΛ
)−1(I −Ω); and where the second equality uses the fact that, sinceΛ

is diagonal and invertible, we have Λ−1(I − Ω⊤
H)

−1Λ =
(
I − Λ−1Ω⊤

HΛ
)−1. Rewriting this

expression in terms of gaps from the flexible-price equilibrium, ñt = (N y − 1)φ ỹt +Nss̃t.
Inserting this expression into (A.52), we obtain (37).

Proof of Proposition 1. The Neumann series (I −Ω⊤
H)

−1 =
∑∞
n=0(Ω

⊤
H)
n converges, and each

power (Ω⊤
H)
n is entrywise non-negative becauseΩ⊤

H ≥ 0 elementwise. Hence, (I−Ω⊤
H)

−1 ≥ 0
entrywise. Premultiplying and postmultiplying by the diagonal matricesΛ−1 andΛ, which
have strictly positive diagonal elements, preserves entrywise non-negativity. It follows that
B ≡ Λ−1(I−Ω⊤

H)
−1Λ is entrywise non-negative.

Consider nowΘ = λ⊤ diag(ΩF1)Bα =
∑I
j=1
∑I
k=1 λj

(∑I
i=1(ΩF)ji

)
Bjk αk. Under weakly

positive labor shares, each term λj
(∑

i(ΩF)ji
)
Bjkαk in the double sum is therefore non-

negative, and we obtain Θ ≥ 0.
To show strict positivity, note first that by the definition of B, Bjk =

[
Λ−1(I−Ω⊤

H)
−1Λ

]
jk =

λk
λj

[
(I−Ω⊤

H)
−1]

jk. Under actual openness, there exists an index j
⋆ such that

∑I
i=1(ΩF)j⋆i > 0

(sector j⋆ uses imported intermediate inputs), λj⋆ > 0, and there exists an index k⋆ withαk⋆ > 0
such that the (j⋆, k⋆) entry of (I−Ω⊤

H)
−1 is strictly positive. The latter implies Bj⋆k⋆ > 0.

Combining these conditions, there exist indices (j⋆, k⋆) such that λj⋆ > 0,
∑I
i=1(ΩF)j⋆i > 0,
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Bj⋆k⋆ > 0, αk⋆ > 0. The corresponding term in the sum for Θ, λj⋆
(∑I

i=1(ΩF)j⋆i
)
Bj⋆k⋆αk⋆ is

therefore strictly positive, while all other terms are non-negative. Consequently, Θ > 0 under
openness.

Proof of Proposition 2. SinceΩH is diagonal, so isΩ⊤
H, and diagonal matrices commute, so

Λ−1Ω⊤
HΛ =Ω⊤

HΛ
−1Λ =ΩH. Hence

Ns =
(
I −Λ−1Ω⊤

HΛ
)−1(I −ΩH) = (I −ΩH)−1(I −ΩH) = I.

SinceΩF is diagonal, each rowhas a single non-zero entry equal to its row sum, so diag(ΩF1) =
ΩF. Combining the two results,

diag(ΩF1)Ns =ΩFI =ΩF.

Proof of Proposition 3. Part (i). Substituting πHt = pHt − pHt−1 into the homogeneous dynamics
(38) yields the second-order system in the price level

(A.54) β(I −V)Et pHt+1 −
[
I + β(I −V)

]
pHt + (I −V) pHt−1 = 0.

By the maintained assumption, V = S diag(v1, . . . , vI) S−1 admits a diagonalization with real
vj ∈ [0, 1). In modal coordinates qt = S−1 pHt the system decouples into I scalar equations,

β(1− vj)Etqj,t+1 −
[
1 + β(1− vj)

]
qj,t + (1− vj) qj,t−1 = 0,

with characteristic polynomial β(1− vj)z2 − [1 + β(1− vj)]z + (1− vj) = 0. The product of its
roots equals 1/β > 1, so one root is stable and the other explosive. The stable root is g(vj) as
defined in (39). Differentiating, g′(v) < 0 on [0, 1); the boundary values g(0) = 1 and g(1−) = 0
follow by direct substitution.

Turning to the zero eigenvalue, by constant returns to scale the input and labor shares
of each sector sum to one,Ω1 + α = 1, that is (I −Ω)1 = α. Applying V to 1 and using this
identity,

V1 =
{
∆(I −Ω∆)−1 −B

[
λ⊺ − β⊺∆(I −Ω∆)−1

]}
α.

Write b ≡ ∆(I −Ω∆)−1α and d ≡ β⊺b, so thatB = b/(1− d). Since the Domar weights satisfy
λ⊺α = 1 (total value added equals GDP),

V1 = b− b
1− d

(1− d) = b− b = 0.
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This mode therefore has v = 0 and root g(0) = 1, the unit root of the aggregate price level; the
remaining modes, with vj > 0, govern relative prices.

Part (ii). Using B = ∆(I − Ω∆)−1α/[1 − β⊺∆(I − Ω∆)−1α] in the definition of V and
factoring out∆, the loading admits the equivalent formV = (∆−1−Ω−αβ⊺)−1(I−Ω−αβ⊺).
Subtracting this expression from the identity matrix yields the structural representation

V = I −W , W ≡
(
∆−1 −Ω− αβ⊺)−1(∆−1 − I

)
=
∑
k≥0

[
∆
(
Ω + αβ⊺)]k(I −∆).

The Neumann series shows thatW is entrywise non-negative, and constant returns to scale
(Ω1 + α = 1) together with β⊺1 = 1 imply (∆−1 −Ω − αβ⊺)1 = (∆−1 − I)1, henceW1 = 1:W
is a row-stochastic matrix. Economically,W is the pass-through operator of the economy:
each sector’s price inherits the prices of other sectors through direct input linkages, Ω,
and through the response of nominal wages to consumer prices, αβ⊺, with every round
of propagation damped by price rigidity, ∆. Since the spectrum of a stochastic matrix lies
in the closed unit disk, every real eigenvalue of V = I −W automatically lies in [0, 2]; the
maintained assumption of part (i) therefore amounts to requiring the eigenvalues ofW to
be real and strictly positive. In the one-sector economy,Ω = ω, α = 1−ω, β = 1, and by the
Domar-weight identity λ⊺ = β⊺(I−Ω)−1, λ = 1/(1−ω) = 1/α; sinceω+α = 1, the pass-through
operator is the scalarW =

∑
k≥0∆

k(1−∆) = 1 for any rigidity∆ ∈ (0, 1), so V = 1− 1 = 0 and
the Phillips curve is purely forward-looking, recovering (36).

Consider now the scaling family in the statement:Ω(a) = aΩ, α(a) = 1− aΩ1, and∆ = zI
with z ∈ (0, 1). In this caseW (a) = (1− z)

[
I− z

(
1β⊺ + aU

)]−1, whereΩ(a) +α(a)β⊺ = 1β⊺ + aU
is row-stochastic andU ≡ Ω−Ω1β⊺ is the input–output matrix demeaned by consumption
shares, which satisfies U1 = 0. In a basis whose first element is 1, the representation of U
has a zero first column, so the representation of 1β⊺ + aU is block upper-triangular with
diagonal blocks 1—the Perron root, on the uniform direction—and aŨ, where Ũ carries the
remaining eigenvalues u2, . . . ,uI ofU. The spectrum of the pass-through chain is therefore
{1}∪ {auj}Ij=2: network intensity scales the entire non-Perron spectrum linearly. Consequently,
the eigenvalues of V(a) are

v1 = 0, vj(a) = 1−
1− z

1− zauj
, j = 2, . . . , I,

where every denominator is positive because |auj| ≤ 1 (the spectrum of a stochastic matrix
lies in the closed unit disk); note also that vj(a) > 0 whenever auj < 1, so with I ≥ 2 sectors V
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is generically non-zero. If uj is real and non-negative, then

∂vj(a)
∂a

= −
(1− z) z uj
(1− zauj)2

≤ 0,

with strict inequality whenever uj > 0; moreover vj(a) ∈ [0, z] ⊂ [0, 1), so the maintained
assumption of part (i) holds along the entire family. Since g is strictly decreasing on [0, 1)
by part (i), the persistence ρj = g

(
vj(a)

)
of every mode is non-decreasing in a, and strictly

increasing wherever uj > 0, which establishes the claim.
Two remarks are in order. First, when all sectors share a common intermediate-input

intensity,Ω1 = c1, the same block-triangular argument applied toU =Ω−c1β⊺ shows that the
uj are the non-Perron eigenvalues ofΩ itself; own-input diagonal dominance (ωii ≥

∑
j ̸=iωij

for all i) then ensures Reuj ≥ 0 by Gershgorin’s theorem, so the non-negativity condition can
be verified on primitives. Second, the condition is not vacuous: in a two-sector economy in
which each sector uses only the other sector’s good as an intermediate input, u2 < 0 and the
persistence of the relative-price mode decreases with network intensity—purely alternating
input chains generate oscillatory, rather than inertial, relative-price adjustment. Beyond
the exact case covered by the proposition, we confirm numerically that the strictly positive
eigenvalues of V fall, and persistence rises, across the calibrated counterfactual networks of
Section 4, which feature heterogeneous rigidities and non-uniform network changes.

Proof of Proposition 4. Define the mark-up gap as

µt = p̃Ht − m̃ct.(A.55)

Rewriting themarginal cost curve (28) in gap terms, m̃ct = αw̃t +Ω p̃Ht +ΩF s̃t, and combining
both equations,

p̃Ht = 1w̃t + (I −Ω)−1µt + (I −Ω)−1ΩF s̃t(A.56)

where we used the identity

(I −Ω)−1α = 1,(A.57)

by CRS.
Combining the definition of ToT, (29), with the LOP (26), we can write the ToT in gap terms

as s̃t = 1̃et − p̃Ht . Inserting (A.56) in this expression,

s̃t = 1(̃et − w̃t)− (I −Ω)−1µt − (I −Ω)−1ΩF s̃t
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=
[
I + (I −Ω)−1ΩF

]−1
1(̃et − w̃t)−

[
I + (I −Ω)−1ΩF

]−1
(I −Ω)−1µt

= (I −ΩH)−1(I −Ω)1(̃et − w̃t)− (I −ΩH)−1µt
= (I −ΩH)−1α(̃et − w̃t)− (I −ΩH)−1µt(A.58)

where the third equality made use of the identity I + (I −Ω)−1ΩF = (I −Ω)−1(I −ΩH), and
the fourth equality made use of the identity (A.57).

Combining now the risk-sharing condition (A.7), rewritten in gap terms as c̃t = ẽt − p̃Ct ,
with the labor supply condition (30), which can be written in gap terms as

w̃t − p̃Ct = c̃t +φ ỹt,(A.59)

we can write ẽt − w̃t = −φ ỹt. Inserting this last expression into (A.58),

s̃t = −φ(I −ΩH)−1α ỹt − (I −ΩH)−1µt.(A.60)

Combining the risk-sharing condition (A.7) with the CPI definition (A.6), and using p̃Ft =
1̃et, we can write c̃t = ẽt − p̃Ct = (β− βF)⊺s̃t = β

⊺
H s̃t. Introducing this expression into the gap

version of (33),

[
1 +φλ⊺diag(ΩF1)N y

]
ỹt = c̃t +

[
β
⊺
F + λ

⊺ (ΩF − diag(ΩF1)Ns)
]
s̃t

=
[
β⊺ + λ⊺ (ΩF − diag(ΩF1)Ns)

]
s̃t.(A.61)

Inserting (A.60) into (A.61), and using β⊺ = λ⊺(I − ΩH − ΩF), N y = Ns(I − ΩH)−1α, and
λ⊺α = 1, we obtain

(1 +φ) ỹt = −λ⊺
[
I − diag(ΩF1)Ns(I −ΩH)−1

]
µt.(A.62)

From the definition ofNs,

λ⊺
[
I − diag(ΩF1)Ns(I −ΩH)−1

]
=
[
(I −ΩH)−1α

]⊺
Λ,(A.63)

wherewehaveusedNs(I−ΩH)−1 = Λ−1(I−Ω
⊺
H)

−1Λ and theCRS identity 1−(I−ΩH)−1ΩF1 =
(I −ΩH)−1α. Combining (A.62) and (A.63),

ỹt = − 1
1 +φ

I∑
i=1
λi

[
(I −ΩH)−1α

]
i
µi,t,

which establishes equation (40) in the main text.
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Finally, consider the sectoral Phillips curves (27). Reorganizing terms, multiplying the
Phillips curve of sector i by λi

[
(I −ΩH)−1α

]
i /κi, and summing across sectors,

I∑
i=1

λi
κi

[
(I −ΩH)−1α

]
i

(
πHi,t − βEtπ

H
i,t+1

)
= (1 +φ) ỹt.(A.64)

Using the definition of the open-economy DCI in (41), equation (A.64) yields (42).

The One-Sector Phillips Curve. In the one-sector economy, we can write the Phillips curve as
πH,t = κ(mct − pH,t) + βEtπH,t+1. Inserting the expression for nominal marginal costs (A.3)
in the one-sector economy, mct = αwt + (1− α) pH,t +ωFst—where we have made use of the
CRS assumptionωH = 1−α−ωF—we can rewrite the Phillips curve as πH,t = κ[α(wt− pH,t)+
ωFst]+βEtπH,t+1. Inserting the one-sector expression for (A.6), pCt = pH,t +βFst, we canwrite
πH,t = κ[α(wt − pCt ) + (αβF +ωF)st] +βEtπH,t+1. Rewriting pCt = p̃Ct + p

C,n
t , and making use of

(A.15) in the one-sector economy ( pnH,t = ωF/αs
n
t ) and (A.16), which in the one-sector limit is

given by pC,nt = (βF +ωF/α)snt , we can write
33 πH,t = κ[α(wt − p̃Ct ) + (αβF +ωF )̃st] +βEtπH,t+1.

Introducing (A.19),wt − p̃Ct =
[
1 +φ(ωX + 1)

]
ỹt − (βF +ωF/α) s̃t +ωF/αñt, where ỹt = ñt and

having made use of the identity in footnote 33, we can write the Phillips curve as (36) (where
we have used the identityωX = λ⊺ΩF1 = ωF/α).

A.3. Analytical Counterparts of the Network Counterfactuals

The restrictions defining the counterfactual economies in Section 4.3.2 map directly into the
coefficient matrices of the sectoral Phillips curve (37); the analytical decomposition below
should be read as a diagnostic projection of the quantitative calibration onto the analytical
model, not as an exact counterpart of the full quantitative economies (see the aggregation
caveats at the end of this subsection). Let PE be the diagonal selectionmatrix with ones on the
energy sectors and zeros elsewhere, and let PM = I − PE. Partition the input–output matrices
into their energy and non-energy columns,ΩE

d ≡ ΩdPE andΩM
d ≡ ΩdPM for d ∈ {H,F},

so thatΩd = ΩE
d +ΩM

d . Each counterfactual sets a block of non-energy input coefficients
to zero and reassigns the eliminated share to labor, thereby preserving constant returns to
scale and leaving steady-state mark-ups unchanged. Hence, for counterfactual r, the labor
share adjusts as α(r) = 1−Ω

(r)
H 1−Ω

(r)
F 1, with the restricted input–output matrices reported

in Table A.1.
33In the one-sector limit, we can thus write λ⊺ΩF asωF/α.
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All thematrices entering (37) are recomputed withΩ
(r)
H ,Ω(r)

F , andα(r). Denote the output-
gap slope by A y ≡ B

(
1 + φ + φλ⊺diag(ΩF1)N y

)
and split the terms-of-trade coefficient

into the three components defined in Section 3.2, Ψ = ΨD + ΨW + ΨT , with direct cost
and network propagation ΨD = ∆(I −Ω∆)−1ΩF, common nominal-wage response ΨW =
Bβ⊺∆(I −Ω∆)−1ΩF, and sectoral trade imbalancesΨT = Bλ⊺

(
diag(ΩF1)Ns −ΩF

)
.

The analytical model is a single small open economy, whereas the quantitative model
disaggregates the euro area into five countries. To map one into the other, we compute the
analytical Phillips-curve objects for each euro-area country treated as a small open economy
facing the rest of theworld—including the other euro-areamembers—using its own calibrated
domestic and imported input–output matrices, and aggregate the resulting coefficients with
the calibrated euro-area GDP weights. Because this projection treats each country’s foreign
prices as exogenous, including those of the other euro-area members, it captures the impact
and slope channels but not the endogenous intra–euro-area feedback that operates in the
full multi-country model. The projection likewise abstracts from features of the quantitative
model that enter its Phillips curves but not the analytical ones—nominal wage rigidities,
incomplete international financial markets, and non-unitary elasticities of substitution—so
the table should be read as a calibration-based gauge of the analytical channels rather than as
an exact decomposition of the quantitative model. This is precisely why, as discussed below,
the cumulative differences in Figure 2 are best understood as a property of the quantitative
model rather than of the SOE.

Table A.2 reports the resulting euro-area aggregates for the common energy shock qE
that activates the three energy wedges.34 Three implications follow.

First, energy exposure makes the impact response similar across economies. Because ev-
ery counterfactual retains the energy columnsΩE

d , the direct energy-cost block β
⊺ΨDqE and

the energy exposure entering χt are virtually unchanged. This is the analytical counterpart
of the near-identical impact response of headline inflation across the economies in Figure 2.

Second, removing non-energy networks does not flatten the Phillips curve. Reassigning
the eliminated intermediate share to labor raises labor intensity and strengthens the wage
and marginal-cost response to a given output gap. The output-gap slope β⊺A y therefore rises
when non-energy input–output linkages are removed (Table A.2). The smaller cumulative
inflation in Figure 2 thus cannot be attributed to a flatter slope.

Third, the cumulative differences are a dynamic propagation result. Since the impact
coefficients are nearly unchanged while the slope steepens, the smaller cumulative response
without non-energy linkages must operate through the repeated transmission of the shock
34The analytical model has no steady-state mark-up wedge, whereas the quantitative calibration distinguishes

observed sales shares from production-function shares. The table imposes the analytical constant-returns
identity directly on the observed input–output shares; multiplying instead each row of the input–output and
labor shares by the calibrated mark-up normalization leaves the qualitative conclusions unchanged.
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Economy Ω
(r)
H Ω

(r)
F

Baseline ΩE
H +Ω

M
H ΩE

F +Ω
M
F

No non-energy IO ΩE
H ΩE

F
No domestic non-energy IO ΩE

H ΩE
F +Ω

M
F

No international non-energy IO ΩE
H +Ω

M
H ΩE

F

TABLE A.1. Analytical Representation of the Network Counterfactuals

Notes:ΩE
d andΩM

d denote the energy and non-energy columns ofΩd, d ∈ {H, F}. In every case the labor share
adjusts so as to keep constant returns to scale, α(r) = 1−Ω

(r)
H 1−Ω

(r)
F 1.

Economy β⊺A y β⊺ΨDqE β⊺ΨWqE β⊺ΨTqE β⊺VχE
Baseline 0.095 0.0119 0.0005 −0.0001 0.0099
No non-energy IO 0.172 0.0119 0.0010 −0.0003 0.0101
No domestic non-energy IO 0.160 0.0118 0.0009 −0.0001 0.0100
No international non-energy IO 0.108 0.0119 0.0006 −0.0003 0.0101

TABLE A.2. Analytical Decomposition of the Energy-Shock Transmission

Notes: Euro-area aggregates of the analytical Phillips-curve objects under each counterfactual, computed from
the quantitative calibration and aggregated with euro-area GDP weights. β⊺A y is the consumption-weighted
output-gap slope;ΨD,ΨW andΨT are the direct-cost, nominal-wage and trade-imbalance components ofΨ;
χE ≡ (I −ΩH)−1ΩFqE is the energy exposure entering χt; and qE is the common energy shock. Sales-share
mapping; the technology-share mapping yields the same qualitative pattern.

across domestic suppliers and countries—the persistencemechanismdiscussed in Section 3.2.
Because the small-open-economy representation aggregates all foreign suppliers intoΩF and
treats foreign prices as exogenous, a full quantitative attribution of cross-country persistence
requires the transition matrix of the complete multi-country model.

Two further observations are worth noting. The trade-imbalance componentΨT is small
for a common energy shock but does not vanish in the no-non-energy-IO economy: retaining
the energy columns keepsΩH andΩF non-diagonal, so the exact-cancellation case estab-
lished in Proposition 2 does not apply and this channel is not eliminated. Finally, this exercise
differs from Proposition 1: that result compares an open economy with its closed-economy
counterpart under a recalibration that isolates openness while holding total intermediate
intensity fixed, whereas the counterfactuals here remove inputs and replace them with labor.
The two experiments are complementary and need not move the slope in the same direction.

A.4. A Continuous Monetary-Policy Frontier

The comparison in Section 4.4 rests on two illustrative policy stances, Looking-Through
(ϕπk = 1.5) and Leaning Against the Wind (ϕ

π
k = 10). As a robustness check, we trace out the
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entire trade-off in between rather than just these two points. For the baseline economy and
for the closed-economy and one-sector counterfactuals, we re-solve the sticky-pricemodel for
ten values ofϕπk between 1.01 and 10 (withϕ

y
k = 0 throughout), in response to the same energy

price-wedge shock, and record the cumulative headline inflation and cumulative output
gap over the horizon for each value. The output gap is measured relative to each economy’s
own natural output, obtained from a separate flexible-price solve of the same economy.
Plotting cumulative inflation against the cumulative output gap for each ϕπk traces out a
monetary-policy frontier: moving along a given curve corresponds to varying the strength of
the inflation response, while comparing curves isolates the effect of the production network
and of openness on the entire trade-off, not just at the two points used in the main text.
Note that the cumulative output gap changes sign along each curve: under weak inflation
responses (low ϕπk ) the accommodative stance keeps output cumulatively above its natural
level, whereas stronger responses turn the cumulative gap negative, so positive values on the
horizontal axis represent cumulative overheating rather than a loss.

Figure A.1 shows the result. The one-sector frontier lies closest to the origin at every point:
collapsing the sectoral network buys the same disinflation at a substantially lower output
cost across the whole range of policy stances. The closed-economy frontier, by contrast,
lies outside the baseline one over the contractionary range of policy stances (ϕπk ≥ 1.5)—
not inside it, as one might expect if openness only amplified the shock: for any level of
cumulative inflation attainable in both economies over this range, the closed economy suffers
a substantially larger cumulative output contraction. At the loosest stances (near ϕπk = 1),
where both economies run cumulatively above their natural output and the trade-off is not
operative, the curves overlap and the ranking is not informative. Over the policy-relevant
range, this confirms that the sacrifice-ratio comparison in the main text is not an artifact of
the two particular policy stances considered there: whatever the strength of the inflation
response, closing the economy to trade removes a margin of adjustment that the model
otherwise uses to share part of the burden of the shock with the rest of the world, and this
cost shows up throughout the frontier, not just at ϕπk = 1.5 or 10.

Appendix B. Model Derivation and Log-linearization

In this section, we derive the model equilibrium conditions, outlining the final set of log-
linearized equations. We further enlarge the theoretical model presented in the main text—
which only contains exogenous perturbations to the foreign price wedges and the monetary
policy shock—to accommodate the standard perturbations explored in the literature: an
internal demand shock, sectoral TFP, sectoral price cost-push shocks, and wage cost-push
shocks.
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FIGURE A.1. Monetary-Policy Frontier: Baseline, Closed Economy, and One-Sector Economy

Notes: Cumulative headline inflation against the cumulative output gap (positive values indicate output cu-
mulatively above its natural level) in response to the common energy price-wedge shock, for ten values of
ϕπk ∈ {1.01, 1.25, 1.5, 2, 3, 4, 5, 6, 8, 10} (with ϕ y

k = 0), for the baseline, closed, and one-sector economies. The two
labeled points on each curve, ϕπk = 1.5 and ϕ

π
k = 10, correspond to the Looking-Through and Leaning-Against-

the-Wind stances discussed in Section 4.4.

B.1. Households

Each household is made up of a continuum of members, each specialized in a different
labor service, indexed by g ∈ [0, 1]. Income is pooled within each household, acting as a
risk-sharing mechanism. The per-period utility function (1) is modified to accommodate
nominal wage rigidities and a discount factor disturbance. Namely,

Ut =

[
C1−σk,t /(1− σ)−

∫ 1

0
N1+φgk,t /(1 +φ) dg

]
Zk,t,(B.1)

where Ngk,t denotes the labor supply of labor service g, Zk,t is an exogenous preference
shifter, and σ denotes the inverse of the intertemporal elasticity of substitution.35

35Each household takes as given labor income since wages are set by labor unions and employment is
decided by firms. Thus, the only decisions made by the household are the optimal allocation of consumption
expenditures among different good varieties across different countries, and the optimal intertemporal allocation
of consumption.
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Consumption Demand Curves. The optimal allocation between energy and non-energy goods
is the result of a cost minimization programme minPEk,tC

E
k,t + P

M
k,tC

M
k,t subject to (44). Sim-

ilarly, the optimal allocation between energy (non-energy) consumption is the result of a
cost minimization programme min

∑
i∈IE P

C
ki,tCki,t (min

∑
i∈IM P

C
ki,tCki,t) subject to (45). Fi-

nally, the optimal allocation between the different consumption goods is the result of a cost
minimization programmemin

∑K
l =1(1 + τkl i,t)P

k
kl i,tCkl i,t subject to (47). The implied demand

curves are given by

PEk,t = P
C
k,t

(
β̃kCk,t/C

E
k,t

) 1
γ , PMk,t = P

C
k,t

[
(1− β̃k)Ck,t/C

M
k,t

] 1
γ ,(B.2)

PCki,t = P
E
k,t

(
ν̃kiC

E
k,t/Cki,t

) 1
η ∀ i ∈ IE, PCki,t = P

M
k,t

(
υ̃kiC

M
k,t/Cki,t

) 1
ι ∀ i ∈ IM,(B.3)

(1 + τkl i,t)P
k
kl i,t =P

C
ki,t

(
ζ̃kl iCki,t/Ckl i,t

) 1
δ ∀ l ∈ K.(B.4)

The log-linearized versions of the consumption demand curves (B.2)-(B.4) are given by

p̂Ek,t = γ
−1(̂ck,t − ĉEk,t), p̂Mk,t = γ

−1(̂ck,t − ĉMk,t),(B.5)

p̂Cki,t − p̂Ek,t = η
−1(̂cEk,t − ĉki,t), p̂Cki,t − p̂Mk,t = ι

−1(̂cMk,t − ĉki,t),(B.6)

τkl i,t + p̂
k
kl i,t − p̂Cki,t = δ

−1
(
ĉki,t − ĉkl i,t

)
,(B.7)

where p̂Ek,t = pEk,t − pCk,t, p̂
M
k,t = pMk,t − pCk,t, p̂

C
ki,t = pCki,t − pCk,t, and p̂kkl i,t = pkkl i,t − pCk,t are

well-defined as a ratio of prices.36

Currency Pricing Paradigm. Under PCP, using the log-linearized version of (10), we obtain

p̂kkl i,t = pkkl i,t − pCk,t = e
l
k,t + pkl i,t − pCk,t = e

l
k,t + ( pl i,t − pCl ,t) + ( p

C
l ,t − pCk,t) = p̂l i,t + q

l
k,t,

(B.8)

p̂kl ki,t = pkl ki,t − pCk,t = pl ki,t − pCk,t = pki,t − pCk,t = p̂ki,t,
(B.9)

where we have used that, under PCP, pkl i,t = pl i,t since the law of one price (LOP) is satisfied;
the transformation p̂l i,t = pl i,t − pCl ,t; and the definition of the bilateral real exchange rate
between country k and countrym: Qmk,t = P

C
m,tE

m
k,t/P

C
k,t, which log-linearized takes the form

qmk,t = e
m
k,t + p

C
m,t − pCk,t.(B.10)

36The price levels are not well-defined in the steady state, but their ratio is.
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Under LCP, using the log-linearized version of (12), we can write

p̂kkl i,t = pkkl i,t − pCk,t = p̂kl i,t,
(B.11)

p̂kl ki,t = pkl ki,t − pCk,t = e
l
k,t + pl ki,t − pCk,t = ( pl ki,t − pCl ,t) + e

l
k,t + p

C
l ,t − pCk,t = q

l
k,t + p̂l ki,t,

(B.12)

where we have made use of (B.10), and of the definition p̂kl i,t = pkl i,t − pCk,t.
To summarize pricing, using (B.8), (B.11), (B.9), and (B.12), we have that

p̂kkl i,t =

qlk,t + p̂l i,t, if PCP,

p̂kl i,t, if LCP.
, p̂kl ki,t =

 p̂ki,t, if PCP,

qlk,t + p̂l ki,t, if LCP.
(B.13)

Consumption Baskets. The log-linearized consumption aggregator (44) is given by

ĉk,t = βkĉ
E
k,t + (1− βk )̂c

M
k,t,(B.14)

where βk = PEkC
E
k /(P

C
kCk) = β̃

1
γ

k

(
CEk /Ck

)γ−1
γ and (1 − βk) = PMk C

M
k /(P

C
kCk) = (1 −

β̃k)
1
γ

(
CMk /Ck

)γ−1
γ can be verified using the steady-state consumption aggregator (44) and the

demand curves (B.2).
The log-linearized versions of the energy and non-energy consumption aggregators (45)

are given by

ĉEk,t =
∑
i∈IE

νkiĉki,t, ĉMk,t =
∑
i∈IM

υkiĉki,t,(B.15)

where νki = PCkiCki/(P
E
kC

E
k ) = ν̃

1
η

ki

(
Cki/CEk

)η−1
η and υki = PCkiCki/(P

M
k C

M
k ) = υ̃

1
ι
ki

(
Cki/CMk

) ι−1
ι can

be verified using the steady-state energy and non-energy consumption aggregators (45) and
the demand curves (B.3).

The log-linearized version of the final layer of the consumption aggregator, (47), is given
by

(B.16) ĉki,t =
K∑
l =1
ζkl iĉkl i,t,

where ζkl i = Pkl iCkl i/(PCkiCki) = ζ̃
1
δ
kl i
(
Ckl i/Cki

)δ−1
δ can be verified using the steady-state inter-
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national consumption aggregator (47) and the consumption demand curves (B.4).

Price Indices. The different price indices can be derived by combining the consumption
demand curves previously derived with the different consumption aggregators. The consump-
tion price index, the energy and non-energy price index, and the consumption import price

index are given by PCk,t =
[
β̃k(PEk,t)

1−γ + (1− β̃k)(PMk,t)
1−γ
] 1
1−γ , PEk,t =

[∑
i∈IE ν̃ki(P

C
ki,t)

1−η
] 1
1−η ,

PMk,t =
[∑

i∈IM υ̃ki(P
C
ki,t)

1−ι
] 1
1−ι , and PCki,t =

{∑K
l =1 ζ̃kl i[(1 + τkl i,t)P

k
kl i,t]

1−δ
} 1
1−δ . Their log-

linearized counterparts are given by

0 = βk p̂
E
k,t + (1− βk) p̂

M
k,t(B.17)

p̂Ek,t =
∑
i∈IE

νki p̂
C
ki,t, p̂Mk,t =

∑
i∈IM

υki p̂
C
ki,t(B.18)

p̂Cki,t =
K∑
l =1
ζkl i( p̂

k
kl i,t + τkl i,t)(B.19)

Intertemporal Household Problem. International financial markets are incomplete,H = 1 in
(4), with households in each country only having access to two risk-free bonds.More precisely,
the household in country k has access to a domestic bond, and an internationally traded
bond, BKk,t, issued, without loss of generality, by country K and denominated in country K’s
currency. The agent maximizes the present discounted value of per-period utility flows (B.1),
with discount factor β, subject to her budget constraint,

PCk,tCk,t + Bk,t + B
K
k,t

[
1− Γ (NFAKk,t)

]−1
EKk,t ≤

Bk,t−1(1 + ik,t−1) + B
K
k,t−1E

K
k,t(1 + iK,t−1) +

∫ 1

0
Wgk,tNgk,tdg + Πk,t + Ξk,t − Tk,t(B.20)

where
∫ 1
0 Wgk,tNgk,tdg is the nominal labor income received by the representative household,

NFAKk,t = B
K
k,tE

K
k,t is the net foreign asset position of households in the country k, and where

Γ (x) = γ∗
(
exp

{
x/Yk,t

}
− 1
)
is an external financial intermediary premium that depends

on the economy-wide net holdings of internationally traded foreign bonds as a ratio to the
national nominal GDP Yk,t, with γ∗ > 0.37 The incurred intermediation premium is rebated
to households in a lump-summanner through the fiscal instrument Ξk,t. Finally, Tk,t denotes
the lump-sum taxes levied by the fiscal authority to balance its budget (Section 2.3).
37The role of this intermediation premium is to stabilize the net foreign asset position in response to transitory

shocks, a common practice in open economies with incomplete financial markets (Schmitt-Grohe and Uribe
2003). Furthermore, this specification guarantees that, in the non-stochastic steady state, households have no
incentive to hold foreign bonds and the economy’s net foreign asset position is zero.
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The above program delivers two sets of different Euler conditions,

C−σk,t = EtβC−σk,t+1
1 + ik,t
1 + πCk,t+1

Zk,t+1
Zk,t

(B.21)

C−σk,t = EtβC−σk,t+1
1 + iK,t
1 + πCk,t+1

[
1− Γ (NFAKk,t)

] EKk,t+1
EKk,t

Zk,t+1
Zk,t

∀k ̸= K(B.22)

where we assume that the (log-)demand shock follows an AR(1) process:

(B.23) zk,t = ρ
z
kzk,t−1 + ε

z
k,t

where zk,t := log Zk,t, and εzk,t ∼ N
(
0,σ2kz

)
.

The log-linearized version of the household’s first-order conditions (B.21)-(B.22) are given
by

ĉk,t = − 1
σ
(ik,t − Etπ

C
k,t+1) + Et ĉk,t+1 +

1
σ
(1− ρzk)zk,t,

(B.24)

ĉk,t = − 1
σ
(iK,t − Etπ

C
k,t+1) + Et ĉk,t+1 +

1
σ
(1− ρzk)zk,t −

1
σ

Et∆eKk,t+1 +
1
σ
γ∗nfaKk,t ∀k ̸= K,

(B.25)

where we define the different log-linear NFA positions as nfaKk,t = B
K
k,tE

K
k,t/Yk and nfa

MU
k,t =

BMUk,t E
MU
k,t /Yk since B

K
k,t = 0 and B

MU
k,t = 0 in the steady state.

Combining the log-linearized first-order conditions for the holdings of domestic and
internationally traded bonds (B.24)-(B.25), yields a risk-adjusted Uncovered Interest Parity
(UIP) condition

ik,t − iK,t = Et∆eKk,t+1 − γ∗nfa
K
k,t.(B.26)

B.2. Firms

We augment the production function (43) to include a sectoral TFP shock Aki,t,

Yki f ,t = Aki,t

[
α̃

1
ψ

kiN
ψ−1
ψ

ki f ,t + ϑ̃
1
ψ

ki X
ψ−1
ψ

ki f ,t

] ψ
ψ−1

,(B.27)
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where the (log-)TFP shock follows an AR(1) process:

(B.28) aki,t = ρ
a
kiaki,t−1 + ε

a
ki,t,

where aki,t := logAki,t, and εaki,t ∼ N
(
0,σ2kia

)
.

Intermediate Input Demand Curves. The optimal allocation between labor and intermediate
inputs is the result of a cost minimization programmeminWk,tNki f ,t + PXki,tXki f ,t subject to
(B.27). The optimal allocation between energy and non-energy intermediate goods is the
result of a cost minimization programme minPX,Eki,t X

E
ki,t + P

X,M
ki,t X

M
ki,t subject to (44). Similarly,

the optimal allocation between energy (non-energy) intermediate inputs is the result of a cost
minization programme min

∑
j∈IE P

X
kij,tXkij,t (min

∑
j∈IM P

X
kij,tXkij,t) subject to (46). Finally,

the optimal allocation between the different consumption goods is the result of a cost mini-
mization programmemin

∑K
l =1(1+τkl j,t)P

k
kl j,tXkl ij,t subject to (47). The implied intermediate

input demand curves are given by

Wk,t = MCki f ,tA
ψ−1
ψ

ki,t

(
α̃kiYki f ,t/Nki f ,t

) 1
ψ ,(B.29)

PXki,t = MCki,tA
ψ−1
ψ

ki,t

(
ϑ̃kiYki f ,t/Xki f ,t

) 1
ψ ,(B.30)

PX,Eki,t = P
X
ki,t

(
β̃kiXki,t/X

E
ki,t

) 1
ϕ , PX,Mki,t = PXki,t

(
(1− β̃ki)Xki,t/X

M
ki,t

) 1
ϕ ,(B.31)

PXkij,t = P
X,E
ki,t

(
ν̃kijX

E
ki,t/Xkij,t

) 1
χ ∀ j ∈ IE, PXkij,t = P

X,M
ki,t

(
υ̃kijX

M
ki,t/Xkij,t

) 1
ξ ∀ j ∈ IM,

(B.32)

(1 + τkl j,t)P
k
kl j,t = P

X
kij,t

(
ζ̃kl ijXkij,t/Xkl ij,t

) 1
µ ∀ l ∈ K.(B.33)

The log-linearized versions of the labor and intermediate inputs demand curves (B.29)-
(B.33) are given by

ŵk,t − m̂cki,t =
ψ− 1
ψ

aki,t+ψ
−1
(
ŷki f ,t − n̂ki f ,t

)
,(B.34)

p̂Xki,t − m̂cki,t =
ψ− 1
ψ

aki,t+ψ
−1
(
ŷki f ,t − x̂ki f ,t

)
,(B.35)

p̂X,Eki,t − p̂Xki,t = ϕ
−1
(
x̂ki,t − x̂Eki,t

)
, p̂X,Mki,t − p̂Xki,t = ϕ

−1
(
x̂ki,t − x̂Mki,t

)
,(B.36)

p̂Xkij,t − p̂X,Eki,t = χ
−1
(
x̂Eki,t − x̂kij,t

)
∀ j ∈ IE, p̂Xkij,t − p̂X,Mki,t = ξ−1

(
x̂Mki,t − x̂kij,t

)
∀ j ∈ IM

(B.37)

τkl j,t + p̂
k
kl j,t − p̂Xkij,t = µ

−1
(
x̂kij,t − x̂kl ij,t

)
∀ l ∈ K,(B.38)
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where ŵk,t = wk,t − pCk,t, m̂cki,t = mcki,t − pCk,t, p̂
X
ki,t = pXki,t − pCk,t, p̂

X,E
ki,t = pX,Eki,t − pCk,t,

p̂X,Mki,t = pX,Mki,t − pCk,t, and p̂Xkij,t = pXkij,t − pCk,t.

Intermediate Inputs Baskets. The log-linearized intermediary input aggregator (44) is given
by

x̂ki,t = βkix̂
E
ki,t + (1− βki)x̂

M
ki,t,(B.39)

where βki = PX,Eki XEki/(P
X
kiXki) = β̃

1
ϕ

ki

(
XEki/Xki

)ϕ−1
ϕ and (1 − βki) = PX,Mki XMki /(P

X
kiXki) = (1 −

β̃ki)
1
ϕ

(
XMki /Xki

)ϕ−1
ϕ can be verified using the steady-state intermediate input aggregator (44)

and the input demand curves (B.31).
The log-linearized versions of the energy and non-energy intermediate input aggregators

(46) are given by

x̂Eki,t =
∑
j∈IE

νkijx̂kij,t, x̂Mki,t =
∑
j∈IM

υkijx̂kij,t,(B.40)

where νkij = PXkijXkij/(P
X,E
ki XEki) = ν̃

1
χ

kij

(
Xkij/XEki

)χ−1
χ and υkij = PXkijXkij/(P

X,M
ki XMki ) =

υ̃
1
ξ

kij

(
Xkij/XMki

)ξ−1
ξ can be verified using the steady-state energy and non-energy interme-

diate input aggregators (46) and the demand curves (B.32).
The log-linearized version of the final layer of the intermediate input aggregator, (47), is

given by

(B.41) x̂kij,t =
K∑
l =1
ζkl ijx̂kl ij,t,

where ζkl ij = Pkl jXkl ij/(PXkijXkij) = ζ̃
1
µ

kl ij

(
Xkl ij/Xkij

)µ−1
µ can be verified using the steady-state

international intermediate input aggregators (47) and the demand curve (B.33).

Price Indices. The different price indices can be derived by combining the intermedi-
ate input demand curves previously derived with the other intermediate input aggre-
gators. The marginal cost of production, the intermediate input price index, the en-
ergy and non-energy input price index, and the input import price index are given by

MCki,t = A
−1
ki,t

[
α̃kiW

1−ψ
k,t + ϑ̃ki(PXki,t)

1−ψ
] 1
1−ψ , PXki,t =

[
β̃ki(P

X,E
ki,t )

1−ϕ + (1− β̃ki)(P
X,M
ki,t )

1−ϕ
] 1
1−ϕ ,

71



PX,Eki,t =
[∑

j∈IE ν̃kij(P
X
kij,t)

1−χ
] 1
1−χ , PX,Mki,t =

[∑
j∈IM υ̃kij(P

X
kij,t)

1−ξ
] 1
1−ξ , and PXkij,t ={∑K

l =1 ζ̃kl ij[(1 + τkl j,t)Pkl j,t]
1−µ
} 1
1−µ . Their log-linearized counterparts are given by

m̂cki,t = −aki,t +Mki
WkNki
PkiYki

ŵk,t +Mki
PXkiXki
PkiYki

p̂Xki,t,(B.42)

p̂Xki,t = βki p̂
X,E
ki,t + (1− βki) p̂

X,M
ki,t ,(B.43)

p̂X,Eki,t =
∑
j∈IE

νkij p̂
X
kij,t, p̂X,Mki,t =

∑
j∈IM

υkij p̂
X
kij,t,(B.44)

p̂Xkij,t =
K∑
l =1
ζkl ij( p̂

k
kl j,t + τkl j,t),(B.45)

where MkiWkNki/(PkiYki) =
(
Wk/MCki

)1−ψ
α̃ki and MkiP

X
kiXki/(PkiYki) =

(
PXki/MCki

)1−ψ
ϑ̃ki

can be derived using (B.29)-(B.30) in steady-state.

Production Structure. The log-linearized version of the production function (B.27) is given by

ŷki f ,t = aki,t +Mkiαkin̂ki f ,t +Mkiϑkix̂ki f ,t,(B.46)

where αki = WkNki/(PkiYki) = WkNki/(MkiMCkiYki) denotes the (steady-state) labor in-
come share of total sales of firm i, and the identities Mkiαki = MkiWkNki/(PkiYki) =

Nki/Yki
(
α̃kiYki/Nki

) 1
ψ and Mkiϑki = MkiP

X
kiXki/(PkiYki) =

Xki
Yki

(
ϑ̃kiYki/Xki

) 1
ψ can be verified

using the first-order conditions from the firms’ problem (B.29) and (B.30) in steady-state
and the standard monopolistic competition pricing condition in steady-state, Pki =MkiMCki.
Using the previous identities, together with the production function (B.27) in steady-state,
one can verify that

Mki
WkNki
PkiYki

+Mki
PXkiXki
PkiYki

=
WkNki
MCkiYki

+
PXkiXki
MCkiYki

= 1.(B.47)

B.3. Price–Setting

We extend our framework to allow for a time-varying elasticity of substitution between
different good varieties, in order to micro-found price cost-push shocks. We extend (3) to

(B.48) Ymkl i,t =

(∫ 1

0
(Ymf kl i,t)

(ϵ pki,t−1)/ϵ
p
ki,td f

)ϵ pki,t/(ϵ pki,t−1)
,
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where Ymkl i,t denotes the demand for domestic sector i from country k invoiced in currencym
in country l . The implied sectoral price index is

Pmkl i,t =

(∫ 1

0
(Pmf kl i,t)

1−ϵ pki,td f

) 1
1−ϵ pki,t .(B.49)

Producers of each differentiated variety face the demand function

(B.50) Ymkl i,t+s|t =
(
Pmf kl i,t/P

m
kl i,t+s

)−ϵ pki,t Ymkl i,t+s
Firms set prices à la Calvo, which implies that the aggregate price dynamics are described by
the equation

(B.51) (Πml ki,t)
1−ϵ pki,t = θ pki + (1− θ

p
ki)
(
Pml ki,t/P

m
l ki,t−1

)1−ϵ pki,t ,
which can be written in log-linearized terms as

πml ki,t = (1− θ
p
ki)( p

m
l ki,t − pml ki,t−1).(B.52)

Denote by Pml ki,t the price of a good from sector i, originating in country k, sold in country
l , and invoiced in the currency of countrym. The per-period nominal profits of the domestic
firm producing good from sector i are then given by

Πki,t =
K∑
l =1

K∑
m=1

Emk,tP
m
l ki,tY

m
l ki,t − Cki,t(Yki,t)(B.53)

where Yki,t =
∑K
l =1
∑K
m=1 Y

m
l ki,t denotes the total demand across destination markets l and

invoicing currencies k.Cki,t(Yki,t) denotes total costs of country k firms in their home currency.
Consider the pricing problem of a firm from country k that resets its prices in period t,

choosing the full menu of reset prices {Pm
′

l ′ki,t}l ′,m′ across destinationmarkets l ′ and invoicing
currenciesm′:

max
{Pm

′
l ′ki,t}l ′,m′

∞∑
s=0

(θ pki)
sEt

Λt,t+sPki,t+s

 K∑
l ′=1

K∑
m′=1

Em
′

k,t+sP
m′

l ′ki,tY
m′

l ′ki,t+s|t − Cki,t+s

 K∑
l ′=1

K∑
m′=1

Ym
′

l ′ki,t+s|t


(B.54)

subject to the sequence of demand constraints (B.50), with Pki,t = Pkkki,t. Since the revenue
term is additively separable across markets, the optimality condition for the generic destina-

73



tion l and invoicing currencym takes the form

∞∑
s=0

(θ pki)
sEt

{
Λt,t+sYml ki,t+s|t

Pki,t+s
[Emk,t+sP

m
l ki,t −Mki,t+sMCki,t+s|t]

}
= 0.(B.55)

A first-order Taylor expansion of (B.55) around the zero inflation steady state yields

(B.56) pml ki,t = (1− βθ
p
ki)

∞∑
s=0

(βθ pki)
sEt
(
mcki,t+s|t − emk,t+s + µki,t+s

)
.

where mcki,t+s|t ≡ logMCki,t+s|t is the log marginal cost, and µki,t := logMki,t is the log of the
desired gross markup.

The log marginal cost for an individual firm that last set its price in period t is
given by mcki,t+s|t = wk,t+s − (ψ− 1)/ψaki,t+s − ψ−1

(
log α̃ki + yki,t+s|t − nki,t+s|t

)
, where

nki,t+s|t denotes the log employment in period t + s for a firm that last reset its price
in period t, and where we have made use of (B.34). Letting mcki,t =

∫ 1
0 mcki f ,t d f =

(1 − θ
p
ki)
∑∞
s=0(θ

p
ki)
smcki,t|t−s represent the log average marginal cost, it follows that

mcki,t = wk,t − (ψ− 1)/ψaki,t − ψ−1
(
log α̃ki + yki,t − nki,t

)
. Thus, the following relation

holds between firm-specific and economy-wide marginal costs mcki,t+s|t = mcki,t+s −

ψ−1
[(
yki,t+s|t − yki,t+s

)
−
(
nki,t+s|t − nki,t+s

)]
. Notice that, making use of both marginal

cost expressions (B.29)-(B.30), the identity xki,t+s|t−xki,t+s = nki,t+s|t−nki,t+s is satisfied.Hence,
we can write yki,t+s|t − yki,t+s =

(
Mkiαki +Mkiϑki

)
(nki,t+s|t − nki,t+s) = nki,t+s|t − nki,t+s, where

we have used the identity (B.47), and where we have used the linearized production function
(B.46). Hence, we can finally write the relation betweenmarginal costs as mcki,t+s|t = mcki,t+s.
Introducing this last expression into the log-linearized firms’ FOC (B.56), we can write

pml ki,t = (1− βθ
p
ki)

∞∑
s=0

(βθ pki)
sEt
(
mcki,t+s − emk,t+s + µki,t+s

)
.(B.57)

Rewriting the (linearized) inflation dynamics (B.52) as

pml ki,t − pml ki,t =
θ
p
ki

1− θ pki
πml ki,t.(B.58)

Subtracting pml ki,t on both sides of (B.57), adding and subtracting p
m
l ki,t+s on the RHS, and

inserting (B.58) on the LHS,

θ
p
ki

1− θ pki
πml ki,t = (1− βθ

p
ki)

∞∑
s=0

(βθ pki)
sEt
(
mcki,t+s − pml ki,t+s − emk,t+s + µki,t+s

)

74



+ (1− βθ pki)
∞∑
s=1
(βθ pki)

sEtπ
m
l ki,t+s.(B.59)

Taking conditional expectations at time t + 1, multiplying by βθ pki, and rearranging terms
using (B.52), we can write

πml ki,t = κki
(
mcki,t − pml ki,t − emk,t

)
+ βEtπ

m
l ki,t+1 + u

p
ki,t,(B.60)

where κki = (1− θ
p
ki)(1− βθ

p
ki)/θ

p
ki.

We assume that the sectoral price cost-push shocks u pki,t = κkiµ̂ki,t = κki(µki,t−µki), micro-
founded through a time-varying elasticity of substitution ϵ pki,t in (3), follow independent AR(1)
processes:

u pki,t = ρ
p
kiu

p
ki,t−1 + ε

p
ki,t,(B.61)

where u pki,t ∼ N
(
0,σ2ki p

)
.

Producer Currency Pricing. Under PCP (m = k), we have πkl ki,t = πki,t, and we can write (B.60)
as

πki,t = κki
(
m̂cki,t − p̂ki,t

)
+ βEtπki,t+1 + u

p
ki,t,(B.62)

where the sectoral-inflation rates and sectoral-level real prices ( p̂ki,t) are related through the
identity

(B.63) πki,t = pki,t − pki,t−1 = p̂ki,t − p̂ki,t−1 + π
C
k,t,

and p̂ki,t = pki,t − pCk,t.

Local Currency Pricing. Under LCP (m = l ), we have πll ki,t = πl ki,t, and we can write (B.60) as

πl ki,t = κki
(
m̂cki,t − p̂l ki,t − qlk,t

)
+ βEtπl ki,t+1 + u

p
ki,t,(B.64)

which is the export Phillips curve, where we have used (B.10), and where

πl ki,t = pl ki,t − pl ki,t−1 = p̂l ki,t − p̂l ki,t−1 + π
C
l ,t(B.65)
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denotes price inflation in sector i exported to country l from country k. For domestic sales,
k = l , we have that πkki,t = πki,t and p̂kki,t = p̂ki,t, and both the Phillips curve and the sectoral
inflation rates are given by (B.62) and (B.63), respectively.

Marginal costs and aggregate inflation. In this open IO economy, the price Phillips curves
depend on the international supply network through the real marginal costs faced by firm i in
country k, m̂cki,t. Combining the log-linearized intermediate input prices indices (B.42)-(B.45),
we obtain the marginal cost equation,

m̂cki,t = −aki,t +Mkiαkiŵk,t +
K∑
l =1

I∑
j=1

Mkiωkl ij( p̂
k
kl j,t + τkl j,t)(B.66)

where, in the absence of a production subsidy, ωkl ij = Pkl jXkl ij/(PkiYki) =
Pkl jXkl ij/(MkiMCkiYki) denotes the (steady-state) IO expenditure share of total sales
of firm i, andMki = ϵ

p
ki/(ϵ

p
ki − 1) denotes the steady-state markup charged by firm i.

Writing (B.17)-(B.19) in first-differences, we can obtain consumer price inflation,

(B.67) πCk,t =
I∑
i=1

K∑
l =1
βkl i(π

k
kl i,t + ∆τkl i,t)

where βkl i = Pkl iCkl i/(PCkCk) = ζkl i
[
νkiβk1{i∈IE} + υki(1− βk)

(
1− 1{i∈IE}

)]
and

πkkl i,t = pkkl i,t − pkkl i,t−1 = p̂kkl i,t − p̂kkl i,t−1 + π
C
k,t.(B.68)

B.4. Wage–Setting

Following Erceg et al. (2000), wage stickiness is introduced in a way analogous to price
stickiness. Labor unions specialized in any given labor type can reset their nominal wage only
with probability 1−θwk each period, independently of the time elapsed since they last adjusted
their wage. We assume that firms employ a continuum of differentiated labor services. In
particular, Nki f ,t is an index of labor input used by firm f , and defined by

(B.69) Nki f ,t =

(∫ 1

0
N
(ϵwk −1)/ϵ

w
k

f gki,t dg

)ϵwk /(ϵwk −1)
,

where N f gki,t denotes the quantity of type-g labor employed by firm f in period t. Note that
ϵwk,t represents the elasticity of substitution among labor varieties. Note also the assumption
of a continuum of labor types, indexed by g ∈ [0, 1].
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LetWgk,t denote the nominal wage for type-g labor prevailing in period t. Nominal wages
are set by workers of each type (or a union representing them) and taken as given by firms.
Given the wages effective at any point in time for the different types of labor services, cost
minimization yields a corresponding set of demand schedules for each firm f and labor type
g, given the firm’s total employment N f k,t,

N f gki,t =
(
Wgk,t/Wk,t

)−ϵwk,t Nki f ,t,(B.70)

where

Wk,t ≡

(∫ 1

0
W
1−ϵwk,t
gk,t dg

) 1
1−ϵwk,t(B.71)

is an aggregate wage index. Combining the previous conditions, one can obtain a convenient
aggregation result,

∫ 1
0 Wgk,tN f gki,tdg = Wk,tNki f ,t. That is, the wage bill of any given firm can

be expressed as the product of the wage index and the firm’s employment index.
Consider a union resetting its members’ wage in period t, and letW∗

k,t denote the newly set
wage. The union choosesW∗

k,t in a way consistent with utility maximization of its members’
households, taking as given the decisions of other unions as well as the paths of aggregate
consumption and prices. Specifically, the union seeks to maximize

max
W∗
k,t

Et

∞∑
s=0

(βθwk )
s
[
C−σk,t+sW

∗
k,tNk,t+s|t/P

C
k,t+s − N1+φk,t+s|t/(1 +φ)

]
subject to the sequence of labor demand schedules

Nk,t+s|t =
(
W∗
k,t/Wk,t+s

)−ϵwk,t ∫ 1

0
Ngk,t+sdg,

where Nk,t+s|t denotes the level of employment in period t + s among workers that last reset
their wage in period t. The first-order condition is given by

∞∑
s=0

(βθwk )
sEt
[
Nk,t+s|tC

−σ
k,t+s

(
W∗
k,t/P

C
k,t+s −Mw

k,tMRSk,t+s|t
)]

= 0,

where Mw
k,t = ϵ

w
k,t/(ϵ

w
k,t − 1), and MRSk,t+s|t = Cσk,t+sN

φ
k,t+s|t denotes the marginal rate of

substitution between household consumption and employment in period t + s relevant to the
workers resetting their wage in period t. Log-linearizing the above expression around a zero
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inflation steady-state yields the wage setting rule

w∗
k,t = (1− βθ

w
k )

∞∑
s=0

(βθwk )
sEt
(
mrst+s|t + µ

w
k,t + p

C
k,t+s

)
,(B.72)

where µwk,t = logM
w
k,t and mrst+s|t = σck,t+s +φnk,t+s|t.

Lettingmrst+s = σck,t+s+φnk,t+s define the economy’s averagemarginal rate of substitution,
where nk,t+s = log

∫ 1
0
∫ 1
0 N f gkd f dg denotes the log aggregate employment. Up to a first-order

approximation, mrst+s|t = mrst+s +φ(nk,t+s|t − nk,t+s) = mrst+s − ϵwk φ(w
∗
k,t − wk,t+s). Hence,

we can write (B.72) as

w∗
k,t =

1− βθwk
1 + ϵwk φ

∞∑
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(βθwk )
sEt
[
(1 + ϵwk φ)wk,t+s −

(
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w
k,t+s

)]
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(B.73)

Given the assumed wage setting structure, the evolution of the aggregate wage index is given

byWk,t =
(
θwk W

1−ϵwk
k,t−1 + (1− θ

w
k )(W

∗
k,t)

1−ϵwk
)1/(1−ϵwk )

. Log-linearized, wk,t = θwk wk,t−1 + (1 −

θwk )w
∗
k,t. Combining the last expression with (B.73), and letting π

w
k,t = wk,t −wk,t−1, we obtain

the wage inflation equation:

πwk,t = κ
w
k

(
σĉk,t +φn̂k,t − ŵk,t

)
+ βEtπ

w
k,t+1 + u

w
k,t,(B.74)

where

πwk,t = wk,t − wk,t−1 = ŵk,t − ŵk,t−1 + π
C
k,t(B.75)

denotes wage inflation, where both aggregate consumption ĉk,t and employment n̂k,t appear
in log-deviations from their steady-state values, and uwk,t = κ

w
k µ̂

w
k,t = κ

w
k (µ

w
k,t − µwk ) with

µwk = logMw
k . We assume that the wage cost-push shock, micro-founded through a time-

varying elasticity of substitution in the labor demand aggregator, follows an AR(1) processes:

uwk,t = ρ
w
k u

w
k,t−1 + ε

w
k,t(B.76)

where uwk,t ∼ N
(
0,σ2kw

)
.
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B.5. Monetary Authority

The log-linearized bilateral nominal exchange rate (51) is given by ekMUk,t = ekMUk , ∀k ∈ KMU .
In stationary terms, taking first differences, this can be written as

(B.77) ∆ek
MU

k,t = 0 ∀k ∈ KMU

Log-linearizing the expression for the real exchange rate (B.10) and first-differencing, we
obtain

∆qlk,t = ∆e
l
k,t + π

C
l ,t − π

C
k,t.(B.78)

Similarly, log-linearizing and first-differencing the symmetry of nominal exchange rates
condition Elk,t = (E

k
l ,t)

−1 yields

∆elk,t = −∆ekl ,t(B.79)

B.6. Market Clearing, GDP, and Trade Balance

Market Clearing. We first consider the goods market clearing condition (13). Pre-multiplying
by Pki,t/(Pk,tCk,t) = Pki,t/Ek,t, and making use of (B.15),

Pki,tYki,t
Ek,t

=
K∑
l =1

Pki,tCl ki,t
Ek,t

+
K∑
l =1

I∑
j=1

Pki,tXl kji,t
Ek,t

=
K∑
l =1

Pki,t
Pl ki,t

Pl ki,tCl ki,t
Ek,t

+
K∑
l =1

I∑
j=1

Pki,t
Pl ki,t

Pl j,tYl j,t
Ek,t

Pl ki,tXl kji,t
Pl j,tYl j,t

=
K∑
l =1

Pki,t
Pl ki,t

El ,t
Ek,t

Pl ki,tCl ki,t
El ,t

+
K∑
l =1

I∑
j=1

Pki,t
Pl ki,t

El ,t
Ek,t

Pl j,tYl j,t
El ,t

Pl ki,tXl kji,t
Pl j,tYl j,t

∀i ∈ I(B.80)

which we can write in steady-state as

λki =
K∑
l =1

Yl kβl ki +
K∑
l =1

I∑
j=1

Yl kλl jωl kji ∀i ∈ I(B.81)

where the Domar weight for sector i in country k is λki = PkiYki/Yk, the nominal GDP ratio
between countries l and k is defined as Yl k = Pl CCl /(PCk Ck), and the IO share is given byωl kji =

Pl kiXl kji/(Pl jYl j) = PkiXl kji/(Pl jYl j) = ζl kjiϑl j

[
νl jiβl j1{i∈IE} + υl ji(1− βl j)

(
1− 1{i∈IE}

)]
,
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where we have made use of the law of one price in steady-state, Pkl j = Pl j.38

Hence, we can write the log-linearized version of the goodsmarket clearing condition (13),
Yki ŷki,t =

∑K
l =1

(
Cl kiĉl ki,t +

∑I
j=1 Xl kjix̂l kji

)
. Pre-multiplying the expression by Pki/Ek, we can

write

λki ŷki,t =
K∑
l =1

Yl k

βl kiĉl ki,t + I∑
j=1
λl jωl kjix̂l kji

(B.82)

where we have pre-multiplied the first expression by Pki
Ek
.

The NFA from the “global” country K (15) can be log-linearized to

(B.83)
1
β

K−1∑
k=1

nfaKk,t−1 −
K−1∑
k=1

nfaKk,t = ΥK
(
êxpK,t − împK,t + p̂

EXP
K,t − p̂IMPK,t

)
,

the NFA from country k ̸= K k /∈ MU, (15) can be log-linearized to

(B.84) nfaKk,t − β
−1nfaKk,t−1 = Υk

(
êxpk,t − împk,t + p̂

EXP
k,t − p̂IMPk,t

)
where p̂IMPk,t = pIMPk,t − pCk,t and p̂EXPk,t = pEXPk,t − pCk,t. The linearized export and import price
deflators are given by:

p̂IMPk,t =
∑
l ̸=k

I∑
i=1

Pkl iCkl i +
∑I
j=1 Pkl iXkl ji

PIMPk IMPk

(
p̂kkl i,t + τkl i,t

)

=
∑
l ̸=k

I∑
i=1
Υ−1
k

βkl i + I∑
j=1
λkjωkl ji

( p̂kkl i,t + τkl i,t)(B.85)

p̂EXPk,t =
∑
l ̸=k

I∑
i=1

PkiCl ki +
∑I
j=1 PkiXl kji

PEXPk EXPk

(
p̂kl ki,t + τl ki,t

)

=
∑
l ̸=k

I∑
i=1

Yl k
Υk

βl ki + I∑
j=1
λl jωl kji

( p̂kl ki,t + τl ki,t) .(B.86)

Gross Domestic Product and Net Exports. Let us now move to nominal GDP (18). In steady
state, assuming zero net exports, PEXPk EXPk − PIMPk IMPk = 0, we can write Yk = PCk Ck. Using

38Both βl ki andωl kji can be extracted directly from the data.
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the household’s budget constraint (B.20) in steady state, we can write

Yk = P
C
kCk = WkNk + Πk = WkNk +

I∑
i=1

(
1−Mki

−1
)
PkiYki(B.87)

where the last equality makes use of (B.47).
The log-linearized version of the labor market clearing condition (14) is given by

n̂k,t =
I∑
i=1
δkin̂ki,t(B.88)

where

δki =
Nki
Nk

=
WkNki
PkiYki

PkiYki
PCkCk

PCkCk
WkNk

=
αkiλki

1−
∑I
j=1

(
1−Mkj

−1
)
λkj

can be derived using (B.87).
Log-linearizing the real GDP (19) definition,

ŷk,t =P
C
kCk/Ykĉk,t + P

EXP
k EXPk/Ykêxpk,t − PIMPk IMPk/Yk împk,t = ĉk,t + Υk

(
êxpk,t − împk,t

)
where second equality uses that nominal consumption expenditures will be equal nominal
GDP in steady state, and Υk = PEXPk EXPk/Yk = PIMPk IMPk/Yk is the export (or import) share of
nominal GDP.

The nominal exports expression (16) can be log-linearized to:
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βl kiĉl ki,t + I∑
j=1
λl jωl kjix̂l kji,t
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(B.89)

where the export share of nominal GDP is given by

Υk =
PEXPk EXPk

Yk
=
∑
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I∑
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=
PIMPk IMPk

Yk
=
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I∑
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j=1
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(B.91)
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Similarly, the nominal imports expression (17) can be log-linearized to

împk,t =
∑
l ̸=k
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(B.92)

Now we can combine the linearized expression for real GDP, the expressions for real
imports and exports:

ŷk,t = ĉk,t +
∑
l ̸=k

∑
i∈I

Yl kβl kiĉl ki,t +
I∑
j=1

Yl kλl jωl kjix̂l kji,t − βkl iĉkl i,t −
I∑
j=1
λkjωkl jix̂kl ji,t

 .

Appendix C. Additional Results

In this section, we introduce the different analyses discussed in section 4.3.3.

C.1. Dissecting the Role of Nominal Price Rigidities

A growing literature shows that nominal rigidities and production networks jointly shape
which sectors matter for aggregate dynamics. Pastén et al. (2024); Rubbo (2023) find that
heterogeneity in price stickiness distorts the “granular” effect of large sectors and can strongly
amplify the capacity of idiosyncratic shocks to drive aggregate fluctuations. In these envi-
ronments, the key propagation object is a rigidity-adjusted Leontief inverse that embeds the
input–output structure and the pattern of nominal stickiness.

Our open-economy framework provides a natural counterpart to study this mechanism
when granular perturbations originate from abroad. Foreign sectoral price wedges feed into
domestic marginal costs through the direct exposure encoded inΩF, and this direct effect is
propagated through the rigidity-adjusted Leontief inverse: the direct terms-of-trade channel
in the open-economy Phillips curve (37), ∆(I −Ω∆)−1ΩF, can be written equivalently as
(I − ∆Ω)−1∆ΩF, where the diagonal matrix ∆ collects a transformation of the sectoral
Calvo parameters. In this sense, our Phillips curve implements in an open-economy setting
the rigidity-adjusted network logic emphasized by Pastén et al. (2024) and Rubbo (2023):
sectoral shocks are amplified or dampened depending not only on where they occur in the
network and on consumption weights, but also on the pattern of nominal rigidities along the
production chain.

Within this framework, we compare two foreign price-wedge shocks that hit upstream
sectors with markedly different pricing behaviour. The first is the international energy price

82



shock studied above, with essentially flexible prices. The second is a price-wedge shock
in sector C.26 (Manufacture of computer, electronic and optical products), which contains the
semiconductor industry and is calibrated with highly rigid prices, θ pROW,C.26 = 0.72.

39 In
both cases, we assume that the underlying exogenous wedge follows the same stochastic
process (48); thus, any differences in the response of EA inflation are driven by sectoral price
rigidities, the respective positions of energy and semiconductors in the IO network, and their
weights in the EA consumption basket.

Figure C.1 replicates Figure 2 for the foreign semiconductor price-wedge shock.40 Two
features stand out when comparing the two figures. First, the impact effect of the semicon-
ductor shock on cumulative EA headline inflation is an order of magnitude smaller than
effect of the energy shock. Second, the semiconductor-induced inflation is even more per-
sistent: with the IO structure operative, the cumulative IRF keeps increasing over the entire
horizon and displays an accelerating slope towards the end of the sample. In other words,
the semiconductor shock generates a lower but much more drawn-out inflationary episode
than the energy shock.

At first sight, this result is surprising from the perspective of direct exposure. The EA is
more directly affected to semiconductors, both through the domestic and foreign consump-
tion (βkl i) and IO (ωkl ij) shares. We therefore explore the role of nominal price rigidities,
and their distribution across the network.

To gain intuition, we first focus on the immediate downstream users of each shocked
sector. We compute the cross-country average EA sectoral price rigidities, θ pMU,i, and the
average domestic IO exposure to energy and semiconductorsωsMU,i = ωMU,MU,i,s with s ∈
{energy, semiconductors}; and we define for each shocked sector s a downstream flexibility
index Ds ≡

∑I
i=1ω

s
MU,i

(
1− θ pMU,i

)
/
(∑I

j=1ω
s
MU,j

)
. This index measures the average price

flexibility of the sectors that use inputs from s, weighting each buyer by its exposure to s. Note
that the weights are based on the domestic (intra-EA) input shares; since the shocked inputs
are imported, we use the domestic column as a proxy for the composition of each buyer’s
total exposure to sector s, which governs the first round of pass-through of the imported
shock (the full-chain indexMs below instead aggregates over all trading partners). We find
39The choice of a semiconductor-sector shock is also empirically motivated. During the COVID-19 pandemic,

global semiconductor bottlenecks affected a broad range of durable goods, from consumer electronics to
machinery. Furthermore, the semiconductor sector remains highly concentrated: Taiwan accounts for over 60%
of world semiconductor output (Jones et al. 2023). Any large disruption to production in this hub—arising from
natural disasters or geopolitical tensions—would constitute a salient upstream supply shock with potentially
important macroeconomic effects.
40We report results for equal-sized wedge shocks. This choice makes transparent how sectoral price rigidities

and network exposure map into different impact elasticities and persistence profiles. An alternative would be
to rescale the semiconductor shock so that the impact response of EA headline inflation matches that of the
energy shock, but it would obscure the fact that, for a given primitive disturbance, a shock in a sticky upstream
sector is intrinsically less inflationary on impact.
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A. CIRF of Headline Inflation B. CIRF of Core Inflation

FIGURE C.1. Inflation Dynamics and Price Rigidities

Notes: Cumulative IRF of EA headline (Panel C.1A) and core (Panel C.1B) inflation after a price-wedge shock
to the semiconductors sector, for the baseline and turning off the full, international, or national IO structure.
When turning off the IO structure, we always keep the use of semiconductors as an intermediate input.

that downstream users of energy are 3.6 times more flexible than downstream users of
semiconductors. That is, not only is the energy sector itself almost fully flexible; the sectors
that buy energy and pass the shock on to the rest of the economy are, on average, much more
flexible than those that buy semiconductors.

The index Ds captures only the first step in the propagation chain. To incorporate the
entire IO structure, let A denote the MU-aggregated IO matrix across sectors, with elements
aij equal to the MU-weighted cost share of inputs from sector j in buyer sector i, obtained
fromωkl ij by summing over trading partners. We measure the rigidity-adjusted centrality of
sector s byMs ≡ λ⊺(I −∆A)−1es, where es is the indicator vector with a one in position s and
zeros elsewhere. We find that, once nominal rigidities are taken into account, the relevant
network multiplier of energy is around 65 percent larger than that of semiconductors. This
reverses the ranking implied by raw exposure in βkl i andωkl ij: while the MU is more directly
exposed to semiconductors than to energy, the rigidity-adjusted network makes energy more
important for inflation.

C.2. Heterogeneous Production Structures and Cross-country Heterogeneity

The previous sections have analyzed the effects of an international energy price shock on EA
variables and the role played by production networks in its transmission. In this section, we
instead show that such a common shock propagates differently across countries that differ in
their production structures.

Figure C.2 shows the CIRFs of headline (Panel C.2A) and core inflation (Panel C.2D) for the
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main EA countries: Spain (blue line), Germany (purple line), Italy (yellow line), and France
(red line).

Wefind that the (common) shock results in significantly heterogeneous inflation dynamics
across countries, despite all European countries facing the same increase in imported energy
prices. More precisely, we see that Spain suffers the largest spike in headline inflation in
the first periods. However, note that this is also the country where inflation also stabilizes
the fastest. In contrast, we observe the inflation dynamics in Germany. In response to the
increase in energy prices, headline inflation increases the least in the German economy.
In sharp contrast to Spain, headline inflation in Germany shows substantial persistence,
increasing steadily over time. The dynamics of France and Italy sit somewhere between these
two extremes.

The dynamics of headline inflation can be better understood by looking at core inflation,
shown in Panel C.2D. Germany’s core inflation rises gradually and remains elevated for a
prolongedperiod. Spain, on the other hand, experiences amore transient rise in core inflation.
This differential evolution in core inflation rates helps explain the varying persistence of
headline inflation dynamics between the two countries, since most of the headline inflation
at longer horizons is explained by core inflation dynamics.

The heterogeneity in production structures and households’ consumption baskets across
countries can rationalize these differentials in the inflation dynamics. In the data, the con-
sumption share of energy goods in Spain is the largest (4.49%). Therefore, headline inflation in
Spain is the one that ismost directly affected by the rise in energy prices. In contrast, Germany
has a smaller share of energy consumption (4.09%), naturally leading to a smaller response
of headline inflation on impact. However, Germany’s production structure is characterized
by a stronger industry exposure to the use of energy goods and long production chains. The
longer production network structure of the German economy explains the persistent rise of
inflation, as the feedback loops described in the previous sections applymore strongly here.41

On the other side, Spain has a more downstream-oriented production structure, with less
complex IO linkages, resulting in lower amplification associated with production networks
in this case.

To isolate the role of production networks, we consider the case in which the IO matrix
is homogeneous across countries.42 Panels C.2B and C.2E present the resulting CIRFs of
41Although the values of the upstreamness measure do not have a straightforward quantitative interpretation,

the sales-weighted average of the sectors in the Spanish and German economies shows that, on average, Spanish
sectors are 6.4% closer to final demand than German sectors.
42This matrix assumes that, within EA economies, all sectors have the same productive structure. Therefore,

within a given sector i, the weight of any sector j (υkij in our notation) as well as the different national varieties
l (ζkl ij in our notation) is the same for all firms in the EA. Within each sector, these values are calibrated as
the average of all EA countries. For consistency, this implies that the weight of a given sector in the GDP of its
country is the same in all EA countries.
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A. CIRF of Headline Inflation B. CIRF of Headline Inflation,
Common IO

C. CIRF of Headline Inflation,
Common IO and Consumption
Shares

D. CIRF of Core Inflation E. CIRF of Core Inflation, Com-
mon IO

F. CIRF of Core Inflation, Com-
mon IO and Consumption Shares

FIGURE C.2. Cross-country Heterogeneity

Notes: Cumulative IRF of headline (Panel C.2A) and core (Panel C.2D) inflation for Spain (ES), France (FR),
Italy (IT), and Germany (DE). Panels C.2B and C.2E reproduce the analysis with an homogeneous IO network,
and C.2C and C.2F reproduce the analysis under both homogeneous IO production network and consumption
shares.

headline and core inflation. We find that equalization of the production network between
countries reduces the gap in inflation dynamics between the different countries. The persis-
tence induced by the network is the same across countries, and no CIRF crosses the others.
Spain, which has a higher energy share in the CPI basket, reacts more initially and ends up
with the highest cumulative inflation.

Finally, to eliminate the gap coming from the heterogeneous consumption shares, we
consider the case in which the consumption sharematrix is homogeneous across countries.43

Panels C.2C and C.2F present the resulting CIRFs of headline and core inflation. We find that
equalizing the consumption shares across countries, on top of production network, further
reduces the gap in inflation between the different countries. The remaining distance can be
explained by the heterogeneous price rigidities: the average price duration in Spain is 4.18
quarters, having relatively flexible prices, whereas in Germany prices are more rigid, lasting
43In this case we set the different consumption shares by sector as well as by national varieties to be the equal

to the mean for all households across the EA.
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FIGURE C.3. Output Response by Country to the Common Energy Shock

Notes: Impulse response of output (% deviation) to a 10% peak increase in imported energy prices, by euro-area
country: Rest of the Euro Area (REA), Spain (ESP), France (FRA), Italy (ITA), and Germany (DEU).

for 4.50 quarters on average.44

So far the cross-country comparison has focused on inflation. The heterogeneity is, how-
ever, considerably more pronounced in the real economy. Figure C.3 reports the output
response of each euro-area country to the common shock. While the dispersion in headline
inflation is moderate, the contraction in output ranges from a deep and persistent fall in
Spain to a nearly negligible response in Germany—a cumulative gap of roughly an order of
magnitude. The mechanism is the same direct real-income channel that shapes inflation
on impact: countries with a larger share of energy in the consumption basket experience a
larger erosion of real purchasing power, and hence a sharper contraction in demand and
output. This is precisely the dimension along which a representative euro-area economy
would be most misleading: aggregating the bloc into a single economy preserves the (rela-
tively homogeneous) inflation response while concealing first-order differences in the real
burden of the shock across member states.

To summarize how country characteristics map into the heterogeneous responses, Figure
C.4 collapses each country’s impulse response into a cumulative statistic and plots it against
three structural characteristics computed from the calibration: the imported energy input
intensity, the energy share in the consumption basket, and the average price flexibility (all
Domar-weighted). The patterns confirm the mechanisms discussed above. The cumulative
44The differences in sectoral price flexibility are particularly pronounced in energy and food sectors.The

differences vanishwhenwe consider only core CPI sectors (the average price duration is 6.45 quarters in Spain vs.
6.54 quarters in Germany), which explains the overlapping of core CPI inflation dynamics in the four countries
in Panel C.2F.
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output contraction ismost strongly associated with the energy consumption share (ρ = −0.63),
consistent with the real-income channel. Cumulative headline and core inflation, in turn,
correlate negatively with both imported energy input intensity (ρ = −0.55 and −0.57) and
price flexibility (ρ = −0.51 and−0.55): countries whose prices adjust more freely front-load
the price response and end with lower cumulative inflation. The cross-country dispersion
is thus not noise but a systematic reflection of the heterogeneous production structures,
consumption baskets, and nominal rigidities that the disaggregated model retains.

Finally, Figure C.5 compares the aggregate euro-area response under the heterogeneous
baseline calibration against a counterfactual in which all five member countries are assigned
the same degree of nominal price rigidity: for each sector, the Phillips-curve slope coeffi-
cient κ is set to its GDP-weighted mean across the EA, while all other primitives—production
networks, energy shares, and consumption baskets—are held at their country-specific val-
ues. This isolates the effect of heterogeneity in price rigidity, an important driver of the
cross-country differences in inflation dynamics documented above. The headline inflation
responses are nearly indistinguishable: the aggregate inflationary path is not materially
affected by whether price rigidities are heterogeneous or equal across countries. The output
responses, by contrast, diverge markedly: the heterogeneous model produces a shallower
and faster-recovering output contraction than the homogeneous model. The reason is a com-
position effect: in the heterogeneous baseline, countries with flexible prices (notably Spain)
absorb the shock primarily through rapid price adjustment rather than quantity reductions,
cushioning the GDP-weighted aggregate output loss. When all countries are assigned the
mean price frequency, this cushioning is eliminated and the model predicts a substantially
deeper contraction. The result implies that disaggregating the euro area is consequential not
only for distributional accuracy but also for aggregate output predictions.
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FIGURE C.4. Cumulative Responses and Country Characteristics

Notes: Each marker is a euro-area country. Rows: cumulative headline inflation, cumulative core inflation, and
cumulative output, summed over the 50-quarter horizon. Columns: imported energy input intensity, energy
consumption share, and average price flexibility (κ), all Domar-weighted from the calibration. Red lines are
OLS fits; ρ is the cross-country correlation.
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FIGURE C.5. Heterogeneous vs. Homogeneous EA Calibration: Aggregate EA Response

Notes: Impulse responses of euro-area aggregate headline inflation (p.p., left panel) and output (% deviation,
right panel) to a 10% peak increase in imported energy prices. Solid blue: heterogeneous baseline (five countries
with country-specific price-adjustment frequencies). Dashed red: homogeneous counterfactual, in which all
five countries are assigned, sector by sector, the GDP-weighted mean of the Phillips-curve slope coefficients κ̄;
all other primitives are unchanged.
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C.3. Sectoral Decomposition

In order to study the sectoral composition of EA headline inflation, we catalog each of the 44
sectors in the economy into three categories: energy, upstream or downstream. We consider
Mining (NACE B), Coke and refined petroleoum (NACE C.19), and Electricity (NACE D.35) as
the energy sectors. Out of the remanining non-energy sectors, we follow the methodology
proposed in Antràs et al. (2012) to rank sectors according to their relative proximity to the
final consumer. According to their measure, a sector is more downstream (i.e. closer to the
final consumer) when a larger share of its output is used as final consumption. Conversely,
more upstream sectors are the ones that sell a larger fraction its output as intermediate input
for other sectors.45We label a sector as upstream if its upstreamness measure is above the
median, and downstream otherwise.46

A. CIRF of Headline Inflation B. Contributions of Upstream, Downstream and
Energy sectors

FIGURE C.6. Inflation Dynamics and its Sectoral Decomposition

Notes: Panel C.6A: CIRF of EA headline inflation and contributions of upstream and downstream sectors (Antràs
et al. 2012). Panel C.6B: contributions of upstream and downstream sectors as a percent of total headline
inflation.

We plot in Figure C.6 the decomposition of the cumulative impulse response function
(CIRF) of the EA headline inflation after the energy price shock. In Panel C.6A, we document
that the initial increase inheadline inflation is entirely drivenby the increase in energy sectors,
directly transmitted to consumption prices. Over time, the energy price falls, reverting to its
45The upstreamness measure of an industry i in country k, Uki, is the solution to the system Uki = 1 +∑
l∈K

∑
j∈I Xl kjiUl j/Yki, where Xl kji/Yki denotes the share of industry i’s output sold to industry j in country l

andUl j is the upstreamness measure of that buying industry. This measure takes into account the upstreamness
of the sectors to which industry i supplies intermediate inputs.
46The three most downstream sectors are Health and Education Services (NACE P-Q), Public Administration

(NACE O), and Accommodation and food services (NACE I). The three most upstream sectors (apart from energy-
related sectors) are Basic metals (NACE C.24), Chemical products (NACE C.20) andWarehousing (NACE H.52-H.53).
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initial level; and upstream and downstream sectors start contributing to headline inflation.
Panel C.6B reports each component’s share in total headline inflation. We find that the share
of inflation coming fromupstream sectors stabilizes after 30 quarters, whilst the share coming
from downstream sectors is more persistent, increasing steadily over time.

These findings can be interpreted through the intuition developed in the price dynamics
in equation (37): upstream sectors are less affected by the energy price increase since their
intermediate input share in production is small, while downstream sectors are exposed
directly through their own intermediate-input purchases, including energy, and indirectly
through the input–output linkages of their suppliers, whose prices already embody the cost
increases accumulated along the chain. Given that the pass-through is limited by price
rigidities along the supply chain, this further increases the persistence of headline inflation.

C.4. Systematic Monetary Policy and Production Networks

Previous research has shown that the presence of intermediate goods and IO links tends
to increase the degree of monetary policy non-neutrality (see, for example, Nakamura and
Steinsson 2010; Rubbo 2023). That is, upon amonetary policy shock, inflation tends to respond
less and output more than in a counterfactual where these features are absent.

Our framework is consistent with this result. In Panel C.7A of Figure C.7, we show the
CIRFs of headline inflation upon an expansionary monetary policy shock that lowers EA
interest rates. The easing raises inflation by more when the IO structure is absent (red line)
than in our baseline calibration (blue line). Intuitively, the presence of intermediate goods
with sticky prices reduces the volatility of marginal costs and the pass-through of wages into
prices (see expression 37), leading to a muted inflation response to monetary impulses.

Wenext explore the relevance of systematicmonetary policy in the presence of production
networks, being able to arrest the amplification on inflation. The Panel C.7B of Figure C.7
considers the following exercise. We draw a series of shocks to the international price of
imported energy faced by European firms. We then simulate the model with and without
production networks, subject to those shocks, and compute the volatility of headline and
core inflation. When doing so, we consider two different inflation coefficients in the Taylor
rule (50): the first with our baseline calibration ϕπMU = 1.5, and the second considering a
weaker systematic response ϕπMU = 1.1. The blue bars in Panel C.7B show the increase in
EA inflation volatility when we move from ϕπMU = 1.5 to ϕπMU = 1.1 in the economy with
production networks. The red bars show the same statistic in the economy without IO links.

First, we observe that monetary policy has a greater impact on core inflation than on head-
line inflation, both with and without IO links. Specifically, the increase in inflation volatility
from a weaker monetary policy response is more than twice as large for core inflation com-
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A. CIRF of EA Headline Inflation to a Monetary
Policy Shock in the EA

B. Percent Change in EA Inflation Volatility under
Weaker Monetary Policy Response

FIGURE C.7. Monetary Policy and Production Networks

Notes: Panel C.7A: CIRF of headline inflation to a monetary policy shock (easing) in the baseline and without IO.
Panel C.7B: percent change in inflation volatility (conditional on energy price shocks) with a lower coefficient
on inflation in the Taylor rule.

pared to headline inflation. This difference arises from cross-sector heterogeneity in price
flexibility and its interaction with import intensities. In our dataset, sectors contributing to
core inflation, such as services and manufacturing, have stickier prices compared to energy-
and food-producing sectors, which exhibit a higher pass-through from marginal costs to
selling prices. In addition, the domestic energy and food sectors are heavily dependent on
imported goods as key production inputs. Since domestic monetary policy has limited influ-
ence over the international prices of these imported goods, which strongly affect domestic
prices, the monetary policy rule has a smaller impact on headline inflation than on core
inflation.

Second, the results of this simulation show that the systematic response of monetary
policy becomes more significant in the presence of IO linkages, despite the higher degree of
monetary non-neutrality following monetary shocks. Specifically, by comparing the red and
blue bars, we observe that inflation volatility increases by more than twice as much when
production networks are included. This finding aligns with our earlier results: IO linkages
amplify the inflationary response to international energy price shocks. Consequently, even
though a given change in interest rates has a smaller direct effect (as shown in Panel C.7A), a
monetary policy response that fails to contain the propagation of such shocks—and allows
the IO amplification to build up—will result in greater inflation volatility.
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Appendix D. Additional Figures and Tables

FigureD.1 presents a series of heatmaps that illustrate the structure of the consumption shares,
labor shares, Calvo pricing rigidities, and EA production structure at a detailed, country-
specific level. Similarly, Figure D.2 illustrates the structure of the production networks at a
detailed, country-specific level. In these visualizations, each cell represents the intensity of
the input–output linkage between sectors—whether for domestic (home) or international
(foreign) transactions. Lighter shades indicate higher input shares, revealing which sectors
are more interconnected within a country and highlighting the key channels through which
shocks can propagate. For instance, clusters of lighter cells in certain regions of the heatmaps
point to sectors that rely heavily on inputs from specific domestic industries. The heatmaps
provide a comparative view across different countries, capturing heterogeneities in both the
domestic production structures and the degree of integration with foreign supply chains.

We obtain βkl i directly from the data. Using the empirical consumption shares, we
compute ζkl i = βkl i/(

∑
l βkl i), βk =

∑
i∈IE

∑
l βkl i, νki =

∑K
l =1 βkl i/βk for i ∈ IE, and

υki =
∑K
l =1 βkl i/(1 − βk) for i ∈ IM. Similarly, we obtain ωkl ij directly from the data.

Using the empirical intermediate input shares, we compute ζkl ij = ωkl ij/(
∑K
m=1ωkmij),

βki =
∑
j∈IE

(∑
l ωkl ij/

∑
l
∑
jωkl ij

)
, νkij = (

∑
l ωkl ij/

∑
l
∑
jωkl ij)/βki for j ∈ IE, and

υkij = (
∑
l ωkl ij/

∑
l
∑
jωkl ij)/(1− βki) for j ∈ IM.

Table D.1 lists the 44 NACE sectors used in the analysis.

TABLE D.1. NACE Rev. 2 sectors used in the Analysis

NACE Code Sector Name

A.01–02 Agriculture, forestry and fishing
A.03 Fishing and aquaculture
B.05–06 Mining of coal, lignite, crude petroleum and natural gas
B.07–08 Mining of metal ores and other mining and quarrying
B.09 Mining support service activities
C.10–12 Manufacture of food, beverages and tobacco
C.13–15 Manufacture of textiles, wearing apparel and leather products
C.16 Manufacture of wood and products of wood and cork
C.17–18 Manufacture of paper, and printing and media reproduction
C.19 Manufacture of coke and refined petroleum products

Continued on next page
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NACE Code Sector Name

C.20 Manufacture of chemicals and chemical products
C.21 Manufacture of basic pharmaceutical products
C.22 Manufacture of rubber and plastic products
C.23 Manufacture of other non-metallic mineral products
C.24 Manufacture of basic metals
C.25 Manufacture of fabricated metal products
C.26 Manufacture of computer, electronic and optical products
C.27 Manufacture of electrical equipment
C.28 Manufacture of machinery and equipment n.e.c.
C.29 Manufacture of motor vehicles, trailers and semi-trailers
C.30 Manufacture of other transport equipment
C.31–33 Other manufacturing and repair and installation of machinery
D.35 Electricity, gas, steam and air conditioning supply
E.36–39 Water supply; sewerage, waste management and remediation
F.41–43 Construction
G.45–47 Wholesale and retail trade; repair of motor vehicles
H.49 Land transport and transport via pipelines
H.50 Water transport
H.51 Air transport
H.52 Warehousing and support activities for transportation
H.53 Postal and courier activities
I.55–56 Accommodation and food service activities
J.58–60 Publishing, audiovisual and broadcasting activities
J.61 Telecommunications
J.62–63 IT and other information services
K.64–66 Financial and insurance activities
L.68 Real estate activities
M.69–75 Professional, scientific and technical activities
N.77–82 Administrative and support service activities
O.84 Public administration and defence; compulsory social security

Continued on next page
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NACE Code Sector Name

P.85 Education
Q.86–88 Human health and social work activities
R.90–93 Arts, entertainment and recreation
S.94–96 Other personal service activities
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A. Heatmap of the Consumption ma-
trix, where element βkl i denote the
consumption share of sector i of
country l in households’ basket of
country k.

B. Heatmap of the Labor matrix,
where element αki denotes the labor
share of sector i in country k.

C. Heatmap of Home EA Input-
Outputmatrix, where elementωij de-
note the input share of sector j for
output sector i, both sectors inside
the EA.

D. Heatmap of Foreign EA Input-
Outputmatrix, where elementωij de-
notes the input share of sector j from
ROW for output sector i inside EA.

E. Heatmap of the Calvo pricing
rigidities matrix, where element θ pki
denotes the Calvo rigidity of sector i
in country k.

FIGURE D.1. Sectoral Heterogeneity on Consumption Shares, Labor Shares, Input-Output
Network, and Nominal Price Rigidities

Notes: Panel D.1A: heatmap of the consumption share. Panel D.1B: heatmap of the labor share. Panel D.1C:
heatmap of the home input-output matrix of the EA. Panel D.1D: heatmap of the foreign input-output matrix of
the EA. Panel D.1E: heatmap of Calvo rigidities.
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A. Heatmap of Home ES Input-Output matrix,
where elementωij denotes the input share of sec-
tor j for output sector i, both sectors inside ES.

B. Heatmap of Foreign ES Input-Output matrix,
where elementωij denotes the input share of sec-
tor j from abroad for output sector i inside ES.

C. Heatmap of Home FR Input-Output matrix,
where elementωij denotes the input share of sec-
tor j for output sector i, both sectors inside FR.

D. Heatmap of Foreign FR Input-Output matrix,
where elementωij denotes the input share of sec-
tor j from abroad for output sector i inside FR.

E. Heatmap of Home IT Input-Output matrix,
where elementωij denotes the input share of sec-
tor j for output sector i, both sectors inside IT.

F. Heatmap of Foreign IT Input-Output matrix,
where elementωij denotes the input share of sec-
tor j from abroad for output sector i inside IT.

FIGURE D.2. Heatmaps of the Input-Output Structure

Notes: Heatmaps of the home (left column) and foreign (right column) input-output matrices of the Rest of the
Euro Area, Spain, France, Italy, Germany, and the Rest of the world.
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G. Heatmap of Home DE Input-Output matrix,
where elementωij denotes the input share of sec-
tor j for output sector i, both sectors inside DE.

H. Heatmap of Foreign DE Input-Output matrix,
where elementωij denotes the input share of sec-
tor j from abroad for output sector i inside DE.

I. Heatmap of Home ROW Input-Output matrix,
where elementωij denotes the input share of sec-
tor j for output sector i, both sectors inside ROW.

J. Heatmap of Foreign ROW Input-Output matrix,
where elementωij denotes the input share of sec-
tor j from abroad for output sector i inside ROW.

FIGURE D.2. (Continued)
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FIGURE D.3. Sensitivity of the Energy-Shock Responses to Trade and Substitution Elasticities

Notes: Each cell reports the euro-area cumulative response (summed over the 50-quarter horizon) to a 10% peak
increase in imported energy prices, normalized per 10% shock. Rows vary the trade elasticity (applied jointly to
δ and µ); columns vary the energy/non-energy substitution elasticity (applied jointly to γ and ϕ). The white box
marks the baseline calibration (δ = µ = 1, γ = ϕ = 0.4). Panel (a): cumulative headline inflation (p.p.). Panel (b):
cumulative output (% deviation).

D.1. Sensitivity to Trade and Substitution Elasticities

A natural concern is whether the transmission of the international energy price shock hinges
on the values chosen for the key demand elasticities.We assess this by re-running the baseline
energy experiment over a two-dimensional grid that varies (i) the trade elasticity, applied
jointly to households (δ) andfirms (µ), over {0.5, 1, 1.5, 2, 3}, and (ii) the elasticity of substitution
between energy and non-energy goods, applied jointly in consumption (γ) and production
(ϕ), over {0.1, 0.2, 0.4, 0.6, 1.0}. The baseline calibration (δ = µ = 1, γ = ϕ = 0.4) is highlighted
in each panel of Figure D.3, which reports the euro-area cumulative responses of headline
inflation (Panel a) and output (Panel b) to the common energy shock; all other parameters
are held at their baseline values.

The inflation response is highly robust. Excluding the lowest trade elasticity (δ = µ = 0.5),
cumulative headline inflation ranges between 0.374 and 0.405 p.p., a band of roughly ±5%
around the baseline value of 0.387 p.p.; the impact response is virtually invariant (between
0.127 and 0.131 p.p.). Higher energy/non-energy substitutability raises cumulative inflation
modestly, as firms and households initially substitute away from energy but adjust over a
longer horizon, lengthening the inflationary episode. The output response is more sensitive—
cumulative output ranges from−2.76% to−1.71% across the same region—but the direction
is intuitive: greater substitutability cushions the real contraction by allowing agents to econ-
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omize on the now-expensive energy input. Crucially, the stagflationary character of the
shock—a persistent rise in inflation alongside a contraction in output—is preserved through-
out the grid. The only region in which the responses change materially is the very low trade
elasticity δ = µ = 0.5, where the limited scope for expenditure switching amplifies both the
inflationary and the contractionary effects; such low values, however, lie below the range
typically estimated for euro-area countries at business-cycle horizons (Boehm et al. 2023).
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