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Abstract

We study the short-run macroeconomic transmission of a US-China tariff war in an
open economy multi-sector New Keynesian model with input-output linkages, sectoral
nominal rigidities and heterogeneous currency invoicing. A reciprocal 10 percentage
point tariff increase generates asymmetric incidence: the tariff-imposing country bears
more of the inflationary burden, while the targeted country experiences the larger
output contraction. Production networks amplify this contraction by propagating the
shock beyond the directly tariffed bilateral margin. Currency invoicing further shapes
transmission. Under heterogeneous invoicing, dollar-denominated border prices
weaken the expenditure-switching role of exchange rates, deepening the contraction
in China relative to producer-currency pricing and altering third-country spillovers. The
euro area response is small in the aggregate, but only because positive trade-diversion
margins are offset by weaker demand from China and multilateral adjustments. We
then exploit the model’s sectoral structure by imposing tariffs on one Chinese sector
at a time. Sectoral incidence is highly concentrated, but aggregate effects cannot be
inferred from the directly tariffed sector alone: domestic propagation offsets own-sector
gains in the United States, reinforces own-sector losses in China and leaves the euro area
as a net object shaped by opposing trade margins. The results show that tariff incidence
depends jointly on where the tariff lands, how the shock propagates through production
networks and how invoicing governs border-price adjustment. A framework that combines
these margins delivers a materially different assessment from one built on bilateral trade
shares alone.

Keywords: tariffs, trade, dynamic stochastic general equilibrium, multicountry, networks,
dominant currency pricing.

JEL classification: E31, E32, E52, F13, F41, F42.



Resumen

En este documento analizamos la transmisién macroeconémica a corto plazo de una
guerra arancelaria entre Estados Unidos y China utilizando un modelo neokeynesiano
multisectorial de economia abierta que incorpora vinculos de insumo-producto, rigideces
nominales sectoriales y heterogeneidad en la facturaciéon de divisas. Un aumento
reciproco de los aranceles de 10 puntos porcentuales genera una incidencia asimétrica:
el pais que impone el arancel soporta una mayor carga inflacionaria, mientras que el pais
afectado experimenta una contraccion mas pronunciada de la produccioén. Las redes de
produccién amplifican esta contraccion al propagar el shock mas alla del margen bilateral
directamente sujeto a los aranceles. La facturacidon en divisas también condiciona la
transmisién. En un contexto de facturacion heterogénea, los precios en frontera fijados en
doélares atenuan el efecto de los tipos de cambio sobre el cambio en el gasto expenditure-
switching, lo que profundiza la contraccion en China en comparacién con un escenario
de fijacién de precios en la moneda del productor y altera los efectos de contagio hacia
terceros paises. La respuesta de la zona del euro es reducida en términos agregados, pero
ello se debe a que los efectos positivos derivados de la desviacién del comercio se ven
compensados por una menor demanda procedente de Chinay por ajustes multilaterales.
Posteriormente, aprovechamos la estructura sectorial del modelo para aplicar aranceles
a un sector chino especifico cada vez. Si bien la incidencia sectorial estd altamente
concentrada, los efectos agregados no pueden deducirse solo a partir del sector afectado
de forma directa: la propagacion interna contrarresta las ganancias del propio sector en
Estados Unidos, agrava las pérdidas del propio sector en China y sittia a la zona del euro
en una posicién neta determinada por efectos comerciales contrapuestos. Los resultados
demuestran que la incidencia arancelaria depende conjuntamente de donde recae el
arancel, de como se propaga el choque a través de las redes de produccion y de como la
facturacion determina el ajuste de los precios en frontera. Un marco analitico que integra
estos factores ofrece una evaluacién sustancialmente distinta a la que se obtendria
basandose de manera exclusiva en las cuotas de comercio bilateral.

Palabras clave: aranceles, comercio, DSGE, multipais, redes, fijaciéon de precios en moneda
dominante.

Codigos JEL: E31, E32, E52, F13, F41, F42.



1. Introduction

Tariffs have returned as a central instrument of economic policy. Their appeal is often
expressed in bilateral terms: a tariff raises the price of foreign goods, protects domestic pro-
ducers, and redirects expenditure toward home production. But modern trade is not bilateral
in the relevant economic sense. Goods are produced through domestic and international
input-output linkages, traded under heterogeneous invoicing regimes, and priced in markets
where nominal rigidities constrain the speed of adjustment. A tariff aimed at one country and
one set of sectors can therefore generate inflation, output losses, and third-country spillovers
through channels that are not visible from bilateral trade shares alone. This paper asks how
a US-China tariff war is transmitted in such an environment, and which model mechanisms
account for the cross-country and sectoral incidence of the shock.

To answer this question, we develop a multi-country and multi-sector New Keynesian
model with bilateral tariffs, domestic and international input-output linkages, sectoral nom-
inal rigidities, and heterogeneous currency invoicing. The world economy consists of the
US, China, the EA, and the rest of the world (ROW). Each economy contains 44 sectors, of
which 20 are tradeable manufacturing sectors subject to the tariff experiments. Firms com-
bine domestic labor with intermediate inputs sourced domestically and abroad. Households
consume sectoral composites that differ by origin. Prices and wages are sticky, monetary
policy follows country-specific rules, and trade prices may be set in producer currency, local
currency, or dollars. The model is calibrated using input-output tables, bilateral trade flows,
sectoral price-adjustment frequencies, and evidence on invoicing regimes.

Our framework belongs to a recent open-economy production-network macro literature
that extends the disaggregated Keynesian approach of Bagaee and Farhi (2022) to multi-
country settings with global input-output linkages. Closely related contributions include
Cakmakli et al. (2021), who study pandemic-related labor-supply shocks in an epidemiological
model with international production networks; di Giovanni et al. (2022), who analyze global
supply-chain pressures, international trade, and inflation in the context of the 2022 ECB
Forum on Central Banking; di Giovanni et al. (2023), who develop a multi-country, multi-sector
New Keynesian model of pandemic-era inflation and global spillovers; and Kalemli-Ozcan et al.
(2025), who study tariffs in a New Keynesian open-economy model with global production
networks and monetary-policy responses. Relative to these papers, we focus on the short-run
transmission of a bilateral US-China tariff war in a framework that combines detailed sectoral
I0 propagation with heterogeneous currency invoicing at the border.

The structure of the model is essential for the question we ask. In a plain-vanilla trade
model, the transmission of a tariff is organized mainly by final-goods expenditure switching.
That margin is present here, but it is incomplete. Tariffs also change the cost of imported
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intermediate goods, and those cost changes propagate through downstream sectors. Similarly,
when foreign demand for a targeted sector falls, the shock is transmitted to upstream suppliers
and to other sectors connected through intermediate-input demand. The output cost of a
tariff therefore depends not only on the sector directly hit by the policy, but also on the
position of that sector in the domestic and international production network.

The invoicing structure introduces a second reason why standard bilateral accounting is
insufficient. If border prices were fully flexible, exchange-rate movements would do much
of the work of reallocating demand after the tariff shock. With sticky border prices, how-
ever, the currency of invoicing determines which exchange rate matters for pass-through.
Under producer-currency pricing, a depreciation of the targeted country lowers its foreign-
currency export price and cushions the fall in demand. Under dominant-currency pricing,
dollar-invoiced prices are sticky in dollars, so the same depreciation provides less short-run
support. The currency in which trade is priced therefore affects not only the magnitude of
the adjustment, but also its distribution across countries.

These mechanisms complement the standard insights in the literature. The empirical
evidence on recent tariffs emphasizes substantial pass-through into prices paid by importers
and a reallocation of trade across origins (Amiti et al. 2019; Fajgelbaum et al. 2024). Quantitative
trade models show that tariffs and trade barriers can have large aggregate effects once general-
equilibrium linkages are taken into account (Bagaee and Farhi 2024). The international
macro literature on dominant-currency pricing shows that dollar invoicing weakens the
expenditure-switching role of exchange rates and changes the international transmission
of shocks (Gopinath et al. 2020; Egorov and Mukhin 2023). Our contribution is to bring
these mechanisms together in a single short-run, multi-country, multi-sector New Keynesian
environment with explicit tariff shocks.

The first result is that the targeted country bears the larger output loss, and production
networks shape that loss in a non-uniform way. In the benchmark US-China tariff war,
the tariff-imposing country bears more of the short-run inflationary burden because tarift-
inclusive import prices enter directly into domestic consumption and intermediate-input
costs. The targeted country, by contrast, is hit primarily through the contraction in foreign
demand. Input-output linkages then propagate this demand loss through the rest of the pro-
duction structure. The counterfactuals show that this propagation is not a single mechanism:
removing international IO propagation outside the directly tariffed US-China input margin
slightly strengthens the Chinese contraction, while also removing domestic propagation
substantially attenuates it. The net amplification result is therefore driven mainly by domes-
tic production-network propagation, with wider international linkages partly offsetting the
China effect.

The second result is that currency invoicing shapes the magnitude and geography of the
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adjustment. Relative to producer-currency pricing, the benchmark heterogeneous-invoicing
regime delivers a larger Chinese contraction because the renminbi depreciation does less to
restore Chinese competitiveness when a sizable share of border prices is sticky in dollars.
Invoicing also affects third-country transmission. For the EA, the aggregate response is small
on average, but the composition of trade changes across invoicing regimes: the positive
diversion margin vis-a-vis the US, the negative margin vis-a-vis China, and the margin vis-
a-vis the rest of the world move differently when border-price pass-through is governed by
dollar pricing rather than producer-currency pricing.

The third result is that sectoral incidence is a net object. When the US tariffs one Chinese
sector at a time, a small set of sectors accounts for most of the aggregate response. But the
aggregate contribution of a sector is not the same as what happens inside that sector. In the
US, protected sectors often expand on their own, but cross-sector losses elsewhere in the
domestic economy offset part of those gains. In China, cross-sector propagation typically
reinforces the own-sector contraction. In the EA, domestic propagation is weaker, and the
relevant object is the balance between stronger exports to the US and weaker exports to
China. Thus, even at the sectoral level, the incidence of tariffs cannot be inferred from direct
bilateral exposure alone.

Related literature. The paper first contributes to the literature on production networks and
aggregate fluctuations. Seminal contributions by Gabaix (2011), Acemoglu et al. (2012), and
Bagaee and Farhi (2019, 2022) show that sectoral shocks can have aggregate consequences
when firms are linked through input-output networks. More recent work embeds production
networks in New Keynesian environments with nominal rigidities, emphasizing how network
structure shapes shock propagation and the slope of aggregate Phillips curves (Pasten et al.
2020; Rubbo 2023). Our paper is particularly close to the open-economy extension of this
agenda. Cakmakli et al. (2021) develop a global production-network model to study pandemic-
related supply shocks and the economic case for global vaccinations. di Giovanni et al. (2022)
and di Giovanni et al. (2023) use multi-country, multi-sector frameworks with global input-
output linkages to study supply-chain pressures, inflation, and international spillovers during
the pandemic. Kalemli-Ozcan et al. (2025) develop a New Keynesian open-economy frame-
work with trade and production networks, sectoral price rigidities, country heterogeneity in
monetary policy, and tariff shocks. We build on this open-economy production-network tra-
dition by studying the short-run macroeconomic and sectoral incidence of a US-China tariff
war, with particular emphasis on the interaction between IO propagation and heterogeneous
currency invoicing.

Second, the paper contributes to open-economy macroeconomics and the literature on
currency invoicing. Devereux and Engel (2003) show that the currency of price setting changes
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exchange-rate pass-through and the role of monetary policy in open economies. Gopinath
et al. (2020) formalize the dominant-currency paradigm and show that dollar invoicing alters
international shock transmission. Egorov and Mukhin (2023) study optimal policy under
dollar pricing. We build on this work by showing how invoicing interacts with tariffs and
production networks: the invoicing regime determines how much exchange-rate adjustment
cushions the targeted economy and how strongly third-country spillovers emerge.

Third, the paper contributes to the literature on tariffs and trade policy. Recent empirical
work studies the price and welfare effects of the US tariff episode and the reallocation of
trade across countries (Amiti et al. 2019; Fajgelbaum et al. 2024). Quantitative trade models
analyze the welfare and output consequences of trade barriers in environments with rich
cross-country linkages (Bagaee and Farhi 2024). We complement this work by focusing on
short-run macroeconomic dynamics—inflation, output, trade balances, exchange rates, and
sectoral incidence—in a New Keynesian model with production networks and heterogeneous
invoicing.

Roadmap. The rest of the paper is organized as follows. Section 2 presents the model.
Section 3 describes the calibration. Section 4 studies the aggregate transmission of a US-
China tariff war, the role of production networks, the role of invoicing, and robustness to trade
elasticities and the exchange-rate regime. Section 5 turns to sectoral incidence, decomposes
aggregate responses into own-sector and cross-sector terms, and studies the EA as a third-
country net object. Section 6 concludes.

2. Theoretical Model

We extend the theoretical framework in Aguilar et al. (2026) to incorporate country- and
sector-specific tariffs and currency invoicing.! The 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 input-output (I0) linkages. Namely, each country
is comprised of I production sectors, 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.

The open-economy production-network block is closely related to Cakmakli et al. (2021), di Giovanni et al.
(2022), di Giovanni et al. (2023), and Kalemli-Ozcan et al. (2025), who extend the disaggregated Keynesian
production-network framework to multi-country settings with international input-output linkages.
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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,

(1) Ur=Co/(1-0) - / NER/(L+ ) dg,

which is extended to accommodate nominal wage rigidities (Erceg et al. 2000), where Nok. ¢
denotes the labor supply of labor service g, Cy ; denotes aggregate consumption, o denotes
the inverse of the intertemporal elasticity of substitution, and ¢ denotes the inverse of the
Frisch elasticity.”

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

— I _ K
(2) Crt = Cx ({Cki,t}i=1> and Gy, =Cp; ({Ckz i,t}z=1> ,

where Cy; ; is consumption of sector i at time ¢, and Cy; ; is country k's household’s consump-
tion of goods produced by industry i in country [. Given the quantitative relevance of energy
sectors in recent periods, we introduce a layer to distinguish between energy and non-energy
goods,®

Y
1yl

1 1 y-1 [v-1
(3) Ck,t:[ﬁz?%,ﬁ(l B’<>y ’<Mt] ’

where Cy ; and Cyy ; denote the consumption of energy and non-energy goods, respectively,
with steady-state shares 3; and (1- 3;), and y denotes the elasticity of substitution between
energy and non-energy goods. These are given by:

_t
n-1 n-1 -1

n Tl
(4) ZV Cklt ) kaz klt )

iclg i€ly

2Each household takes as given labor income since wages are set by labor unions and employment is decided
by firms. The only decisions made by the household are the optimal allocation of consumption expenditures
among different good varieties across different sectors and countries, and the optimal intertemporal allocation
of consumption.

3This specification allows us to introduce a specific elasticity of substitution for 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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where Iz and Ij; denote the sets of sectors producing energy and non-energy goods, respec-
tively, Cy; ; denotes the consumption of goods from sector i, with steady-state shares v;; and
vy, and n and t denote the elasticity of substitution between goods in energy and non-energy
sectors, respectively. The aggregation over sectoral goods produced in different countries is
given by CES aggregators:

o

S|
(5) Crir= | > iCiir|
=1

where Cy;; ; denotes the consumption of goods from sector i in country [/, with steady-state
shares (;;;, and 6 denotes the Armington (1969) trade elasticity of substitution between goods
in sectors in different countries.

Finally, we let Cy;; ; be a Dixit and Stiglitz (1977) aggregator over differentiated goods
produced by firms in sector i in country [:

Py.pP
1 p p €ki/(eki_l)
(e i—l)/e :
() Crtiyt = </0 Chiss e kdf)

where € Ifi denotes the sectoral constant elasticity of substitution between good varieties.

Intertemporal Household Problem. International financial markets are incomplete, with house-
holds in each country only having access to two risk-free bonds. The household in country k
has access to a domestic bond By 1> and an internationally traded bond, Bg ., issued, without
loss of generality, by country K and denominated in country K’s currency. The agent max-
imizes the present discounted value of per-period utility flows (1), with discount factor {3,
subject to her budget constraint,

C K r AK -1 8 - <
PC Cy o+ By + BE, [1- (NF k,t)] ke S <

1
. K .
(7) By p-1(L+ i 1) + By g € o (L ik 1) + /0 W Nk 18 + Ty ¢ = T ¢

where Pg’ . denotes the consumption price index, f(} Wi, +Ngk, ¢dg is the nominal labor income

received by the representative household, NFA% = Bf £k ,¢ 1s the net foreign asset position

of households in country k, and where I'(x) = v (exp {x/y k,t} - 1) is an external financial
intermediary premium that depends on the economy-wide net holdings of internationally
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traded foreign bonds as a ratio to the national nominal GDP Y ;, with y, > 0.* The incurred
intermediation premium is rebated to households in a lump-sum manner through the fiscal
instrument Z; ;. Finally, T} ; denotes government transfers, also rebated to households in
lump sum.

For the allocation of consumption across sectors, countries, and differentiated goods:

c K -ef;
1
) 0Crr _Prip 38, Uty OPY nd Corer Plif,t c
.. pC”’ . C ) Klif,t = 2 Kli,ts
ackl,t Pk,t ackl l,t Pkl t Pkl i,t

where P]fi . denotes the consumer price index of sector i faced by the household in country k,

epil(ef-1 )
and Pkl = [] Jo (Pkl if, t)(eli_l)/efidf] KR where PJl1; , is the price of a good produced in

sector i and country [, purchased by country k, in the currency of country m.

Wage-Setting. We follow Erceg et al. (2000) and assume that labor unions specialized in
any given labor type can reset their nominal wage only with probability 1- 0} each period,
independently of the time elapsed since they last adjusted their wage. The labor union chooses
the optimal wage to maximize the discounted sum of households’ welfare

>0 Wi N, NpHO
wl [ kit Tkttt kel
) HV'-lV%X[Et E (BOy) ( o T T
k)t l:O k t+l

subject to the sequence of labor demand schedules

~Cwk,t
(10) Ny gl = / dg
K t+l|t Wk " ok, 48>

where Ny ;1 B denotes the level of employment in period ¢ + I among workers that last reset

their wage in period ¢, and e, ; denotes the elasticity of substitution between different labor
varieties.

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.

“The 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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Production. Each firm f, in sector i and country k, produces a differentiated good Yj; ; via
a CRS production function Fy; that combines labor Nj; ¢ ; and a basket of intermediate goods
Xyif ¢ asinputs:

(11) Yiif,e = FiiNki £, Xkif 1)-

We consider the following CES production function:

WP

¢1 -1 ] 91

1 1
(12) Fii(Nkif, o Xiif,e) = [ Ny * O Xk,

J

Both factors are combined under a constant elasticity of substitution \; &;; can be interpreted
as a measure of labor-biased demand in production in sector i and country k, and 9;; can be
interpreted as a measure of input-biased demand in production in sector i and country k.

Input Baskets. The bundle of intermediate goods X} ;¢ ; is defined similarly 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:

(13) Xrif,t = X (‘{inj f,t}]I'=1> and  Xpjir ;= X <{sz ij f,t}£1> ;

where X ¢, is firm f’s demand in sector i of country k for goods produced in sector j, and
Xiqijf,t i firm f’s demand in sector i of country k for goods produced in sector j in country
l. Similarly, we assume a CES structure for the intermediate good aggregators in (13). As
on the household side, we introduce an additional layer to distinguish between energy and
non-energy goods,

b
1 ¢1 1 ¢1 b-1

(14) Xyit = f5kl klEtJ“(l Bkl)d) klMt )

)

where X, ; and Xj;  denote sector i intermediate goods’ demand for energy and non-
energy goods, respectively, with steady-state shares 3;; and (1 - 34;), and ¢ denotes the
elasticity of substitution between energy and non-energy goods. These are given by:

X
1 x| Xt 1a1

. - X X . =
(15) Xk, ¢ Z"kinkij,t ’ Xina,t Z Vi li, ’
jcly €Iy

£
z-
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where X;;; ; denotes the input purchase of goods from sector j, with steady-state shares
Viij and vy;;, and x and & denote the elasticity of substitution between goods in energy and
non-energy sectors, respectively. The aggregation over sectoral goods produced in different
countries is given by CES aggregators:

K

p-1
(16) inj; Z Ckl 1]Xkl ij,t

where Xj;;; ; denotes the input purchases of goods from sector j in country [, with steady-
state shares (y;;, and p denotes the Armington trade elasticity of substitution between goods
in sectors in different countries. Finally, each origin-sector input bundle Xj;; ; is itself a
Dixit-Stiglitz aggregator over differentiated goods produced by firms in sector j in country [:

Plel-1)
1 (eP-1)/€? €Kil €k
(17) Xklij,t = (/ klI;]]ff tk] f)

Cost minimization by firms delivers the following first-order conditions for labor and
intermediate goods demands:

oF oF
(18) W Mckl tant, . . aN kl ) Pf](, Mckl tav. .. . aX kl
kif,t kijf,t

and the allocation of intermediate goods demand across sectors and countries:

14
X \pk k €
(19) 0Xy;  Phije 0y I+t Py, . _ P Tkijfre .
. DX L X ’ Kiff't~— |\ " ok kit
anlJ;t Pki,t X Uyt Pkl] ot Pkl j,t

Above, Pft denotes the price index of the intermediate input bundle Xj; ¢ , faced by firms in
sector iin country k, and Pf]-(, ; is the price index of the sectoral intermediate input X;;; ¢ , faced
by firms in sector i in country k. As in the case of households, the prices faced by domestic
industries are subject to sectoral tariffs Ty ; ;.

Nominal marginal costs in sector i of country k are denoted by MCy; ;. Note that, under
CRS, all firms in a given sector choose the same combination of inputs. Hence, MCy; ; is
common across firms and given by:

I K

it Akl ij,t
=1 I=1
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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- 6 II:i each period. We allow for a
country- and sector-specific probability of price adjustment.

We consider three pricing regimes for exports: producer currency pricing (PCP), local
currency pricing (LCP), and dominant currency pricing (DCP). Under PCP, the firm sets its
export price in the domestic currency, and hence the selling price to the domestic and foreign
market coincide, and the price of a good in sector i produced in country k and purchased by
agents in country [, in currency units of country m, is given by

_ ok
(21) Plkl + = Em,tPrijt

A firm that is resetting its price chooses a single producer-currency price I_Dki,t for all destina-
tions by solving the following problem:

00 K
(22) I%laX [Et Z SDFt)Hs(GIZ.)S Z <Pki,t - MCki’Hs) ®l ki, t+s
kit s=0 =1

where SDFy 145 = = BSU’ (Ck 1)U (C]< ;) is the stochastic discount factor between periods t and
t+s, and Dyy; 11 denotes demand from agents in destination country [ for the firm’s good
produced in sector i and country k, as implied by equations (8) and (19).

Under LCP, the firm sets its export price to country [ in the currency of country [, denoted
by Piyi 1

l
(23) Pl ki,t 8m,tPl kit

solving the problem:

(24) II}’laX l]':t Z SDFt t+s(9 ) <8k t+$Pl kit ~ MCki,tﬂ) ®lki,t+3)
Lkt s=0

where Dyy; 11, is the demand from agents from country [ for the firm’s production.

Finally, under DCP, the firm sets its export price to country [ in US dollars, denoted by
=US
P kit

_ oUS
(25) Pl + = EmtPon
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solving the following problem:

o0
(26) ]TEI(%X [Et Z SDFt,HS(e]}:i)S <8U§+3Pkl t— Mcki,t+s) Dki,t+3'
Pyt s=0

where Dy; 11 is the demand from agents from country [ for the firm’s production.

Profits in sector i of country k are given by export- and domestic-market revenues net of

costs, ﬂkz ;= Zl 1 lkz Dixir —MCy; Yy 1, and aggregate profits rebated to households are
IPED Y Mg ¢-

)

2.3. Government

The government is composed of a fiscal authority and a central bank. The fiscal authority
issues domestic debt By ;, provides production subsidies to firms, and collects lump-sum
taxes Ty ; from the household in order to balance its budget constraint:

(27)
Bk ; K I L I L I
I+ lfk t Tt > D> | iy i tChie * > i PR Xt | = Brt-1+ ) TiMCioi Yt
5 1k i=1 =1 i=1

where Y} ; . denotes the production of sector i in country k.

2.4. Monetary Authority

There is a monetary authority in each country k € K, and the central bank sets the nominal
interest rate, i; ;. We assume that each central bank follows a Taylor rule:

(28) gy =Pprixe1t (1~ 0kr) (d?knﬂkq),t + Ory Vit ¥ PranBg : + dra yAJ/k,t> tepy

where the coefficients are allowed to vary by country; p;, denotes the degree of interest
rate smoothing in the monetary instrument, coefficients {¢p},, dx y} modulate the elasticity
of the policy rate with respect to changes in a given inflation index Tk, > and output /_)\/k)t,
measured as the log-deviation from its steady-state value; and coefficients {pyaq, Pray}
modulate the elasticity of the policy rate with respect to changes in a given inflation index
growth Amyg, ¢ = T, 1 = Ty, 1-1, and output AYy . = ¥y ; = Yy 1. The Taylor rule features a
monetary policy shock, which follows Ek, .~ N (0, (O'kr)z) .

Furthermore, we allow the monetary authority to choose the particular inflation measure
(CPI, PCE, PPI, GDP deflator, etc.) that they aim to stabilize, myq, ; = ®Tmry ; = Zﬁl Z{zl Pr1 i1 1
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where Zﬁl Zle $rr; =1, and 7y, ¢ = 7y 4. For example, when ¢y ; is equal to the consump-
tion share of sector i in the country k, then the central bank targets headline inflation.

2.5. Market Clearing and GDP

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

K K I
(29) Viie =Y Clkiet DY Xigire
1=1 =1 j=1

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,

I
(30) Npe= Y Nt
i=1

Finally, the aggregate resource constraint of the economy requires that the net foreign
asset position of country k evolves with the trade balance:

CkK,t
EkK, -1

(31) NFAY , - (1+ ik ¢-1) NFAZ _; =Praxp,(EXPy ¢ - Pramp, IMP ;

where NFA{({ . is denominated in country k's currency and reflects holdings of the internation-
ally traded bond issued by country K. The first term in the right-hand side of (31) is the total
nominal exports of country k,

K 1 I
_ K K
(32) PrgxpEXPr e = > > | P iCurie * Y Pl Xikiie | »
1k =1 i1

and the second term is the total nominal imports,

K I
— k k
(33) Pianp, IMP ;= D > | P Craie * D Py X
1k icl j=1

Nominal GDP is defined as the sum of total household consumption and nominal net
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exports,
(34) 9kt =Prc,tCh,t t Prexp,:EXPy ¢ — Pramp,IMPy ¢

Defining the GDP deflator, Pyy ;, as the ratio between nominal GDP measured using time-¢
prices and nominal GDP measured using steady-state prices

P = Prc, tCr,t + Prexp,tEXPy ¢ = Pravp 1 IMPy ¢
ky,t —
» PkCCk,t + PkEXPEXPk,t - PkIMPIMPk,t

)
we have that real GDP is given by:
(35) Vit = 9k,t/Pry t-

2.6. Tariffs

We are interested in analyzing the propagation and consequences of tariffs in the economy.
We assume that the (log-)tariff, introduced in (8), follows an AR(1) process:

(36) ki, = Pk Tlkj, -1+ €kt

where ElTkj ~N (0, (crfk]-)2>. The three subscripts allow for origin-, destination-, and sector-
specific tariff shocks.

3. Calibration

We calibrate the model economy presented in Section 2 at the quarterly frequency to K = 4
countries: the euro area, the United States, China, and the Rest of the World (ROW). The
production structure within each country contains I = 44 sectors.” 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 discount factor 3 to 0.99, a standard value implying an
annualized real interest rate of approximately 4%. The intertemporal elasticity of substitution
o is set to 1, a common value in the literature. The inverse of the Frisch elasticity ¢ is set
to 1, in line with the estimates presented in Chetty et al. (2011). The household borrowing

SThe 44 sectors follow the NACE Rev. 2 two-digit classification, covering 3 energy, 21 services, and 20 tradeable
manufacturing sectors. A complete list of the sectors included can be found in Appendix B, Table 1.
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Parameter Description Value Target/Source

Households

B Discount factor 099 R = 4% p.a.

o Inv. Intertemp. Elast. Subs. 1 Standard value

@) Inv. Frisch Elasticity 1 Chetty et al. (2011)

Y Elast. Subst. E and M 0.4 Bohringer and Rivers
(2021)

n Elast. Subst. E 0.9 Atalay (2017)

L Elast. Subst. M 0.9 Atalay (2017)

d Trade Elasticity 2 Boehm et al. (2023)

B Vig Upiy Cpi i} Quasi-shares consumption ICIO tables (OECD)

Che Calvo wage prob. 0.75 Christoffel et al. (2008)

Firms

1) Elast. Subst. N and X 0.5 Atalay (2017)

[0} Elast. Subst. E and M 04 Bohringer and Rivers
(2021)

X Elast. Subst. E 0.2 Atalay (2017)

3 Elast. Subst. M 0.2 Atalay (2017)

u Trade Elasticity 2 Boehm et al. (2023)

(&> Vs Bri Viijs Vkijy Zkij} Quasi-shares production ICIO tables (OECD)

My; Markups Labor shares (Eurostat)

0 Ifi Calvo price prob. Gautier et al. (2024)

Monetary Policy

Pk,r Interest Rate Smoothing 0.7 Standard value

Prn Reaction to Inflation 1.5 Gali (2015)

dr An Reaction to Inflation 0 Gali (2015)

dr,y Reaction to GDP growth 0 Standard value

dray Reaction to GDP growth 0.125 Standard value

Exogenous Shock Process

pzli Persistence Tariff 096 (-)

0L Std. Dev. tariff shock 1 Standard value

0'2 Std. Dev. monetary shock 1 Standard value

Notes: List of calibrated parameters. See the main text for a discussion of targets, values, and data used.
TABLE 1. Calibration

premium v, 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 v is
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set to 0.4 following Bohringer and Rivers (2021). The elasticity of substitution in consumption
between energy sources n and between non-energy sectors t is set to 0.9 following Atalay
(2017). The household trade elasticity 5 is set to 2 in the benchmark calibration.®

To calibrate the quasi-consumption shares {B;, V4;, Uy, (x5}, We rely on the linearized
model to target the respective sectoral consumption shares in each country. More precisely,
in Appendix A we show that once the model has been linearized, it is possible to read con-
sumption shares directly 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.

Regarding wage rigidities, ECB (2009) report limited cross-sectoral heterogeneity in wage
frequency adjustments for euro area countries. Therefore, we fix the Calvo frequency wage
adjustment probability 0;” to 0.75 for all countries, 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
inputs 1 is set to 0.5 (Atalay 2017). The elasticity of substitution in production between energy
and non-energy goods ¢ is set to 0.4 (Bohringer and Rivers 2021). The elasticity of substitution
in production between energy sectors x and between non-energy sectors § is set to 0.2,
following the estimates of Atalay (2017). Finally, as with households, we set the trade elasticity
for firms, y, equal to 2 in the benchmark.

We follow the same strategy as with households to calibrate the quasi-shares in production
{&i> O1is Bris Viijs Vkijs Zkij}- Namely, using the linearized model around the steady state, we
read from the data the share of each intermediate good in production as well as the shares
of labor and intermediate inputs in total costs. Our data source here again is the 2019 ICIO
tables from the OECD.

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,
we calibrate the sector-specific markups My; to target the wage-bill-over-sales observed in
the data.

Sectoral price rigidities are obtained from the PRISMA project conducted by the ECB
(Gautier et al. 2024). Using CPI micro-data from several EA countries, the authors report the
frequency of price adjustment by COICOP category for each country separately and for the

A 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). A sensitivity analysis is conducted in
Section 4.4.
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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 Gfi for the euro area and similarly for the United
States. Finally, we assume that Chinese and ROW price rigidities coincide with those of the
US. This is a data-driven constraint: sector-level price adjustment frequencies comparable
to the Gautier et al. (2024) PRISMA data are not available for China or the rest of the world.
To the extent that Chinese manufacturing sectors adjust prices more frequently than their
US counterparts, our calibration may overstate the degree of nominal rigidity in China and
thereby understate the speed of price adjustment to the tariff shock.

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
in euro area 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.

Invoicing. We consider three invoicing regimes. We classify each sector into one of three in-
voicing regimes: producer currency pricing (PCP), local currency pricing (LCP), or dominant
currency pricing (DCP); based on observed invoicing patterns (Egorov and Mukhin 2023;
Gopinath et al. 2020): 7 sectors invoice in producer currency (PCP), 20 in local currency (LCP),
and 17 in dominant (dollar) currency (DCP).” Since the majority of tradeable manufacturing
sectors fall under DCP, the benchmark economy is substantially tilted toward dollar invoicing,
which is the regime in which exchange-rate adjustment provides the least insulation.

Monetary Policy. All Taylor rule parameters are set to standard values, and are homogeneous
across countries.® The interest-rate smoothing coefficient Pk, is set to 0.7. The coefficients
for inflation and output growth, ¢y  and ¢y A, are set to their standard values of 1.5 and
0.125, respectively. Furthermore, we assume that central banks target headline inflation.

Exogenous Processes. The tariff shock follows an exogenous AR(1) process with persistence
Pr; = 0.96. As reported in Table 1, the innovation standard deviations of the tariff and
monetary-policy shocks, o7, and o7, are normalized to 1.

’The invoicing classification is sector-specific: all trade in a given sector (both intermediate and final
goods) follows the same invoicing regime. PCP sectors include utilities and public services; DCP sectors are
concentrated in primary commodities, basic manufacturing, and transport; LCP sectors cover food processing,
pharmaceuticals, machinery, and most services.

8Section 4.4 explores the case in which the central bank of China operates a managed float with capital
controls, and the ECB’s smoothing parameter likely differs from the Fed’s.
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4. Aggregate transmission of a US-China tariff war

This section studies the aggregate transmission of a US-China tariff war in the model. We focus
on a reciprocal 10 percentage-point tariff increase between the US and China across the 20
tradeable manufacturing sectors, and use that experiment to organize the discussion around
three questions. First, how are the aggregate effects distributed across the two countries
directly involved in the trade war? Second, through which model mechanisms do those direct
effects propagate and amplify? Third, how are those shocks transmitted to a third economy,
namely the EA, which is not directly targeted by either tariff measure?

The benchmark simulation suggests three broad facts. The targeted country experiences
the larger output contraction, while the tariff-imposing country bears more of the short-run
inflationary burden. The EA response remains small in the aggregate, but only because
several offsetting margins operate simultaneously. In the model, these outcomes are shaped
by direct expenditure switching, propagation through production networks, and the invoicing
structure.

The rest of the section is organized accordingly. Section 4.1 presents the benchmark
aggregate dynamics. Section 4.2 then isolates the main mechanisms behind those dynamics,
focusing on direct incidence and expenditure switching, production-network amplification,
and currency invoicing. Section 4.3 turns to third-country transmission and interprets the
EA response as a net object driven by offsetting bilateral and multilateral margins. Finally,
Section 4.4 reports additional robustness exercises on the trade elasticity and the exchange-
rate regime.

4.1. Benchmark aggregate dynamics

We begin with the benchmark experiment: a reciprocal 10 percentage-point tariff increase
between the US and China across the 20 tradeable manufacturing sectors in the model.
Figure 1 reports the responses of CPI inflation, real GDP, consumption, the trade balance,
and the real effective exchange rate (REER) in the US, China, and the EA, separating the US
tariff on Chinese imports (solid blue) from the Chinese retaliation on US imports (dashed
dark red).” In the benchmark calibration, the tariff process is persistent and decays only
gradually over the 12-quarter horizon.

Two aggregate asymmetries stand out. First, the targeted country experiences the larger
output contraction, while the tariff-imposing country bears more of the short-run inflationary
burden. Second, the EA response is small in the aggregate, but this small net effect reflects

9CPI inflation is reported as year-on-year inflation, ng’foy = Y3y, The trade balance is reported in pp

of GDP. Real GDP, consumption, and the REER are expressed as percentage deviations from steady state.
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offsetting trade and production margins rather than insulation from the shock. These patterns
are consistent with the broader literature on tariff incidence and international transmission.
Empirically, recent evidence for the US tariff episode points to substantial pass-through of
tariffs into US import prices and costs faced by US buyers, rather than to large offsetting cuts
in exporters’ pre-tariff prices (Amiti et al. 2019). In quantitative trade models, tariffs likewise
reallocate expenditure across origins while compressing demand in the targeted economy,
with the aggregate incidence depending on general-equilibrium feedbacks and cross-sector
linkages (Bagaee and Farhi 2024).

4.1.1. Direct incidence in the US and China

The benchmark responses of the US and China are best understood through the distinction
between the price incidence of the tariff and the quantity incidence of the foreign-demand
contraction. When the US imposes a tariff on Chinese goods, the tariff enters directly into the
domestic price of imported final and intermediate goods purchased in the US. This raises US
inflation on impact. China, by contrast, is hit through lower external demand. The reverse
logic applies under the Chinese retaliation.

This distinction is visible in the CPI panel of Figure 1. Following the US tariff on China,
US CPI inflation rises by about 0.13 pp on impact and remains positive for several quarters,
whereas the Chinese inflation response is an order of magnitude smaller. Under the Chinese
tariff on US imports, the sign pattern reverses: Chinese CPI rises on impact because Chinese
buyers now face tariff-inclusive prices on US imports, while the US inflation response becomes
close to zero and slightly negative later in the horizon. The basic mechanism is therefore
straightforward: the country levying the tariff absorbs the immediate import-price shock,
whereas the targeted country absorbs it only indirectly through exchange-rate movements
and general-equilibrium feedback. This asymmetry is in line with the evidence in Amiti et al.
(2019), who document that the burden of the recent US tariffs fell mainly on US importers
and consumers rather than on foreign exporters, and with the mechanisms emphasized by
Kalemli-Ozcan et al. (2025): in a New Keynesian open economy with production networks,
tariff shocks operate simultaneously through demand, cost, monetary-policy, exchange-rate,
and input-output channels, so that their macroeconomic incidence is not pinned down by
bilateral trade shares alone.

The GDP responses point to the complementary quantity margin. Under the US tariff
on China, US GDP falls only modestly on impact, by about 0.04%, and then recovers, while
Chinese GDP contracts much more sharply, by about 0.24%, and remains below steady state
throughout the horizon shown in Figure 1. Under the Chinese retaliation, the same pattern
applies in reverse. In both directions, the targeted country is the one that absorbs the larger

BANCODEESPANA 24  DOCUMENTO DE TRABAJO N.° 2632



Figure 1: Benchmark Macroeconomic Dynamics

Notes: 12-quarter aggregate responses under reciprocal 10 pp US-China tariffs across the 20 tradeable manufacturing
sectors. Solid blue lines are the US tariff on Chinese imports; dashed dark red lines are the Chinese tariff on US imports.

The CPI panel reports the rolling four-quarter sum of CPI inflation in pp; the trade balance is in pp of GDP; real GDP,
consumption, and the REER are percentage deviations from steady state.

output loss. In the model, this is the natural implication of market clearing and expenditure
switching. The foreign tariff compresses demand for the targeted country’s exports, while
the tariff-imposing country partly offsets the decline in real activity through substitution
toward domestic goods and toward imports from non-targeted origins. This logic is standard

in Armington environments and in recent multi-sector trade models with tariffs (Armington
1969; Baqaee and Farhi 2024).

A second feature of the benchmark is that GDP and consumption need not move together
in the tariff-imposing country. Under the US tariff on China, US consumption declines much
more than US GDP (around 6 times larger fall on impact), reflecting the fact that household
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absorption is hit directly by higher tariff-inclusive import prices while GDP is partly cushioned
by the improvement in net exports. The reason is the expenditure-side GDP decomposition
(see equation A.97 in Appendix A), which follows from the open-economy national income
identity in the model. Consumption is directly exposed to the increase in tariff-inclusive
import prices through the consumption price index, whereas GDP is partly cushioned by
the improvement in net exports as tariffed imports fall. Tariff revenue is also rebated lump-
sum to households through the fiscal authority. This transfer relaxes the household budget
constraint and mitigates the consumption loss. In the benchmark, the tariff revenue rebated
to US households amounts to approximately 0.2-0.3 percent of GDP on impact, so the muted
US GDP response reflects the combination of import compression, expenditure switching,

and fiscal rebates that prevent household absorption from falling even further.

The trade-balance and real effective exchange rate (REER) panels complete the picture.'’

Under the US tariff on China, the US trade balance improves and the US REER appreciates on
impact (-0.37 percent deviation from steady state), while China experiences a trade-balance
deterioration and a REER depreciation. Under the Chinese retaliation, the pattern reverses.
In the model, these relative-price movements support the expenditure-switching margin:
the tariff-imposing country compresses imports and shifts demand away from tariffed goods,
while the targeted country undergoes a deterioration in foreign demand. The appreciation of
the imposing country’s currency is also consistent with the standard open-economy prediction
that import restrictions strengthen the relative price of domestic goods in the short run when
nominal rigidities limit the speed of adjustment.

Taken together, the benchmark US-China responses reflect a clean division of incidence.
The tariff-imposing country bears more of the short-run inflationary burden because the tariff
directly raises domestic import prices. The targeted country bears more of the contractionary
burden because the tariff destroys external demand. The quantitative importance of that
asymmetry is then shaped by the two mechanisms we study below: production-network
propagation and the invoicing structure.

4.1.2. Third-country transmission in the EA

The EA is not directly involved in the trade war: it neither imposes the tariff nor is it directly
targeted by one. Its response is therefore entirely indirect. Yet the near-zero movement of EA
GDP in Figure 1 should not be interpreted as evidence that the trade war has little effect on
third countries. Rather, the EA response reflects several offsetting forces.

On the one hand, US demand is reallocated away from Chinese goods and toward alterna-
tive suppliers, including EA producers. On the other hand, weaker Chinese activity reduces

19%We compute the REER as the double-weighted average of bilateral real exchange rates.
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Chinese demand for EA exports, while changes in global relative prices and imported input
costs feed back into EA production and inflation. These margins largely offset one another in
the benchmark. Following the US tariff on China, EA inflation remains close to flat and EA
GDP stays near zero on impact, before turning mildly positive at short horizons. Under the
Chinese retaliation, the EA again exhibits only a muted aggregate response.

The relevant point is therefore not that the EA effect is small, but that it is small only after
offsetting gross reallocations have been netted out in equilibrium. Section 4.3 returns to this
third-country case and shows more directly how trade diversion, weaker Chinese demand,

production networks, and the invoicing structure interact.

4.2. Mechanisms behind the benchmark

The benchmark responses in Figure 1 reflect three mechanisms in the model. The first is
the direct incidence of the tariff on domestic import prices and the associated expenditure-
switching margin. The second is the propagation of the shock through domestic and in-
ternational input-output linkages. The third is the invoicing structure, which governs how
exchange-rate movements map into border prices and therefore into expenditure switching,
imported inflation, and third-country spillovers. We discuss each mechanism in turn.

4.2.1. Directincidence and expenditure switching

A tariff is a wedge between the border price received by the exporter and the domestic-
currency price paid by the importer. In the model, that wedge enters both household con-
sumption demand and firms’ intermediate-input demand. The immediate consequence is
that the country imposing the tariff faces a rise in the domestic relative price of imported
goods, while the targeted country is hit primarily through weaker foreign demand.

Two margins then shape the aggregate allocation. First, households and firms substitute
away from tariffed imports toward domestic goods and toward imports from alternative
origins. Second, the targeted economy experiences a contraction in exports, production,
and income. These two forces are enough to explain the benchmark asymmetry: the tarift-
imposing country bears more of the short-run inflationary burden, while the targeted country
bears the larger output loss. In that sense, the benchmark follows the standard incidence
logic of recent empirical and quantitative work on tariffs (Amiti et al. 2019; Armington 1969;
Baqgaee and Farhi 2024).

What matters for the rest of the section is that expenditure switching operates not only in
final demand, but also through intermediate-input demand. Once imported inputs become
more expensive, the tariff changes domestic marginal costs as well as trade shares. That is
the margin through which production networks amplify the benchmark responses.

BANCODEESPANA 27  DOCUMENTO DE TRABAJO N.° 2632



Figure 2: Production-Network Counterfactuals

Notes: three-year average production-network counterfactual responses under a 10 pp US tariff on Chinese imports
across the 20 tradeable manufacturing sectors. Real GDP and net trade balance are averages; inflation is the average of
year-on-year CPI inflation. Gray bars: benchmark; dots: zero international I0 except US-China and zero all IO except
US-China, both preserving directly tariffed US-China intermediate-input links.

4.2.2, Production-network amplification

The benchmark output responses cannot be understood from bilateral trade reallocation
alone. In the model, imported goods are used as intermediate inputs throughout the produc-
tion structure, and sectors are connected through domestic and international input-output
linkages. As a result, the tariff shock propagates beyond the directly exposed tradeable sec-
tors. A tariff that raises the domestic price of imported intermediates increases marginal
costs in downstream sectors; a contraction in export demand for a targeted sector reduces
intermediate-input demand for its suppliers. The shock therefore travels both downstream
through costs and upstream through demand.

This propagation mechanism is summarized by the open-economy marginal-cost equation
in the log-linearized model (see equation A.73 in Appendix A), where sectoral marginal costs
depend on domestic wages and the prices of intermediate goods sourced across countries
and sectors. The economic implication is that the direct trade shock is transformed into
a broader aggregate disturbance through the production network. This is closely related
to the broader literature showing that network structure amplifies the aggregate effects of
sectoral distortions and relative-price wedges (Acemoglu et al. 2012; Bagaee and Farhi 2024).
In New Keynesian environments, the interaction of those networks with nominal rigidities is
particularly important because part of the cost adjustment takes place through quantities
rather than being absorbed immediately by prices (Pasten et al. 2020; Rubbo 2023).

Figure 2 isolates this mechanism while holding fixed the directly tariffed US-China bi-
lateral input margin. We compare the benchmark with two counterfactuals. In the first, we
remove all international IO linkages except the direct US-China links affected by the tariff.
In the second, we additionally remove domestic IO linkages, again preserving the direct
US-China bilateral links. The remaining responses therefore retain the direct incidence of the
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tariff on final demand and on directly tariffed US-China intermediates, while the attenuation
relative to the benchmark measures the amplification generated by propagation through the
wider production network.

Relative to the benchmark, shutting down international 10 propagation outside the di-
rectly tariffed US-China bilateral links marginally strengthens the Chinese contraction, while
removing domestic propagation as well attenuates it substantially. This implies that the large
Chinese response is not driven only by the direct tariff incidence on US-China trade in inter-
mediates. A sizable part arises because the shock propagates through the broader domestic
and international production network. The same exercise also reduces the responses of the
US and the EA, confirming that the wider network amplifies the tariff shock on both the cost
and demand margins.

The inflation responses point in the same direction. Once the propagation margins outside
the directly tariffed bilateral US-China links are removed, average US CPI inflation falls, the
Chinese inflation response moves closer to zero, and the EA response becomes even more
muted. Without those broader propagation channels, the tariff still changes bilateral relative

prices, but the downstream cost cascade becomes weaker.

For the interpretation of the benchmark, production networks are not a peripheral ro-
bustness dimension. They are one of the main reasons the targeted economy contracts as
much as it does. In particular, they show that the Chinese response is not simply the direct
consequence of weaker exports to the US. It is that direct export-demand shock amplified by
propagation through the wider production network.

4.2.3. Currency invoicing and exchange-rate pass-through

The third mechanism is the invoicing structure. The currency in which goods are invoiced
determines the currency in which border prices are sticky, and therefore determines how
much of any exchange-rate movement is relevant for expenditure switching at short horizons.
This point is central in the dominant-currency literature. When prices are sticky in dollars,
exchange-rate movements between non-US currencies need not pass through to border
prices in the way implied by producer-currency pricing, and the international transmission
of shocks changes accordingly (Gopinath et al. 2020; Egorov and Mukhin 2023).

In our model, the distinction is sharpest for Chinese exports under the US tariff. Under
producer-currency pricing, a renminbi depreciation lowers Chinese export prices in foreign
currency and cushions the decline in foreign demand. Under dominant-currency pricing, by
contrast, dollar-invoiced prices remain sticky in dollars within the Calvo contract duration, so
the depreciation does not generate the same expenditure-switching support. This mechanism
is captured by the DCP Phillips curve in Appendix A; see equation (A.70). The practical
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Figure 3: Invoicing Regime Average Responses

Notes: three-year average invoicing-regime counterfactual responses under a 10 pp US tariff on Chinese imports across
the 20 tradeable manufacturing sectors. Real GDP and net trade balance are averages; inflation is the average of
year-on-year CPI inflation. Gray bars: heterogeneous invoicing; blue dots: producer-currency pricing (PCP).

consequence is that exchange-rate adjustment provides less insulation for China under
heterogeneous invoicing than under PCP.

Figure 3 quantifies this margin. We compare the three-year average response of real GDP,
CPI inflation and trade balance in our benchmark framework with a counterfactual economy
in which all trade is invoiced in the currency of the producer, PCP, represented by a blue dot
in the figure.

Relative to PCP, the benchmark heterogeneous-invoicing regime delivers a markedly larger
Chinese contraction—approximately 30 percent larger in three-year average GDP terms. The
interpretation is immediate: under heterogeneous invoicing, the renminbi depreciation
does less to restore Chinese competitiveness because a sizable share of border prices is
preset in dollars. Under PCP, the depreciation mechanically lowers foreign-currency export
prices and cushions export demand; under DCP, this channel is blocked within the Calvo
contract duration, so the full force of the foreign-demand contraction is borne by quantities.
This result is closely aligned with the dominant-currency paradigm of Gopinath et al. (2020)
and Egorov and Mukhin (2023), both of which emphasize that dollar pricing weakens the
expenditure-switching role of exchange-rate movements for non-US economies.

The invoicing structure also changes how the shock propagates through costs. In the
model, invoicing is sector-specific, not use-specific: the same invoicing regime applies
whether the good is used for final demand or as an intermediate input. When imported
intermediates are invoiced in dollars, exchange-rate movements cannot buffer the local-
currency cost increase in the same way as under PCP. The initial cost impulse entering the
production network is therefore larger. This is why invoicing and input-output propagation
interact: the network mechanism is the same across invoicing regimes, but the size of the cost
impulse entering the production network depends on the currency in which border prices
are sticky. The interaction is therefore multiplicative—dollar invoicing amplifies the initial
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Figure 4: Real Effective Exchange Rates by Invoicing Regime

Notes: 12-quarter double-weighted real effective exchange rate responses under a 10 pp US tariff on Chinese imports
across the 20 tradeable manufacturing sectors. Solid lines: heterogeneous invoicing; dashed lines: PCP.

cost shock, and the network propagates that larger shock through the same input-output
channels.

For the EA, the invoicing channel is most visible at short horizons. Figure 3 reports three-
year-average responses, on which heterogeneous invoicing and PCP look similar for the EA.
But the short-run dynamics differ more clearly: on impact, EA GDP is essentially flat under
heterogeneous invoicing and positive under PCP, as shown in the top row of Figure 4. The
reason is not a change in the sign of trade diversion vis-a-vis the US, but a change in the
composition of the EA trade response across partners.

Figure 5 makes that composition explicit. Under PCP, the positive EA-US trade margin is
larger, and the EA-ROW margin is also more supportive. The EA-China margin moves in the
opposite direction: it is more negative under PCP, because the stronger pass-through of the
renminbi depreciation improves Chinese relative prices vis-a-vis euro-area producers. The
aggregate EA gain under PCP therefore does not come from the EA-China margin. It comes
from the larger EA-US and EA-ROW margins, which more than offset the deterioration
vis-a-vis China. Figure 4 is useful for interpreting this composition rather than a single
bilateral margin: heterogeneous invoicing generates a larger Chinese depreciation because
border-price pass-through is constrained, while PCP translates exchange-rate movements
more directly into producer-currency price competitiveness. For the EA, that pass-through
strengthens expenditure switching in third markets, especially the EA-ROW margin; under
heterogeneous invoicing, dollar pricing dampens that response by reducing the sensitivity of
ROW border prices to bilateral exchange-rate movements.

Taken together, the invoicing comparison shows that the benchmark is not simply a tariff
story. It is a tariff shock filtered through nominal rigidities and the international role of the

BANCODEESPANA 31  DOCUMENTO DE TRABAJO N.° 2632



Figure 5: Euro-area Net-trade Margins by Invoicing Regime

Notes: on-impact euro-area net-trade margin response under a 10 pp US tariff on Chinese imports across the 20
tradeable manufacturing sectors. Bars report the EA-US, EA-China, EA-ROW, and total margins under heterogeneous
invoicing and PCP.

dollar. Under flexible prices, the invoicing regime would matter much less for the short-run
allocation. With sticky border prices, however, invoicing becomes a first-order determinant
of how much exchange-rate adjustment can cushion the shock, how much imported inflation
is transmitted across countries, and how strongly third-country spillovers emerge.

4.3. Third-country transmission: the EA as a net object

The EA is useful precisely because it is not directly involved in the trade war. It neither im-
poses the tariff nor is it directly targeted by one. Its response therefore isolates the indirect
transmission channels in the model: trade diversion, exchange-rate adjustment, and propa-
gation through international input-output linkages. The small aggregate response of the EA
in Figure 1 should thus not be interpreted as evidence that the trade war has little effect on
third countries. Rather, it reflects the fact that several sizable margins operate in opposite
directions and largely offset in equilibrium.

The first of those margins is trade diversion toward EA producers. When the US raises
tariffs on Chinese goods, some US expenditure is reallocated toward alternative suppliers,
including the EA. In a standard Armington environment, this substitution effect is the most
immediate source of third-country gains. The second margin works in the opposite direction:
as Chinese activity contracts, Chinese demand for EA goods weakens. The third margin is
network-based. Because EA firms use imported intermediates and are embedded in interna-
tional production chains, changes in foreign marginal costs and foreign demand affect EA
production even when the initial tariff wedge does not apply to the EA directly. The fourth
margin is financial and nominal: exchange-rate movements alter the EA’s competitiveness vis-
a-vis both the US and the ROW, and the strength of that adjustment depends on the invoicing
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regime.

This combination of margins explains why the EA is best viewed as a net object. The
benchmark responses in Figure 1 are close to zero on impact and remain small throughout
the horizon shown, but those small aggregates mask the interaction of positive and negative
forces. Under the US tariff on China, the positive force is the diversion of US demand away
from Chinese suppliers. The negative forces are the contraction in Chinese demand and
the propagation of the shock through international production linkages. Under the Chinese
retaliation, the same logic applies with the bilateral roles reversed. In both cases, the EA
response is the residual of offsetting gross reallocations rather than the manifestation of a
single dominant channel.

This interpretation is consistent with the recent literature on the international incidence
of the US-China trade war. Empirical work has shown that the shock generated meaningful
reallocation toward third countries, but that the aggregate gains of those third countries
were far from mechanical because they depended on sectoral composition, foreign-demand
spillovers, and general-equilibrium adjustment (Fajgelbaum et al. 2024). In our model, those
same features are present in a transparent way. The EA benefits from trade diversion in
some sectors and vis-a-vis some destinations, but that gain is partially offset by weaker
Chinese demand and by the propagation of foreign cost and demand disturbances through
the network.

The mechanism exercises from Section 4.2 sharpen this interpretation. Figure 2 shows that
once propagation through the wider I0 network is removed—while preserving the directly
tariffed US-China bilateral intermediate-input links—the EA response becomes even smaller
in absolute value. This indicates that a non-negligible part of third-country transmission
operates through production networks rather than only through final-goods substitution.
Figure 3 shows that the three-year-average EA response differs across invoicing regimes
only modestly, while the short-run dynamics discussed above are more visibly separated in
Figure 4. Figure 5 makes the trade accounting explicit: dollar pricing changes the balance
between the positive EA-US diversion margin and the negative margins associated with China
and the ROW.

The REER responses in Figure 4 are helpful in this regard. Under heterogeneous invoicing,
exchange-rate adjustment is less effective at delivering expenditure switching through border
prices than under PCP, so more of the adjustment must take place through quantities and
through the path of the real exchange rate itself. This is especially visible for China, but
it matters for the EA as well because the EA's competitiveness is determined not only by
bilateral trade with the US, but also by how dollar movements affect its position relative
to China and to other third markets. The EA therefore provides the clearest case in which
invoicing and third-country transmission interact.
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For exposition, the main lesson is simple. The EA response is small not because the model
shuts down spillovers to third countries, but because the model generates several spillovers
with different signs. That is, the EA is not a small-effect object; it is an offsetting-margins object.
This is why aggregate IRFs alone are not enough to understand third-country transmission.
Figure 5 shows directly that the small EA aggregate is the net result of larger gross movements
vis-a-vis the US, China, and the ROW. In that sense, the EA is not a small-effect object; it is an
offsetting-margins object.

This perspective also helps connect the aggregate analysis in this section with the sectoral
analysis that follows in Section 5. Once the EA is understood as the outcome of offsetting
bilateral and multilateral margins, it becomes natural to ask which sectors gain from trade
diversion, which sectors lose from weaker Chinese demand, and how those sectoral responses
add up to an aggregate that remains close to zero.

4.4. Additional robustness

The previous subsections isolate the two main structural mechanisms behind the benchmark
responses: production-network propagation and the invoicing structure. We now consider
two additional dimensions of model structure that are best interpreted as robustness exer-
cises rather than as separate mechanisms in their own right: the trade elasticity and the
exchange-rate regime. These experiments change the quantitative magnitude of the bench-
mark responses, sometimes substantially, but do not overturn the qualitative ordering of the
main results.

4.4.1. Trade elasticity

We begin with the trade elasticity. In the benchmark calibration, both the household and
intermediate-input Armington elasticities are set to two. To assess how much the benchmark
depends on expenditure switching, Figure 6 compares that calibration to a unit-elasticity
counterfactual with 6 = u=1.

Lower trade elasticities weaken expenditure switching. Households substitute less ag-
gressively away from tariffed imports in final demand, and firms do the same for tariffed
foreign inputs in production. As a result, tariff-induced relative-price movements generate a
smaller reallocation of quantities across origins. This is the standard role of trade elasticities
in quantitative trade models (Armington 1969; Boehm et al. 2023; Bagaee and Farhi 2024).

Figure 6 shows that lowering the trade elasticity attenuates the benchmark responses. The
Chinese contraction becomes smaller, the small positive average US GDP response disappears,
and the EA gain becomes even closer to zero. This pattern is exactly what one would expect
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Figure 6: Trade Elasticity Average Responses

Notes: three-year average unit-elasticity counterfactual responses under a 10 pp US tariff on Chinese imports across the
20 tradeable manufacturing sectors. Real GDP and net trade balance are averages; inflation is the average of
year-on-year CPI inflation. Gray bars: benchmark (6 = p = 2); blue dot: unit elasticity (6 = p=1).

when substitution across suppliers is weaker. With less expenditure switching, the tariff-
imposing country receives less support from demand reallocation, the targeted country is
hit less strongly through trade diversion, and third-country gains become smaller because
there is less reallocation toward alternative exporters.

The inflation responses change more modestly, but in the same direction. Average US
CPI inflation falls somewhat when the trade elasticity is reduced, consistent with a weaker
expenditure-switching response and a smaller induced reallocation of demand and costs
across sectors and origins. The EA remains close to zero, and China moves only slightly. The
main message of the elasticity exercise is therefore quantitative rather than qualitative: the
strength of the benchmark responses depends on how easily trade flows are reallocated
across countries, but the ranking of the cross-country effects remains unchanged.

4.4.2. Exchange-rate regime

We next consider the exchange-rate regime. In the benchmark, China adjusts through the
exchange rate, so a US tariff on Chinese goods induces a renminbi depreciation. Figure 7 in-
stead considers a counterfactual in which China stabilizes its exchange rate tightly against the
dollar through a foreign-exchange intervention rule. Operationally, the peg is implemented
through an effective interest rate that enters only the UIP condition, so the exchange rate is

stabilized without changing the domestic policy rate relevant for intertemporal decisions.'!

A tighter exchange-rate regime shuts down that margin. This is the classic open-economy
role of exchange-rate flexibility in the presence of nominal rigidities, and it becomes espe-
cially relevant when border-price pass-through is already limited by the invoicing structure

UFormally, isz = ixt + by oAy ys,; enters the exchange-rate determination equation, while the domestic

policy rate iy ; continues to govern all other intertemporal decisions. We set ¢y , = 15, which keeps the nominal
exchange rate close to its steady state.
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Figure 7: Exchange-rate Regime Average Responses

Notes: three-year average China-US peg counterfactual responses under a 10 pp US tariff on Chinese imports across the
20 tradeable manufacturing sectors. Real GDP and net trade balance are averages; inflation is the average of
year-on-year CPI inflation. Gray bars: flexible rates; red dot: China-US peg (¢ , = 15).

(Devereux and Engel 2003; Egorov and Mukhin 2023).

Figure 7 shows that this adjustment margin is quantitatively important. Under the peg, the
Chinese contraction becomes much larger than in the benchmark. The intuition is immediate:
once the renminbi is prevented from depreciating, China loses an important buffer against
the fall in US demand. At the same time, the US and the EA benefit somewhat more from trade
diversion, because Chinese producers are less able to restore competitiveness through the
exchange rate. The peg therefore amplifies the benchmark asymmetry between the targeted
and non-targeted economies.

This result is particularly relevant for interpretation. In the benchmark, the Chinese
contraction already exceeds the US contraction by a wide margin. The exchange-rate-regime
exercise shows that this asymmetry would be even stronger under tighter exchange-rate
management. In that sense, the benchmark can be read as conservative with respect to
the output cost borne by the targeted economy. More broadly, the exercise confirms that
the depreciation channel remains economically important even in a model with dominant-
currency pricing. Dollar invoicing weakens the mapping from exchange rates into border
prices, but it does not eliminate the exchange rate as an adjustment margin altogether.

Taken together, the robustness exercises reinforce the interpretation of the benchmark.
Lower trade elasticities weaken expenditure switching and attenuate the responses; a tighter
exchange-rate regime shuts down a key adjustment margin and amplifies the contraction in
the targeted economy. Neither exercise overturns the central conclusions of the section. A
natural further robustness check—not pursued here—would vary the degree of price rigidity
in China, where our benchmark assigns US-based Calvo frequencies from the Gautier et al.
(2024) PRISMA data. To the extent that Chinese manufacturing sectors adjust prices more
frequently, the Chinese contraction would moderate, though the qualitative ranking of cross-
country effects would likely survive. Across specifications, the targeted country still bears the
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larger output loss, the tariff-imposing country still bears more of the short-run inflationary
burden, and the EA still emerges as a net object shaped by offsetting third-country margins.

5. Sectoral channels of US-China tariff transmission

We now turn from aggregate transmission to sectoral incidence. The exercise in this section
is simple: we impose a 10 percentage-point US tariff on one Chinese tradeable sector at a time
and ask how much that sector contributes to aggregate GDP and CPI in the US, China, and
the EA over the subsequent three years. This decomposition lets us address three questions.
Which Chinese sectors matter most for aggregate incidence? To what extent can those aggre-
gate responses be inferred from what happens inside the directly affected sector? And why
does the EA remain close to zero in the aggregate even when several sectors move materially?

Three results emerge. First, the cross-sectional ranking is organized mainly by direct
bilateral exposure: the sectors that matter most are those in which US expenditure is most
concentrated on Chinese supply. Second, aggregate incidence is not a sector-local object
in the directly exposed economies, because domestic propagation materially reshapes the
own-sector response. Third, the EA remains a net object at the sectoral level: stronger exports
to the US are offset by weaker exports to China and by smaller multilateral adjustments.

These findings connect the sectoral decomposition to three related literatures. The role
of direct bilateral exposure is consistent with the empirical literature on tariff incidence and
trade reallocation (Amiti et al. 2019; Fajgelbaum et al. 2024). The wedge between own-sector
and aggregate responses reflects the propagation logic emphasized in the production-network
literature (Acemoglu et al. 2012; Pasten et al. 2020; Rubbo 2023; Bagaee and Farhi 2024). And the
euro-area results are closely related to recent work showing that third-country transmission
depends on the interaction between trade diversion, exchange-rate adjustment, and the
invoicing structure (Gopinath et al. 2020; Egorov and Mukhin 2023).

The section proceeds in three steps. Section 5.1 establishes the sectoral ranking of aggre-
gate GDP and CPI contributions. Section 5.2 then shows why those aggregate contributions
cannot be read off from the tariffed sector alone. Section 5.3 finally turns to the EA and shows
why, even at the sectoral level, its response remains an offsetting-margins object.

5.1. Which Chinese sectors matter most for aggregate incidence?

We begin by documenting the sectoral ranking of aggregate incidence. We first identify which
Chinese sectors matter most for cumulative GDP and CPI in each economy, and then relate
the ranking to a small set of sectoral characteristics in the model.
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Figure 8: Sectoral Contributions to GDP

Notes: three-year cumulative aggregate GDP responses under single-sector 10 pp US tariffs on Chinese tradeable
manufacturing sectors. Each bar is the cumulative country-level response to tariffing the sector shown on the horizontal
axis. In each country panel, the 20 bars sum to the aggregate GDP effect of a 10 pp tariff on all tradeable manufacturing
sectors.

5.1.1. Benchmark sectoral contributions

Throughout this section, the US raises the tariff by 10 percentage points in one Chinese
tradeable sector at a time. Each bar reports the three-year cumulative aggregate contribution
of that sector to aggregate GDP or CPI inflation, computed from a single-sector experiment
in which only sector i is tariffed and the rest of the economy adjusts. Under the first-order
solution, these 20 sectoral contributions add up to the benchmark cumulative response over
the same horizon.

Figures 8 and 9 show that sectoral incidence is concentrated rather than diffuse. A small
set of tariffed Chinese sectors accounts for most of the three-year movement in the directly
exposed economies. In cumulative GDP space, the largest US gains come from other man-
ufacturing, textiles, and food and beverages, while China’s largest losses come from textiles,
electronics, and other manufacturing. The ranking is therefore far from uniform across the 20
tariffed sectors.

The same concentration appears in prices, but with a different geography. On the cumula-
tive inflation side, the largest positive contributions accrue to the US, especially in textiles,
electronics, and other manufacturing, whereas China’s cumulative inflation contributions are
mostly negative and the EA remains small in absolute terms. The sectoral ranking therefore
reproduces the aggregate asymmetry from Section 4.1: quantity incidence is concentrated in
the targeted economy, while price incidence is concentrated in the tariff-imposing economy.

The natural interpretation is that the initial sorting is done by the bilateral margin the

BANCODEESPANA 38  DOCUMENTO DE TRABAJO N.° 2632



Figure 9: Sectoral Contributions to Inflation

Notes: three-year cumulative aggregate CPI inflation responses under single-sector 10 pp US tariffs on Chinese tradeable
manufacturing sectors. Each bar is the cumulative country-level response to tariffing the sector shown on the horizontal
axis. In each country panel, the 20 bars sum to the aggregate inflation effect of a 10 pp tariff on all tradeable
manufacturing sectors.

tariff hits first. This is consistent with the recent empirical literature on the US-China trade
war, which shows that tariff incidence and trade reallocation were concentrated in the sectors
directly exposed to the tariff wedge (Amiti et al. 2019; Fajgelbaum et al. 2024). In our model,
the sectors that matter most are the sectors in which the US is most exposed to Chinese supply
before the shock arrives.

5.1.2. Sectoral characteristics and amplification

Three sectoral characteristics are natural candidates to help organize the ranking in Figures 8
and 9: the domestic consumption share, the IO share, and price flexibility. These objects
do not measure where the tariff lands initially; rather, they help describe how a sectoral
disturbance maps into aggregate quantities and prices once general-equilibrium adjustment
is underway.

A sector with a larger domestic consumption share matters more for aggregate incidence
because it carries more weight in domestic absorption. A sector with a higher 10 share
has more scope to transmit the shock through upstream and downstream production link-
ages. And a sector with more flexible prices should, in principle, accommodate more of the
adjustment through prices rather than quantities.

Figures 10 and 11 show that these sectoral characteristics do help organize the cross section,
but only imperfectly. In the US, the clearest pattern is that sectors with larger consumption
shares tend to be associated with larger cumulative GDP contributions. In China, the IO share
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Figure 10: Structural Determinants of Sectoral GDP

Notes: three-year cumulative sectoral GDP effects and sector characteristics under single-sector 10 pp US tariffs on
Chinese tradeable manufacturing sectors. Rows show the US, China, and the EA; columns show consumption share
(Z{{q B1:) 10 share (By;), and price flexibility (ki;). Each point is one tariffed sector; the dashed line is the univariate
linear trend; each panel reports R? and p-value.

displays the strongest relationship with cumulative GDP, consistent with a larger role for
domestic propagation in sectors that are more tightly embedded in production networks. By
contrast, price flexibility is a weak stand-alone predictor in most panels, and none of the
three characteristics organizes the EA cross section tightly on its own.

These sectoral characteristics shape the amplification and composition of the response,
rather than determine the ranking by themselves. The main message of Figures 10 and 11 is
thus modest but useful: the sectoral ranking is partly systematic, and the clearest part of that
systematic variation comes from sector size and network position rather than from price
flexibility alone.
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Figure 11: Structural Determinants of Sectoral Inflation

Notes: three-year cumulative sectoral inflation effects and sector characteristics under single-sector 10 pp US tariffs on
Chinese tradeable manufacturing sectors. Rows show the US, China, and the EA; columns show consumption share

(Zle Br1i), I0 share (By;), and price flexibility (ky;). Each point is one tariffed sector; the dashed line is the univariate
linear trend; each panel reports R* and p-value.

5.2. Why aggregate incidence is not a sector-local object

The aggregate ranking in Figures 8 and 9 cannot be read off from what happens inside the
tariffed sector alone. A country-level GDP contribution is the sum of what happens inside the
sector hit directly by the tariff and what happens in the rest of the domestic economy after
the shock propagates. This distinction between the own-sector term and the cross-sector
term is the key to understanding why sectoral protection in the US and sectoral contraction
in China do not map one-for-one into aggregate incidence.

Using the aggregate relation (A.110) from Appendix A, we can decompose the aggregate
response after a US tariff on Chinese sector s as the weighted aggregation of sectoral value
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I
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i7s

where /-)\/k;tlTUS, CHN,s 1S the aggregate GDP response, denotes the response of

VAaki;ﬂTUs,CHN,s
sector 1’s value added when sector s in China is tariffed by the US, and Ay;(1 - 9y,) is the
steady-state value-added share of sector i in country k. Real value added is defined formally
in Appendix A.

The broader idea is familiar from the production-network literature: aggregate effects
need not be read off from the directly shocked sector because input-output linkages propa-
gate shocks across the rest of the economy (Acemoglu et al. 2012; Pasten et al. 2020; Rubbo
2023; Bagaee and Farhi 2024). What is specific here is that the same logic operates inside a

multicountry tariff environment.

5.2.1. Own-sector incidence

Figure 12 isolates the own-sector term. Each point corresponds to one of the 20 tariffed
Chinese sectors in a single-sector experiment, with the horizontal axis measuring the 12-
quarter cumulative response of value added in the corresponding domestic sector and the
vertical axis the associated cumulative sectoral inflation.

In the US, the tariffed domestic sector tends to expand because demand is diverted away
from Chinese suppliers and toward US producers. The US observations lie mostly in the
region of positive cumulative own-sector value added and positive own-sector inflation, with
especially large gains in textiles, electrical equipment, and electronics. In China, the tariffed
sector contracts because it loses US demand. The Chinese observations lie on the negative
side of cumulative own-sector value added, led by other manufacturing, electronics, and textiles.
In the EA, which is not on the tariff margin itself, the own-sector response remains close to
zero. EA observations remain much closer to the origin, although a few tradeable sectors still
post visible positive own-sector value-added responses.

A sector can move sharply on its own and still matter little for aggregate GDP if it is small
in steady state, and a large diagonal response can be offset once the rest of the domestic
economy is added back. Electronics in the US is the clearest example: the tariffed sector posts
a very large cumulative own gain, yet its aggregate GDP contribution is close to zero once the
cross-sector term is included.
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Figure 12: Own-sector Value Added and Inflation

Notes: three-year cumulative own-sector value added and own-sector inflation under single-sector 10 pp US tariffs on
Chinese tradeable manufacturing sectors. Each point is one tariffed sector. US points are red, China points are gold, and
EA points are blue; key outliers are labeled.

5.2.2. Cross-sector propagation

Figures 13 and 14 visualize that decomposition directly. Each row corresponds to the Chinese
sector hit by the tariff; each column corresponds to a domestic sector in the responding
economy. The black-outlined diagonal cell is the own-sector term, while the off-diagonal cells
capture cross-sector spillovers. The first matrix reports GDP contributions and the second
reports the corresponding CPI contributions.

These matrices show that aggregate incidence is not a small correction to the directly
affected sector. In the US, the rest-of-economy term often reshapes the ranking and sometimes
overturns it. Machinery, basic metals, wood products, and fishing are the clearest cases in which
an initial sectoral gain is more than offset by losses elsewhere in the economy: the cross-

BANCODEESPANA 43 DOCUMENTO DE TRABAJO N.° 2632



Figure 13: US Sectoral Transmission Matrix

GDP contributions

Inflation contributions

Notes: three-year cumulative US sectoral transmission under single-sector 10 pp US tariffs on Chinese tradeable
manufacturing sectors. Rows are tariffed sectors; columns are US sectors ordered by upstreamness. In each matrix, a

row sums to the cumulative aggregate US GDP or inflation effect of tariffing that row’s Chinese sector; black outlines
mark own-sector terms.

sector block (off-diagonal cells) is negative and large enough to flip the sign of the aggregate
contribution. By contrast, textiles and other manufacturing remain net positive because the
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Figure 14: China Sectoral Transmission Matrix

GDP contributions

Inflation contributions

Notes: three-year cumulative Chinese sectoral transmission under single-sector 10 pp US tariffs on Chinese tradeable
manufacturing sectors. Rows are tariffed sectors; columns are Chinese sectors ordered by upstreamness. In each matrix,
a row sums to the cumulative aggregate Chinese GDP or inflation effect of tariffing that row’s Chinese sector; black
outlines mark own-sector terms.

own-sector gain (diagonal cell) is large enough to survive the cross-sector offsets. Electronics
is the knife-edge case: the directly protected sector expands strongly, but that gain is almost
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fully offset once downstream and upstream losses are added back.

In China, the same accounting points even more clearly to domestic amplification. The
tariffed sector is already contracting because it loses US demand, and the rest of the Chinese
production network usually reinforces that contraction rather than buffering it. The strongest
rows—especially textiles, electronics, other manufacturing, and electrical equipment—therefore
show negative mass both on the diagonal and across the rest of the matrix. The relevant
Chinese mechanism is not just a direct export-loss margin. It is an export-demand shock that
is transmitted further through domestic production linkages.

The inflation matrices show the corresponding cumulative CPI contributions. In the
US, positive price pressure is concentrated in the manufacturing rows that matter most
for cumulative incidence, especially textiles, electronics, and other manufacturing. In China,
cumulative CPI contributions are mostly near zero or negative and remain much more
localized than the GDP decomposition. Taken together, the figures support the same reading
as the aggregate section: own-sector incidence identifies where the tariff hits first, and cross-
sector propagation determines how much of that local disturbance survives in country-level
quantities and prices.

5.3. Why the EA remains an offsetting-margins object

The EA should not be read as a mild version of either the US or China. Because the EA neither
imposes the tariff nor is directly targeted by it, its sectoral ranking is not organized around a
domestic tariff wedge. The right question is instead whether the own-sector trade-diversion
gain within the indirectly exposed sector is large enough to survive the negative China margin
and the smaller multilateral offsets that accompany it.

This is also consistent with the recent literature on third-country transmission, which
emphasizes that trade diversion is only one margin among several and that the net effect
depends on broader equilibrium adjustments (Fajgelbaum et al. 2024; Gopinath et al. 2020;
Egorov and Mukhin 2023).

5.3.1. Own-sector and cross-sector terms in the EA

Figure 15 decomposes each EA aggregate GDP contribution into an own-sector term and a
cross-sector term. Each column corresponds to one of the 20 tariffed Chinese sectors in the
single-sector decomposition, ordered by the size of the own-sector contribution.

The main contrast with the US and China is that the cross-sector block has the opposite
sign. In the US, cross-sector terms mostly offset the protected sector’s own gains; in China,
they reinforce the own-sector contraction. In the EA, by contrast, the cross-sector term is
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Figure 15: Euro-area Sectoral GDP Contributions

Notes: three-year cumulative EA GDP responses under single-sector 10 pp US tariffs on Chinese tradeable manufacturing
sectors. Each column is one tariffed sector, ordered by the own-sector GDP contribution. Gold segments show the shocked
sector’s own contribution to EA GDP; blue segments show the contribution from all other EA sectors.

positive in all economically relevant sectors, but it lacks the quantitative incidence to drive
the ranking. The sectors that matter most for EA GDP remain anchored by the own-sector
term: textiles, other manufacturing, electronics, pharmaceuticals, electrical equipment, chemicals,
and machinery all fit that pattern. The cases in which the cross-sector block dominates the
own-sector block are concentrated in quantitatively minor rows. In that precise sense, the
EA is the opposite of the US case and milder than China: the ranking is driven mainly by the
indirectly exposed sector itself, not by a large domestic propagation block.

That distinction is economically important. In the directly exposed economies, the ag-
gregate row is often determined by what happens after the tariff shock propagates through
the domestic production network: the cross-sector block can dominate the own-sector term.
In the EA, the most important object is the sector-specific own-sector contribution gener-
ated before domestic propagation becomes important. The own-sector contribution, driven
mainly by trade reallocation, accounts for most of the variation across sectors. For a third
country, that contribution is not created by domestic protection or by a direct collapse in
export demand. It reflects mainly trade reallocation: sectors that capture enough demand
diverted from China toward the US deliver positive own contributions, while sectors for
which the China drag remains too strong contribute little or even slightly negatively.
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Figure 16: Euro-area Sectoral Trade Margins

Notes: three-year cumulative sectoral EA trade margins under the full benchmark shock: a 10 pp US tariff on Chinese
imports across all 20 tradeable manufacturing sectors. Left: imports by partner. Middle: gross imports, gross exports,
and the sectoral net trade balance. Right: exports by partner. Sectors are ordered by the total net trade balance.

5.3.2. Large trade effects cancel in net

Figure 16 complements, rather than mirrors, the single-sector decomposition. Unlike Fig-
ures 8-15, it reports sectoral trade margins under the full benchmark tariff shock across all
20 tradeable sectors. Its role is therefore not to rank the single-sector contributions, but to
show more directly which bilateral trade margins underpin the EA’s sectoral gains and losses

in the benchmark equilibrium.

Figure 16 shows that the gross trade effects are large, but they do not point in the same
direction. Other manufacturing, electronics, pharmaceuticals, chemicals, and motor vehicles
account for most of the positive sectoral net-trade gains, while food and beverages is the
clearest negative outlier. The EA is therefore not a small-effect object. It is a net object built
from several large sectoral trade margins with different signs.

Four margins organize this accounting. First, trade diversion toward the US is the clear-
est positive force in the data. The EA-US margin is positive in all 20 tariffed sectors, and
especially large in other manufacturing, electronics, textiles, pharmaceuticals, and chemicals.
Second, weaker Chinese demand is the clearest negative force. The EA-China margin is
negative in all 20 sectors, so every positive US margin is partially offset by weaker exposure
to China. Third, broader multilateral and network adjustment is present, but smaller: the
ROW margin is more mixed across sectors and does not organize the ranking the way the US
and China margins do. Fourth, exchange-rate and relative-price adjustment matters through
the bilateral reallocations it supports, even if it is not isolated directly by Figure 16.
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The right interpretation is therefore not that the EA is insulated. It is that the EA gains
only where the positive US-diversion margin is large enough and concentrated enough to
survive the negative China margin and the smaller multilateral offsets. This is why the EA
remains an offsetting-margins object even at the sectoral level: there are large gross gains, but
they are concentrated in a few sectors and they do not generalize into broad-based aggregate
expansion.

Taken together, the sectoral evidence leaves three conclusions. Direct bilateral exposure
sorts the sectors that matter most. Domestic propagation determines whether that local
disturbance survives as a country-level aggregate outcome. And the EA remains a third-
country net object in which large gross reallocations offset in aggregate. With that sectoral
foundation in place, the conclusion can return to the paper’s aggregate claims with a cleaner
account of the margins that support them.

6. Conclusions

This paper studies the short-run macroeconomic consequences of a US-China tariff war in a
four-block, multi-sector New Keynesian model with input-output linkages, sectoral nominal
rigidities, and heterogeneous invoicing regimes. The framework is sufficiently rich to speak
to aggregate inflation and output responses in a tariff conflict, but also sufficiently granular
to trace those responses to the sectors and margins through which they propagate.

Three conclusions emerge. First, the aggregate incidence of tariffs depends crucially on
production networks. In the benchmark reciprocal tariff experiment, the targeted economy
bears the larger output loss, but that loss is not the mechanical consequence of weaker
bilateral exports alone. It is amplified by the propagation of the shock through domestic and
international input-output linkages. In that sense, tariffs are transmitted not only through
expenditure switching, but through the wider production structure in which trade flows are
embedded.

Second, the invoicing structure is a first-order determinant of short-run transmission.
Under dominant-currency pricing, exchange-rate adjustment provides less insulation to the
targeted economy because border prices do not move in the same way as under producer-
currency pricing. This changes both the magnitude and the geography of the adjustment.
The main role of invoicing is therefore not to alter the sign of the benchmark results, but
to govern how much of the adjustment takes place through quantities, through prices, and
through third-country spillovers at policy-relevant horizons.

Third, sectoral incidence is a net object rather than a direct-exposure object. The sectors
that matter most are not identified solely by the bilateral margin on which the tariff first
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lands. In the directly exposed economies, what happens inside the tariffed sector must be
combined with the response of the rest of the domestic economy. In the US, protected sectors
often expand on their own, but those gains can be materially offset by losses elsewhere. In
China, domestic propagation typically reinforces an already negative own-sector shock. In
the EA, by contrast, domestic cross-sector propagation is smaller, and the relevant margin is
instead the balance between stronger exports to the US, weaker exports to China, and smaller
multilateral adjustments. The sectoral results therefore reinforce the aggregate message of
the paper: bilateral trade exposure is informative, but not sufficient, for understanding tariff
incidence.

Two broader implications follow. The first is substantive. In a networked world economy,
the burden of a tariff is not confined to the bilateral trade relationship at which the policy is
aimed. It depends on how the shock is transmitted through intermediate-input linkages, on
how border prices are invoiced, and on how third countries absorb the induced reallocation
of trade. The second is methodological. For short-run policy analysis, a framework that
combines production networks, nominal rigidities, and heterogeneous invoicing can deliver
a materially different assessment from one built on bilateral trade shares alone.

The analysis also has clear limitations. The model is solved using a first-order perturbation
around a zero-tariff steady state and therefore abstracts from nonlinearities, endogenous
supply-chain restructuring, and strategic tariff dynamics. The first-order solution also holds
input-output shares fixed at their steady-state values, so the production-network amplification
documented in Section 4.2 should be interpreted as the propagation implied by existing trade
and production structures rather than a prediction of how those structures would evolve under
persistent tariff regimes. Firms do not re-optimize their supplier network over time, so the
propagation documented here should be interpreted as the short-run transmission implied
by existing trade and production structures. A natural extension would be to combine the
present framework with endogenous re-sourcing, tariff persistence uncertainty, or strategic
interactions in trade policy. Another would be to bring the sectoral predictions more directly
to the data, especially on third-country reallocation and the own-sector versus cross-sector
decomposition.

These limitations notwithstanding, the central message is clear. The effects of tariffs
cannot be read from direct bilateral exposure alone. What matters is where the tariff lands,
how it propagates through production networks, how invoicing governs border-price adjust-
ment, and how sectoral gains and losses offset in aggregate. Those margins jointly determine
whether a tariff is mainly inflationary or mainly contractionary, and for which economies.
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A. Model Derivation and Log-linearization

In this section, we derive 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 shocks in the literature: an internal demand shock,
sectoral TFP, sectoral price cost-push shocks, and wage cost-push shocks.

A.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 a
discount factor disturbance. Namely,

1-o 1+
Ct [ Nkt

1-0 Jo 1+

(A1) Ut = dg | Z 1

where Nok ¢ denotes the labor supply of labor service g, Z; ; is an exogenous preference

shifter, and o denotes the inverse of the intertemporal elasticity of substitution.?

Consumption Demand Curves. The allocation optimal allocation between energy and non-

energy goods is the result of a cost minimization programme min P,f’fcf T P,f;MCi\/It subject

to (14). Similarly, the optimal allocation between energy (non-energy) consumption is the
C

Ki,t
to (4). Finally, the optimal allocation between the different consumption goods is the result

result of a cost minimization programme min } ;- Pgi +Chi,p (min ) ;o p P Gy 1) subject

of a cost minimization programme min S"K (1+ 14, )PK . Cy;; , subject to (5). The implied
prog =1 kli,t) gyt ki e SUD) P
demand curves are given by

1 1
o¢c, .\ e 1-99¢ ,\ Ve
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(A4) (1+Tkli,t)Pkli,t = Pki,t (—C;li , ) vV | €K.

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

~CGE_ 1 ~E ~cMm _ 1 -
(A.5) Py = Y_C(Ek’t - ¢ and Prt = Y_C(Ek,t B CIZX[t)

12Each 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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well-defined as a ratio of prices.

Currency Pricing Paradigm. Under PCP, using the log-linearized version of (21), we obtain

(A.8)
C _ c _ c C _.Cy_= I
szl ¢ = szl pT PR = e T PR~ Pre= €t (Prie =PI o) Y (07— PR = Pript dip
C _ c _ C _=
(A9) 7 kit = = pf kit~ Pkt = Plki,t = Pkt = Prijt— Prt = Phip

where we have used that, under PCP, py;; ; = p;; ; since the law of one price (LOP) is satisfied;
the transformation p;; ; = py; ;- pl g and the definition of the bilateral real exchange rate

between country k and country I: Qy; ;= P ;€ kl,t/Pk) +» which log-linearized takes the form

— C C
(A.lO) qut - e}r(r’tt + pm,t - pk,t'
Under LCP, using the log-linearized version of (23), we can write

(A. 11)
szl ¢ = szl ; Pit = Pulip
(A. 12)
Pl = Pl - Pre= et Prkie - Por= (Prie— P +eh o+ pf, - pF, = dk o+ Priyo

where we have made use of (A.10), and of the definition py;; ; = pyy; ;- pg .

Under DCP, using the log-linearized version of (25), we obtain

(A. 13)

Pkll t pklz t pg,t - ekUj * Py - pg,t = e[kjj +(pris - PICJs,t) + PICJS,t - pg,t - q}i‘? * Plips
(A. 14)

Plla t plkl t pg,t - efﬁ * Priyt ~ pg,t - ekUﬁ * (Prit - pgS,t) + PICJS,t - Pg,t - qgﬁ + Prijt
where we have used that, under DCP, py;; ; = py;, t although it should be noted that the LOP is

not satisfied, the transformation p;; ; = py; ¢ - pUS +» and the definition of the bilateral real
exchange rate (A.10).

13The individual price levels are not well-defined in steady state, but their ratio is.
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To summarize pricing, using (A.8), (A.11), (A.13), (A.9), (A.12), and (A.14), we have that

qi,t + 7 e ifi€Ipcp, /ﬁki,t: if i € Ipcp,

~k _ )~ ep ~k _ ~ er -
(A.15) Pu it~ \ Pu it ifi e Iicps » 14 kit q;(,t + Py ki, ts ifi e I1.cps
q}jj + i ifi € Incp- qgi + Prip  if i€ Ipcp.

Consumption Baskets. The log-linearized consumption aggregator (14) is given by

~ _ ~F ~
(A.16) Gt = Pkl * (1= PP
-1 ‘YC-—I
C C;MCM CQ/[

EN o 1
_PCE _ soyve (SE) _oC =P G 50)ve (G ¢
where py PCC, (p ) c (Ck> and 1 Pr PCC, (1 pk) ¢ | can be
verified using the steady-state consumption aggregator (14) and the demand curves (A.2).

The log-linearized versions of the energy and non-energy consumption aggregators (4)
are given by

~F _ ~ -~ _ ~
(A.17) Ck,t = Z Vkicki,t and Czjlt = Z vkicki,t
iEIE iGIM
T]C_l c Lc—].
p L /¢ e PeChi _ ~Chis [ Cui | € :
where vy; = = (V) ne <g—%‘> and vy; = PCZ(J(/ICk;VI = (0§, ¢ <g—§}> can be verified
ko Sk

using the steady—state energy and non-energy consumption aggregators (4) and the demand
curves (A.3).

The log-linearized version of the final layer of the consumption aggregator, (5), is given by

(A.18) it =D i
8¢l
where (3;; = Iﬁlclgkll = (Ckl l)éc (%Lklll) ®C can be verified using the steady-state international

consumption aggregator (5) and the consumption demand curves (A.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 in-

dex are given by PC - [5%(P )I—VC +(1- ~C)(PC M)I—Yc} l—Yc PC E _ [ZzeIE (sz t)l—T]C] 1—T‘IC

1
¢ - K 5.\ T5C .
[ZzeIM vz ,fl t)l LC] ‘¢, and P,fl ¢ {Zl:l Cgli[(l + Ty i,t)Pllzz i,t]l 5‘3} €. Their log-
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linearized counterparts are given by

~C,E C\~C, M
(A.19) 0=py 7y : +(1-pf) Py
(A.20) pk t Z Vklpkl ; and pk ¢ Z Uklpkl t
lEIE lEIM
c < k
(A.21) Prir =D CaiPraie * Thaie)
1=1

Intertemporal Household Problem. International financial markets are incomplete, with house-
holds 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, Bk ., 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 (A.1), with discount factor
3, subject to her budget constraint,

-1
C K K K ,~

1
(A.22) Brra (1 i pq) + B,y &5 (L + ik 1) + /0 Wik, tNgk,+d8 + Ty ¢ = Ty ¢

where fo ok, tNgk, 148 is the nominal labor income received by the representative household,
NFAf P = BE tEE . is the net foreign asset position of households in the country k, and where

I'(x) = v« (exp {x/y k,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 Yy ;, with y, > 0.1 The incurred intermediation premium is rebated
to households in a lump-sum manner through the fiscal instrument Z; ;. Finally, T} ; denotes
government transfers, also rebated to households in lump sum.

The above program delivers two sets of different Euler conditions,

1+ 0, Zg

(A.23) G5 = ErBCi%yy
1+ 7Tk t+1 it
1+ig k t41 Zk t+1
(A.24) Gt = EtBC G ¢ [1 r(NFAK t)] . vk 7K
17 e Zht

4The 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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where we assume that the (log-)demand shock follows an AR(1) process:
(A.25) Zk,t = piZk)t_l + Eit

where z; ; :=logZ; 4, and Ek ,~N (0 sz>

The log-linearized version of the household’s first-order conditions (A.23)-(A.24) are given
by

~ 1. ~ 1
(A.26) Ck,t = _E(lk’t - [Eﬂ'[it_'_l) + [Etck,t+l + (_7(1 - pi)zk’t

~ 1. ~ 1 1 1
(A.27) Chyt = —E(IKJt - [Etnf,m) + EtCh paq + E(l - pi)zk,t - E[EtAef)tﬂ + (—Ty*nfaift Vk Z K

where we define the different log-linear NFA positions as nfaIk{ ;= Bf, tﬁlki /9y and nfa%lp =

B}Q{}Jg MU,/ 9y since Bf ,=0and Ba/[tU 0 in the steady state, and

I _ I
(A.28) Aek)t =€t Cht1e

Combining the log-linearized first-order conditions for the holdings of domestic and
internationally traded bonds (A.26)-(A.27), yields a risk-adjusted Uncovered Interest Parity
(UIP) condition

(A.29) k - 1Kt = [EtAek 41 y*nfak £

A.2. Firms

We augment the production function (12) to include a sectoral TFP shock Ay; ;,

Llp )
1 1p1 1}) Ibwl P-1 7k
(A.30) Yiif,t = Ari o‘kz sz, t9 szf, ’

where the (log-)TFP shock follows an AR(1) process:

(A.31) it = Prillii,r-1 + i p
_ 2

where ay; ; := log Ay ;, and stlii,t ~N <0; Gkia)‘

Intermediate Input Demand Curves. The optimal allocation between labor and intermediate
inputs is the result of a cost minimization programme min Wy Ny, ¢ , + P%; +Xkif,r subject to
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(A.30). The optimal allocation between energy and non-energy intermediate goods is the
result of a cost minimization programme min PX Xfl + PX MXM . subject to (14). Similarly,
the optimal allocation between energy (non—energy) 1ntermed1ate 1nputs is the result of a cost

o e . . X . X . .
minization programme min ) iy, Prii Xt (min} ep, Py +Xkij,r) subject to (15). Finally,
the optimal allocation between the different consumption goods is the result of a cost mini-

.. . K k . . . g .
mization programme min ) 7, (1 + T J',t)Pklj, +Xx1ij,¢ subject to (5). The implied intermediate
input demand curves are given by

e (- )(1-1h) ¥
vy [ Xkitkif,t
(A.32) Wi+ = MCy; ¢, tAkl Y fi ki ( N, )
if,t
-1 (1)) k £t
TPy TOvy if,
(A.33) Py e = My 1A MYy o ( )
klf,
G (- )%\ 7%
E _ pkszl t M _ 1-p0) X1 |\ VX
(A.34) Pfi,t = Pi(i,t ( YE > and Pét = Pi(i,t ( M
ki,t ki,t
(A.35)
1
X xE \ nx M \ x
Vi X7 X VXX X
pX. = 93 kij“ kit vV jelp and pX. :PX.’M kij“ kit v jely
kij,t kit inj,t kij,t ki,t Xkl],t
=
Cklz Kije |
J j,t

The log-linearized versions of the labor and intermediate inputs demand curves (A.32)-
(A.36) are given by

~ P -1 1 (1 Pri) (1 - II))A 1 /. ~

(A.37) Wyt = MCj ¢ = Yo tlﬂlbk Yiif,et ¥ (J’kif,t - ”kif,t>
~X -1 1 (1 P (1 - II))A 1/ ~

(A.38) Prijp —MCpj ¢ = Dby ll)il)ki Yiifet ¥ (J’kif,t ‘xkif,t>

~XE ~x _ 1 /o ~ XM ~x _ 1 /4 -

(A.39) Priy = Plit = 3 (xki,t - xlfi,t) and P/ - Pt T Yy (xki,t - kal,t>

(A.40)

~X ~XE_ 1 /(g 4 . ~X XM _ 1 /. ~ .

Phije ™ Prie =y <x’<” xkif:t) Vo Jelp and Py Py = (x%,t-xkij,t) vV j€lm

(A41) T+ P - P -1 Xiji ¢ — Xpl i vV leK

. klj,t T Pkij,t ~ Pkijt Sx kij,t ~ Vklij,t

C =X _ ¢ ~XE_ XE ~ XM _
where w Wit = Wkt~ pk P mckl t =~ MChi,t = P> Phiyt = kai,t ~ Prp Prit T Prir ~ pk £ Pkl ;o
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XM C =X _ C
Piit =~ Pxp and Py, = pli(ij,t = Prr

Intermediate Inputs Baskets. The log-linearized intermediary input aggregator (14) is given by

(A42) Rai,t = Pidtas,e + (1= PR ¢
pNE v yx-1 PoM yx-1
XE X\ Yx X XM\ vx
= ki Tk — VX ki _ = _ki ki — VX kl
where Py; P, ) in) and 1 PL; P, =(1- pkl) Xy can

be verified using the steady-state intermediate input aggregator (14) and the input demand
curves (A.34).

The log-linearized versions of the energy and non-energy intermediate input aggregators
(15) are given by

(A.43) Bge= > Vighay:  and =Y v
j€IE jelu

T]X_l e LX—l
X P kz]Xli Xkl] P kl]Xli

_ ~X nx _ ~X L Akij tX
where Viij = PfEXE = (v kl])nX (XEI) and Ukz] PfMXM = kq) ( ) can be
1 1
verified using the steady-state energy and non-energy intermediate input aggregators (15)
and the demand curves (A.35).

The log-linearized version of the final layer of the intermediate input aggregator, (5), is

given by
o~ _ X o~
(A.44) Xiie = Y G iXKLij,t
Py X X oxd
_ TkijAkif 5 kll] ox : : _ : -
where Ckl i Pi(inki] = (Ckl l]) ( > can be verified using the steady-state interna

tional intermediate input aggregators (5) and the demand curve (A.36).

Price Indices. The different price indices can be derived by combining the inter-
mediate input demand curves previously derived with the other intermediate in-
put aggregators. The marginal cost of production, the intermediate input price in-
dex, the energy and non-energy input price index, and the input import price in-

1
3 i, ~1y Wk il oy 1 — -
dex are given by MCy; = k;btk tblelgl tlbk b [ W, ll)+8kl( i(;,t)l ]N’, Pi(lt =

1
~X (pX,E\1- ~X »My1- 1—vx E o _ I-ny | Tnx Mo _
[pki(PI}fi,t) X+ (1~ pki)(Pl}fi,t ) YX] ’ Py B [Z]GIE Vkl] kl] t) X ] ’ Py -

kit kit
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1 1
-1 | Fix _ K 3X C\pk 116y | Tox - ]
Z]EIM ka kl] t) X:| b and Pkl] t {zl:l Ckl l][(l + Tkl];t)Pklj,t] X} . Their IOg
linearized counterparts are given by

X
~ 1- 1]) Mk Wka Mk'Pk'inAX
(A45) MCp ¢ = —— Vit~ Vkihip + oo Wi+ = Dy
Py T PR gy Py Ot b PYy
~X X~ XE
(A.46) Pkijt = Pii Pyiy + (1= Pkl)Pkl ;
AXE
(A47) Pri kaupkl}t and pklt kal]pkij,t
JElE j€IMm
K k
~X _ X o~
(A.48) Prije = D Gy Praje * o)
I=1
g\ W Ly W
ll)kl‘ X 11)kl
My WeNg _ | Wiy, My PX PuXe _ | PyYy & 3, . ;
Where 1bkl szYkz Mckill)ki (xkl and Ibkl szYkl Mckllmbkl {}kl can be derlved

using (A.32)-(A.33) in steady-state.

Production Structure. The log-linearized version of the production function (A.30) is given
by

(A.49) Yiif,t = Qi+ Myt f ¢+ My £ ¢
(1) (1) 1
. .. _ WiNy; _ Ny by o Yii
where the identities M;o; = My PYy — Yy WKiYy ' < N ¥ and M9y,
(=) (1) 1
P Xkl _ in ¥ . . oy
can be verified using the first-order conditions from

Aki . by Skl Ykl
Mii 73, PuTii ~ Vi Vi Xk

the firms’ problem (A.32) and (A.33) in steady-state and the standard monopolistic competi-
tion pricing condition in steady-state, Py; = M;;MCy,. Using the previous identities, together
with the production function (A.30) in steady-state, one can verify that

X
WiNii v PiXii _ Wi Ny o P — g
.

(A.50) My,
PV MPLY  MCuYy  MCyYy
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A.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 (6) to

)

p p
1 P p eki,t/(eki,t_l)
— (e ; -1)/e i
(A.51) Y= (/0 (Vg ) k,tdf)

where Y7, | denotes the demand for domestic sector i from country k invoiced in currency m
in country [. The implied sectoral price index is

1

A.52 pr o [pm . yehegp | T
(A.52) kit = O(fkli,t) tdf -

Producers of each differentiated variety face the demand function

P
m — [ pm m “Ckit vym
(A.53) Yidi posle = <P kil Prl i,t+s) Yidi t+s
Firms set prices a la Calvo, which implies that the aggregate price dynamics are described by
the equation
1-e? _ AP Py (M 1_615';
(A.54) (Mip) =0+ (1-0) (P Iki,t/ P ?ii,t—l) "
which can be written in log-linearized terms as

m _ Py\(-m m
(A.55) ki = =0 (Plyi ¢ = Plkie-1)-

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

K K
(A.56) Mie =D > 0PIk Ykt~ Coiye (Vi)
1=1 m=1

where Yj; ; = Zle K, Ylmki, . denotes the total demand across destination markets [ and
invoicing currencies k. Cy; 4(Yy; ;) denotes total costs of country k firms in their home currency.

Consider the pricing problem of a firm from country k selling in country [ and invoicing
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in currency m, and denote I_Jﬁi,t its optimally-chosen reset price, resulting from the problem

K K
S t t+s m m
(A.57) max Z(e ) Lt Z Z & ersPThi t YR posfe = Chiyers | D D Yiki pesle

P,
Pllis =0 kit+s | 729 m=1 1=1 m=1

subject to the sequence of demand constraints (A.53), with Py; ; = Pllzki ;- The optimality
condition associated with the problem takes the form

m
ti+sY] ki et

P ki,t+s

[8k t+sPl ki,t ~ Mki,t+sMCki,t+s|t]} = 0.

(A.58) Z(e )’ {

A first-order Taylor expansion of (A.58) around the zero inflation steady state yields
(4.59) Pl = (- BOL) S (BOR)E: (MG erele = s * M s
s=0

The log marginal cost for an individual firm that last set its price in period t is given by
(A.37),

_ Pp-1 1 (1= (1 -1) 1 log & +
MChi t+s|t = Wk’t+s_1|)—l|)k'aki’t+s_ og by~ Yy yki,t+s|t_l_b 08 Xki T Vki,t+s|t ~ Thki,t+s]t| »
1 1

where 1y; 4.5, denotes the log employment in period ¢ + s for a firm that last reset its price
in period ¢, and where we have made use of (A.37). Letting mcy; ; = fol meyfpdf = (1-
0 lfi) > oop(0 fi)smcki,ﬂt—s represent the log average marginal cost, it follows that

1- (1 - 1 ~
( q‘l)-lf-a));l 11)) yki;t - E |:10g ockl * yki)t - nki’t] )

mCy; = -logy; -

v-1

Wi 4 — ———ay;
k,t Ll)lbkl ki, t

Thus, the following relation holds between firm-specific and economy-wide marginal costs

1-1)A-P) 1
MCi t+st = MChi 45~ ll)il)k (yki,t+s|t - yki,t+s> _1_1) [(yki,t+s|t - yki,t+s> - (nki,t+s|t - nki,t+s)] .
i

Notice that, making use of both marginal cost expressions (A.32)-(A.33), the identity xy; ;..; -
Xii, t+s = Mi ts|t — ki, r+s 18 Satisfied. Hence, we can write

_ WiNgi Py X
Yii,t+s|t = Vkijt+s = My DP.-Y.: + My P Y, (nkl Jt+s|t T T, t+s) lI)kl(nkl st~ T, t+s)J
kitki ki

where we have used the identity (A.50), and where we have used the linearized production

BANCODEESPANA 63  DOCUMENTO DE TRABAJO N.° 2632



function (A.49). We can finally write the relation between marginal costs as

1- 1y (1-Pped (_

MCp t+st = MChi t+s —ll) <J’kz t+s|t ~ yki,t+s) = MCh 45~ —ll) plkz t+s)‘
ki ki

Introducing this last expression into the log-linearized firms’ FOC (A.59), we can write

(A.60)

Piti, = A- BGP)Z(BGP)S[Et

s=0

o
(A61) =(1-B0F)> (BOS)'E: [@kimcki,m + (1= O) Pl 145 ~ Oki€hoges * ®kiuki,t+s}

(1- ll)kl)ekl <_

mckl t+s II) L
1

m
pl ki t+s> = €k, tts + uki,t+s]

Rewriting the (linearized) inflation dynamics (A.62) as
5
—m m — 1 m
(A.62) Plkit ™ Pikiye = [P kit
ki

Subtracting pﬁi . on both sides of (A.59), and inserting (A.62) on the LHS,

ep
ki
1- elp”lklt (1- Bep)Dﬁ@ ) Ee [@kz(mckms Plli,trs ~ Chtes) T Plkites ~ Plkit ¥ kit tes

= O (1- B0y )Z(ﬁe )’Et (mcki,t+s - pﬁi}tts - eZ,le + “ki,t+s)

(A.63) +(1- Bep)Z(BG D ET ki s
=1

Taking conditional expectations at time ¢ + 1, multiplying by Bepi, and rearranging terms
using (A.55), we can write

m. _ m m m P
(A.64) kit =~ ki (mcki,t ~ Plkie - ek,t) FBET a1 T Ui g

where Kk;; = O;(1- 6 2(1- (56 )/8
We assume that the sectoral prlce cost-push shocks u]fi t = KiiHi ¢ = Kii(Mg, ¢ — Bgq), micro-

founded through a time-varying elasticity of substitution e? 1; ¢ in (6), follow independent AR(1)
processes:

rp _ PP p
(A.65) Uit = Pritii,e-1 * Sy

BANCODEESPANA 64  DOCUMENTO DE TRABAJO N.° 2632



P 2
where Ui ¢ N(O, O'kip>.

Producer Currency Pricing. Under PCP (m = k), we have 7[% kit = Tk, and we can write (A.64)

as
_ P
Tyt = Kki (mcki,t - pki,t) BB 1 T Uy
=Ky |(mcg; ;= pS ) = (Pri s = PS )| + BEsT; poq + ud)
ki kit pk,t pkl,t pk,t T ki, t+1 ki,t
(A.66) = Ky (ﬁl\cki,t - ?ki,t) + BET g4y + ulfi,t’

where the sectoral-inflation rates and sectoral-level real prices (py; ;) are related through the
identity

_ _= - C
(A.67) Ti,t = Pkit = Pkiyt-1 = Pkt ~ Phiye-1 T o
where Dy . = pr: ;- ¢
Prit = Pkit = Pry

Local Currency Pricing. Under LCP (m = 1), we have ﬂ% kit = Tki,» and we can write (A.64) as

_ z P

ki = K (mcki,t = Pikiyt - ek,t> T BE T ke ¥ g
— C C [ p
= Ky [(mcki,t - PR~ (Priie = PR - ek,t] tBE M ke ¥ g

_ c Cyy € C P
= K [(mcki,t = Pre) = (Pirip = Pl PRy Ple- ek,t} TR g, ¥ U

- z
(A.68) Kki (mcki,t ~ Plki,t ~ qk,t) BT 1+ U

which is the export Phillips curve, where we have used (A.10), and where
— — 5 - C
(A.69) Tkit = Plkit = Plki,t-1 = Plkit = Plkit-1 170 ¢

denotes price inflation in sector i exported to country ! from country k, where p; kit =
C
Pikit = Pp ¢

Dominant Currency Pricing. Under DCP (m = US), we have T[}Jlf’i) ; = T+, and we can write
(A.64) as

_ Us P
it = Kiq <mcki,t = Priyt - ek,t) T BE M a1 + Uy

_ c C c_ ¢ _US p
= K [(mcki,t = PEe) = (Prijt = PUs,) + PR~ PUst ~ €kt | * BETh e + Uy
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(A70) = Ky (rﬁ\cki’t - /Iaki,t - q}({?) + B[Etﬂki,t+l + ufi’t.
where the sectoral-inflation rates and sectoral-level real prices (py; ;) are related through the

identity

_ _ = ~ C
(A.71) Tkit = Pki,t = Pki,t-1 = Pkit = Pkijt-1 ¥ TUs, e

where Py + = pri ¢ - p%sjt. For domestic sales, k = [, we have that

(A.72) kit = iy and Dy r = Pries

and both the Phillips curve and the sectoral inflation rates are given by (A.66) and (A.67),
respectively.

Marginal costs and aggregate inflation. In this open input-output (I0) economy, the price
Phillips curves depends on the international supply network through the real marginal costs
faced by firm i in country k, n/fcki)t. Combining the log-linearized intermediate input prices
indices (A.45)-(A.48), we obtain the marginal cost equation,

K 1

_ 1-g —~ ~k
(A73)  mey;, = b kit~ Wrihi et MpgogiWie e + Y Y Mgy i (sz i T T j,t>
L =1 j=1

where, in the absence of a production subsidy, «;; = % = % denotes the (steady-
1 1 1 1 1
state) labor income share of total sales of firm i, wy; i = g;jY]:-l] = Mkﬁ\]&c’zg’k' denotes the
1 1 1 1 1

(steady-state) IO expenditure share of total sales of firm i, and My; = e]fi/(e ]I:i - 1) denotes the

steady-state markup charged by firm i.

Writing (A.19)-(A.21) in first-differences, we can obtain consumer price inflation,

I K
c _ K
(A.74) M= D D> By,
=1 1=1

PyiCi;
where B ; = <ML = (i VoS e + 0 (1= 0%) (1-Tgieryy ) |, and
PCC

k _ .k k _ =k ~k C
(A.75) it = Pt~ Prii-1 = Priit ~ Phiie-1 4 T
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A.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- 6} 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, Ny;¢ , is an index of labor input used by firm f, and defined by

ew

w_1

€k

(A.76) Nkif,t = / fgkl t )

e—l

where Ny ; denotes the quantity of type-g labor employed by firm f in period t. Note that
e‘]g . represents the elasticity of substitution among labor varieties. Note also the assumption
of a continuum of labor types, indexed by g € [0, 1].

Let Wy ; 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
8, given the firm'’s total employment Ny ,,

w

ng t e
(A.77) Nfgrit = Wk’t Niif e
where
1 1
1-¢} e
_ kt kt
(A.78) Wit = ( A ng) ; dg)

is an aggregate wage index. Combining the previous conditions, one can obtain a convenient
aggregation result, fol Wei tNfgki 148 = Wi Ny +- 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 let W]z , denote the newly set
wage. The union chooses W,’(“, . 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 (9) subject to the sequence
of labor demand schedules (10), where Ny ;. denotes the level of employment in period
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t + s among workers that last reset their wage in period t. The first-order condition is given by

s W

w1l -0 ) w © _
Z(Bek) Ey Nk,t+s|tckjt+s pC - k,tMRSk,t+s|t =0,
s=0 k t+s

eW
where M‘]g ;= %, and MRSy ;..q; = C;fsN,‘g st 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 inflation
steady-state yields the wage setting rule

(0.9)
(A.79) wy = (1= oY) S B Es (mrst+s|t Tt Pf,m)
s=0

where u‘lgt =log M}gt and MISpyq; = OCk prs + PN pags-

Letting mrs+s = 0¢y 145+ @My 14 define the economy’s average marginal rate of substitution,
where ny 4, = log fol fol Ny g dfdg denotes the log aggregate employment. Up to a first-order
approximation,

— _ w *
ISy = MISees + QM pog = M pas)g) = MIStes = € (p(wk)t = Wi tis)-

Hence, we can write (A.79) as

1- B0} z C
(A.80) Wlt,t = m Z(Be;f) t [(1 + €1];V(P)Wk)t+s - (Wk,t+k = Pi tes ~ MIS pig — uzjt+s>:|
s=0

where 7, - denotes the deviations of the economy’s log average wage markup.

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

1

1-e¥ _ow ZeW
Wy ;= (e%”wk) t—]i + (1—9}3’)(W£t)1 €k> k-

Log-linearized,
W= 0wy g +(1- e?)wlt,t'

Combining the last expression with (A.80), and letting 7/, = wy_; - Wy ;_;, we obtain the wage
inflation equation:

(A.81) usd

)

£=KE (UEk,t QMg - wk,t) tBEG g + W g
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where
wo_ — = ~ C
(A.82) T[k t - Wk,t - Wk,t—l - Wk,t - Wk,t—l + Ttk,t

)

denotes wage inflation, where both aggregate consumption Ek,t and employment ﬁk,t appear
in log-deviations from their steady-state values, and Uy = szuz .= K;:/(p.;:j =By

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:

w _- wW.w w
(A.83) Uer = Pr Ui T €1

w 2
where Upy ™ N (0, ka>.

A.5. Monetary Authority

: . . . . MU MU
The log-linearized bilateral nominal exchange rate is given by e’i ;= ellz ,Vk € KMU In
stationary terms, taking first differences, this can be written as

(A.84) A, =0 ke kMU

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

(A.85) Aq;(,t = Aei}t + T = T e
The nominal exchange rates are cross-related by

(A.86) €=

and symmetry between nominal exchange rates is satisfied,

(A.87) ei’t = —eit.

Log-linearizing and first-differencing the symmetry of nominal exchange rates condition
el = (ek ) yields

(A.88) Ae,lgt = —Aeit.
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A.6. Market Clearing, GDP, and Trade Balance

Market Clearing. We first consider the goods market clearing condition (29). Pre-multiplying

Pk' Pk
by P, té;;,t Ekl) , and making use of (A.17),

Il
]~
o
3
-
~
O
~

K I
La3 Y Prit Prj,eY1jt Prid, e Xikji e
= Pk B 5 A Prrit  Exe  PpjiVije

K K
. E; Py Cry: P, E P Yy Pryi Xy
(A.89) :Z kijt Bl,t Vlkiyt lkl,t+zz kijt Bl vyttt S TkitM kji,t
= Pk B Epg PrritExe Ere  PpjiVie

)
—~

Viel
=1 j=1

which we can write in steady-state as

Zylkﬁlkﬁzzyzﬂ\z]wlkﬂ Viel

I=1 j=1

where the Domar weight for sector i in country kis Ay; P’i(; ki the nominal GDP ratio between

PCC,

P1iX kji

countries [ and k is defined as Y; = and the IO share is given by wy;; = Py, -
i1

PriXiji
P;le;l = (151 [Vljiﬁlj]l{ieIE} +v5(1-By5) (1 - ]l{ieIE}>]: where we have made use of the law

of one price in steady-state, Py;; = P;;. Notice that $;; and w;;; can be extracted directly
from the data.
Hence, we can write the log-linearized version of the goods market clearing condition

(29), Ykzykz ;= Zl 1 <Cl i€l kit T Z] 1 X1 k]lxl k]l) Pre-multiplying the expression by P};/E;,
we can write

K 1
(A.90) MiViie = D Yk | BuriCirie + Y MWk ki
=1 =1

where we have pre-multiplied the first expression by 1;—’;:.

The log-linearized version of the labor market clearing condition (30) is given by

I
(A.91) /ﬁk,t = Z 5kiﬁki,t
i=1

BaNCODEESPANA 70 DOCUMENTO DE TRABAJO N.° 2632



Nkl _ Wi Ny PYy PrCr _ oAk
where §;; = " PuYu PCC, Wka ; e
1-3 i 1_M7kj Akj

The NFA from the “global” country K (31) can be log-linearized to

can be derived using (A.96).

K-1 K-1

1 K K — S ~EXP ~IMP

(A.92) B ) nfap; ;- ) nfay, =Tk (eXpK,t_lmpKt+ PK,t ~ PKt )
k=1 k=1

the NFA from country k 7 K k ¢ MU, (31) can be log-linearized to

1 —
K K — : ~EXP ~IMP
(A.93) nfak’t - Enfak)t_1 =Yy (expk,t —impy; + Py - Piy )

where pIMP = pg\fP pC and ?E?P = p?gp - pk .- The linearized export and import price

deflators are given by:

(A.94)
Py Cyi+ oL PyX I
~IMP kli“kli j=1"kli kl]z,\k _ ~k
Pht ZZ PIMPI\Ip Piti,t = ZZH Brti+ D Mgwisji | Priie
15k i=1 k k 15k i=1 j=1
(A.95)

PLC+ YL PuX I I
~EXP ki“~1ki j=1"ki lk]l/\k _ ~k
Pkt Z Z PEXPEXPk Plkit Z Z Brii * Z A1jWigii | P ki t

I7k =1 k 7k i= j=1

Gross Domestic Product and Net Exports. Let us now move to nominal GDP (34). In steady
state, assuming zero net exports, PEXPEXP,< - PiMPIMP,< =0, we can write Y, = chk. Using
the household’s budget constraint (A.22) in steady state, we can write

I
(A96) Hk = P]E:Ck = Wka + le = Wka + Z ( ;Vb[il ) Plekl
i=1 !
where the last equality makes use of (A.50).
Log-linearizing the real GDP (35) definition,
. _P¢c.  PEXPExp,  PIMPIMP,
(A97)  Yp:= Y, Cret U eXPy,; ~ Tlmpk = Ot t Vi (eXPk ;- impy t)

where second equality uses that nominal consumption expenditures will be equal nominal

PPXPEXP, _ PMPIMP; |

GDP in steady state, and Y, = T, T, is the export (or import) share of nominal

GDP.
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The nominal exports expression (32) can be log-linearized to:

P,.C ' p.x
KiClki Kitlki =
XP: =) D | sExPawn Clkit ¥ D SEXbry s X1kt
PEXPEXP) — PEXPEXP,
17k i€l j=1 "k
I
(A.98) =) Z T BrkiCiri,e + > MjWrkiXi ki ¢
17k icl j=1
where the export share of nominal GDP is given by
(A.99)
PEXPEXPk I I I I 1
Vi = =) > Ui Blki+z7\ljwlkji = (D> M |- Bkki+z7\kjwkkji
17k i=1 j=1 i=1 i=1 =1
(A.100)
PIMPIMPk

I I
=X > |Buit D Mjwiji
15k =1 j=1
Similarly, the nominal imports expression (33) can be log-linearized to

I
PuiCui - Py iXiji

im E g STMPivro. Cklji

mp = PIMPyp, Kbt lezpiMPIMPk Kt
I

_ -1 - 3
(A.101) = DV BraiChaie t Y Mg wrajiXijise

17k iel j=1

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

Pk Clk ~ Pk1Xl k]lA P11iCr1in PryiXyaji
Vit =t > )| TG g Z X ki ¢ Tlckll ZH— Kjit
17k i€l k j=1 k
(A.102)

1 1
=Tt DO > | YikBrriCirie + Y YN ©rkiikgi e — BriiCkiie — Y MWkt ik e
1k icl i1 =1

Sectoral value added and real GDP.  Define sectoral nominal value added as VAnom P Yy 1 -

lel ijl(l + Tr1j,0P1j,+ X 3j,c and its associated price index as Pki, VAELO;H/(PkiYkth -
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Zle Z}:l P;;Xj1j,+) where the denominator contains constant prices. Define sectoral real
value added as VA ; = VAnom/Pkl y = PriYii s - Z{il Z}zl Py X} + which, log-linearized, can
be written as

(A.103)
K I
. P.Yy PiiXui wklz 5
Vay; = Vit DD Rkl = 75 kit ZZ i
Py Y = Pl Xy o a3 PV X ‘9 o !

We are now interested in showing that Zl_ Mi(L-g;)vay; 1 = Yy 1, where the RHS variable
is real GDP (A.102). Using (29),

Z Mi(L= D) vay; ¢ = Z M Vi ¢ Z Z Z AW %k 3¢

=1 [=1 j=1
I

I K I K 1
(A.104) = ik | BukiCimie t Y MWk | - DL DL D MWk e

=1 1=1 =1 i=1 1=1 j=1

Separating domestic and foreign absorption, we can write

I I I I K I
> M- d)Vag; = > | BrkiCiiie + O MgWikiiXikiie | + DL D ik | BukiCirie T D Mj®rkiXi ki e
-1 i1 =1 P =1
I I I K 1
(A.105) 0D MW= Y YD Mi Wk ikt i ¢+
=1 j=1 i1 17 =1

SN I I = _I I ~
Now note that, by relabeling indices, } ;_; ijl AkiW kkiiXkkij, e = 2oi=1 ijl Al kkiiXkkji, ¢ SO
domestic intermediate input use cancels out and

Z }\kl(]‘ 1(}kl)vakz t Z Bkklckkl, + Z Z Ik Blklcl kit + Z Aljwlkaxl kji,t

i=1 i=1 i=1 Ik j=1
I K 1
(A.106) =D 0D Mawi e
i=1 17k j=1

Using the definition of aggregate consumption, ¢ ; = Zl 1 Zl_ BiiiCkiit it follows that

(A.107) Z BikiCkii,¢ = Ck,t Z Z BrtiChii,e

7k 1=1
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Similarly, relabeling indices in the imported intermediates term gives

I K 1 K I 1
(A.108) Z Z Z AWk Xk 37t = Z Z AWt jiXKd i £+
i=1 17k j=1 17k i=1 j=1

Substituting the previous expressions yields

I K I I
D M =0)Vag =G+ > > | YikBrkiCirie + D Y1 WikiXi ki v

i=1 17k =1 =1
I
(A.109) ~BrriCriit - Z ALkl jiXkLji t | »
J=1

where the right-hand side is precisely real GDP in (A.102). Therefore,

I

(A.110) Z Mi(L= D) Vag; ¢ = Vi -
=1

B. Additional Figures and Tables
Table 1 lists the 44 NACE sectors used in the analysis.

TABLE 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
C.21
C.22
C.23
C.24
C.25
C.26
C.27
C.28
C.29
C.30
C.31-33
D.35
E.36-39
F.41-43
G.45-47
H.49
H.50
H.51
H.52
H.53
1.55-56
J.58-60
J.61
J.62-63
K.64-66
L.68
M.69-75
N.77-82
0.84

Manufacture of chemicals and chemical products
Manufacture of basic pharmaceutical products
Manufacture of rubber and plastic products

Manufacture of other non-metallic mineral products
Manufacture of basic metals

Manufacture of fabricated metal products

Manufacture of computer, electronic and optical products
Manufacture of electrical equipment

Manufacture of machinery and equipment n.e.c.
Manufacture of motor vehicles, trailers and semi-trailers
Manufacture of other transport equipment

Other manufacturing and repair and installation of machinery
Electricity, gas, steam and air conditioning supply

Water supply; sewerage, waste management and remediation
Construction

Wholesale and retail trade; repair of motor vehicles

Land transport and transport via pipelines

Water transport

Air transport

Warehousing and support activities for transportation
Postal and courier activities

Accommodation and food service activities

Publishing, audiovisual and broadcasting activities
Telecommunications

IT and other information services

Financial and insurance activities

Real estate activities

Professional, scientific and technical activities
Administrative and support service activities

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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