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1 Introduction

This paper studies the macroeconomic impact of trade distortions, theoretically and quanti-
tatively, using a novel open-economy New Keynesian framework (NKOE). Understanding the
aggregate consequences of trade distortions requires confronting three features that canon-
ical models treat in isolation: global input-output (I-O) linkages, sectorally heterogeneous
nominal rigidities, and incomplete financial markets. We build a multi-country, multi-sector
NKOE model incorporating these features and ask: what is the macroeconomic impact of
tariffs, and how does a global production network shape that impact?

Tariffs transmit to the macroeconomy through three channels. First, tariffs act as de-
mand shocks. By raising the domestic price of foreign goods, they shift expenditure from
imports toward domestically produced varieties. As relative demand shocks, they reallocate
spending from taxed to untaxed varieties. With finite elasticity of substitution across va-
rieties, taxing a subset of goods impacts the aggregate consumption-basket’s price, which
affects consumption.

Second, tariffs act as supply shocks. Modern production networks are global, intercon-
nected and complex: firms rely on imported intermediate inputs that are complementary to
each other, and taxes on those inputs flow directly into marginal costs and producer prices,
affecting home and global production and output.

Third, tariffs generate wealth transfers. Under incomplete markets, tariff-induced rela-
tive price changes redistribute resources across countries in global general equilibrium. We
summarize these wealth transfers through a risk-sharing wedge, the deviation of relative con-
sumption across countries from the complete-markets Backus—Smith benchmark. In response
to a tariff shock, the wedge opens as a one-time martingale, and hence the long-run effect
is priced-in on impact reflecting the permanent change in wealth. The sign and magnitude
of the wedge help determine consumption dynamics and are shaped by two opposing forces.
The wedge is negative when favorable terms-of-trade movements and balance-sheet gains on
net foreign assets produce a one-time wealth transfer toward home large enough to dominate
intertemporal substitution. Then, even though tariffs make today a more expensive period
to consume, the wealth gain raises home consumption on impact. The wedge is positive
when terms of trade move against home and net foreign asset position deteriorates; both
forces push foreign wealth up and home consumption down.

Whether the home country is a net winner or loser depends on three primitives: the
global network structure, which establishes the dependence on foreign inputs and governs the
terms-of-trade response; elasticities of substitution across consumption goods and production

inputs, which can vary across country-sector and variety; and the persistence of the tariff



shock, which governs the strength of intertemporal substitution relative to the wealth effect
impacting the time path of consumption.

Our N-country, J-sector model, with Rotemberg pricing, portfolio adjustment costs, an
empirically relevant mix of producer- and dominant-currency pricing, and a Taylor rule,
features all the channels through which tariffs impact the macroeconomy. The linearized
equilibrium is characterized by five vector equations: an IS curve, a Phillips curve for pro-
ducer prices, a CPI definition, an Uncovered Interest Parity (UIP) condition, and a balance-
of-payments (BoP) equation, nesting a broad class of NKOE models. We solve the model
analytically in two blocks, an NK block and a BoP block, by extending the method of
undetermined coefficients to matrix scale.

The production network matters for the macroeconomic impact of tariffs for two reasons.
First, it impacts the terms of trade and the sign of the risk-sharing wedge. Without inter-
mediate inputs, the wedge is negative for standard parameterizations, so tariffs favor the
tariff-imposing country. Once intermediate inputs are included, home dependence on foreign
inputs can move terms of trade against home. To see this, suppose home imports cars and
also semiconductors used to produce chips, and imposes tariffs on both. This hurts home
chip production while raising demand for home cars. Foreign car production is hurt, since
foreign firms need home chips, making them relatively more scarce and valuable in spite of
the higher demand for home cars, tilting terms of trade against home.

Second, the production network generates persistence in real marginal cost deviations,
governed by the NKOE propagation matrix WNXOF  This matrix is the coefficient on lagged
real marginal costs and determines how past cost distortions feed into current inflation and
output. The persistence result requires more than one sector: with J = 1, there is one
sectoral price distortion per country and WNKOF — ( while with J > 1 there are NJ
sectoral distortions and WNKOF -£ 0. Conditional on J > 1, stronger input-output linkages
(e.g. a higher foreign input dependence) in many sectors makes inherited cost distortions
unwind more slowly and thus raise inflation persistence. Final propagation depends on
the number of sectors, sectoral price rigidity, and heterogeneity in cross-country monetary
policy offsetting cost distortions differentially, while the persistence threshold remains J >
1 regardless of whether the exchange rate is treated as a separate national instrument.
Country-level aggregate demand cannot span all sectoral distortions. Thus N-dimensional
policy cannot offset V.J lagged states.

We apply the model to the 2025-2026 U.S. tariff episode.! Feeding the country-sector

'We first validate the model against the 2018 U.S.~China trade war, for which we predict a 1.1% nominal
dollar appreciation against the yuan, a 0.05% decline in U.S. real GDP, and a 0.12% increase in the aggregate
U.S. price level. These are broadly consistent with available estimates on the impact of 2018 tariffs: the
dollar appreciated by about 1.1% around tariff announcements, the aggregate price level rose by 0.1-0.2%,



tariffs implemented as of March 2026 using applied border rates in each quarter, leads to
stagflation in the U.S. with sizable international spillovers, including trade diversion from
the U.S. towards Europe. This process is persistent up to 10 quarters (if monetary policy
looks-through), leading to a cumulative rise of 0.35pp in the U.S. inflation. We also study
reversed tariff threats, where the home country announces future tariffs that are withdrawn
before implementation, mimicking events after the Liberation Day announcement. Even
when the threat is never implemented, there are sizable macro effects through the expec-
tations channel: U.S. inflation rises 0.34pp on impact and does not return to steady state
for some time, despite the reversal being announced next period. Additional counterfactuals
involve the Liberation Day tariffs implemented as announced, stronger production-side com-
plementarities that make tariffs globally stagflationary, and cross-country monetary-policy
heterogeneity, including exchange-rate stabilization in China and a Euro Area real-rate rule
that lowers U.S. output by weakening Euro Area import demand. In general, we show that
open-economy models without I-O linkages can overstate the inflation and understate the
output decline, as they miss slow-moving propagation across countries, sectors, and time.
Our positive analysis carries normative implications. The persistence result implies that
tariffs in a multi-sector economy generate distortions that take longer to unwind. We quan-
tify this by comparing convergence across one- and multi-sector networks under the same
tariff shock and show that with I-O linkages and more than one-sectors, real marginal cost,
inflation, and output deviations remain farther from their terminal equilibrium for longer.
The paper proceeds as follows. Section 2 presents the baseline model. Section 3 analyzes
the flexible-price solution and characterizes the risk-sharing wedge. Section 4 introduces
nominal rigidities, derives the NKOE propagation matrix, and establishes why production
networks generate persistence in real marginal cost deviations. Section 5 presents the quan-

titative analysis and policy counterfactuals. Section 6 concludes.

1.1 Relation and Contribution to the Literature

Our paper builds on three distinct literatures: NKOE, production networks, and trade.
We extend the NKOE literature’s canonical two-country models of Obstfeld and Rogoff
(1995) and Clarida et al. (2002) to N countries and .J sectors with endogenous current
accounts, showing the importance of I-O linkages and N-country monetary policies for global
imbalances. A large part of the NKOE literature focuses on SOEs, such as Barattieri et al.

(2021), omitting intermediate input imports.? Recent work adds intermediate inputs but not

and aggregate real income fell by about 0.04% of GDP (Barbiero and Stein, 2025; Fajgelbaum et al., 2020).
2This literature, rooted in Gali and Monacelli (2005), focuses on optimal exchange-rate and monetary
policies.



full I-O linkages that we show to have a central role for macro impact of tariffs (e.g., Auray
et al., 2024; Ambrosino et al., 2024; Auclert et al., 2025).3 A related small open economy
(SOE) literature studies optimal monetary policy under tariff shocks such as Bergin and
Corsetti (2023), Bianchi and Coulibaly (2025), Werning et al. (2025), and Monacelli (2025).
Our contribution to this literature is showing how the presence of production networks can
change benchmark results from the one-sector SOE baseline in global general equilibrium by
impacting inflation-output trade-off and persistence of inflation.

The closed-economy NK-networks literature establishes that productivity shocks induce
endogenous cost-push effects and welfare losses, that the Phillips curve is flatter with pro-
duction networks (Rubbo, 2023; Pasten et al., 2020, 2024; Afrouzi et al., 2024), and that
when sectoral prices outnumber aggregate policy instruments, monetary policy cannot close
all sectoral gaps simultaneously (Guerrieri et al., 2021; La’O and Tahbaz-Salehi, 2022). We
show analytically that the persistence of real marginal cost deviations is larger with global I-O
linkages. Our eigenvalue-based persistence result complements the spectral analysis in Liu
and Tsyvinski (2024): while the relevant object there is the I-O matrix, here it is the NKOE
propagation matrix, which governs the slow unwinding of tariff-induced distortions. This re-
sult is also in the spirit of Afrouzi and Bhattarai (2023), which studies monetary and sectoral
shocks in a continuous-time NK-production network closed economy. We differ by studying
tariffs in a discrete-time open economy with global I-O linkages and incomplete risk sharing.
Differing from closed-economy propagation, WNXOE contains the impact of the exchange
rate: heterogeneous monetary policy maps into exchange-rate movements, and imported-
input linkages feed them back into sectoral marginal costs. Cross-country monetary policy
heterogeneity can increase inflation persistence relative to the closed-economy benchmark.
The final impact on consumption depends on the wealth transfer between countries which
is pinned down by the risk sharing wedge.

We build on the quantitative general-equilibrium trade models (e.g., Caliendo and Parro,
2015; Baqgaee and Farhi, 2024) by adding dynamics, nominal rigidities, and incomplete mar-
kets. Our model’s long-run flexible-price equilibrium nests a structure similar to these frame-
works. The contribution of our framework is the short-to-medium-run transitional dynamics:
nominal rigidities generate persistent deviations from the long-run allocation, and the speed
of convergence depends on the network structure and monetary policy. We share the im-

portance of incomplete markets with Itskhoki and Mukhin (2025), who study the long-run

3A few recent papers also incorporate cross-border production networks or multilateral trade linkages,
including Qiu et al. (2025), Cuba-Borda et al. (2025), and Ho et al. (2022). Relative to these papers,
our contribution is to deliver a closed-form analytical characterization of tariff transmission and inflation
persistence.



impact of tariffs on trade balances and optimal tariff policies.* Static trade models with ex-
ogenous transfers may overstate the magnitude of the tariff-induced risk-sharing wedge, while
complete-markets models set it to zero by construction. In our dynamic incomplete markets
model, the risk sharing wedge shapes the consumption response and the inflation—output

trade-off, and thus central to whether tariffs are expansionary on impact.®

2 Environment

We develop a multi-country, multi-sector New Keynesian model that incorporates input-

output linkages, nominal rigidities via Rotemberg costs, and portfolio adjustment costs.

2.1 Households

The household in country n maximizes the present value of lifetime utility:

- 1
= t Crlz tg Ln—;n
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where P,ft is the price of the consumption bundle C, ,, Sg 5 the exchange rate against the
U.S. (increase denotes local-currency depreciation), W, the wage, L, labor supply, and
in and ztU S the nominal rates on the local-currency bond B, and the U.S. bond Bg ts (net
foreign liabilities). ¢ (BY7/PF?) is a portfolio adjustment cost inducing stationarity of real
debt. T, denotes taxes and transfers, including lump-sum rebates of tariff revenue, and
D, firm profits. 3, o, x, n are the discount factor, intertemporal elasticity of substitution,
labor disutility weight, and labor supply elasticity. The domestic bond is in zero net supply,
so all countries save or dissave in U.S. bonds; bilateral exchange rates are pinned down by
arbitrage against the dollar.

Maximizing the household’s lifetime utility subject to the budget constraints yields:

4In the long run, Costinot and Werning (2025) show that trade deficits depends on the extensive margin.
We have a similar result in our long-run flexible-price equilibrium.

SOur risk-sharing wedge is conceptually related to the Backus—Smith wedge in Aguiar et al. (2025), who
show how exchange rate disconnect can open this wedge.



Euler Equation: 1 = SE; {(C&f:l)_ (14 in.) | Vn € N and Vt and

UIP Condition: Hztgst =F, [825:1} 1—¢’(BT‘},§/PFS) Vn € N — 1 (excluding the U.S).

Finally, for completeness of notation, we define arbitrage conditions: &, s = €Y7 /ENS
Vn,m € N, which also pins down a country’s exchange rate with itself (with &, ,,, =1). We
have N x N exchange rates, and along with the UIP condition, these two conditions uniquely
determine the exchange rate.

We now turn to the household’s intratemporal problem. The first part of the intratem-
poral problem is the standard labor-consumption trade-off that determines labor supply
Wm/PnC’t = XLy ,Cy, where W, is the wage in country n at time ¢.

The intratemporal breakdown of consumption uses a nested CES structure: country vari-
eties bundle into country-sector bundles, which then aggregate into the country consumption
bundle. For example, U.S. consumption of automobiles is a CES aggregate of automobiles

sourced from each country, which in turn enters U.S. aggregate consumption. Mathemati-

cally:
C
¢ o 01
1 Gg—l 9}(571 1 071 0%—1
E oF G
Cnp = |2 ies Tnli Gty and  Chrit = | X men DnimiCnimit

The index (n,7) denotes sector ¢ bundle in country n, with consumption C,,;, and weight
[,.i; 05 governs substitution across sectors (e.g., automobiles vs. food). Each sectoral bun-
dle aggregates country-sector varieties indexed (n,i,mi), with weights I';,; . (e.g., German
automobiles in the U.S. automobile bundle) and within-sector elasticity Gﬂ Prices and
quantities are indexed analogously. The optimality conditions are:

1 C
1 C —0
c _ c \1-6 | 1-6¢ _ Poie) "
P = | 2ies Tni(Priy) h] Pooand Gy =Ty ( P Cot;
n,

where Pncﬂ-’t is the local-currency price of bundle ¢ in country n.% Let P, denote the
producer price of industry ¢ in country m (in m’s currency). Buyers in country n face
Ppmit = Enmit(1+ Tomit)Prit, applying the bilateral exchange rate and the tariff 7, ;.

The price index of C,, ;+ is:

1
— C
1—6C. | 1-6C, N\ b7
C _ . . 1,3 i L . . Pn,mz,t v .
Pn,i,t - ZmEN Fnﬂ,mlpn,mi,t and O’n,mz,t - Fn7z7mz ( PC ) O’I‘L,’L,t’

n,i,t

6Superscript C' denotes consumption-side price bundles.



2.2 Production

Output in country-sector ni at time ¢, Y,,;;, follows a CES production function:

GX
X X1
0X . 1 9X _1 | 62 -1 )
Yoie = |0 LT+ (1= )V (X)) o Vn € N,Vi € J,

where 6% governs the elasticity between labor and the intermediate bundle Xnit, and ayy; is
the labor weight. Firms within a country-sector are identical and solve:

_ : X
MChiy = mingx,;, £} WatLnie + P,

ni,t

Xni,t s.t. Yni,t =1,

where Pj;t is the price of the intermediate bundle (superscript X denotes production-side
price indices, given by the relevant CES dual).

The intermediate bundle for ni aggregates sectoral bundles (ni, j,t) for j € J, each
formed from sector-j varieties sourced across countries (e.g., U.S. automobile production

uses steel from any m € N). The bundle and relative demand condition are:

0:%.
X gl
a Ot eyt <
Xy = Qs x d Xyimie = Q Pras) ™ x
nigt = | 2omen nigmiXnimit and Xoimjs = nijmg | P2 nijits
where P ;; and X, ;, are the price index and quantity of the bundle, and 6}¥; is the within-

sector elasticity of substitution across varieties. The aggregate intermediate bundle for ni

is:
X
Oh
1 ghX—l HhX—l x
ox o5 Xnig,t PR O ;
Xni,t = ZjEJ Qni,ani,j,t and it = an"j P»,i{;t s \V/] € j

The firm’s problem yields:

QX

1
( )1—9X 1-6X and Xni,t — (l—am) Wnyt
nz,t Lni,t Qng Pri(i,t

MCm',t = [aniw';,zgx + (1 - ani) (PX

Each country-sector contains a continuum of identical firms. Representative firm f in ni sets

its price subject to Rotemberg adjustment costs:

P7{z’,t = argmaxps E, Z;O:t SDF;r eri,T(Pr{i,T) (Pr{i,T - MCm‘,T)
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A CES bundler aggregates individual firms’ output, yielding demand Yn];t(P,{m) = (PT{M / an) . Yoir-
The parameters (1 — ¥,,;)d,; and 9,;0,; are the real costs of adjusting prices in producer and
dominant (USD) currency, respectively, so J,; — 0 is PCP, ¢,; — 1 is DCP, and intermedi-

ate values yield a hybrid. In Section 5 we additionally incorporate pricing to market (PTM)

by relabeling sector ¢ in a destination-specific manner, generating sticky producer-importer

prices (e.g., Japanese steel intended for American end users). We discipline v,,; using ex-

port dollar-invoicing shares from the DCP literature, setting it to zero for domestically sold

goods. The resulting framework combines PCP, DCP, and PTM in a manner consistent with
empirical evidence.

This problem yields the following equilibrium condition:

Hni,t 1> Hni,t o QR |:Mcni,t QR - 1:|

DY? - DY? i | Pris Or
I 041 i p1
+ BE; | (1 = Vi) (i1 — Dpier1 + i <DUS —1 DUS (1)
n,t+1 n,t+1
where Il,;,; = Pit/Pnit—1 is gross inflation and D,[i f = ng /Sfif_l is gross deprecia-

tion against the USD. Equation (1) is a country- and sector-specific forward-looking New
Keynesian Phillips Curve in nominal marginal cost deflated by the producer price. As
0n; — 0, it collapses to the flexible-price allocation with constant markup: II,;; = 1 and
MCii)Priy = (0% —1)/6%. Linearization is conducted around a subsidized steady state that
removes the monopolistic distortion (subsidy notation suppressed); we abstract from exoge-
nous markup shocks but track real marginal costs since tariffs induce endogenous markup
variation through nominal rigidities.”

A natural question is whether stickiness applies to pre- or post-tariff (and pre- or post-
exchange-rate) producer prices; our framework accommodates both. In the baseline, under
both PCP (9,,; = 0) and DCP (¢,,; = 1), tariffs are applied on top of the sticky producer price
and pass through immediately. Since full instant pass-through to end users is not empirically
realistic, Section 5 introduces domestic importing firms that intermediate all imports and
face sticky retail prices, restoring the distribution margin absent from standard I-O tables
(Horowitz and Planting, 2009).

"Markups also move because wages and intermediate-input prices need not adjust together.



2.3 Market Clearing, and Policy Equilibrium

The evolution of net debt is governed by the balance of payments. For country n, with tariff

revenue rebated to households lump-sum:

Z Z nmjtcnm], + Z ZZ nm],tXmmjt) +Ent(1 +Z )B’][’{ts 1

meN jeJ meN €T jeJ
Tnm
t gn’tPtUsw(Bgf/PtUs Z Pm tYmt + Z Z (1 + T - nmj +Ch ,mj, t>
eJ meN jeg n,mj,t
Tnm
S (Ko ) BB N o
meN ieJ jeT n,mj,t

All terms are in country n’s domestic currency, and the second and third right-hand-side
terms are tariff revenues. By Walras’ Law, one country’s budget constraint is redundant; we
omit the U.S.

All markets clear: labor satisfies Ly, = 3, ; Lni; USD bonds satisfy BY'S = 3-8, BUS,
where BV = BE 7is U.S. aggregate bond supply; and goods, used both for final consumption
and as intermediates, satisfy Yyi: = > . cn Cmmit + 2 men Zjej Xomjnit for producing
country n and consuming country m.

Monetary policy in each country follows a generalized rule with interest-rate smoothing

and a flexible target basket:

T pT

TP n,m n,t
Prz:t = (HmeN HjGJ (Prjit) "’"”) <Hm€N\{n} n,m,t) and Hg,t = 5T -

n,t—1

T my and Tim are the weights on producer prices and bilateral exchange rates in country
n’s target basket, nesting CPI targeting, producer-price combinations, and exchange-rate
targeting.® The Taylor rule with inertia is 1 +4,; = (1 + in,t_l)pg@ (Hat)qﬁ" for all n € N,

with p” € [0,1) governing smoothing.

2.4 Linearization, Matrix Notation and Analytical Solution

We linearize the 25 equations above and apply the method of undetermined coefficients
(MUC) to solve the model analytically. Hat variables denote percent deviations from the
zero-tariff pre-shock steady state rather than the flexible-price allocation.” Departing from
the standard zero-debt linearization, we allow primitive parameters (home bias, imported-

input dependence) to be asymmetric across countries (e.g., Obstfeld and Rogoff, 1995), which

81t also nests PPI targeting and the divine-coincidence index of Rubbo (2023).
90utput is therefore measured relative to pre-tariff steady-state output rather than as a gap, since our
interest is in the world with tariffs relative to a world without.
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Table 1. Notation guide

Scalar notation Matrix/vector notation Object
@ VH,VF I' (N x NJ) consumption shares
o 2 Qg QF Q (NJ x NJ) input—output shares / production network
g *g 6¢,6x 0 CES elasticity of substitution
= Ap A(NJ x NJ) nominal rigidity parameters
A o ® (N x N) monetary-policy coefficients
C‘nyt C, (N x1) real consumption
Pit IStP (NJ x 1) producer prices
o why nl (NJ x 1) producer-price inflation
5“}3 Pnct PC (N x1) consumer prices
P 5 fnit (NJ x 1) real marginal cost
s Enmit E; (N 1) nominal exchange rates
Vit Vt' (N x 1) net external debt
%n,mj,t t (N2J X 1) tariffs
gug Wy - risk-sharing wedge
MO - W (NJ x NJ) NKOE propagation matrix
Nel
o

Note: n,m index countries, 4, j index industries, and boldface denotes stacked country or country-sector
objects. Hat notation denotes deviation from steady state. Elasticity of substitution refers to CES bundles
on the consumption and production side.

implies nonzero steady-state debt and net exports consistent with those parameters. The
implied debt level parametrizes the portfolio adjustment costs that anchor deviations from
steady state. The quantitative section disciplines parameter asymmetry and steady-state
debt using the ICIO Table (Appendix B).

We make four simplifying assumptions for analytical tractability. First, following Golosov
and Lucas (2007), we set x = 1 and 7 = 0 (infinitely elastic labor), reducing the intratemporal
labor-leisure condition to Wm — p,ft = a(:”n,t and letting us focus on consumption while
tracking aggregate output separately. Second, we set ¢(Br[{, 5/ PY9) = 0: portfolio adjustment
costs serve as a stationarity device and are numerically small. Third, we assume producer-
currency price rigidity, ¥,,; =0 Vn € N,i € J.

Fourth, policy targets only a producer—price basket, Tg = 0Vn,m € N, with target
weights given by consumption shares so that i = &7l 10 Flnally, we introduce generalized
elasticities linking the lowest-level bundles directly to the highest-level aggregates on both
the consumption and production sides.!!

Given the N-country, J-industry structure, we adopt matrix notation. Table 1 collects

the main primitives, variables, and objects. Consider the linearized producer-price inflation

10Results do not hinge on using I'; alternative producer-price mixes deliver similar conclusions.
11 _ A _ A
To first order, Fn mi Fn ’LF’I’L i,mi and an ,mj — (1 - ani)Qni,ani,j7mja S0 e.g. Cmt - Zm,i Fn,miCn,mi,t
A _ C
and Cn,mi,t - *al,l(szt +£n ,m,t + Tn ,mi,t Pnz t)~

11



equation:

or ) o )
77];‘,1} - 5_’1 aniWn,t + Z Z Qni,mj (ij,t + gn,m,t + Tn,mj,t) _-Pni,t + 5Etﬂ-yﬁ‘,t+1 (3)
~ meN jeJ
Ani v

mni,t

/

which vectorizes as wf =A (aVVt + (22— I)Ptp + ngt + Lf ﬁ) + 5Et7r£r1, with ét the
N? x 1 vector of bilateral exchange rates and 7; the N2J x 1 vector of tariff rates. We use L
to denote loadings, i.e., how a subscript variable loads onto a superscript variable as a linear

combination of vector entries, serving as partial derivatives.!?

2.4.1 Global New Keynesian Representation

The linearized equilibrium conditions in Appendix A can be written in vector form as a
Blanchard-Kahn-stable equilibrium, used both for interpretation and for solving via MUC.'3
This five-equation representation extends the canonical three-equation New Keynesian model

to N open economies with I-O linkages.

Definition 1. A linearized equilibrium comprises sequences {Cy, P, P, &, V;}{° for a

given sequence of {7;}7° and an initial condition for V; such that equations (4)-(8) hold:

A

NKIS:  o(ECy — C) = ®T(B ~ Bl)) - E(PS, - BY) (4)
CPL  Pf=TP’+L{& +LiH (5)
NKPC: PF=1, [13& +A (a (ﬁtO 4 gé't> +LEE + Lfﬁ) + 5Et13£1] (6)
UIP: & — .80 = TR - P (7)
BoP: AV, =EVii + 5.0 + BB + B, + Esti + BoPf, (8)

where Wy = [(1+ 8)I + A(I — Q)] is a stickiness-adjusted Leontief inverse, and V; is the
vectorized debt variable V,, ; = (1+iY° )Bg . The NKIS, UIP, and BoP equations substitute
out the nominal interest rate via the Taylor rule, 7, = ®T'(PF — PP ), where the diagonal ®
contains country-specific sensitivities; the first N — 1 rows of <i>31"(13tp — 135 1) load interest-
rate differentials 2, — 1V relative to the U.S. The BoP equation accordingly features P? |,
because the interest rate is substituted out.

The first equation is the NKIS equation, with tariffs entering the demand side through

their loadings on the consumer price index (CPI). The second equation defines CPI. Here T’

12E-g-, (ngt)ni = Zm,j Qni,mjgn,m,t and (L71?+t)n1 = Zm,j Qni,mj%n,mj,t
13Expressing prices in levels yields a compact five-variable system convenient for MUC algebra.
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is an N x NJ matrix, containing consumption shares'* and LS captures, in matrix form,
how consumer prices of various goods are exposed to the exchange rate. The scalar analogy
would be (1 — vg), where v € [0, 1] represents the home bias parameter for consumption.
Similarly, LY captures the share of goods exposed to tariffs.

The third equation is the NKPC for producer-price inflation, expressed in levels. The
stickiness-adjusted Leontief inverse W, captures the I-O network and multiplies A, nominal
marginal costs, lagged prices 15,5 1, and discounted expectations BIEtPtﬁl. Exchange rates
and tariffs load onto marginal costs via imported-input dependence (L) and tariff-exposure
shares (LL). The fourth equation combines UIP, exchange-rate arbitrage, and self-arbitrage;
the @ terms load each country’s ¢, alongside the arbitrage restrictions row by row.

The fifth equation combines bond-market clearing with the N — 1 laws of motion for
net debt, expressing the balance of payments as a function of prices (reflecting good-specific
terms of trade) and aggregate consumption.’® Tt nests all relevant intratemporal demand
and pricing relationships through the E coefficients (Appendix B), governing how net debt
responds to terms-of-trade changes, balance-sheet effects, and interest payments.

This five-equation representation nests a broad class of open-economy New Keynesian
models: intermediate-input models with a final good correspond to J = 2 with one column
of € zeroed out, while collapsing to a single country with an exogenous real rate recovers
the canonical SOE model of Gali and Monacelli (2005).

2.5 Wealth Transfers Summarized By the Risk-Sharing Wedge

Through Section 4, we focus on N = 2, with H denoting the tariff-imposing home country
and F' the foreign country, so bilateral variables (including & and, without loss of generality,
7;) are scalars. Section 5 returns to the general case.

Under incomplete markets, tariffs generate a cross-country wealth transfer summarized
by a risk-sharing wedge w; measuring deviations from perfect risk sharing. This object
is useful for two reasons. Substantively, it captures the wealth transfer to home (foreign)
arising from terms-of-trade gains (losses) and balance-sheet effects on net debt, operating
through both nominal and real channels (currency appreciation/depreciation and trade-
deficit adjustments). Methodologically, tracking w; as a state variable is more convenient in
our MUC approach than tracking net debt V.

Begin with the perfect risk-sharing benchmark. Under complete markets (e.g., in the

presence of Arrow-Debreu securities), the linearized Backus-Smith condition holds: U(OH,t —

MGimilar to the production case, (Lgét)n = ZmeNZjeJFn,mjgmmi and (LS¢H), =

ZmEN ZjeJ Fn’mj%n,mj,t'
5The first N — 1 rows linearize (2); the last row is bond-market clearing. See Appendix B.
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CA'Et) = Qt, where Qt = PFCt + (cft — Pgt is the real exchange rate.! Ex-ante full insurance
implements the allocation via state-contingent transfers, so the planner reallocates resources
toward states where consumption is more valuable: when Qt is high (home basket relatively
cheap), efficiency requires higher home consumption. Under incomplete markets, households
trade only a single non-state-contingent (U.S.) bond. Combining the Euler equation with
UIP yields the Backus-Smith condition in expectation, U(EtAC’H,tH—EtAC’EtH) = EtAQtH.
Defining w; = Q; — U(C(H,t — C’Ft) gives 1, = E;;11: the wedge is a martingale.!”

For a tariff shock revealed at ¢t = 0 with persistence p,, w; is a linear function of the initial
shock: wy = f(7p) Vt. Since the shock is unexpected and uninsurable, it acts as a wealth
transfer when revealed. If terms-of-trade gains and balance-sheet effects favor home, w; < 0
under standard parameterizations of 8, so wealth flows to home, generating appreciationary

pressure and pushing home consumption above the perfect-risk-sharing benchmark.!8

2.6 Tariffs Transmission and Propagation Channels

Since w; is a martingale, we split the five-equation representation into two blocks. In the
New Keynesian block, we treat the risk-sharing wedge as a state variable alongside tariffs
and substitute out the exchange rate using the definition of the risk-sharing wedge: & =
wy — PFCt + Pgt + O'(CA'HJ — CA’F,t). In the five-equation representation, the lagged price
vector is a state variable because the I-O structure makes inflation depend on the level of
producer prices. For interpretability, we instead track lagged sectoral real marginal costs
;1 as a state variable in the New Keynesian block, since these capture deviations from the

flexible-price benchmark, yielding:

NKIS: B AC = (I — LEZ)®Tn) —TEn), — LCEAR (9)
gt_Etﬂg,l
NKPC: nl =A L +BEm) (10)
Real Marginal Cost (RMC)
RMC M = He—1 + 1 TI'ZD + [J,QO'Aét + (MQLS + Lf) A’f't + [.L4A’Lz)t (1].)

16This follows from equating state-contingent marginal utilities valued in a common currency,
Uc(Cuy)/Pff, = AUc(Cry)/(EPF,), and linearizing under CRRA.

1"The martingale property relies on zero portfolio adjustment costs; nonzero but small costs yield near-
martingale behavior without materially altering conclusions.

180Other shocks can move wW;: Section E.3 adds a tariff-uncertainty shock that raises the UIP premium
(Kalemli—@zcan et al., 2026), leading to dollar depreciation, w; > 0, and a wealth transfer to foreign.

14



where A notation indicates first difference, Z = [1 —1} differences home and foreign entries,
= Q—I+al+(aLS+LE)mZT, capturing the impact of producer prices via input-output
linkages, wages and the exchange rate, po = (a + (aL§ + Lf)mZ), capturing the impact
of consumption and tariffs on real wages and the exchange rate, and py = (aLf + LE)m
where m = (1 - Z Lg)f1 capturing the impact of the risk-sharing wedge via the exchange
rate’s impact on real wages and producer prices.

As the New-Keynesian block above demonstrates: (i) Non-transitory tariffs induce a
demand shock (e.g., a patience shock). Tariffs are a tax on the consumption of some goods;
as such they are a relative demand shock. In the absence of perfect substitutability, however,
this consumption tax has a direct effect on the aggregate consumption price index and acts
similarly to an aggregate consumption tax. We denote this direct effect with LY. This shock
makes consumption more expensive in some periods relative to others, thereby impacting
both intertemporal substitution and the household’s labor supply as other demand shocks
do.!? Because it distorts the household’s labor supply, LY also impacts real marginal cost,
py. (i) Tariffs are a tax placed on intermediate inputs and hence they are a supply shock
that makes it more expensive for the industries of the tariff-imposing country to produce. We
denote this direct effect on the real marginal cost basket with L. (iii) As noted in Section
2.5 tariffs constitute a wealth transfer between countries, summarized by the risk-sharing
wedge. If the wealth transfer via the risk-sharing wedge favors the home country, then it can

partially or more than offset the increase in p,; from tariffs via exchange rate appreciation.

Remark 1. The wealth transfer captured by the risk-sharing wedge impacts the inflation-
output tradeoff.? When the wedge is negative (positive), and thus favors the tariff-imposing
country (tariffed country), it can increase (decrease) output and decrease (increase) inflation,

offsetting (amplifying) the negative supply shock impact of tariffs that is stagflationary.

After solving the New Keynesian block, treating w; as a state variable, we solve the
open-economy block, comprising the martingale equation w; = E;,; (which replaces the
UIP), the balance of payments equation, and the necessary variable definitions, using the
coefficients from the first block to pin down w; and V. There is a unique level of w; that
satisfies the martingale condition and ensures that V; is not on an explosive path.2! This two-
block approach — solving in terms of the risk-sharing wedge and then determining the wedge
from the remaining equilibrium conditions — is a methodological contribution to production

network models with incomplete markets and to general open-economy models.

19When tariffs are permanent, instead of intertemporal substitution, there is a one-time and permanent
change in all variables. Here, we focus on the case when 0 < p, < 1.

20Even though our model is written to track consumption as the aggregate quantity, our argument here
extends to the inflation output tradeoff.

2'We confirm numerically that solving in two blocks yields the same result as solving the full model.
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3 Tariffs Under Flexible Prices

We first study the flexible-price two-country, one-good economy (N = 2, J = 1), then extend
to multiple sectors to isolate the network channel. With J = 1, we consider unilateral tariffs

(so foreign entries of LY and LY vanish) and rule out self-use. The relevant matrices are:??

0 € 1-Q 0 1-—
_ H 7 _ H T= YH YH W= (I—Q)_l,
Qp 0 0 1-Qp v 1—=F
L¢ Q QuLf
¢ — TH ’ LTC: THL; 7 P_ H , L' = aL;
—YF 0 —Qr 0

LY and LY indicate whether one country tariffs the other; H, F' denote home and foreign.
Under symmetry we set Qg = Qp = Q and 75y = yp = v, with 0 < v < % and 0 < Q2 < 1.
With this notation, consider the one-good economy under flexible prices and assume
monetary policy stabilizes aggregate prices rather than following a Taylor rule.?® Setting
o = 1, the equilibrium implied by the New Keynesian block (i.e., A,,; — oo foralln € N,i €

J), is such that for exogenous {7, w,; }2, the following equations hold Vi:
1. Euler equations hold: (EtCA'Hi_i_l - C'Hﬂg) = %H,t and (Etép’t_;,_l - CA'FJ) = %F,t‘
2. Basket prices satisfy 0 = (1—7)]5};,5—1-7(&—1—]3&—1—7%) and 0 = (1—7)p£t+7(ﬁ’§7t—<‘ft).

3. Prices equal marginal cost: p};’t = (1-Q)Chy + Q(pﬁt + 7 4+ &) and p}f’t =(1-
Q)Cry + QP — &)

4. Risk sharing is imperfect: & — (C’Ht — C’Ft) = Wy.

These equilibrium conditions link the risk-sharing wedge with the terms of trade. Defining
the terms of trade &, = &, + ]31{; — p[§7t, the intratemporal conditions imply
14+ Q

St

1o t1.q

Wy Lfft,

so the wedge embeds the terms-of-trade gains emphasized in optimal-tariff analysis. Without
intermediates, elastic labor implies w; = §;; with intermediates, tariffs on inputs can raise
the wedge and depreciate the home currency. Although the wedge grows more complex once
these assumptions are relaxed, the central mechanism is clear: terms-of-trade movements

favoring the tariff-imposing country transfer wealth to it, allowing consumption above the

22Tn the scalar case, Ya,r — ve and Qg p — Qp.
23Under flexible prices this leaves real allocations unchanged and simplifies notation.
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perfect-risk-sharing benchmark. If home is highly dependent on foreign intermediates, this

can reverse, transferring wealth abroad.

Proposition 1. Under symmetry and flexible prices, solving the model yields

. Q1 —~)+ 1 . .
CH,t = — ( 1 _':}22 " (1 _QTt+wt) (12)
>0

s Q=) +y) . =1 —2y) .
gt__ 1—|—Q Tt“‘\ 1—|—Q Wy (13)

N J/
-~

>0 >0

Proposition 1 follows from MUC algebra; Appendix C contains the derivation. Two

immediate corollaries follow.

Corollary 1. Under perfect risk sharing (w, = 0), a unilateral home import tariff lowers

Cr 9
55 < 0,52 <0).

home consumption and appreciates the home currency (8

Tariffs shift demand toward domestic goods. With home bias, the home consumption
basket becomes more expensive and the home currency appreciates in real terms. Under
perfect risk sharing, Arrow-Debreu transfers reallocate resources toward states in which
home consumption is relatively cheap; because the tariff makes home consumption relatively
expensive on impact, contemporaneous home consumption falls. The decline in the tariff-
imposing country’s consumption in frameworks such as Caliendo et al. (2025) reflects this

mechanism.

Corollary 2. For tariffs to raise home consumption, tariffs must induce a deviation from
perfect risk sharing (i.e., w; # 0), thereby producing a wealth transfer towards home in states

when consumption is expensive.

Under imperfect risk sharing, the fall in consumption generated by intertemporal substi-
tution (consumption is expensive today with tariffs) can be offset by the permanent wealth
effect embodied in the martingale wedge. In equilibrium, consumption rises if the wedge is
sufficiently negative. Consumption falls with a sufficiently positive wedge that also implies
depreciation and a wealth transfer to the rest of the world, strengthening foreign consumption
and appreciating the foreign currency. Under incomplete markets, the sign and magnitude

of w; can therefore change the sign and magnitude of consumption and exchange rate. The
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tariff-induced wedge that opens on impact and remains constant thereafter is (V & > 0):

Bors = {11 r ] A(m o %> Fola -0 - oy (14)
Lol A0 2= )= 2004901 - (- 9]

>0

where A = 7+ (1 —~v)2 > 0. Appendix C provides details for Equation (14). In this
expression, the persistence-discount prefactor and numerator are strictly positive, so the
denominator determines the sign. The threshold is:

ecrit — A(1-27)(1-9Q)
= (-0

BE where w; > 0 for 6 < " and w; < 0 for 6 > §it,

Greater substitutability makes it more likely that terms-of-trade gains favor the home coun-
try, transferring wealth to home, increasing consumption at home and appreciating the home
currency (a sufficiently negative wedge). The magnitude of the wedge is also sensitive to

tariff persistence (p,) as persistent tariffs lead to larger wealth effects.

Remark 2. Greater tariff persistence enlarges the risk-sharing wedge in absolute value: terms-
of-trade gains then last longer and imply a larger wealth transfer. While primitives such as
I', 2, and 6 can reverse the sign of w;, persistence can also make the wedge large enough to

flip the signs of the consumption and exchange-rate responses in (12) and (13).

To highlight the importance of imperfect risk sharing, we compare incomplete markets
with two standard alternatives: complete markets and exogenous transfers, as in static trade
models that pin down the trade balance. Figure 1 reports the wedge in panel (a), the
exchange rate in panel (b), and home consumption in panel (c) after a 10% home tariff with
pr =0.99, v =0.05 and 2 = 0.1. Under complete markets (blue), the wedge is zero. Under
incomplete markets (black), it is permanently negative. Under exogenous transfers (pink), it
is also negative but larger in absolute value, as eliminating financial assets creates a greater
departure from perfect risk sharing. In the static model, the wedge declines in absolute
value over time, reflecting the fact that it is not a martingale: there, w; depends only on
contemporaneous tariffs and therefore reverts to zero as tariffs decline. The exchange rate
appreciates in all cases, with negligible appreciation under complete markets and a large
one in the static transfer case. The home-consumption response is positive in both the
static transfer and incomplete-markets cases, but negative under complete markets. With
financial assets, consumption depends on the wedge (as in (12)): when w; = 0, perfect risk

sharing implies a negative consumption response, whereas a sufficiently negative wedge lets
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the intertemporal wealth effect dominate substitution and raise consumption, as in panel (c).
Consistent with our theory, the large absolute value of w; is partly driven by the high tariff
persistence (p, = 0.99).

Figure 1. Comparing Complete Markets, Incomplete Markets, and the Static Model
gure L gomparing Comp b)"eomP G
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NOTE: Panel (a) plots the risk-sharing wedge, panel (b) the exchange rate, and panel (¢) home consumption
after a 10% home tariff on the rest of the world with persistence p, = 0.99. We set v = 0.05 and Q =
0.1. Black denotes incomplete markets, blue complete markets, and pink the static exogenous-transfer
specification that fixes the trade balance at its steady-state level. Under complete markets the wedge is
zero; under incomplete markets and the static specification it is negative, so consumption and exchange-rate
responses differ across cases.

Figure 1 therefore shows that neither complete markets nor static exogenous transfers
constitute innocuous benchmarks. Complete markets impose w; = 0, shutting down tariff-
induced wealth transfers and thereby making the home-consumption response negative by
construction. Static models move in the opposite direction and can overstate the wedge since
the trade balance is unable to adjust endogenously, which can generate an unrealistically large
appreciation; in this calibration, the appreciation response is nearly twice the size of the
tariff. Because w; enters both the consumption response and the inflation—output tradeoff,
these two benchmarks can change whether tariffs are expansionary on impact. Some form of
incomplete markets—at minimum, a single non-state-contingent nominal bond—is therefore

essential to understanding the macroeconomic impact of tariffs.

3.1 N Countries and J Sectors: Why the Network Matters?

We next examine how production networks affect tariff transmission under flexible prices.
When intermediate inputs are absent (2 = 0), Equation (14) reduces to (V k > 0):

~ [ 1-p +0(1—7)
Witk = [kﬁpf] (1;;'7)*29(71*7)'

(1—27)
2(1—v)

negative, favoring the tariff-imposing home country. This threshold is satisfied under most

Thus, without intermediate inputs, 6 > is sufficient for the risk-sharing wedge to be
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calibrations in the literature, as 6 often exceeds 0.5. Once 2 # 0, however, the sign of the
wedge can vary over a wider range.

To illustrate, let us add a second foreign good, denoted T'. It is upstream, does not enter
final consumption, has fixed output, and is used by the home country as an intermediate
input (its share denoted by Qg r). Then the risk-sharing wedge coefficient with respect to a
tariff innovation is (V £ > 0):

1- 8 (Q+Qur) [Q<QH,Ty(2 —0%) = 3) + ap(4; — ﬁ)} — Ay A3
1_5p7' A1<1—yDOéH) —QH[QQH’Ty<2—9X)+OéFA2i|

Wik =

I

where D = HLQ’ A1 = QQH’T—{—QOJF—FQOJH—|—QH7TCKF+CKFOJH > O, AQ = y<1+QH,T+D[—
ar = 0X(20+ Q)] ), and Ay = —yPDOXLE (Qap + Q) < 0.

When 6 is low, that is inputs are highly complementary, the sign of w;,, can reverse with
Qpr. Tariffs on the upstream good make the home good a scarce input to foreign production
as foreign production also uses it as an input, the resulting relative-supply and -demand shifts
can make foreign goods more valuable, turning the wedge positive and favoring the foreign

country.

4 Tariffs Under Sticky Prices

We now reintroduce nominal rigidities and monetary policy and thereby turn to the analytical

solution for our model under sticky prices. In the N = 2 and J = 1 case, the primitives we

A 0 L)
" , P = On . With that, we return to
0 Ap 0 of

the system of equations in (9)-(11) which can be solved with the MUC as follows:

add are the following matrices: A =

AC, = cypy—1 + CpAly + €7 + ¢ 1T,

77,:P = Pulbi—1 + P AW + P Ty + Dr 1741,

\IINKOE

we = M1+ P AW + pr Ty + pr 171,

WNKOE \which is the co-

Our first step is to introduce the NKOE propagation matrix,
efficient matrix in front of the lagged real marginal cost vector in the solution for the real
marginal cost vector. As such, it governs the equation of motion for real marginal costs, in

deviation from the pre-tariff steady state, across time. For a candidate propagation matrix
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X and tariff persistence p, define

Klp, X) = (1=Bp) | (1 = p)T = X) (I-BX) ~ (I~ Q)AX | + | (a+ LEZ)®T — p(I - )| A

\I,NKOE

Proposition 2. The NKOFE propagation matrix, , s the stable matriz that solves

IC(0, WNKOE) HNKOE _ @

Proposition 2 follows from MUC algebra (see Appendix D). Intuitively, for a candidate
propagation matrix X, three forces act on a cost distortion. First, ((1 —p)I — X)(I — X))
captures forward-looking price adjustment and discounting. Second, —(I — 2)AX captures
cost inheritance through sticky intermediate inputs: today’s distortion reappears tomorrow
as an input cost. Third, [(a + LEZ)®T — p(I — Q)] A captures the stabilizing role of
monetary policy and the exchange rate, alongside the continued loading of a persistent tariff

PWNKOE i5 the stable propagation

onto marginal cost under price stickiness. In equilibrium,
matrix balancing these forces.

The NKOE propagation matrix links tariff-related distortions on consumption and pro-
duction to the dynamics of the real marginal cost vector. A sector central to production,
whether through broad use (e.g., steel, aluminum) or downstream importance (e.g., semicon-
ductors), carries significant weight in the standard Leontief inverse. If it also has highly flex-
ible (or rigid) prices, i.e., a vertical (or horizontal) supply curve, the tariff’s inflationary im-
pact is amplified (or muted) through the network. Analogously to how the stickiness-adjusted
Leontief inverse reweights sectors via A, the NKOE propagation matrix also reweights sec-
tors by the monetary stance of their country (e.g., through consumption and the exchange
rate).

Next, we solve for the risk-sharing wedge in Proposition 3 (see Appendix D.9). As
noted in Section 2.6, the wedge is the unique solution satisfying the martingale condition
(w; = Eyyyq) implied by UIP and ensuring debt V, is stable. It is the wealth transfer,
relative to perfect risk sharing, required for goods and asset markets to clear at a given price
sequence, including the exchange rate. This depends on how net debt responds to the terms
of trade, balance sheet effects, and interest payments, which is why the balance of payments

coeflicients 2 enter the solution.

Proposition 3. The risk-sharing wedge in response to a transitory increase in tariffs (0 <

p < 1) under sticky prices is as follows (Vk >0):

awt-&—k —w. = éQ(CT + cT,—l) + é?)pT B (éQCp, + é?)pu)(lIJNKOE — I)ill‘l'T
on (1= p) | (Bocy + Eypy) (BN — 1) pay, — B,y — Eypyy — Z4
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Proposition 3 shows that the wealth-transfer channel depends on the same propagation
matrix WNKOE through (BNKOE _ 1)~ tying the wedge directly to the dynamics governing
real marginal cost distortions. With these two objects in hand, Proposition 4 solves for
consumption and consumer price inflation, capturing two intuitions. First, the effect on
consumption and the exchange rate depends on the tariff’s impact on the risk-sharing wedge,
w,: as in the flexible-price case, a sufficiently large negative wedge can generate simultaneous
appreciation and a consumption increase. Second, the NKOE propagation matrix governs

dynamics.

Proposition 4. The first period impact of a transitory increase in tariffs (0 < p < 1) under

sticky prices on the endogenous variables is as follows:

o C
L I+ 2)T((1- p)AK(p, ¥¥F) 1)+ ZoR, - T L+ TL
37} ——
~ ~  Direct Effects of LY
NKOE propagation
+ L¢ v [(1 - a)z} LS + [pr + Z(0e, +Tp,) + L m} w,
~~~ 3 , P
Direct Effects of Lf Demand };opagation Contribution oj?rWealth Transfer
oC
- R.LF - L¢ + Co W
07 ~—— ~~ ——

NKOE propagation  Direct Effects of LS Contribution of Wealth Transfer

where R, = pi {(1 — ) [(1 — Bp)(I — BENKOE) _ ,ulA]IC(p, PNKOE)—1 _ I}, m=(1-ZLS) ™,
Z=LS\mZ, and p = (pg p2) " tpy . Moreover, ¢, and p,, are the coefficient matrices on

Ay, in the sticky-price solutions for AC, and 'l respectively.

Proposition 4 follows from MUC algebra (see Appendix D). Written this way, WNKOE
enters twice: through the equilibrium propagation condition (0, NKOE)@NKOE — o and
through K(p, ®NKOE)~1 i the impact responses. The same object that governs the persis-
tence of tariff-induced cost distortions thus maps a persistent tariff into current inflation
and consumption. Proposition 4 admits a transparent decomposition: the direct demand
effect, LY, is the immediate rise in consumer prices of imported goods; the direct supply
effect, L”, is the immediate rise in imported input costs; propagation collects the general-
equilibrium feedback through sticky prices, production linkages, and monetary policy; and
the risk-sharing wedge captures wealth-transfer effects.

To illustrate, consider a simple analytical example (the full quantitative exercise is re-
served for Section 5). Divide the world into the United States and the rest of the world

(RoW), and suppose the United States imposes a 10% tariff on all RoW imports with per-
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sistence p, = 0.99.2* Figure 2 reports the on-impact decomposition from Proposition 4. The
rise in U.S. inflation is driven primarily by the two direct channels: LY raises CPI because
the tariff directly makes imported consumption more expensive, and T'LY raises CPI be-
cause imported intermediates become costlier and pass through to consumer prices. The
demand-propagation term is zero since ¢ = 1. The NKOE propagation term is negative: the
monetary reaction to higher producer prices is strong enough to dampen inflation on impact.
Intuitively, the tariff shifts wealth toward the imposing country, inducing an appreciation
that lowers the domestic-currency price of imports and offsets part of the initial impulse,
hence the negative wealth-transfer term for the U.S. For the RoW, the channel reverses:
wealth flows out and inflation rises.

On the consumption side, the direct demand effect is negative: tariffs make the impact
period relatively expensive, so households substitute toward cheaper periods. Imported-input
tariffs affect consumption through the NKOE propagation term, which is negative, reflecting
the contractionary mix of the supply shock, network spillovers, and monetary tightening.
The wealth transfer toward the United States raises U.S. consumption, but not enough to
overturn these negative effects. For the RoW, both wealth transfer and NKOE propagation

reduce consumption.

4.1 N Countries and J Sectors: Why the Global Network Matters

under Sticky Prices?

In network models, multiple sectors (J > 1) affect aggregate dynamics through three chan-
nels. First, under parameter heterogeneity, aggregation and multiplication do not commute:
aggregating parameters before multiplying generally differs from multiplying at the sectoral
level and then aggregating. Pasten et al. (2020) and Rubbo (2023) establish this result in
closed economy settings; in our notation, it is reflected in Equation (3). One implication is
that sectoral granularity can flatten the aggregate Phillips curve. Second, sectoral shocks
interacting with sector-specific Phillips curves generate residual cost-push disturbances, so
shocks to different sectors produce distinct aggregate responses. Third, and most important
here, production networks make lagged deviations in real marginal costs (equivalently, lagged

prices) relevant for inflation and consumption dynamics.
Proposition 5. When J =1, WNKOF = 0 whereas when J > 1, WNKOF £ .

Proof. The zero-persistence branch (i.e., $NKOE — 0 ) requires aggregate-demand adjust-

ments to eliminate all sectoral real marginal cost deviations on impact. In Appendix D.3,

24We use the parameter values in Section 5 and Table 2, except where the analytical model imposes
simplifications (e.g., portfolio adjustment costs and 7n are set to zero, and o = 1).
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Figure 2. Theoretical Example: Tariffs Without Retaliation

Analytical Decomposition
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NoTE: Figure 2 reports the on-impact decomposition of CPI inflation (left panel) and consumption (right
panel) in a two-country analytical example with the U.S. and the rest of the world (RoW). The U.S. imposes a
10% tariff on the RoW with persistence p, = 0.99. Using Proposition 4, the total response is decomposed into
direct demand, demand propagation, direct supply, supply propagation, and wealth-transfer components.
The black marker denotes the total effect.

this becomes poc, = —Iy;. When J =1, py € RNXN s square and invertible, yielding the
unique solution ¢, = —py ! and hence WNKOF — 0; under Blanchard-Kahn determinacy, this
is the unique equilibrium. When J > 1, gy € RY¥ s tall and admits no right inverse:
there are NJ sectoral distortions but only N aggregate-demand adjustments. The branch
PNKOE — 0 is thus impossible, so WNKOE £ 0. Appendix D.3 provides the rank argument
in detail. O]

Proposition 5 highlights the importance of multiple sectors in the open economy. When
J =1, a single sectoral price distortion per country means real marginal costs do not prop-
agate. When J > 1, each country’s monetary policy targets only a weighted average of
prices, not the full vector of sectoral relative prices, so sectoral distortions survive aggre-
gation and become inherited cost-push states. Hence p; is a genuine state vector and the
inflation—output trade-off becomes persistent. Input—output linkages then operate on this
state; conditional on J > 1, they strengthen persistence by feeding today’s sectoral cost
distortions into tomorrow’s marginal costs through intermediate-input use.

To understand the implications of Proposition 5, note that the solution to our model has a

VAR(1) representation with the state vector defined above. Thus, the reduced-form solution

. T
can be written as &, = Ax,_1+B ¢, where 7, = p, 7,146, ¢ = |pu, AC, wF Ay %t]
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T .
and B = HpWr + by CuWr + Cr  PyWr +Pr  Wr 1:| . Here Wr = Ma so that

Oer
M@L;:M = 0 for all £ > 0, while the level of the wedge satisfies alg—:’“ = w, for all &k > 0.
With the VAR(1) representation, we can derive analytical impulse response functions. For
example, producer price inflation, k periods after tariffs with persistence p, are imposed can

ﬂ.P
be written as “34 = S, A* B where S,= [0 0 I 0 0.

Remark 3. It follows from Proposition 5 that the VAR transition matrix A looks different

when the number of sectors is J = 1 versus J > 1. When J = 1, Appendix D implies

PYNKOE — = p,, = p,, = 0, while ¢, = —py ", ¢, 1 = py '3, pr—1 =0, and p, _; = 0.

Thus
[0 000 pritr ]
—p5 0 0 0 py'ps+pre.
Ay = 0 0 0O Pr Dr and
0 00O 0
| 0 00 0 pr
GNKOE o 0 0 ortr ]
cu 0 00 ¢ —1+pre,
Ajs1 = Pu 0 00O Pr Pr
0 0 0O 0
0 o000 o

Thus, J changes how endogenous lagged variables propagate shocks. When J = 1,
WNKOE — 0 and lagged real marginal cost deviations have no effect on contemporaneous
inflation and consumption. When J > 1, WNKOF £ 0 and the lagged real marginal cost
vector generates persistence in the inflation—consumption (similarly, inflation—output) trade-
off. This persistence point has a core implication for stabilization policy: with more granular
global networks (J > 1), tariff-induced real marginal cost deviations take longer to clear.

Figure 3 illustrates this mechanism for a 10% tariff imposed by the U.S. on the rest of the
world under passive monetary policy, implemented as 1+%n7t = (1 + in,t_1> +ormpe Vne N
with ¢” — 0. Each line reports consumption-weighted real marginal cost in the tariff-
imposing country. Across scenarios, aggregate home bias and aggregate intermediate-input
dependence are held fixed, so all networks collapse to the same 2 x 2 matrices I and €2; only
granular between-sector flows differ. The light blue line is the J = 1 case; the remaining

lines use J = 16. The figure demonstrates that relative to the one-sector benchmark, J = 16

25Taking the limit preserves determinacy.
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Figure 3. Network Granularity and Persistence of Real Marginal Cost Deviations
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NoOTE: The figure plots consumption-weighted real marginal cost in the tariff-imposing country across net-
work structures when a 10% unilateral tariff is imposed with persistence p, = 0.99. All granular networks
aggregate to the same 2 x 2 matrices I' and €. Relative to J = 1, economies with J > 1 exhibit slower
decay, and persistence varies across granular networks.

cases see higher persistence of real marginal cost deviations across time and different net-
work setups (e.g. roundabout and vertical and spider global value chains) produce different
persistence.

The effect is not purely dimensional. Proposition 5 identifies that, once J > 1, inherited
real marginal cost becomes a propagating state even without input—output linkages. A
separate question is what € adds once propagation is on. Since WNKOE ig the coefficient
on lagged real marginal cost in the solution, a larger eigenvalue governing the slowest decay
implies slower unwinding of inherited marginal-cost distortions. Holding J, I'; and A fixed,
a larger €2 raises the share of costs inherited through intermediate inputs. Proposition 6
gives sufficient conditions under which this increases persistence: J > 1 makes real marginal

cost deviations persistent, and €2 governs the strength of that persistence.

Proposition 6. Input—-output linkages intensify persistence conditional on J > 1. Fix J, T,
and A, and compare economies along the admissible scaling path Q(s) = 5, s € [s, 3]
Let W(s) = WNKOE(s) denote the stable branch in py = W(s)pus_1 + ---. Consider the
passive-policy limit (¢ — 0 ¥Yn). Suppose exactly N eigenvalues of ¥ (s) are zero, while the
remaining NJ— N eigenvalues are nonzero and stable.?® Let \.(s) € (0,1) be the real, simple
nonzero eigenvalue that governs the slowest decay: |M\.(s)] = max {|A] : X € o(¥(s)), A #
0}. Under the sufficient sign condition in Appendiz D.7, N.(s) > 0. Hence scaling up

\I,NKOE

intermediate-input use raises the largest real non-zero eigenvalue of , which governs

26We verify numerically that these assumptions hold.
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the slowest decay. Equivalently, conditional on J > 1, stronger input-output linkages make

tariff-induced real marginal-cost deviations unwind more slowly.
Figure 4. Input-Output Linkages, Network Granularity and Persistence of Real Marginal

Cost Deviations

(a) Consumption-Weighted Real Marginal Cost, J =1 (b) Consumption-Weighted Real Marginal Cost, J = 16
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NOTE: The figure plots consumption-weighted real marginal cost in the tariff-imposing country when a 10%
unilateral tariff is imposed with persistence p, = 0.99. Panel (a) sets J = 1 and panel (b) sets J = 16.
Within each panel, darker lines correspond to stronger input—output linkages, and the lightest line sets
) = 0. The common y-axis shows that changing € has little effect on persistence under J = 1 but a much
larger effect under J = 16.

When J > 1, UNKOE golyes (0, WNKOE) GNKOE — g and, in the passive-policy limit
along the scaling path (2(s) = sQ), © enters only through M (s) = (1+ 8)I + (I —sQ)A =
(14 B8)I + A —sQA. Under the conditions presented in Appendix D.7, a real simple nonzero
eigenvalue \(s) € (0,1) of WNKOE(s) is linked to an eigenvalue ((s) = BA(s) + A(s)~! of
M (s). Scaling up s lowers this effective damping term and the stable-root relation then
implies A\'(s) > 0. Applying this to the eigenvalue that governs the slowest decay gives
Proposition 6: stronger input-output linkages make inherited real marginal-cost deviations
unwind more slowly. See Appendix D.7 for the proof.

Figure 4 illustrates Proposition 6. Within each panel, darker lines correspond to stronger
input—output linkages, lighter lines scale €2 toward zero. Two margins stand out. First, mov-
ing from J = 1 to J = 16 substantially raises both the level and persistence of consumption-
weighted real marginal cost deviations. Second, once J > 1, reducing €2 compresses the
real marginal cost response, and the effect is much larger when J = 16: in the J = 1 econ-
omy, shrinking €2 mainly lowers the impact response while subsequent paths remain tightly
clustered, whereas at J = 16 it lowers both the peak and the tail, showing that intermediate-

input linkages materially slow the unwinding of tariff-induced cost distortions. Persistence
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is strongest when both forces operate jointly: J > 1 creates the endogenous propagation
channel and € # 0 amplifies it.

Since the persistence of marginal cost deviations depends on network structure, inflation
and output deviations can also be more persistent, as shown in Figure 5. In our context,
if output is measured relative to the initial steady state rather than as a gap, it need not
converge to zero. Inflation typically returns to zero, however, under policies stabilizing an
aggregate quantity (e.g., consumption at steady state) adjustment may instead produce
persistent inflation. We therefore define persistence as the number of periods required for
variables to converge to their terminal values. Without portfolio adjustment costs, different
policies generally yield different terminal steady states, so raw deviations from the initial
steady state are not comparable across IRF's. Since our focus is stabilization dynamics rather
than long-run incidence, the relevant comparison is the distance from each simulation’s post-

tariff equilibrium.

Figure 5. Network Granularity and Persistence of the Inflation-Output Trade-off
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NoOTE: A 10% unilateral tariff is imposed with persistence p, = 0.99. Each series is reported relative to
its case-specific terminal steady state, since different simulations converge to different long-run equilibria.
Under each policy regime, convergence is slower when J > 1: the multi-sector economy remains farther from
its terminal equilibrium for longer than the J = 1 economy.

For this reason, Figure 5 reports variables as deviations from their case-specific terminal
steady states under three regimes: (i) passive policy, with p” = 1 and ¢ — 0; (ii) perfect
stabilization of aggregate CPI excluding tariffs at its pre-tariff level; and (iii) stabilization
of aggregate employment. In all three cases, greater network granularity slows convergence:
under J > 1, inherited cost distortions unwind more slowly, leaving the economy farther
from its terminal allocation than under J = 1.

The theoretical results above build on and broaden the closed-economy network literature.

Our model additionally allows us to address a distinct open-economy question: relative to
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treating the world as one closed economy, how does allowing N > 1 countries—each with its
own nominal price level and monetary-policy rule, and linked through exchange rates—affect

the persistence of real marginal-cost deviations?

Remark 4. In an open economy (N > 1), the threshold for systematic persistence of marginal

cost deviations (i.e., WNKOE o£ 0) remains J > 1.

Persistence arises from the mismatch between aggregate-demand dimension (V) and the
dimension of rigidities generating lagged endogenous variables (N.J). Persistence therefore
requires sectoral nominal rigidities; purely national rigidities, such as sticky wages alone,
are insufficient. Although the open economy adds the exchange rate as a choice variable,
country-level aggregate demand still cannot span all sectoral distortions, leaving the one-
sector threshold unchanged.

The open economy instead changes the propagation matrix, not the threshold. In
K (0, BNKOE) "policy enters through the closed-economy labor-supply channel, a®T A, and
the policy-heterogeneity channel, LY Z®T'A. The latter operates only if J > 1, so inherited
sectoral cost states exist; sectors use foreign intermediates, LY # 0; and policy rules create
a heterogeneous cross-country interest-rate response to those states, Z®I'A # 0. This last
condition can reflect different response coefficients, target baskets, or both.

To isolate the policy-heterogeneity channel, impose identical target baskets and let § =
o — ¢I" denote the Home-Foreign difference in policy responsiveness. Appendix D.8 shows
that perturbing ¢ around zero can change the eigenvalue governing the slowest decay relative
to the corresponding closed-economy block. The channel is UIP: different policy responses
generate interest-rate differentials that move exchange rates and hence imported-input costs.
After a Home tariff raises Home producer-price inflation, a more aggressive Home response
appreciates the Home currency and compresses imported-input costs on impact, muting
inflation today. Under Appendix D.8 conditions, if the inherited pressure remains Home-
inflationary and exchange-rate-sensitive exposure is concentrated in Home sectors using For-
eign intermediates, the expected unwinding of this appreciation raises imported-input costs

tomorrow, increasing persistence relative to the closed-economy benchmark.

5 Quantitative Analysis

This section quantifies the macroeconomic effects of tariffs and the role of production net-
works in their transmission. Following the 2025-2026 tariff chronology, we first study reversed
tariff threats: agents observe the Liberation Day tariff path and anticipate retaliation, but
tariffs are not implemented. This isolates expectations: even one-period announcements

reversed before implementation generate distortions that dissipate gradually through global
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networks. We then input U.S. tariff increases as of March 2026 and find stagflationary effects
for the United States. Model and policy counterfactuals follow; additional pre-March-2026

exercises appear in the Appendix.

5.1 Data

We use the OECD Inter-Country Input-Output (ICIO) tables (Yamano et al., 2023) for
2022, aggregated to five countries (United States, Euro Area, China, Canada, Mexico) plus
a rest-of-the-world block, and eight broad sectors: agriculture, energy, mining, food, basic
manufacturing, advanced manufacturing, residential services, and other services, matched to
the sectoral rigidity estimates of Nakamura and Steinsson (2008). As shown in Appendix F,
services account for over 70% of U.S. GDP with most output consumed domestically, yet
nearly one third of advanced-manufacturing inputs are imported, underscoring the impor-
tance of imported intermediates.

The empirical literature finds that tariff pass-through to consumer prices substantially
exceeds exchange-rate pass-through, though estimates vary (e.g., Amiti et al., 2019; Fajgel-
baum et al., 2020; Fajgelbaum and Khandelwal, 2022; Cavallo et al., 2021; Flaaen et al., 2019,
2025). This highlights the role of importers and the retail sector. Standard input-output
tables net out retail and wholesale margins, attributing flows to originating sectors.?” For
tariff incidence and realistic passthrough, however, it is important to include importers and
distributors explicitly. We therefore introduce a domestic importing sector that intermedi-
ates all imports, pays tariffs at the border, and faces sticky domestic prices, restoring the
distribution margin absent from I-O tables.?® We also introduce destination-specific pricing,
indexing sector ¢ by destination m so prices are sticky at the producer-importer pair level,
and calibrate 9,,; to dollar-invoicing shares, setting it to zero for domestically sold goods.

Figure 6 shows the evolution of U.S. tariff rates from January 2025 to March 2026. We
obtain country-sector tariffs from the WTO-IMF Tariff Tracker?® at the HS 6-digit level
and aggregate to ICIO sectors using 2024 bilateral import weights. Figure 6a shows that
U.S. tariff rates reached 22.7% on May 3, 2025; as of March 2026, the effective rate implied
by implemented measures is 10.8%. Figure 6b illustrates country-sector heterogeneity: rates

reached as high as 160% on Chinese basic and advanced manufacturing goods.

27See the U.S. Bureau of Economic Analysis’s Concepts and Methods of the U.S. Input-Output Accounts
for margin adjustments (Horowitz and Planting, 2009).

28Each original sector has a paired importing sector: in a given country, domestic steel producers and steel
importers are separate sectors sharing the same stickiness parameter.

2nttps://ttd.wto.org/en/analysis/tariff-actions, last accessed March 31, 2026.
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Figure 6. U.S. Effective Tariff Rates Since January 1, 2025
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NOTE: Panel (a) reports effective U.S. tariff rates weighted by 2024 trade volumes, and panel (b) reports
country—sector-level effective U.S. tariff rates constructed from the WTO-IMF Tariff Tracker. Rates are
expressed in percent.

5.2 Calibration

Calibration parameters are summarized in Table 2. Sector-specific Calvo parameters follow
Nakamura and Steinsson (2008), adjusted to quarterly frequency.*® Following Atalay (2017),
the elasticity between labor and the intermediate bundle is #% = 0.6. For the elasticity across
intermediate inputs, we follow Boehm et al. (2019) and Baqaee and Farhi (2024), setting
6;¥ = 0.2. On the consumption side, we assume Cobb-Douglas preferences across sectors
(6¢ = 1), fixing sectoral expenditure shares. Boehm et al. (2023) estimate short-run trade
elasticities of about 0.76 and long-run elasticities around 2; we conduct sensitivity analyses
with 65 and ;% in [0.6, 2]. The baseline Armington elasticity across country varieties within
a sector is 05 = 0¥ = 1.5, so goods are substitutes at the lowest level of aggregation.

For the Taylor rule, we assume: 1+1i,; = (1 + in,t—1)p% (Hm)@? Vn € N. For the United
States, we set pU> = 1 and take the limit ¢V — 0 to capture the Federal Reserve looking
through tariff-related increases in CPI. For all other countries we set p)! = 0.95 following
Clarida et al. (2000), with ¢£4 =1 for the Euro Area, ¢M* = 0.3 for Mexico, and ¢" = 0.2
for the remaining blocks. These coefficients are calibrated using ¢" = (1 — p)/7¢, where
7 is the long-run average of quarterly CPI inflation in country n, computed from 2002Q2

to 2024Q4 data.

Finally, we make two adjustments for realism. First, the model incorporates a perma-

30We map Calvo updating frequencies to Rotemberg adjusting costs. Additionally, we conduct robustness
exercises with the updating frequencies of Pasten et al. (2024). For less granular variants (e.g., J = 1), we
use a weighted average of the diagonal elements of A rather than average updating frequencies.
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nent real capital account wedge in each country so that 2018 data can serve as the steady
state. The United States maintains persistent trade deficits alongside negative net foreign
assets, which is inconsistent with standard steady-state algebra; the wedges reconcile this
by allowing trade deficits and net debt to coexist in steady state. These wedges can be
interpreted as persistent cross-country differences in patience or, equivalently, as an exoge-
nous spread between interest paid on assets and liabilities. Second, while the analytical
results assume that tariffs follow an AR(1) process, the quantitative exercises impose a tariff
increase that remains in place for 100 periods, or 25 years. Over the horizon of interest,
this closely approximates p, = 0.999 but avoids the mechanical gradual decay implied by an
AR(1). This specification better captures the empirically relevant path of tariffs, which are
typically piecewise constant until policy changes. We solve the nonlinear model in Dynare
under perfect foresight with MIT shocks.?!

Table 2. Parameter values

Parameter Explanation Value Source

o Intertemporal elasticity of substitution (EoS) 2 Standard

n Elasticity of Labor 1 Standard

Y Portfolio adjustment cost 0.001 Standard

o Inertia in Taylor Rule for n # US 0.95  Clarida et al. (2000)

o Inertia in Taylor Rule for U.S. 0.82-1 Carvalho et al. (2021)

#Ys Weight on inflation in Taylor Rule for U.S. 0-1.29 Carvalho et al. (2021)

An Sector specific price rigidities Nakamura and Steinsson (2008)
6 EoS between intermediates and VA 0.6 Atalay (2017)

¢ Intratemporal EoS of consumption among sectors 1 di Giovanni et al. (2023)

0x EoS among intermediate inputs 0.2 Baqaee and Farhi (2019); Boehm et al. (2019)
6< Sector level consumption bundle EoS 0.6-2  di Giovanni et al. (2023)

0;X Sector level input bundle EoS 0.6-2  di Giovanni et al. (2023)

As a validation exercise, we study the 2018 trade war episode, focusing on U.S. tariffs
imposed on China and other trading partners between February and September 2018. In
this period, the U.S. implemented tariffs ranging from 10% to 25% on China, a 10% tariff
on aluminum, 25% on iron and steel, 30% on solar panels, and 20-50% tariffs on washers,
with some country-level exceptions. In return, Canada, China, the European Union, Mexico,
Russia, and Turkey retaliated with tariffs ranging from 5% to 20%. We obtained the detailed
tariff data for this episode from Fajgelbaum et al. (2020) and trade values from the USITC
website to compute weighted tariff rates.?? Appendix E.2 reports the corresponding impulse

responses and the announcement-based USD/CNY calculation. For this episode, the model

31For computational efficiency, the counterfactual IRFs are computed using a first-order approximation.
Appendix E.1 shows that, for the range of shocks considered, the model’s responses are consistent with the
linear approximation.

32Exports: https://dataweb.usitc.gov/trade/search/TotExp/HTS; imports: https://dataweb.
usitc.gov/trade/search/GenImp/HTS.
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predicts a 1.1% nominal appreciation of the U.S. dollar against the Chinese yuan, a 0.05%
decline in U.S. real GDP, and a 0.12% increase in the aggregate U.S. price level over 40
quarters. These predictions are broadly consistent with the available evidence on the 2018
tariffs: the dollar appreciated by about 1.1% around the main tariff announcements (for
details see Appendix E.2), the aggregate price level rose by 0.1-0.2%, and aggregate real
income fell by about 0.04% of GDP (Barbiero and Stein, 2025; Fajgelbaum et al., 2020).

5.3 Reversed Tariff Threats

Motivated by unimplemented tariffs observed in practice, we first simulate a reversed tariff
threat: in period 1, the United States announces tariffs for period 2, and agents expect
symmetric retaliation by other countries for the same period. When period 2 arrives, no
tariffs are levied by either side, isolating the macroeconomic effects of credible announcements
operating purely through expectations.

We construct two impulse responses under perfect foresight. The first simulates the
actual tariff shock with retaliation, announced and implemented in period 1. The second
simulates the same shock announced to take effect in period 2, only to be withdrawn be-
fore implementation. The reversed-threat impulse response is obtained by shifting the first
response forward one period and subtracting it from the second, isolating the pure expecta-
tions effect. This approach is inspired by the fake news algorithm of Auclert et al. (2021),
who use reversals of shocks as a computational device for sequence-space solutions; we apply
it to study macroeconomic implications of trade policy reversals.

Figure 7 compares the reversed-threat scenario with actual tariffs under retaliation, using
rates announced on Liberation Day. On impact, U.S. inflation rises by 0.34 percentage
points, consumption falls by 0.25%, real GDP rises by 0.27%, and the NEER depreciates by
2.66%. Once the reversal is revealed in period 2, the NEER appreciates immediately given
its forward-looking nature, while inflation, consumption, and output take 4-12 quarters to
return to steady-state levels.

The USD depreciation in this case is driven by expected retaliation. Because the Lib-
eration Day tariffs are large and the U.S. is smaller than the rest of the world, symmetric
retaliation is sufficient to make the risk-sharing wedge positive, w; > 0, favoring the rest of
the world, which, as shown in Section 3, lowers U.S. consumption through the intertemporal
wealth effect. Once the shock is announced, w; jumps immediately and the exchange rate
adjusts even though tariffs take effect only next period. Agents lower consumption before
tariffs are implemented, so on-impact effect of the reversed threat is comparable to the actual

tariff. With a forward-looking NKPC, inflation is also similar across the two scenarios. Real
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GDP rises modestly in the reversed-threat scenario, as depreciation improves U.S. export
competitiveness before the supply-side effects of tariffs are realized. When tariffs are imple-
mented, however, real GDP falls despite the depreciation induced by retaliation. The exercise
shows that expectations alone generate sizable macroeconomic effects and that the resulting

distortions dissipate only gradually, even when tariffs are ultimately not implemented.

Figure 7. Impact of Reversed Tariff Threats
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NoTE: Figure 7 reports simulated responses to reversed tariff announcements. The dashed line denotes the
reversed-threat experiment: tariffs are announced in period 1, expected to trigger retaliation in period 2,
and canceled before implementation. The solid line denotes the implemented-tariff experiment, in which the
same tariff shock is imposed from period 1 onward. Liberation Day announcement tariff rates are used in
this exercise.

5.4 Implemented Tariffs

Next, we feed in tariffs implemented as of March 2026. As shown in Figure 8, implemented
tariffs reduce U.S. real GDP by 0.31% on impact. Consumption rises by 0.13%, and inflation
increases by 0.11 percentage points. The trade-weighted U.S. NEER appreciates by 4.86%.3

Effects are heterogeneous across trading partners. The Euro Area experiences an output
expansion: real GDP rises by 0.21%, while consumption falls by 0.22%. Inflation rises
slightly, by 0.01 percentage points. China contracts: real GDP falls by 0.22%, consumption
by 0.13%, and inflation falls by 0.03 percentage points. Canada also contracts, with real
GDP falling by 0.19%, consumption by 0.28%, and inflation declines by 0.02 percentage
points. Mexico’s real GDP falls by 0.11% and consumption by 0.28%. The rest of the world
contracts only mildly, with real GDP falling by 0.02%, consumption by 0.02%, and inflation

rises by 0.03 percentage points. Bilateral exchange-rate movements imply broad U.S. dollar

33The dollar depreciated after the Liberation Day announcements. Matching this depreciation requires a
force that raises the risk-sharing wedge, w;. In Appendices E.3 and E.4, we model this force as an exogenous
increase in the UIP premium, motivated by the contemporaneous rise in UIP deviations documented by
Kalemli-Ozcan et al. (2026). These exercises show how tariffs can coincide with dollar depreciation and can
be microfounded by mechanisms such as tariff-induced uncertainty.
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appreciation: the dollar appreciates by 5.16% against the Euro Area, 5.94% against China,
3.50% against Canada, 4.19% against Mexico, and 4.49% against the rest of the world.

Figure 8. Implemented Tariffs
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NoTE: Figure 8 visualizes simulated responses to U.S. tariffs implemented as of March 2026, targeting China,
Canada, Mexico, Europe, and the RoW. Impulse responses are computed with MIT shocks.

These impulse responses reflect the three transmission channels in Section 2.6. By shifting
U.S. relative demand from foreign to domestic goods, tariffs act as a negative demand shock
for the rest of the world. They also operate as a global supply shock transmitted via the
production network. Together, these forces lower real GDP in all countries except the Euro
Area, which benefits from trade diversion. Tariffs additionally generate a wealth transfer,
summarized by the risk-sharing wedge w;. In contrast to the reversed tariff-threat scenario
above, w; favors the U.S. because implemented tariffs were not met by symmetric retaliation
and the U.S. experiences terms-of-trade gains. As a result, the dollar appreciates and with
the intertemporal wealth effect, U.S. consumption rises slightly in the short run. This effect
mostly dissipates after 16 quarters, as importers pass tariffs through to final consumers. On
impact, inflation rises in all countries except Canada and China. For the other countries,
tariffs generate an inflationary impulse both through their supply-shock component and
through dollar pricing, since the dollar appreciates. For Canada and China, the negative

demand shock dominates these inflationary forces.

5.5 Model and Policy Counterfactuals

We next assess the sensitivity of the baseline results to alternative model features and policy
specifications.?® The top row of Figure 9 reports the model counterfactuals. “Baseline” is
the scenario in Section 5.4 for the U.S., shown in Figure 8 . “All Cobb—Douglas” sets all

34 Additional counterfactuals that explore the impact of DCP, more extreme complementarities and a
widening UIP premium are presented in Appendix E.
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elasticities to 6 = 1, so expenditure shares are fixed. “No Retailers” removes the domestic
importing sector. “SOE” makes the rest of the world arbitrarily large, fixes foreign variables
at steady state, sets €2 = 0, and removes DCP. “No 10”7 sets 2 = 0; retailers are also
absent when € = 0. “Flexible Prices” replaces the NKPC with MC,,;; = P, in every
sector. For inflation, the I-O matrix and domestic importers are quantitatively important.
Removing domestic importers, as in “SOE,” “No 10,” and “No Retailers,” implies full and
more immediate passthrough to consumer prices. For output, removing the I-O matrix, as
in “SOE” and “No I0,” eliminates the supply-shock component of tariffs and raises output
relative to the baseline. Thus, a model without I-O linkages would overstate inflation and
understate the output loss. For consumption, reducing substitutability at the lowest level
of the CES bundle, as in “All Cobb—Douglas,” strengthens terms-of-trade gains. Scenarios
such as “SOE” generate smaller terms-of-trade gains and lower consumption relative to the
baseline. Notably, scenarios with more immediate passthrough, such as “No Retailers” and

“No 10,” generate a negative consumption response.

Figure 9. Model and Policy Counterfactuals
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NoOTE: Top row: model counterfactuals. Bottom row: policy counterfactuals. Panels plot U.S. inflation, real
GDP, and consumption relative to the baseline tariffs implemented as of March 2026 from Section 5.4. Each
line changes one model feature or one policy rule at a time, holding the remaining environment fixed.

Figure 9, bottom row, reports policy counterfactuals relative to the same baseline, vary-
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ing the policy rule. “Fixed Nominal Demand” imposes Mn,t = f’ft +C’n,t = 0, fixing nominal
spending at its steady-state level. “China Fixes Exchange Rate” stabilizes China’s bilateral
exchange rate. “EU Follows Real Rate Rule” has the Euro Area stabilize consumption with
a real-rate rule. “All Countries Incl. US: Active Taylor Rule” makes the Fed target CPI
with positive weight (setting pUS = 0.82 and ¢YS = 1.29 following Carvalho et al., 2021), as
other countries do in the baseline, instead of looking through tariff-induced CPI movements.
Inflation differs most under “Fixed Nominal Demand” and “All Countries Incl. US: Active
Taylor Rule.” In both cases, policy accommodates less of the tariff-induced increase in con-
sumer prices, reducing inflation at the cost of lower output. U.S. output is also persistently
lower under “EU Follows Real Rate Rule,” where a weaker euro reduces Euro Area imports
from the U.S. Consumption dynamics are broadly similar across specifications, except that
the Euro Area real-rate rule generates a more persistent U.S. consumption increase through

a stronger dollar.

6 Conclusion

This paper develops a multi-country, multi-sector New Keynesian open-economy framework
to study the macroeconomic impact of trade distortions. Our central message is that the
open-economy and network dimensions are not separable refinements of canonical NKOE
models: they interact in ways that alter both the sign and persistence of tariffs’ macro effects,
and they do so through two novel analytical objects absent from canonical frameworks.
The first object is the risk-sharing wedge. Under incomplete markets, tariffs open a mar-
tingale wedge summarizing the wealth transfer across countries in global general equilibrium.
Its sign, shaped jointly by the network structure (through terms of trade) and by shock persis-
tence (through intertemporal substitution), determines whether the tariff-imposing country
gains or loses. Neither complete-markets nor static exogenous-transfer closures are innocu-
ous: the former shuts down the wealth-transfer channel by construction, the latter overstates
it. A tractable incomplete-markets structure is thus an essential ingredient of tariff analysis.
The second object is the NKOE propagation matrix. With multiple sectors linked through
input-output networks, tariffs generate real marginal cost distortions that become inherited
states: the dimensionality of sectoral rigidities exceeds that of country-level aggregate de-
mand, so monetary policy cannot span all sectoral gaps, even when the exchange rate is
a separate national instrument. Transitory tariff shocks thus leave persistent distortions,
which intermediate-input linkages amplify. This is a distinctly open-economy network re-
sult: exchange-rate adjustment does not eliminate propagation, and the one-sector NKOE

benchmark, in which inflationary impulses are exhausted on impact, understates both the

37



inflation—output trade-off and the stabilization burden on monetary policy.

Applied to the 2025-2026 episode, the framework delivers three quantitative lessons.
Implemented U.S. tariffs are stagflationary, with sizable and heterogeneous international
spillovers. Open-economy models without input-output linkages overstate the inflationary
impact and understate the output decline, missing slow-moving propagation across sectors,
countries, and time. And reversed tariff threats generate persistent macroeconomic effects
through the expectations channel.

Our finding that sectoral distortions exceed what N-country monetary policy can offset
invites normative analysis of international policy coordination in environments where the
production network, rather than aggregate shocks, generates the residual instability. We

leave this to future work.
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Supplemental Appendix

A Approximated Linear Equilibrium Conditions

The linearized equilibrium conditions used to arrive at the five-equation Global New Key-

nesian representation are:

A ~ 1 /4
Etcn,t+1 - Cn,t = ; < t— Eﬂn,tﬂ) (A-l)
%n,t - gUs,t = Etgn,tJrl - gn,t + 1/} (A.2)
Enmy = EVY = EVS (A.3)
Enni =0 (A.4)
Wn,t — pnC:t = T][A/ni + Jén,t (A5)
CA’n,t = Z Fn,jén,j,t (A6)
jeJ
CA’n,j,t - Z Fn,j,mjén,mj,t (A7)
meN
Pn,mj,t - (c:,n,m,t + 7A—n,m,t + ij,t (A8>
“nse = Cug = 05 (PC0 = PG (A.9)
én,mj’t - An7j7t - 0[6:7 (pn,mj,t - prf],t) (A.lO)
Xm',]t = Z Qni,j,ijni,mj,t (All)
meN
Xni,mj,t = Xml,j,t - 9[); (pn,mj,t - Pji%t) <A12)
Xni,t = Z Qni,ani,j,t (Al?))
jeJ
Xm',j,t - Xml,t - 9])5 (Pm,j,t - pé,t) <A14)
Yni,t - Ani,t + anif/ni,t + (]— - ani)Xm',t (A15)
mni,t = _Ani,t + aniWn,t + (1 - ani)p7fz(‘7t (A16)
Xm',t - ZA—Jm'7t = eXWn,t - expjit (Al?)
or , — .
Tnit = 5= (Mcni,t - Pm',t) + PEiTni 41 (A.18)
N-1
BUSBYS = 3 BUSBUS (A.19)
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YmYm,t = Z _m,niém,ni,t + Z Zij,niij,ni,ta <A20>
meN meN jeJ
Eni/n,t = Z Eniini,t (A21)
ieJ
Ty = PS, — PC, (A.22)
’th = (bﬂ—’ﬂ'n’t + Mn,t' <A23)

The linearized external budget constraint is

Zzpnmjcnm] nm]t+Cnmjt +ZZZ 7nzmj nmjt+anmjt)

meN jeJ meN ieJ jeJ
+ &L+ 05 BY (Ean+ 5, + BUL )
_Z-Pm ni nzt+Ymt>+5 BUS<5nt+B ) <A24>
ieJ

where bars denote steady-state values.

B Relating the Balance of Payments to Prices

Define gross dollar debt by VU5 = (1 +4{%)BYY. Using &, = 1, 1+ Y% = 7', and
NX, = (1 - B)VUS the linearized balance-of-payments condition implies

BVUS —VUS = (1= B)Ens — (1 = BNX,, + BiIV5. (B.1)

Stacking across countries and replacing one debt equation with U.S.-bond market clearing
yields 6‘7; = Elfft_l + E2C't + 531515]3 + E4¢§'t + E57;. To arrive at this expression, we express

net exports in terms of (C’t, I%P , ét, 7;). Their baseline decomposition is

—_ == —NNJ [, ~ N sCr A
NX,NX,., =Y " [(B + ¥y, — « <Pt + Ct> —Q (Pmt + X t)] . (B2)
NxN Nx1 NXxXNJ

When an object that is inherently lower-dimensional is mapped to a higher dimension, we
replicate rows or columns to reach the final object that has the right dimensions. For
example, steady-state outputs are NJ x 1, but the new object is N x NJ: we transpose the

vector and repeat it N times to arrive at Y N
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B.1 Market-Clearing Condition
Linearized goods-market clearing is

<Nt

where T'™M is NJ x N2J and QM is an NJ x N2J? matrix, obtained by shifting I and € so

that multiplication loads onto the correct entries. Relative-demand conditions imply?®
Cri — 8,6y + 00(51135 - 13:"”') ,
X[ = 82K iy + 0 (2Bl — BlLuyu)

where the S matrices are selector matrices that pick the appropriate producer price, bilateral

exchange rate, and tariff entries, and

P = 8PP + S,E, + Sy, Pl =8P

ni,mj,t —
Using the selector identities

C,T"s, =T"C, Q¥s,=Q"  QMS,8,=0",

and
LE=QMS:S,, LF =QMS;S;,
we obtain
N ——ni—1 —_— N
Y.:=Y r'cc, + QTXni,t
—ni—1 ~ ~ R
+°Y <T1§Ptp +TCE, + Tf‘rt>
+ HX( [QQ-Q"| PP+ [Q'LE — L) &, + [QTLF — L7] ﬁ), (B.3)
where

TS =T'Cr - C,T'MS;, T =T'CLS —-C, VS,

T° =T'CL¢ - C,T'MS;.

35We abstract from higher- and lower-level 6 varieties; the results become more complicated with additional
elasticities but the intuition is unchanged. Mathematically, we take 0;% = Ol)fj =0%X Vje Jand 0 =

0, =0° VieJ.
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B.2 Substituting out )A(m',t

From the production bundle and production function,

~

Xnig = Yni,t + Qxam‘(Wt - pé,t)v

so in vector form
Xyip = Yoiy + 05 (oW, — &PL ).
Here, av is NJ x N matrix with entries a,;, = a,; and all other entries 0. &, on the other
hand, is the diagonal matrix whose diagonal entries are a,;. Substituting this into (B.3),
and then using
W,=P’+0C,, PC=TP’+LSE + LR,

PX —QPP +LLE, + L7, W, =T-Q")7!

nigt

gives
~ ——ni—1 J— N
Vi = Or [(Y r'C+ QXﬂTao) o)
——ni—1 ~
+ <GCY TS + HXQTTIIDD) pr
——ni—1 ~
+ (ecy TS + 6XQ TX >5t
——ni—1
o G G R Ol At] , (B.4)
with

T, =Q—1+al —an,
TX =Lf —( Q") 'L+ aLf —aLl, T'=Lf—(Q") LY +aLf - aLl.
Substituting (B.4) into (B.2) gives

NX,NX,,=Ep P’ +E: &, +E,#+Z2:C,, (B.5)

where o = (I - Q) (I - Q") 1= (T -Q)¥" and

— —ni—1 ~
Sp = YNNJ{\IIA (90Y TS + QXQTT}?) — 0XQ (al — aQ) + [I —al - 92] }
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— —ni—1 ~
= = YNNJ{\IJA (07" 1€ + 0¥ QTTY) - 0¥ (aLf - GLE) - |aLf + QLE| }

[1]

= VNNJ{\IIA (ec?“ﬂTf + GXQTTTP) — 6°Q (aLf — &L?) }
—_ ~NNJ —ni—l 1= X AT e
==Y {\IJA<Y I'C+ 60500 a)—[ue aa}a}. (B.6)

Stacking the country-level equations together with U.S.-bond market clearing gives the fifth
equation in the five-equation representation. The Z-25 coefficients in the fifth equation of
the Global New Keynesian Representation, thus capture, how the balance of payments react
to goods-specific terms of trade and to the balance sheet effect since NX,, = (1 — g)V,U9.
E3 and Eg reflect how lagged prices load onto the balance of payments equation via ﬂitU S,
For illustration, in the N = 2 and J = 1 flexible-price version of our model, the fifth
equation of the model—balance of payments, can be expressed in the following way with

symmetric parameters:°

N A . . ) )
BVi=Via+ —— (CH,t - CF,t) + —) (pH,t - pF,t)

14+ Q
\ﬁ,—/
=9 =3

A1 +Q—20) 4 Ab X
Ao o (o ) (7

J/

2

where A = v+ (1 —7)Q > 0.

This expression demonstrates that elasticity of substitution, #, determines the sign of =4,
which in turn determines whether the Marshall-Lerner condition holds and a depreciation
improves the trade balance. For intuition let us consider § — 0 : when goods are impos-
sible to substitute, an exchange rate depreciation means imports (exports) become more
expensive in domestic currency (less valuable in foreign currency), while export revenues in
domestic currency (the import bill in foreign currency) remain the same. Via this mechanism
depreciation can worsen the trade balance and increase the net debt of the home country,
which corresponds to the case when =4 > 0 as # — 0. A rise in the domestic-currency value
of the import bill, with little offsetting quantity adjustment (decline in import quantity),

can worsen the trade balance. Put differently, if a tariff mechanically pushes the external

36Under symmetry, we have symmetric coefficients inside the Z vectors. To demonstrate this with an
example consider Ey, which is an N X 1 vector. Under symmetry, we have By = [221Z23]’, where 2y =

—522 = EQ.
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balance toward surplus, equilibrium may require a depreciation to offset that surplus.

C Appendix for Section 3

C.1 Symmetry Case
Under incomplete markets,
gt - (éHt - CA’Ft) = Wy.
Combining the Euler equations with UIP gives the Backus—Smith martingale condition

Eijg = wy.

Under symmetry, yz = yr = (1 — %)~ and

— A

o+

_ 1 o 20, « o
o3 = ——— —1 - —

3= 10 A(0 )+1+Q(9 07)1,
== (1 )_ex—l_mc—ex

=1 TG 1+

L9409 LPQeX
149 1—-Q2°

=5
Solving the full open-economy block by MUC yields

R T
= (ﬁpT—l)DNgt "

B=Dpr L B-DA+Y S
G oVt Vaen (C)

where
N = LEy(1 + Q)(S, + B3 + 5,4) — LFQ [27(52 B+ Ey) — (Fa+E0)| — (1+ Q)5

D = QQ’}/(EQ -+ Eg + E4) — QQEQ — QE4 — 2"}/(52 -+ Eg + 54) —+ 54.

Hence, for every k > 0,
OBy _ 1—B N

— . C.9
el 1—pBp, D (C.9)
Therefore
By 4 He 4 E, = A(Hc—l)
S oy oy = 1rq
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and the wedge simplifies to Vk > 0:

OBy _ 1=0
a5z 1 _Bpr
(1+ Q) LE7(6° — A(0° — 1)) + LT Q[ + 65 — 274 — 27(1 — ) (1 — Q)6°]
A1 —29)(1 — Q) — 200X — 29(1 —~)(1 — Q)26

Setting LF = LY =1 and 6% = §° = 0 gives (14) in the text.

Conditioning on a given constant wedge, the reduced static block implies

Chye = —HLQ{ [Lfy(l +Q)+LE o _17_(19_ Q))}ﬁ + (UL —7) + v)wt}, (C.10)
éF,t = H;Q{ — L Q(Q(ll:zz) +7) e+ (Q(l -7) +7)wt}7 (C.11)
£ — HLQ{ - [1990 49 + 1P o - 2] 7+ (1 - Q)1 - 27)@}. (C.12)

Setting LF = LY = 1 gives the expressions reported in Section 3.

C.2 With a Second Foreign Good

We add a second foreign good whose output is fixed and which enters production but not

final consumption.

C.2.1 Scalar MUC

Notation. Here (1, ..., (g are the scalar MUC coefficients from conjecturing linear rules
in the two states (VH,t,l, 7;). Coefficients are numbered in pairs: the first coefficient multiplies
VHi_l, and the second multiplies 7;. For the wedge calculation only the following decision

rules matter:37

Cui = CiViy—1 + Coty, Crr = C3Vi—1 + CuTy,
& = CnVii1 + CioTy, Ve = Ci7Vi—1 + CisTe.

Since

'UAJt = gt - (C’H,t - C’F,t)7

37The missing intermediate coefficients are the analogous price and interest-rate coefficients, solved jointly
in the scalar MUC system but not needed explicitly for the wedge expression.
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the martingale property implies

OBy,
Oe7

C, —C3) — 011} Cis

2012—(02—04):—[< 1—p7-

. YEk>o0.

Solving for the coefficients yields

OFi,  1—p (+Qur) [Q (Qury(2 —0%) = B) + ap(As — 6)] — Ay Ay

8&?{ N 1_5107' Al(l_yDOCH) —aH[QQ}LTy(Q—QX)—i—OéFAQ]

)

where
1

= ra A =07 + Qarp + Qag + Qurar + apay > 0,

Ag = y(l + QH,T + D[ — g — QX(ZQ + QH,T)}), A3 = —y2'D0XLf(QC¥F + QH,T) < 0.

D Appendix for Section 4

Notation bridge to Section 4. This appendix solves the sticky-price block first in terms
of the MUC coefficients {C1,...,C12} as it is easier to track numbered subscripts in alge-
bra work. For compactness within this appendix, we redefine ps to denote the full coeffi-
cient on AC, in the real-marginal-cost equation: poy = a(a + (aL§ + Lg)mZ), m =
(1- ZLg)_l. The coefficient on A7y is denoted by ps = aLY + LY + (aLE + LEYmZ LY =
o ' LY + LY. We label

CQ = \IJNKOE7 C5 = Dy, Cl = Cu, Cﬁ = Puw; C2 = Cy),

C7 = Pr, C3 = Cr, Clo = M, Cll = Mr,
with
C,= Cr—1, Cs = Dr -1, Cpp = Hr—1.

, WNKOE) i Section 4. In the

The matrix K(p,Cy) is therefore the same object as K(p
decomposition formulas below we abbreviate it as H, = K(p, PNXOF) With this bridge,

these formulas map directly into Propositions 2, 3, and 4.
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D.1 Method of Undetermined Coefficients- New Keynesian Block

Postulate

Aét = Cll,l;t,1 + CQAUAJt + Cgf't + C47A't,1,
7TtP = Cspi—1 + CsAwy + Cr7 + Cy Ty,
pe = Copry—1 + CroAw, + C117; + CraTi—q.

Using E;7i1 = p7y and E;Aw,; = 0, coefficient matching delivers the nonlinear system

below.

D.2 System of 12 Equations and 12 Unknowns

Let Ay = (I — LEZ)®T'. The coefficient restrictions are

0= O'CICQ - AQC5 + FC5CQ, 0= C5 - ACg - 50509,
0=C¢—I— p,C5 — pnyCy, 0=0C,Cyy— ACs +TC5C),
0=Cs — AC, ) — BC5C)y, 0="Clo— 1 Cs — p2Co — py,

0= 0(01011 + pC'3 + 04) — AQC7 + F(C5011+ pC7 + Cg) — (1 — p)Lf,
0=C7— ACy, — B(C5Ch1 + pCr + Cs), 0=C1 — mCr — paCs — s,
0=0CCiy — AyCs + T'C5C) 2, 0=Cs—AC,; — BC5C)y,

0=Ci2 — 11 Cs — poCy + 3.

D.3 Defining Branches

For the NKOE propagation matrix it is enough to isolate the p; ;1-block:

0'0109 = AQC5 — FC5C9, (D13)
Cs = ACy + BC;C,, (D.14)
Cg =1 + /1;105 -+ /,Lgcl. (D15)

From (D.14),
C5 == ACQ(I - ﬁCg)il.
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Substituting into (D.13)-(D.15), and using
1 — oo T =Q 1, oo tAy = (a+ LEZ)®T,

gives

[(Cg —I)(BCy—I) — (I — Q)AC + (o + LfZ)cbrA] Cy = 0. (D.16)

This is (0, Cy)Cy = 0 in the notation of the main text.

D.4 Branch 1l: Cy=0

If Cy =0, then C5; = 0 and (D.15) reduces to
lJ/QCl = _INJ. (Dl?)

Hence the zero-propagation candidate exists only if po admits a right inverse. Since po €
RNIXN for J > 1

rank(peCh) < rank(ps) < N < NJ,

so (D.17) is impossible. Therefore,

J>1 = WNKOE L

When J =1, gy € R¥*¥, Under the maintained regularity condition that g is nonsin-
gular,
C]_:—,ugl, C5:O, CQZO

This is a stable solution, since all eigenvalues of Cy are zero. Because the linearized model

is Blanchard—Kahn determinate, the stable equilibrium is unique. Hence

J=1 = PNKOE_q

There may still be other formal roots of (0, X)X = 0, but under determinacy they are

not admissible equilibrium solutions.

D.5 Solving the rest of the system:

For J > 1, equilibrium must lie on the propagating branch Cy = WNKOE £ (,
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D.5.1 Branch 2: Cy #0

We begin by guessing and verifying Cj, = Cg = 0. Then, assuming p, has left inverse u

and A is nonsingular, coefficient matching yields
Cy = pops,  Cs = ACo(I — BCy) 7,

K(p, Co) = (1= p) [ (1= p)T ~ Co) (I BCo) ~ (I~ QACy| + | (a-+ LEZ)T - p(I- )| A,

Cr=(1—-pAK(p,Co)" 'L,  Cu=(1-08p)I~BCyACr,

Cy = 5 { (1= p) (1= Bp)(T = BCy) = A |K(p, Co) 'L — s}

C, = (Cg T~ i AC(I — ﬁcg)-l).
For the Aw;-block define
H,(Cy) = [aug(«;g — I)(I - BCy) — 1y ACy) — AsA + rAcg] (I — BCy — puA)~.
Then
Cy = —(Ho(Co)ptz) " H.,(Co) pa,

Cuo = (I—BC)(I ~ FCs— ) (12Cz + pa),  Co = AT~ 5Cs — i A) " (1sCo + pa).

These are the coefficient formulas used in Propositions 2 and 4 once Cy = WNKOE,

D.6 Decomposing the Impact on Inflation and Consumption

Since all endogenous variables are linear functions of 7; and Aw;, on impact we have:

aC, onl YN
— = C; + Cu Wy, = Pr + PuwWr, Wr = BE .
t

0 T+ 0 7A't

Let p§ = (g9 pa) ' a3 . Then

Y

P = AWNKOE (g pNKOE)—1 c, = 1 [\I,NKOE I — p ABNKOE(] B‘I,NKOE)—l]

Cr_1 = H5ps, pPr—1=0, pr—1=0.
Define

H. =(1-Bp)((1 = p)I — TYEOF) (I — pENEOE)
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(1= Bp)(Q ~ DATNE 4 (p(Q ~ 1) + (o + LEZ)@T ) A,
and

H, = [U“g(<\1,NKOE _ I)(I — BENKOE) _ MIA\PNKOE)

~ AsA+ I‘A'IINKOE] (I — BENKOE _ ) A),
Then
pr= (L= p)AH'LY, e, = ps {(1 = p)|(1 = Bp)(T — pOF) — i A| H'LY — s}

Co=—(Hyppo) "Hyps,  pu = AT — BINOE — 1 A)(poe, + pa),

oy = (I = pONORATp, = (1= Bp)(I — pENEOF)Ap,.

D.6.1 Inflation

Let
Z=L{mZ  Ro=u,{(1-p)|01- 8o - p¥NF) A |H 1},

so that ¢, = —LY + R, LF. Substituting the exchange-rate solution into CPI inflation and

grouping terms yields

aa’f - rL; o+ r((1 _pAH! - I> n z(m — p)AH ' + JRT>

Direct Effect on inputs ~ _
NKOE propagation

LP

+ [I (1 a)z] LS+ [pr + Z(0cy, +Tpy) + LE m] w, . (D.18)
Contribut;(:n of tariffs Contribugon of the
on consumption risk-sharing wedge

D.6.2 Consumption

Using the impact solution and ps = uy LY + LE,

oG, _ ¢ £ NKOE -1 P

LS block  block

~
LP block

(D.19)
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D.7 Why input—output linkages further increase persistence

Proposition 5 is the extensive-margin result: when J > 1, real marginal-cost deviations can
become inherited states. This subsection studies the intensive margin: conditional on that
propagation channel being active, how does scaling up input—output linkages affect the speed
at which inherited marginal-cost distortions decay?

Throughout this subsection, we take the passive-policy limit ® — 0 and compare net-
works along the scalar path €(s) = sQ, s € [s, 5], where the interval is chosen so that input
shares remain admissible.

We use the following terminology. A root of W(s) means an eigenvalue of ¥(s). A
propagated root is a nonzero root of W(s). If ¥(s)v = Av, A # 0, then a marginal-cost
distortion proportional to v survives one period with decay factor A\. Zero roots instead
correspond to directions eliminated in one step. Thus persistence is governed by the nonzero
roots. An eigenvalue branch is a differentiable function such that A(s) is an eigenvalue of
the relevant matrix for every s in the interval. When the eigenvalue is simple, this branch is

locally well defined and differentiable.

Proposition 7 (Scalar scaling of input-output linkages). Let W(s) = WNKOE(s) denote
the stable solution to K(0,®(s))¥(s) = 0 under Q(s) = sQ. Define M(s) = (1 + 8)I +
(I — sQ)A. Let \(s) € (0,1) be a real simple propagated-root branch of ¥(s). Define
C(s) = BA(s) + A(s)7L. Then ((s) is an eigenvalue of M (s). Assume that ((s) is a simple
eigenvalue branch of M (s). Let x(s) and y(s) denote right and left eigenvectors of M (s)
associated with ((s), normalized by y(s) x(s) = 1.

If y(s)TQA z(s) > 0, then

As)’

= T y(s)TQA x(s) > 0.

N(s)

Therefore scaling up input—output linkages raises the decay factor of this propagated marginal-

cost mode.

Proof. Under & = 0,
KO, X)=I-X)I-p8X)—(I-Q)AX.

Along the path Q(s) = s, this becomes K(0,X) = I — M(s)X + X2 Hence the

equilibrium propagation matrix satisfies

[T — M(s)¥(s) + B¥(s)*] T(s) = 0. (D.20)
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Take a propagated root A(s) # 0 of W(s), with right eigenvector u(s):

This vector is a self-replicating pattern of real marginal-cost distortions. After one period, the
same pattern remains, scaled by A(s). Thus a larger A(s) € (0,1) means slower unwinding,.

Apply (D.20) to u(s): [I — M(s)®(s) + S¥(s)*|¥(s)u(s) = 0. Using ¥(s)u(s) =
A(s)u(s), this becomes

A(s)[T — M(s)®(s) + B¥(s)*]u(s) = 0.

Because A(s) # 0, we may divide by this scalar. This is the key step: we do not invert or

cancel the full matrix ¥(s). We only divide by the nonzero scalar A(s). Hence
[T — M(s)¥(s) + 8¥(s)*]u(s) = 0.

Using again W(s)u(s) = A(s)u(s) and ¥(s)?u(s) = A(s)?u(s), we obtain [I — A(s)M(s) +
BA(s)*I|u(s) = 0. Rearranging,

M (s)u(s) = (ﬁ/\(s) + )\(s)_l) u(s).

Thus ¢((s) = BA(s) + A(s)~! is an eigenvalue of M (s). Economically, ((s) is the effective
damping term associated with the marginal-cost pattern u(s). A lower ((s) means weaker
pullback toward steady state.

We now compute how ((s) moves with s. Let x(s) and y(s) be right and left eigenvectors
of M (s) associated with ((s):

M(s)z(s) = ((s)z(s),  y(s) M(s) = ((s)y(s)",

with normalization y(s)"@(s) = 1. To arrive at the standard simple-eigenvalue perturbation
formula (¢'(s) = y(s)"M'(s)x(s)), we begin by differentiating

with respect to s:
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Premultiply by y(s)':
yTM/$ + yTM:B/ — </yT-’L' + CnyB/-

Since y' M = Cy' and y'x = 1, the two terms involving &’ cancel, leaving

¢'(s) = yls) M'(s)z(s).

Because M (s) = (1+ 8)I + (I — s2)A, we have M'(s) = —QA. Therefore
C(s) = —yls) DA w(s).

Thus, if y(s)"QA x(s) > 0, then increasing s lowers the effective damping term ((s).
Finally, differentiating the scalar relation ((s) = BA(s) + A(s) ™! yields:

() = (5 — Ms)?) X(s) = —“j%ws).

Solving for X(s),

As)? c(s).

YO =TT 0er

Substituting the expression for '(s),

N(s) = % y(s) QA x(s).

Since 0 < f < 1 and 0 < A(s) < 1,

A 2
L > 0.
1 — BA(s)?
Hence the sign of X'(s) is the sign of y(s) QA x(s). Under the maintained sign condition,

N (s) > 0. Thus scaling up intermediate-input use raises the fraction of this marginal-cost

pattern that survives into the next period, which is precisely greater persistence. O

Applying Proposition 7 to a unique real simple dominant propagated-root branch \,(s) €
(0,1) satisfying A, (s) > max {|A| : A € o(¥(s)), A # 0, XA # A\.(s)} for every s € [s, 5], with
associated (. (s) = BA.(s)+A.(s)~! asimple eigenvalue branch of M (s), proves Proposition 6.
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D.8 Open-economy monetary-policy heterogeneity and persistence

This appendix demonstrates how monetary policy heterogeneity can change the persistence

of real marginal cost deviations.

Proposition 8. Consider N = 2 and J > 1. Suppose countries have identical target baskets.
Let § = ¢ — oI summarize policy heterogeneity; if 6 = 0, the policy-heterogeneity channel,
LEZ®T A, is eliminated. Let WCE(5) and WOE(§) solve the corresponding closed- and open-
economy kernel conditions, with the open-economy kernel adding LEZ®(5)T'A. Let A\CE(6)
and \OF(8) be the local continuations of the largest real nonzero eigenvalue of the common
d = 0 propagation matriz, and suppose this common eigenvalue A\, € (0,1) is simple. Let
M=01+8I+I-Q)A, and let A, = N T — \.M + I + ¢,al'A, and let v, and u,
satisfy A,v, =0 and u] A, =0". Then

u,; LEe}, T Av,
ul (M — 28\ 0)v,’

Os[ADF(8) — )‘SE((S)st:o -

Hence, if u] LEe ;T Av, # 0, monetary-policy heterogeneity changes persistence; for small
0 > 0, it raises the largest real nonzero eigenvalue relative to the closed-economy policy block

when the displayed ratio is positive, and lowers it when negative.
Proof. Fix M = (1+B8)I+ (I — Q)A, ey = (1,0)", ep = (0,1)7, Z = e}; — e}, and

®(8) = ¢ I, + deyej; = [¢”O+6 d?n |. Identical target baskets imply e],I" = e[T", so

Z®(0)TA = (e; — ep) (I + deye)TA = dey TA,

and therefore LEZ®(0)T'A = 6LEe,T A, which is zero at § = 0.
Define

FCE(\,8) = BNT =AM + T+ a®(5)TA,  FO%(\ )= F®(\,6) + LEZ®(5TA.

At § = 0, the two pencils coincide, and F¢E(),,0) = FOE()\,,0) = A,. For s € {CE, OE},
the kernel condition for the local branch gives F'*(A3(d), d)v*(d) = 0. Differentiating at § = 0

and premultiplying by w. gives, with the denominator nonzero by simplicity,

dXs(6) B u, OsF* (), 5)‘@,5):@*,0) Ux
s |s- N u! (M — 26\ 1)v,

The required partial derivatives are

aéFCE<)\a 6)‘()\75):()\*70) = aeHeI—l;I‘A> 65FOE(/\’ 5)’()\,5):()\*,0) = CVBHBEFA + L?eLFA
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Subtracting the closed-economy derivative from the open-economy derivative yields

i [}\OE((S) . )\CE(é)] _ uILgeIEI‘Av*
ds b * s—o  ul (M —28\T0)v,

If the numerator is nonzero, the open-economy policy heterogeneity term changes the local
response of the propagated eigenvalue to monetary-policy heterogeneity. Writing the dis-
played ratio as R, A9B(8) — ACE(6) = dR + o(d). Since A, € (0,1) is the simple largest
real nonzero eigenvalue at o = 0, continuity of the local branch implies that, for sufficiently
small 4, this branch remains the relevant largest real nonzero eigenvalue. Therefore, for
small § > 0, the policy heterogeneity term raises the largest real nonzero eigenvalue relative
to the closed-economy policy block when R > 0, and lowers it when R < 0. This proves
Proposition 8. O

D.9 Solving for the Risk-Sharing Wedge- Open Economy Block

Using
& =m [z (act L TP+ Lfﬁ) +uvt] ., m=(1-2zLE) ",

the balance-of-payments block can be written as
BV, = Viy + NX,; + E¢®Tr),
NX; = NX;_1 + EAC, + Zgml + 24y + Z5(F — 711),

where

[1]x

9 =8B +mozud, Ha = B3+ mEy, 2T, T4 = mEy, 5 =25 +mEy ZL7.

[1]x

Combining this block with the NK solution above yields the wedge coefficient.

D.9.1 Solving for the Wedge
Let Aw; = Cq67; on impact. In the nondegenerate martingale branch with (Cy—1I') invertible,

é2(03 + Cy) + é3(07 + Cs) — (é2C1 + é305)(09 —I)71(Ch1 + Ch2)

— — - — — (D.21)
(1 — p) [(EQCl -+ 53C5)<Cg — I)—1C10 — EQCQ — EgCﬁ — 54
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Under the Branch-2 restriction Cy = C}5 = 0, this becomes (V k& > 0)

O, Eo(C3 + Cy) + E3C; — (B2C) + E3C5)(Cy — I)7'Cyy
5 = Co = _ _ - R - (D.22)
Tt (1 — p) [(Egcl + EgC5>(Cg — I)—1C10 — EQCQ — EgCﬁ — 54

E Additional Quantitative Results

E.1 Non-Linearity of the Model

The model is nonlinear away from the local approximation. In the presence of tariffs, these
nonlinearities may be quantitatively relevant for impulse responses. This is because the
import margin is bounded: as tariffs become prohibitive, imports converge to zero, and
further marginal increases in tariffs have vanishing effects through this margin. Hence the
global policy functions for endogenous variables need not scale proportionally with the size
of the tariff shock. Figure E.1 evaluates whether this concern is relevant in the neighborhood
of implemented tariffs. The figure shows that, over this range, the on-impact responses are
approximately homogeneous of degree one in the tariff shock. In particular, scaling the tariff
shock scales the on-impact response of endogenous variables, such as output, nearly one-for-
one. Detectable departures from this proportionality arise only when tariffs are scaled to

roughly five times their implemented level.

Figure E.1. Scaling Tariff Shocks and Non-Linearity of the Model
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E.2 Validation: 2018 Tariffs

Figure E.2 reports the model-implied impulse responses for the 2018 tariff episode. On
impact, U.S. real GDP falls by 0.05%, inflation rises by 0.015 percentage points, and con-

sumption is essentially unchanged. With Table E.1 compares the model’s exchange-rate
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response with an announcement-window statistic for the three main U.S.-China escalation
dates. Following a high-frequency event-window approach, we sum the announcement-day
changes in ég,f,;m’t, where Sg;fma’t is yuan per dollar and ¢ denotes the announcement day.
Since an increase in ég,f;m’t denotes a yuan depreciation, the cumulative response implies
a 1.126% dollar appreciation against the yuan. The model implies a 1.1% nominal dollar
appreciation, a 0.05pp decline in U.S. real GDP, and, integrating the simulated inflation re-
sponse over 40 quarters, a 0.12pp increase in the aggregate U.S. price level. These moments
are close to the announcement-window exchange-rate response and to existing estimates that
the 2018 tariffs raised the U.S. price level by 0.1-0.2pp and reduced aggregate real income

by about 0.04% of GDP (Barbiero and Stein, 2025; Fajgelbaum et al., 2020).

Figure E.2. Impact of 2018 Tariffs
(a) (b) (c)
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NoOTE: Simulated responses to the announced 2018 U.S. tariff package under MIT shocks.

Table E.1. Major 2018 U.S.—China Tariff Announcements and Dollar Response

Date Event Implied 7 Aég,fma’t
2018-03-22 New 25% China tariff threat on $50-60bn +2.47 to +2.97 pp  0.218%
2018-06-18 New 10% tariff threat on $200bn +3.96 pp 0.747%
2018-08-01 Raise proposed $200bn List 3 tariff from 10% to 25% +5.94 pp 0.162%
Sum - +12.37 to +12.87 pp 1.126%

NoTES: The implied tariff shock on announcement day ¢ is 7; = 100 x V;A1; /M%‘ff China where V; denotes
the announced value of Chinese imports subject to the tariff change, A7, denotes the announced change in
the statutory tariff rate, and MY35¢hine = 505.1651 billion dollars denotes total U.S. goods imports from
China in 2017. The exchange-rate response, AEYS, . is the announcement-day change in the yuan-per-
dollar exchange rate relative to the previous day’s er{d—of—day rate. Positive values indicate a U.S. dollar
appreciation against the yuan.
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E.3 Additional Model Counterfactuals

In this section we consider additional model counterfactuals. To do so we first introduce
exogenous increases in the UIP premium. This is motivated by the real-life depreciation
observed in the aftermath of Liberation Day.

In the baseline model, tariffs generate dollar appreciation in real and nominal terms for
reasonable parameters, because w, is sufficiently negative. The observed post—Liberation
Day depreciation therefore requires an additional force that renders the wedge sufficiently
positive. We capture that force with a reduced-form UIP premium k;, motivated by the
empirically observed rise in UIP deviations in this period (Kalemli-Ozcan et al., 2026). This
modeling choice is consistent with several underlying mechanisms, including tariff-induced
uncertainty or a decline in the dollar convenience yield.?® Accordingly, the UIP condition

I+in: Entrl 1—ry
becomes S = E, [ € | T0/(BUS JETS)"

We next consider additional model counterfactuals. Figure E.3 reports U.S. responses un-

der the baseline and three alternative specifications. “Baseline” is the scenario in Section 5.4.
“Complements” sets the lowest-level production input elasticity to 6;f = 0.6, relative to 1.5
in the baseline. “UIP Shock” adds a one-time disturbance to the UIP equation, following
Kalemli-Ozcan et al. (2026). “No DCP” sets ¢,,; = 0 for all n, i, reducing pricing to PCP. The
largest deviations occur under “Complements”: output falls more and remains persistently
lower, while consumption rises because stronger complementarities amplify terms-of-trade
gains. The “UIP Shock” dampens the consumption gain and raises impact inflation; its
effects dissipate quickly, with output initially higher as dollar depreciation raises foreign de-
mand for U.S. exports. DCP plays a limited quantitative role. “No DCP” lowers inflation
and raises consumption modestly relative to the baseline, with little effect on output after

the first five quarters.

E.3.1 Baseline with Complementarities

Figure E.4 reports IRF's for the “Complements” parametrization, which strengthens production-
side complementarities by setting 6;X = 0.6. On impact, U.S. real GDP falls by 0.31%, in-
flation rises by 0.18 percentage points, consumption rises by 0.44%, and the trade-weighted
U.S. NEER appreciates by 10.64%. Spillovers are heterogeneous: real GDP expands by
0.33% in the euro area but falls by 0.22%, 0.27%, 0.35%, and 0.12% in China, Canada,

38We view this reduced-form UIP premium as an empirically-disciplined shorthand: even in a richer asset-
market environment that endogenizes the premium, tariff-induced depreciation would still operate at least in
part through a UIP wedge to counteract appreciationary forces. This is because the UIP premium interacts
with the risk-sharing wedge from Section 3, which in this setup becomes w; + Kk; = Qt — U(CA’H¢ — éF,t)-
Even when tariffs generate w; < 0, a sufficiently large x; can overcome the appreciationary pressure, yielding
depreciation and lower relative consumption.
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Figure E.3. Additional Model Counterfactuals
(a) (b) (c)
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NoOTE: Panels plot U.S. inflation, real GDP, and consumption under alternative model counterfactuals,
relative to the baseline tariffs implemented as of March 2026 from Section 5.4. Each line changes one model
feature at a time, holding the remaining environment fixed.

Mexico, and the rest of the world, respectively. Stronger production-side complementarity
renders tariffs a globally stagflationary shock, except in the Euro Area, which benefits from

trade diversion.

Figure E.4. Baseline under Complementarities
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NoOTE: Simulated responses to the announced 2025 U.S. tariff package under MIT shocks. The exercise sets
0;¥ = 0.6, relative to 1.5 in the baseline.

E.4 Gradual Implementation and UIP Premium

Here, we feed in tariffs as they were introduced gradually over 2025-2026, alongside exogenous
increases in the UIP premium for realism (see Appendix E.3). Kalemli-Ozcan et al. (2026)
find that the UIP premium rose by 2.98 percentage points in 1Q2025 relative to 4Q2024
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and remained elevated at 1.62 and 0.52 percentage points over the next two quarters.> We
accordingly set ko = 0.0298, 0.0162, and 0.0052 for tariff changes in the first, second, and
third quarters.

Figure E.5 reports the gradual-implementation exercise with UIP premium shocks. On
impact, the trade-weighted U.S. NEER depreciates by 1.86%, inflation rises by 0.10 percent-
age points, U.S. real GDP rises by 0.14% as the weaker dollar boosts U.S. export competi-
tiveness, and consumption is essentially unchanged. As subsequent tariff changes arrive, U.S.
output turns negative, reaching 0.48% below steady state in quarter 4 and remaining 0.46%
below by quarter 40. U.S. inflation is front-loaded, peaking at 0.14 percentage points in
quarter 2, while consumption rises temporarily by 0.07% in quarter 3 before drifting slightly
below steady state. Effects are heterogeneous across trading partners. Mexico’s inflation
rises by 0.15 percentage points in quarter 2 and China’s falls by 0.11 percentage points
before reverting. The euro area expands after the first quarter, with real GDP rising by
0.23% in quarter 2, while consumption falls by 0.24% at its trough. China experiences the
largest contraction, with real GDP and consumption falling by 0.56% and 0.40% in quarter
2. Mexico expands initially (real GDP rises 0.62% in quarter 2) but contracts as later tariff
changes arrive, falling 0.26% below steady state in quarter 4. Canada and the RoW post
smaller but persistent output losses, ending 0.10% and 0.07% below steady state.

Figure E.5. Gradual Implementation of Tariffs With Widening UIP Premium
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NotEe: Figure E.5 visualizes simulated responses to the 2025-2026 U.S. tariff packages, targeting China,
Canada, Mexico, Europe and the RoW. Impulse responses are computed with MIT shocks. Instead of a
single MIT shock, the figure overlays impulse responses to successive tariff changes, treating each as a new
tariff level, and adds a one-time UIP premium shock at the start of each episode that matches empirical
data from Kalemli-Ozcan et al. (2026).

39 A in Kalemli-Ozcan et al. (2026), we shift quarters by 20 days so that 1Q2025 begins on Inauguration
Day.
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E.5 Counterfactual: Announced Liberation Day Tariffs Without

Retaliation

Figure E.6 simulates the Liberation Day tariff package announced on April 2, 2025. On
impact, U.S. real GDP falls by 0.65%, inflation rises by 0.33 percentage points, consumption
rises by 0.18%, and the trade-weighted NEER appreciates by 11.31%. Spillovers are hetero-
geneous: China contracts, Mexico and Canada expand, and the Euro Area and rest of the
world move modestly. Because announced tariffs exceeded those implemented, responses are

larger than compared to the baseline.

Figure E.6. Impact of Liberation Day Tariffs
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NoTE: Simulated responses to the announced 2025 U.S. tariff package under MIT shocks.
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F Additional Tables and Figures

Table F.1. Descriptive Statistics for the U.S. (%)

Output VA Consumption  Output  Consumption Intermediate

Industry Share Share Share Home Share Home Share Home Share
Agriculture 1.3 0.9 0.6 87.2 88.5 89.3
Energy 3.0 2.0 1.5 85.7 89.4 75.0
Mining 0.5 0.5 0.5 91.2 98.5 89.9
Food and Beverages 2.6 1.2 3.1 94.0 91.2 91.7
Basic Manufacturing 6.6 4.7 4.1 87.6 66.0 82.5
Advanced Manufacturing 6.2 5.1 8.2 81.7 67.0 66.9
Residential Services 6.4 6.1 7.7 99.9 99.9 99.5
Services 734 79.4 74.3 95.3 96.7 96.2

NOTES: ‘Output Share’ is the share of the sector in total U.S. output. ‘VA Share’ is the share of the sector
in total U.S. GDP. ‘Consumption Share’ is calculated as the sector’s weight in the household expenditure.
‘Output Home Share’ represents the share of the output of the sector sold domestically. ‘Consumption Home
Share’ captures the share of domestic production in consumption and ‘Intermediate Home Share’ captures
the share of intermediate goods supplied domestically.
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