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1 Introduction

We introduce a new framework to analyze the macroeconomic consequences of protectionist
trade policies. Motivated by the goals of these policies to reduce the trade deficit and boost
domestic manufacturing employment, we develop a global New Keynesian open-economy
(NKOE) model that captures the complex interdependence of global trade, finance and
production. Our framework incorporates realistic structural features—including full interna-
tional input-output linkages, sector-specific nominal rigidities, and cross-country heterogene-
ity in monetary policy preferences—to provide a comprehensive assessment of both domestic
and global effects of tariffs, when trade is unbalanced and financial markets are incomplete.
Our core contribution is to delineate how the macroeconomic impact of tariffs can differ by
adding dynamics of international borrowing/lending, monetary policy, and unbalanced trade
into a general trade and production network economy with nominal rigidities.

We address two central questions. First, how do tariffs affect key macroeconomic aggre-
gates—such as output, consumption, the trade balance, inflation, and the exchange rate?
Second, how do these effects vary in a global dynamic general equilibrium setting with in-
ternational borrowing and production networks that span across countries and sectors? To
answer these broad questions, we aim to capture the key aspects of the current global trade
system together with important domestic frictions.

We begin by introducing five primitive factors:

(i) Consumers in each country make choices prior to the imposition of tariffs, revealing
their biases toward home and foreign goods. This is captured by the consumption share
matriz T'; to relate to standard small open economy (SOE) and two-country settings,

we use scalar counterparts for the home (H) and foreign (F) countries, denoted by vy

and yp =1 —vy.

(ii) Producers optimize their production by sourcing inputs globally. This is represented
by the input-output matriz €2, with scalar counterparts 2y and Qg capturing home

and foreign input shares, respectively.

(iii) Goods from any country can be substituted—both in consumption and production—by
goods within the same sector or across sectors. This is modeled through nested CES
bundles. The elasticities of substitution (EoS) are given by the vector 8 (or scalar ¢

when a single elasticity is used).

(iv) Nominal rigidities may induce a sluggish adjustment of prices, captured by the fre-
quency of price adjustment at the sectoral level, denoted by A (or scalar A in the

simplified case).



(v) Monetary policy determines the price level. Central banks can respond to price changes
according to a Taylor rule, with response coefficients captured by the diagonal matrix
® (or scalar ¢, ). Alternatively, they can stabilize consumption with a real rate rule or

stabilize nominal demand, M, (or in vector form M,).

The effects of tariffs on prices and economic activity have been widely studied using some
but not all of these features. For example, trade literature often assumes flexible prices,
balanced trade with no international borrowing, and prefers static models given its long-run
focus on productivity and welfare.! Open economy macro literature, on the other hand, relies
mostly on SOE-NK models for a short-run analysis of transitory tariffs, ignoring intermediate
inputs and supply chains.? We argue that, under both transitory and permanent tariffs, the
dynamics of inflation-output trade-off, a key issue for the short-run approach, critically
depends on the network structure and input complementarity—structural features that are
only determined in the long-run.?

Let us start with a standard two-country (H and F) one-industry example to illustrate
the intuition behind how the primitives shape the impact of tariffs. Suppose H places tariffs
on F without retaliation. H is large and wants to manipulate its terms of trade. Under
flexible prices, with low home bias (vyg) for the tariff imposing country H, H is a relatively
sizable buyer of F’s goods. With terms of trade improvement in its favor, H’s consumption
increases and its real exchange rate appreciates vis-a-vis F. We build on this standard case,
in Section 4, adding production with endogenous labor supply and imported intermediate
inputs. With endogenous labor supply, tariffs distort the labor-leisure choice and can either
disincentivize or increase labor supply depending on income versus substitution effects. If
production foreign bias 2y is high, where a large part of domestic production uses foreign
intermediate inputs, then tariffs increase the cost of production and thereby act as a negative
supply shock. These two forces (endogenous labor supply and intermediate inputs) dampen
the original terms of trade gains and hence consumption declines. Elasticity of substitution
is important here: if both consumption goods and production inputs are highly substitutable

within and across borders with a high @, then tariffs can be expansionary, whereas if there

INote that this literature treats tariffs as permanent and works with exact hat-algebra in two-period
models (see, for example, Costinot and Rodriguez-Clare, 2014).

2Early Keynesian literature studies the short-run impact of tariffs. See, for example, Mundell (1961),
Eichengreen (1981), and Krugman (1982). This literature lacks the micro foundations of the modern-SOE-
NK literature as in Gali and Monacelli (2005). Unfortunately, the early NK literature does not focus on
tariffs but rather optimal exchange rate and monetary policies in SOEs. The paper by Barattieri et al.
(2021) is an example who studied macro impact of tariffs in a SOE-NK model. In section 2, we overview the
recent literature motivated by 2025 tariffs, focusing more on the normative aspects and discuss similarities
and differences from our positive approach.

3The essential role of intermediate inputs and cross-border production chains in trade is well established
(e.g., di Giovanni and Levchenko, 2010; Johnson, 2014).



is sufficient complementarity on the production side then tariffs may be contractionary.

Next, in Section 5, we introduce nominal rigidity (A) and monetary policy (¢, or M,)
to study the short-run effects of tariffs. As expected from standard New Keynesian theory,
higher nominal rigidity (A) decreases inflation and amplifies the decline in output. While the
terms of trade mechanism remains intact, if monetary policy targets inflation, consumption
will get hit twice: once from higher domestic prices, akin to a consumption tax, next from
higher interest rates.

The network setup granularizes these primitives and takes them to matrix scale with N
countries and J industries. Instead of considering dependence on a single intermediate input,
for example, we consider the full set of input-output linkages. Our model is summarized in
a five-equation Global New Keynesian Representation: (i) the New Keynesian IS (NKIS)
equation; (ii) the New Keynesian Phillips Curve (NKPC) for producer prices derived with
Rotemberg costs; (iii) a definition of the consumption price vector, which deviates from
producer prices due to exchange rate movements and tariff distortions; (iv) an Uncovered
Interest Parity (UIP) condition that nests international arbitrage conditions; and (v) an
equation of motion for external debt, which also incorporates the market-clearing condition.
Together, these equations characterize the equilibrium and nest a broad class of NKOE
models.

Our approach of writing down a N country-.J sector model can be thought of as connect-
ing two or more Rubbo (2023) economies under incomplete markets and trade imbalances.
We do so by allowing representative households in countries to save in nominal local-currency,
which are in net zero supply, and USD bonds, with which agents can save or dissave. We use
portfolio adjustment costs to ensure that the steady-state level of debt is unique and this
feature allows endogenous deviations from Uncovered Interest Parity (UIP). In the theoreti-
cal model, we linearize around a steady-state with non-zero debt that is consistent with the
primitives consumption foreign bias and production foreign bias, v and €2. In the quantitative
model, we discipline steady-state debt levels with real-life trade imbalances.

In Section 5, we solve the linearized model under three different policy rules: (1) monetary
policy fixes the real rate and thereby stabilizes aggregate consumption, (2) monetary policy
fixes the nominal demand (expenditure) and (3) monetary policy follows a Taylor rule. We
find that network propagation is different under different policy regimes. Under a real rate
rule that stabilizes consumption, tariffs lead to a depreciation of the home country’s exchange
rate through expenditure switching. Thus, only foreign country bias for home goods, v,
enters into the solution for home country’s inflation. This is in marked contrast with the
case when policy fixes nominal demand, which renders inflation everywhere weakly positive.

The intuition behind this result is that the policy choice when combined with Golosov and



Lucas (2007) preferences fixes nominal wages and the nominal exchange rate. Then tariffs
act as a marginal cost shock that spreads through the network. Finally, under a standard
Taylor rule, we find propagation is more flexible and inflation need not be strictly positive in
all sectors and countries. This last case reveals the complexity of the non-linear interactions
between the primitives when the policy primitive no longer fixes nominal demand or real
demand and instead endogenously responds to inflation.

To understand and analytically decompose these interactions, we derive a key object
with the method of undetermined coefficients—the NKOE Leontief inverse, which relates
the tariff-related distortions on both consumption (demand) and production (supply) to the
dynamics of inflation-output trade-off. Using this object, we decompose the general equilib-
rium response to the tariff shock into channels where demand distortions propagate to the
economy through expectations, price stickiness, and monetary policy, and supply distortions
propagate to the economy through the network. Intuitively, if a given sector is central to
production—either because it is widely used across industries (e.g., steel and aluminum)
or due to its downstream importance (e.g., semiconductor chips)—it will carry significant
weight in the standard Leontief inverse. If this sector also exhibits highly flexible (or rigid)
prices—corresponding to a vertical (or horizontal) supply curve with fixed quantity (or highly
elastic supply)—and is located in a country with relatively loose (or tight) monetary policy,
the inflationary impact of a tariff on that sector will be amplified (or muted) by the network
captured in the NKOE Leontief inverse.

Having shown how input-output linkages affect macroeconomic aggregates in the context
of tariff shocks, we explore when and why network granularity matters in Section 6. This
involves two main answers. The first involves aggregation of parameters under sectoral
heterogeneity. Extending Pasten et al. (2020) and Rubbo (2023) closed economy results
to an open economy, we show that making the network coarser by collapsing sectors and
averaging the A terms across sectors can over-estimate the range of inflation outcomes that
the central bank can achieve. Proper aggregation with heterogeneous A’s flattens the Phillips
curve, limiting the range of inflation outcomes.

The second answer as to when network granularity matters has to do with international
risk sharing. Production network models typically examine scenarios in which sector-specific
shocks propagate differently from aggregate shocks. This can occur because it is difficult
to substitute production inputs easily that are now more expensive under tariffs. We find
that this mechanism is sensitive to international risk sharing and the presence of net foreign
debt/asset position between countries. Under balanced trade, many network models restrict
these positions and perform their quantitative exercises under financial autarky. Instead,

ours is a setup with incomplete markets. In this setup, the representative household in



each country makes a consumption and saving decision that equalizes the expected ratio
of marginal utilities, taking into account differences in the relative price of each country’s
consumption basket. With this equalizing force in place that smooths consumption in expec-
tation, households choose their optimal labor supply. Depending on the substitutability of
labor with intermediate inputs, labor in turn can smooth negative output effects of network
propagation. We test this finding with the quantitative model. The response by aggregate
U.S. employment to tariffs being placed by the U.S. on different Chinese sectors differs more
from sector to sector under financial autarky than under international risk sharing.

For the quantitative exercise, we use the non-linear version of our model. The sectoral
heterogeneity in price setting is disciplined by estimates from Nakamura and Steinsson (2008)
and we construct the sectoral level implemented tariffs from the WTO-IMF Tariff Tracker
(WTO and IMF, 2025). The steady state network is calibrated using OECD’s Inter-Country
Input-Output (ICIO) tables (Yamano and et al., 2023), imposing no a priori assumptions
on whether a good is purely final or tradable. This modeling flexibility ensures that the
quantitative results are not driven solely by the overall share of material inputs in marginal
costs, as is often the case in conventional NKOE models. Instead, this relationship arises
endogenously from the global I-O structure, which in turn allows our framework to nest
other models.*

The first quantitative exercise involves road-testing the model with 2018 U.S. tariffs,
assuming these tariffs are permanent. Consistent with the existing empirical findings, the
model predicts an inflation impact of 0.1 percentage points, which is in line with the estimate
of Barbiero and Stein (2025). Our model also predicts a 4.5% appreciation of the U.S. dollar
(USD) against the Chinese yuan, aligning with the observed 5.6% dollar appreciation against
yuan between June 2018 and December 2018, where the broad dollar index appreciated over
7%. The predicted output loss of 0.3% is also consistent with Fajgelbaum et al. (2020), who
estimate combined producer and consumer losses totaling 0.4% of U.S. GDP.

The next quantitative exercise predicts the impact of 2025 tariffs. Implemented tariffs are
applied as near-permanent shocks, modeled as auto-regressive processes with a persistence
coefficient of 0.95, given the uncertain nature of 2025 tariffs. The model predicts inflation and
falling output for all countries, with highest inflation for the U.S., a 0.5 percentage points
rise, and the biggest drop in output for Mexico, 1.3 percent. A counterfactual exercise
assuming symmetric retaliation predicts much larger effects, including an output drop of 1

percent for the U.S. Trade deficits improve only temporarily and go back to original levels

4For example, a model without intermediate inputs—where tariffs affect only demand—can be represented
by collapsing the input-output matrix 2. Likewise, a model with a single imported intermediate input and
a final consumption good corresponds to a structure in which the columns of € associated with final goods
are zero vectors.



as tariffs do not change consumption-saving decisions and net foreign debt position.

Last but not least, tariff threats are self-defeating. These are tariffs deployed with an
announcement today, prompting trading partners to pledge retaliation in the future, but all
tariffs are subsequently withdrawn. This “threat” shock highlights the role of the exchange
rate as a forward-looking variable particularly transparent. In a perfect foresight setting,
when tariffs are announced today and reversed tomorrow through a subsequent announce-
ment, agents optimize based on the entire sequence of announcements. When the threat
of permanent tariffs leads to anticipation of retaliation and a full trade war, the exchange
rate immediately adjusts to front-load the anticipated change in consumption behavior. In
this scenario, the U.S. NEER appreciates by 2.4% on impact and then depreciates subse-
quently—even in the absence of a contemporaneous change in monetary policy. Real GDP
and consumption fall by 0.9% and 0.7%, respectively, almost as large as the case of sym-
metric retaliation, while inflation declines by 0.6 percentage points, resulting in deflation.
These outcomes are driven primarily by the expectations channel: agents “price in” a future
in which the U.S.—a net importer relative to the rest of the world—imports fewer foreign
goods. Even before the mechanical price effects of actual tariffs materialize, anticipated
trade distortions cause demand to contract, generating deflation on impact.

Ultimately, our results imply that the inflationary impact of tariffs can be muted, while
the effects on output and unemployment can be substantial in the presence of input-output
linkages, country—sector heterogeneity in price stickiness, endogenous response of monetary
policy and and open-economy channels. NKOE models that do not incorporate full global
[-O linkages may systematically overestimate inflation and underestimate the real costs of

tariffs, such as decline in employment.

2 Literature

The literature on tariffs organizes around two key concepts: Terms of trade manipulation
and Lerner symmetry (Lerner, 1936).> If a larger country wants to manipulate the terms
of trade for its favor by restricting imports, exchange rate appreciation ends up offsetting
this by restricting exports. There is a large empirical literature that shows the impact of
tariffs is not fully offset by exchange rate movements. This literature also demonstrates that

exchange rate pass-through to prices is much lower than tariff pass-through; the extent of

5See Erceg et al. (2018), Lindé and Pescatori (2019) and Costinot and Werning (2019) for modern treat-
ments, laying out conditions that under which the symmetry fails in different class of models. Jeanne and
Son (2024) study exchange rate offset in a calibrated model.



tariff pass-thorough to border prices versus retail prices is subject of an extensive debate.b
In addition, it is well-known in the two-country NKOE literature, (e.g., Obstfeld and Rogoff,
1995; Clarida et al., 2002), if exchange rate pass-through is less than full, domestic inflation
(PPI) in open economies can differ from CPI inflation that includes imported goods. Thus
foreign activity becomes important for domestic prices.

Several papers studied short-run impact of tariffs and trade barriers on the macroeconomy
mostly focusing on normative implications, such as Auray et al. (2024a,b), Ambrosino et al.
(2024). These papers highlight the importance of both demand and supply side and the
former, like us, argue that if labor supply and intermediate inputs are added, the tariff
outcome depends critically on the monetary policy stance. Focusing on the positive side,
Werning et al. (2025) argues that tariffs are cost-push shocks, whereas Bianchi and Coulibaly
(2025) emphasizes fiscal externality over cost-push and finds that optimal monetary policy is
expansionary under tariffs. Bergin and Corsetti (2023) finds the opposite that optimal policy
is contractionary. Monacelli (2025) focuses on optimal monetary policy and argues that it is
expansionary. He makes a similar point to us that overall macro impact of tariffs depends on
endogenous response of monetary policy. Our work differs from Monacelli (2025) in that we
show how other countries’ monetary policy responses are also important in shaping the home
country inflation-output trade-off, even without retaliation. Auclert et al. (2025) argues that
it is important to add intermediate inputs to standard SOE models studying tariffs macro
impact. They argue that without taking the recession into account optimal tariff cannot be
calculated.

There is also renewed interest in studying optimal tariffs and trade imbalances. Similar
to Auray et al. (2024a,b), Itskhoki and Mukhin (2025) highlight the importance of valuation
effects for the determination of changes in steady state trade imbalances with tariffs in
terms of nominal values. Costinot and Werning (2025) make the point that changes in real
trade deficits with tariffs depend on the slope of Engel curves, which in turn depend on the
extensive margin of trade.

Our work is related to the trade network literature connecting shocks to producers’

SThere is an active empirical debate on how much of the tariff is in the retail price faced by the consumer
and how much of it impacts the marginal costs of both foreign and domestic firms? For example, for 2018
tariffs; Amiti et al. (2019), Fajgelbaum et al. (2020); Fajgelbaum and Khandelwal (2022), find complete pass-
through of tariffs to consumer prices, whereas Cavallo et al. (2021) finds that the degree of pass-through from
border to retailers and consumers is not complete. For categories like washing machines, the pass-through
can be high (e.g., Flaaen et al., 2019). However, for more aggregated price indices that combine goods that
are affected and unaffected by the tariffs, the pass-through is less clear-cut. Thus, retailers absorbing a
significant share of the cost or raising their prices on goods that compete with the imports, or increasing the
prices of goods not directly exposed are hard to separate. Inventory “front-running,” moving supply chains
away, or studying the early months with sticky prices can also blur the picture on aggregate price increases
and inflationary impulse.



marginal costs (see, for example, Caliendo and Parro, 2015), leading to amplification of
factor price inflation. Cuba-Borda et al. (2025) presents an empirical examination of trade
distortions within networks. Ho et al. (2022) develop a global NK model that relies on a real
rate rule which fixes the path of consumption and solves the model numerically. Qiu et al.
(2025) study monetary policy implications for a SOE with network linkages and characterize
a monetary policy weighing mechanism that is related to upstreamness of an industry.

In relation to this literature, given its dynamic global general equilibrium framework and
incomplete markets, our model offers a richer analytical characterization of tariff transmis-
sion by emphasizing the critical role of global I-O networks and monetary policy in shaping
macroeconomic outcomes. Unlike models that impose fixed relative and aggregate consump-
tion paths, our framework allows both demand and policy to respond endogenously, capturing
the dynamic interactions between tariffs, exchange rates, and monetary policy.” It is also
important to note that the decline in employment in the short-run with trade disruption
depends both on the network and substitution and not only on existence of price rigidity in
networks. For example, Rodriguez-Clare et al. (2020) study China trade shock with networks
and wage rigidity upon which unemployment depends on. We show that even in flex-price
world, output and employment can fall due to intermediate input shortage and endogenous
labor supply. In addition, network and endogenous labor supply also interact with elasticity
of substitution, where output and employment can decline under complementarities or they
can expand under high elasticities.

We share with the closed economy network literature the importance of relative price
changes in understanding the behavior of aggregate inflation (e.g., Pasten et al., 2020, 2024;
Rubbo, 2023, 2024; Afrouzi and Bhattarai, 2023). Similar to our work, Afrouzi et al. (2024)
also implement network adjusted heterogeneity in price stickiness across sectors. This liter-
ature builds on the broader network research by Long and Plosser (1983); Acemoglu et al.
(2012); Atalay (2017); Liu (2019); Bagace and Farhi (2019, 2022); Baqaee (2018); Carvalho
et al. (2021b); Carvalho and Tahbaz-Salehi (2019), among others.

Roadmap. The remainder of this paper is organized as follows. Section 3 outlines our
baseline New Keynesian open-economy model, detailing how we incorporate international
production networks, nominal rigidity, and open-economy features. In Section 4, we solve
for tariffs in the long run with flexible prices. In Section 5, we introduce nominal rigidities
into the model to capture the dynamics in the short run. In particular, we solve the model

under three different assumption. In Section 5.1, we use a real rate rule, in Section 5.2 we

"di Giovanni et al. (2023) and Silva (2024) focus on inflation instead of tariffs in 2-period global networks
models, similar to Bagaee and Farhi (2024) who focus on tariffs.



assume a fixed nominal demand scenario and Section 5.3 we solve the model under a Taylor
rule. In Section 6 we focus on the question why network granularity matters in our model
and how international risk sharing changes propagation. We introduce the data that we use
in our quantitative exercises in Section 7 and present these results Section 8. Finally, Section

9 concludes.

3 Modeling Framework

We develop a multi-country multi-sector New Keynesian model that incorporates nominal
rigidities via Rotemberg costs, standard open-economy features such as portfolio adjustment
costs, trade distortions and production networks.

Households optimize intertemporally, allocating consumption and labor supply while fac-
ing portfolio adjustment costs when holding foreign bonds. The production side follows a
nested CES structure, with goods classified by sector and origin, and firms producing using
labor and intermediate inputs. Prices are set in the producer’s currency (PCP) and are
subject to revenue-neutral tariffs. Monetary policy follows a Taylor rule (although we also
solve the model under alternative rules). Exchange rates are endogenous. There are also en-
dogenous deviations from Uncovered Interest Parity (UIP) arise due to portfolio adjustment

costs; as a country’s net debt increases, the effective interest rate it pays also rises.

3.1 Intertemporal problem.

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

0 1-0o 1+n

max E E 5t Cn’t - X Ln’t

Co v s BUSYo0 0 1—0 14
{ n,tyn,t, n,t}tZO t=0 77

subject to

PCCry+Tpy — Buy — EVY BT + EVPPUPY(BYY | PYY) <
Wn,th,t + Z Hm',t - (1 + in,t—l)Bn,t—l - gy(its(l + ig}f_l)Bgts_l

where Pgt is the price of the consumption bundle (C,, ;) at time ¢, 3 is the discount factor, o is
the intertemporal elasticity of substitution, y denotes labor disutility weight and 7 captures
the elasticity of labor. Sg % is the exchange rate between country n and the U.S. An increase
in &7 implies a depreciation of the local currency relative to the U.S. dollar. W, is the

wage in country n at time ¢, L, is the quantity of labor supplied in country n, i,, is the
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nominal interest rate in local currency bond, B, ;, and iyg; is the interest rate on the U.S.
bond, BYY, where these bonds are net foreign liabilities. The term ¢(BY7/PYF) represents
a stationarity-inducing portfolio adjustment cost that ensures a unique steady-state level of
real debt (i.e., debt denominated in USD, deflated by the U.S. consumer price level). Taxes
and transfers are denoted by 7},;. In our model, tariffs are revenue-neutral; since there is a
lump-sum rebate through 7, ;.

Maximizing the household’s lifetime utility subject to the present and future budget

constraints yields the following standard first-order conditions (see Appendix B.1):

Cn t+1 - Pnct . .
1 = BE; : (L +in.) | Vn € N,Vt (Euler Equation), (1)
Cn,t Pn,tJrl ’
T+t Enit 1
= = : UIP e N —1. 2
s =2 ey )

The domestic bond is in net zero supply everywhere, and all countries save or dissave using
U.S. bonds. In addition to the UIP condition, the rest of the arbitrage condition ensures that
a country’s bilateral exchange rates remain consistent with its exchange rates against the

U.S. Finally, for completeness of notation, we define a country’s exchange rate with itself.

Us

&
Emm,t:g—U’%‘v’n%m&m#USn,mEN (3)

gn,n,t =1VneN (4)

We have N x N exchange rates, and along with the UIP condition, these two conditions

uniquely determine the exchange rate.

3.2 Intratemporal problem.

We now turn to the household’s intratemporal problem. The first part of the intratemporal

problem is the standard labor-consumption tradeoff that determines labor supply:

Wit

= xL,,Cy, Vn e NVt (5)

n,t

where W, ; is the wage in country n at time ¢.
Determining the intratemporal breakdown of consumption involves a nested CES struc-

ture. Outputs from different countries are first bundled into a country-sector consumption
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bundle, which is then aggregated into a country good:

oC

h
c
gh 1 9;?71

Coe= | TEC, % . (6)

e

Here, the index (n,i) captures the sector level (i) bundles in country n. C,;; is country
n’s consumption of industry bundle 4, and T',,; is the weight of the bundle i. ¢ is the elas-
ticity that governs the substitution between different sectors in consumption (e.g., between
automobiles and food in consumption). This bundle is then a combination of all goods of i
procured by country n from countries m € N globally:

c
o7

c T
elz 1 Gfi—l

TL,Z,t § :Fn,l,ml n,z,mzt : (7)

meN

In this equation, we focus on country-sector varieties (mi) that form sectoral bundle (i) in
country n, which we index with (n,7,mi). I'; ;. is the weight of country m’s good in this
bundle (e.g., German automobiles —mi— in automobile bundle —i— for the U.S. consumers —
n). 9& is the elasticity of substitution between different country varieties in sector 7. Prices
and consumption levels of this object is indexed the same way. We can then express the

relevant price levels in line with the CES structure:

1

o 1-6¢
c _ § 1 0
Pn,t_ Fnl nzt h

LicJ

1

=
c )
Pn,i,t - E : Fn,z,mz n,mai t

LmeN

where Pct is the local currency consumption price of the aggregated good basket 7 in
country n at time ¢ (We use the superscript C' for denoting price bundles in the consumption
side). We assume that prices are set in the producer’s currency and then converted to the
consumer’s currency using the exchange rate under the producer currency pricing (PCP)

assumption:

Pn,mi,t = gn,m,t(l + Tn,mi,t)Pmi,t (8)

where &, .+ is the bilateral exchange rate, 7, is the tariff imposed by country n of
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country-sector m¢ and P, ,,;; is the price of mi good in country n.

Remark 1. Given the prices that end users see and the aggregation of consumer prices, tariffs
serve as a distortionary wedge, similar to a consumption tax or tax on labor income, in the

labor-consumption tradeoff given by equation (5).

To complete the specification of demand on the household side, we need to define the

relative demand conditions given the nested CES structure. Consumers choose:

P\ "
Cn,i,t = Fn,i ( ;g’,t> Cn,t (9)
n,t
Pn mi 79172.
Cn,mi,t = Pn,i,mi ( Pb 7t> Cn,i,t (10)
n,i,t

3.3 Production

Having defined the household’s side, we now turn to the production side of the economy.

Output in country n, sector ¢, at time ¢ follows a CES production function:

P

1/6% o 1/6° of ~1 | 01 .
Yni,t = Ani,t (O LnZt + (]_ — Oém) (Xm',t) oF Vn € N, Vi e J, (].].)

where Y,,;; is the output of sector 7 in country n, A,;, is the total factor productivity, or
governs the elasticity between the labor and intermediate bundle (X,,;;) and a,; is the labor
share.

All firms within a given country-sector combination are assumed to be identical, and each

firm solves the following marginal cost minimization problem:

MCpiy= min  WiLni;+ P Xoir st Y= 1.
{Xni g6 Lni,e ’
where P,f,f’t is the price of the intermediate bundle for country-sector ni (We use the super-
script X for denoting prices for all bundles in the production side).
As a firm faces this problem, it chooses labor and the quantities of the intermediate good
specific to the producing industry in the given country. This intermediate good bundle is
constructed as follows. Intermediate goods from different countries are first bundled into a

country-industry-good bundle. This bundle and the relevant relative demand condition are

13



defined below:

of,
91]*1 OZPJ 1
mv] t = E : an,j mj nz m] t (12)
meN
—oF.
Xt = O Pumt ) 1
nivmjvt - nivjvmj PX ni»jyt ( 3)
nt,j,t

Here, we index the sector bundle j for producer sector i in country n with (ni, j, t). PX i ls
the price index for this bundle, and X,; ;. is the quantity. This bundle is formed by country
varieties mj (e.g., Chinese steel —mj— in steel bundle —j— for the U.S. automobile industry
— ni), which we index for (ni,mj,t). Qi ;m; captures the share of industry mj in bundle
j for industry nz. 95]- governs the elasticity of substitution among different varieties within
sector j in production side. The prices and intermediate inputs follow the same subscripts.

Analogously, the intermediate bundle is constructed as follows:

X1 px N\

DIt ), [ Rt Vield 14

Xm',t 7 Pﬁt J ( )
0

mt - Zan] nz,]t <15)

jeJ

As we derive in detail in Appendix B.2, given the setup and definitions above, the firm’s

problem yields the following equilibrium conditions for the marginal cost MC,; ;:

Xm',t (1 - ani) Wt o
Lm’,t - O Pgt <16)
170£ 1—16P
1 1-6F
MCni,t = A_t athl—GP am (Z Qm J m,j t 1 65) (17)

Within each country-sector, there is an infinite continuum of identical firms. A repre-

sentative firm f in sector ¢ of country n solves the following problem under the Rotemberg

setup:
¥ - f f f Oni Pr{i T i
P/, = argmaxE, |y SDF,q |V (P! 1) (Pm.T — MCm,T) = 1) Vg P
Pl T—¢ ’ 7 7 2 \P ni, T—1
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and sets its price to PT{M taking into account the stochastic discount factor SDF; ;- and the

8 A bundler aggregates the sectoral output into a CES

bundle with elasticity of substitution 6% such that the demand function is Ymt(P,{”) =

Rotemberg adjustment cost, d,;.

—oR
f
(i:—::i) Yyt As we show in Appendix B.2.1, this problem yields the following equilibrium

condition:

0% (MC,, or
(Hni,t - 1) Hni,t - < !

—1
— — E; [(Iy 4401 — 1) I, 18
o (Pt - T ) B = Dllge] (19
Equation (18) constitutes a country- and sector-specific forward-looking New Keynesian

Phillips Curve, expressed in terms of nominal marginal cost deflated by the sector’s producer

price. As d,; — 0, prices become more flexible, leading to II,; = 1 and Mc"it = 9R , which
corresponds to the general pricing equation under monopolistic competition with steady

state markups.

3.4 Balance of Payments and NIIP

We track the evolution of each country’s net international investment position (NIIP) as

follows:
n,mj,t nmjt Us
>y Cumse )+ 32 357 (72 Ko )+ Eual1+ 2B
meN jeJ <1 L Myt meN ieJ jeJ 1+ Tn, mzt
+ Eay PISW(BYT PV =N PoiVoiy + E04BYy Wne N —1 (19)

eJ

where we account for the fact that tariffs are modeled as revenue-neutral by dividing relevant
prices by (1 + Tpmiz), since end-user prices reflect the impact of tariffs just as they do the
impact of exchange rates. The key point here is that, even tariff revenue is rebated back,
both producers and consumers still see the tariff-distorted price when making their optimal
consumption and production decisions.

Given market-clearing conditions and budget constraints, one country’s budget constraint
is redundant as an equilibrium condition. Thus, we omit that of the first country, which

corresponds to the U.S. in our model. However, we still need to ensure that the market for

8Two notes are in order. First, our Rotemberg adjustment costs are psychological; they do not affect
resource constraints or market clearing. Second, when calibrating the model, we discipline these Rotem-
berg adjustment costs to match the stickiness parameters that are calculated with Calvo price updating
frequencies.
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USD bonds is closed:

N-1

B/ =Y "BUS (20)

m

3.5 Definitions, Market Clearing, Policy and Equilibrium

We assume that all goods markets clear. Goods can be used as final (consumption) goods
and as intermediate inputs in all countries. Therefore, we write the goods market-clearing

condition for country-sector ni at time t as:

mt Z Cm ni,t + Z ZXm],mta (21>

neN meN jeJ

where country m is the consuming country and n is the producing country.
To close the model, we need to specify the market-clearing condition for labor, define
aggregate inflation, and specify policy. Policy in each country follows a standard Taylor

rule.

Ln,t = Z Lm’,t (22)

icJ
P,
M, = -~ VYneN (23)
Pn,tfl
1+ine = ()" Mt Wne N (24)

where Mn,t is a policy shock.

Definition 1. A non-linear competitive equilibrium for the model is a sequence of 11 en-
dogenous variables {Cnt7 Chi b C, mg,t Xni ;mjts Xm’,j ts Xni s Yoi b Ly b Ln,t; Moni,tu Bf{f}i’io
and 11 prices { Pi.¢, Pomis, PS,, PS,, PX P,

0o
n,tr * ni,t) L nit nz]tvﬂntannztagntvznta n,t}tzoglvenexogenous

processes {7y, Anis, My )32, such that equations (1)-(24) hold for all countries and time pe-

riods.

3.6 Steady State with Trade Imbalances in Linearized Model

We linearize the 24 equations above and define an approximated equilibrium in order to use

the method of undetermined coefficients and solve the model analytically.”

Definition 2. A linearized competitive equilibrium for the model is a sequence of 11 endoge-
nous Varlables {Cn ty an ty On ;mj,ts Xm,m],ta an gty Xm N Ym N2 Lm N3] Ln 2] Mcm N3] Bn t }t 0 and

9We denote the steady-state values with the bar notation.
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PP

n,j,t?

cesses {7y, Anig, My }32, such that equations (C.4)-(C.27) hold for all countries and time

periods.

11 prices {pm, jf’m’t, pPC . pr

~ ~ ~ 5 A 2 0o .
ni,tr L nits Pn,mi,ty Hn,ta Hm}t» gn,t; Zn,tu Wn,t}t:o glven €xogenous pro-

It is common to linearize open economy models around a steady state with net zero debt.
We take a different approach (e.g., Obstfeld and Rogoff, 1995) and allow for asymmetry
of the primitive parameters (i.e., home bias and imported intermediate input dependence)
across countries, which implies a certain level of debt and net exports at the steady state
that has to be consistent with these parameters. This level of steady state debt is then used
to parametrize the portfolio adjustment costs that discourage deviations from steady-state
levels of debt. In the quantitative section, we discipline the asymmetry of parameters and
the steady-state level of debt using the ICIO Table. Further details on this and a scalar
example can be found in Appendix D.

Solving the model analytically requires making some simplifying assumptions. The first
simplifying assumption involves adopting elastic labor in the spirit of Golosov and Lucas
(2007) preferences. That is we set x = 1 and 7 = 0, making labor infinitely elastic, which
simplifies the intratemporal labor-leisure choice to: Wn +— P O'Cn +- This simplification
allows us to focus on consumption in our five-equation Global New Keynesian Representation
and not track aggregate output. Of course since consumption is not equal to output in
an open economy, we also work out the case with a sixth equation using market clearing
conditions as we detail in Appendix D. Second simplifying assumption for analytical solution
is to assume (B /PY7) — 0. We assume there are no other shocks than tariffs. Finally,
we introduce generalized elasticities that directly link the lowest-level bundles to the highest-

level aggregates, such as:!!

Cnt = E E Fn,Tm'C’n,mi,t =0
meN ieJ

~

_ C ( ppr < C
Cn,mi,t - _01,1 (sz‘,t + gn,m,t + Toymit — Pm t>

0Portfolio adjustment costs serve as our stationarity-inducing device. In the non-linear quantitative
analysis their values are calibrated to match real life net foreign liability positions. In our analytical work,
even we assume that they are close to zero, along with a sufficiently high ¢, they still ensure that in the
long run, all variables return to steady-state levels in response to transitory shocks.

1T the first order, bundles presented in Sections 3.2 and 3.3 can be directly linked to the goods that
form them. We can write these relations as:

Fn,m?ﬁ = Fn,i Fn,i,mh

Qnims = (1 — i) Qi Qi jomy
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3.6.1 Vector and Matrix Notation

Given the number of countries and industries involved, we can utilize the matrix form to
write the equilibrium conditions. To that end, let us consider the linearized producer price

inflation equation:

0L . . . ) .
sz‘,t = 5_ o Wi + Z Z Qni,mj(quzj,t + En,m,t + Tn,mj,t) _P’r]zoi,t + 5Et7£i,t+1 (25)
m meN jeJ
N -~ 7
mni,t

This can be expressed in vector and matrix notation as follows:

= A | o W, +@-1)PF + LY &,
~— N N e . o =~
Nix1  NJIXNJ ANJIXN Nx1  NJxNJ NJx1 NJxN2N2x1
+ LY 4 |+ BB 20
! L (26)
NJxN2J N2Jx1 NJx1

where with some slight abuse of notation, we define the &, as the N2 x 1 vector of bilateral
exchange rates, the # as the N2J x 1 vector of tariff rates. In line with these vector
representations, we also use L to denote loadings (i.e., how the subscript variable loads
onto the superscript variable).!? These expressions compactly describe how vector variables
load onto a given equation and serve as partial derivatives. The matrix notation makes our
expressions compact, generalizable, and useful for computational work.

Thus, keeping in mind the labor-leisure tradeoff and using the fact that the price level

at time t is the past price level plus inflation, we can express producer prices in levels as:

Pr=[1+pI+AI-Q)]"

AN

ﬁ)t]il + A (a (RC + Uét) +L§ : ét + Lf . 7,\-15) + 6Et-ﬁ)ti1
|

W,
where W, is a stickiness-adjusted Leontief Inverse.

We can also express the CPI using these matrices. For analytical tractability, we define
the N.J x 1 dimensional CPI vector PX such that PS; , = PS, ,. With this, we can write the

m

21n particular, (Lgét)m' = ZmeN ZjeJ Qni,mjgn,m,t and (Lff't)m‘ = ZmEN Zje] Qnimg Tn,mit-
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CPI as:
PC=1.P’'+ LS &+ LE -7,

where T is an N x NJ matrix.'?
Finally, in the linearized model we define V,,, = (1414J7)BY7 and linearize this variable.
As we do so, we stack the balance of payments equations together with the market clearing

condition for U.S. bonds as we detail below.

3.6.2 Global New Keynesian Representation

With the vector and matrix notation established, the full set of linearized equilibrium con-
ditions in Appendix C can be written in vector form as an equilibrium that satisfies the
Blanchard-Kahn stability conditions. We use this representation both for interpretation and
to solve the model using the method of undetermined coefficients.’* This five-equation rep-
resentation is similar in spirit to the canonical three-equation New Keynesian model, if that

model were extended to a context with N open economies, including input-output linkages.

Definition 3. A linearized equilibrium comprises vector sequences {C’t, 13tP , 13t07 g Vt}f(f
for a given sequence of {7}7° and an initial condition for V;, such that equations (27)-(31)
hold:

NKIS+TR: o(E,Cyy — C)) = &(PF - PC)) —E/(PS, — PF) (27)
CPI: PC=TP' + LSE, + LEH, (28)
NKPC: P =w, [Rfj +A <a (155 + aé’t) +LPE, + Lfﬁ) + ﬁEtPfH} (29)
UIP+TR: & EE 4 — ®,&, = ®3(PC — PC)) (30)
BoP: BV =B,V + E,C, + B3P + &, + o7y (31)

where “TR” denotes that the Taylor rule has been substituted in, and L notation represents
loadings (i.e., how the subscript variable loads onto the superscript variable as a linear
combination of the entries of the vector variable, as detailed above), which also serve as
partial derivatives. In the first and fourth of these equilibrium conditions, the Taylor rule
is used to substitute out the nominal interest rate, where the diagonal matrix ® contains

the Taylor rule’s sensitivity to inflation in the respective countries. For example, in the

13Gimilar to the production case, (Lgé't)n = D omeN ZjeJ Fn,mjén,m,t and (L¢H), =
ZmEN ZjeJ Fn,mj%nmi»t'

UWe depict prices in levels (e.g., PF) rather than in first differences (e.g., 77) for two reasons in this
representation. First, since prices appear both in levels and in first differences doing so allows us to write an
equilibrium with 5 vector variables and 5 vector equations in a compact manner. Second, this representation
is convenient for the algebra work we do with the method of undetermined coefficients.
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Pr

two-country case, we have ® = . That is, we have 7, = ®(P — PC,) and the first

K
N — 1 rows of ®3(PC — PC,) load the vector form of interest rate differentials z, — V'S for

countries other than the first country in our system, the U.S.

The first of these equilibrium conditions is the Euler (New Keynesian IS, i.e., NKIS)
equation, which is defined in terms of aggregate consumer prices. Intuitively, the impact of
tariffs enters the demand side through how tariffs load onto consumer prices.

The second equation defines the consumer price index (CPI). As the CPI and the producer
price index (PPI) differ, with consumer prices being a weighted average of producer prices,
exchange rates, and tariffs under our producer currency pricing assumption. Here, L&
captures, in matrix form, how consumer prices of various goods are exposed to the exchange
rate. The scalar analogy would be (1 — ~y), where v5 € [0,1] represents the home bias
parameter for consumption. Similarly, LS captures the share of goods exposed to tariffs.

The third equation is the New Keynesian Phillips Curve for producer price inflation,
defined in levels for convenience in the analytical solution. The impact of the input-output
network is captured in the stickiness-adjusted Leontief inverse term W,. This term multi-
plies the diagonal matrix of stickiness parameters, A, and the matrix of nominal marginal
costs. Additionally, ¥, multiplies both the vector of lagged producer prices, 15,5 1, and the
discounted expectation of future producer prices, ﬁEtI%il. In this setup, the exchange rate
loads onto nominal marginal costs via the dependence of producers on imported intermediate
inputs, which is captured by LE. Similarly, tariffs have a direct impact, as they load onto
the share of goods exposed to tariffs, captured by L. If not for their additional impact
on consumer prices, tariffs 7 would be isomorphic to standard supply shocks in the New
Keynesian context.

The fourth equation combines the UIP condition, exchange rate arbitrage conditions,
and the definition of a country’s exchange rate with itself (i.e., nesting linearized versions of
equations (2), (3), and (4)). Here, the ® terms ensure that the ¢, terms for each country,
along with the arbitrage conditions, are correctly loaded in each row.

The fifth equation combines market clearing for debt with the N — 1 equations of motion
for net debt, capturing the balance of payments as a function of prices, which reflect the terms
of trade for each specific country-good variety, and the aggregate consumption vector.!> This
final equation describes how a country’s net external position evolves in response to changes
in good-specific terms of trade, as well as fluctuations in the interest rate and the balance

sheet effect of debt via exchange rates. As such, it nests all the intratemporal relative demand

15The first N — 1 rows contain linearized versions of equation (19), while the last row captures the bond
market clearing condition given by equation (20). In Appendix D, we derive this equation of motion.
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conditions and pricing equations. Through this equation, debt responds to automatic debt
dynamics and adjustments in exports following changes in the terms of trade.

This five-equation general representation can nest a broad class of open-economy New
Keynesian models. For example, models with a bundle of intermediate inputs and a final
good correspond to the case where 2 involves J = 2, and one of the columns of € is a
column of zeros. This representation is general for N-country New Keynesian models (e.g.,
Clarida et al., 2002). However, by collapsing the number of countries to one and making
the real rate exogenous, it reduces to a small open economy model reminiscent of Gali and
Monacelli (2005).

4 Tariffs in the Long Run Under Flexible Prices

The impact of tariffs on our main variables of interest, exchange rate, inflation, output,
output gap, trade balance and consumption, are complex and dependent on the primitive
parameters. In this section, we start with the flexible-price version of the model to estab-
lish intuition. In order to do so, we will focus on a two-country setup (N = 2) with an
arbitrary number of industries, J. As we detail in Appendix E, our Global New Keynesian

Representation yields the following equilibrium under flexible prices:

Definition 4. A linearized equilibrium comprises vector sequences {Aét, nl ¢, AE,, AV}};’S’

for a given sequence of {A7;}7° and an initial condition for AV such that equations (32)-(36)
hold:

o AC, = ®7C — E,mC (32)
7’ =Tnl + LEAE + LEAT (33)
T (a (ﬂf + oAC’t> + LEAE + LfA%t) (34)
EtA(ét+1 = égﬂ'tc (35)
BAV, = AV,_y + BoAC, + gl + Z4AE, + Z:A%, (36)

In order to understand the long-run impact of tariffs under flexible prices we consider a
permanent increase in tariffs, which implies that A7 ; = 0 V5 > 0. Using this, with the

method of undetermined coefficients we find: 6

16We verify these solutions with the quantitative model and ensure that the solution to the method of
undetermined coefficients satisfies Blanchard-Kahn stability conditions. The first order approximation is
around a given steady state, whereas a permanent shock will lead to the system settling at a different steady
state. The first order solution based on an approximation around the initial steady state may not be valid
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Proposition 1. The first period impact of a permanent increase in tariffs under flexible

prices on the endogenous variables is as follows:

OAE, Af — (B2 + 0E3¥a) (TPao) ' (TWLY + LY) — (B3 ¥LE + =5)
AT, " (2, + 0E3¥a) (T®ac) " (TWLE + LY) — (Es@LE + =)
IAC,

OAT;
N——
Nx1

o _ g [aaAC’ + LPAE +LP]
N TTEm L
~——
NJx1

ont _ OAV,
AT, 7 OAR
N——"
Nx1

AC, = — TTao)™! ( (TWLE + LE) AE, + TWLE + LS)

Proof. See Appendix E. m

Corollary 1. Under flexible prices, a permanent shock has zero impact on consumer price

inflation.

This is because prices are flexible and the policy rule only targets inflation. As a result,
in response to a permanent shock, the entire adjustment is done by variables other than
inflation. Notably, producer price inflation is not zero as relative prices have to adjust.

Similarly the exchange rate and consumption respond to tariffs.

Corollary 2. Under flexible prices, a permanent shock does not change the net debt/asset
position of either country denominated in the U.S. Dollar, which is the currency in which

both countries save.

This follows from the fact that g%‘;ftt = 0. Under flexible prices, a permanent shock does
not change the trade balance of either country expressed in U.S. Dollars. Note that the
balance of payments can be summarized as follows from the perspective of the first country,

US, whose local currency debt is used to facilitate global savings:
V=8 — g1 - ﬁ)ﬁt + i

Since Zm = (ﬁwﬂg’t and since ‘A/t = Wgt = 0 Vn,t, we necessarily have that the USD

value of net exports do not change. That is NX ¢ = 0 Vt. This is in line with the exact

when considering a permanent change that delivers the system to a new steady state. We confirm with our
non-linear solution detailed in Section 8 that the first-order analytical solution here is numerically the same

as the non-linear solution.
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local neutrality result of Costinot and Werning (2025) and with the finding of Itskhoki and
Mukhin (2025) that the long-run trade balance is determined by the financial position of a
country.!” Note that this does not rule out changes in quantities; trade balance in terms
of quantities or expressed as a share of GDP can change, while the U.S. dollar value of net
exports will remain constant. The intuition here is that in the presence of a permanent
shock and flexible prices, the tariffs do not present an intertemporal tradeoff. In line with
the permanent income hypothesis, the entire adjustment is done in quantities, while debt is

not utilized. As a corollary, then, the USD value of net exports does not change.

Remark 2. The impact on consumption is dependent on the response of the exchange rate
to tariffs.

This follows from the first equation in Proposition 1, where we see that the impact of
tariffs on consumption depend on AE,. If the weighted sum of the entries for the first
country in ((I"Ing + Lf) A&, +TWLF + Lf) were to be negative (i.e., appreciation and
the terms of trade gain combined make it easier for home country to afford goods) and

sufficiently large in magnitude then home country consumption could increase.

4.1 Scalar Example with One Industry (N =2 & J =1)

Let us now consider the scalar case for additional intuition. In order to do so, we set J =1

and assume away self use by each industry. Then the matrices at hand will look as follows,

when expressed in terms of the primitives:!®

0 Qg 1 —-Qp 0 1= 7w ]
Q= , = , I'=
QF 0 0 1—QF YF 1_7F_
— YH ’YHLTC Qy QHL—I:_
L RO 7 T T et IR 7 sl IR ) B
—YF YrL7 —Qp Qrl; i

where L¢ and LY are dummy variables that take on the value 0 or 1, indicating whether a
given country imposes tariffs on the other one. We use subscripts H and F' to refer countries
in the two country case.

The first case to consider involves symmetry in parameters and symmetric retaliatory

tariffs by both sides. Given symmetry we drop subscripts such that Qy = QpF = Q and

1"Ttskhoki and Mukhin (2025) emphasize the gross position of the tariff-imposing country. While our
modeling framework allows for countries to accumulate debt or assets in more than one currency, in our
analytical and quantitative work we restrict countries to net saving/dissaving in the dollar.

18To make the notation easier to follow in the scalar case we simplify subscripts such that vy r becomes
vu and Qg r becomes Q.
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YH =TF =7

Corollary 3. Under symmetric parameters and retaliation, the impact of tariffs on con-

sumption and the exchange rate is:

A A 1 : Q
0 CH,t_(? CF,t___ 7(1+A57_)_|__ <0

aATt N aATt N g 1-Q
ONE, R
OANT, A& =0

When parameters are symmetric and tariffs involve symmetric retaliation, the exchange
rate response is zero. This, in turn, implies that a contraction in consumption by both
countries is guaranteed. Import dependence both on the consumption side and production
side sharpen this decline in consumption.

Next we consider the case where parameters are asymmetric across the two countries but

there is no retaliaton; tariffs are only placed by H on F.

Corollary 4. Under asymmetric parameters and no retaliation, the impact of tariffs on

consumption 1s:

Cur (1 —m) + ) (AE (L +vp — vr) + 1 — var)

oy o(1—2yy)(1 —Qp)

With the home bias assumption under which v and vz are less than 1/2 and given
boundary €2 < 1 we can sign this expression. For tariffs to expand consumption a sufficiently

large appreciation of the home country’s currency is needed:

“AE > 1 — o

L+ —vu
Two observations are noteworthy here. The first is that the rest of the world’s parameters
matter beyond picking export and import elasticities, when considering tariffs by the home
country on the foreign country. This is in contrast with the small open economy approach.
Secondly, the solution for the exchange rate turns into a complex object as soon as one leaves
the case of symmetry combined with symmetric retaliation. In Appendix E, we show that

the solution for the exchange rate is as follows under the symmetry assumption:

/

Impact via LE>0 Impact via LE>0
) [0+ 291 = 29) + 21 = 2922+ 10(1 - 29) + 291+ Q1+ ) + 2%6)7 |
AE, =
[92(1 —29%) +49% + 967} + 20 [7(1 —20) + Q1+ 27 + Q’y)] - [0472 +Q(1+ 472)}
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This implies that the impact of consumption and production tariffs have the same sign
on the exchange rate and that the overall sign of the exchange rate is determined by the
denominator. As we show in Appendix E, this implies that there is a range for the parameters
0, ) and ~ that result in depreciation. This particular result is dependent on the simplifying
assumption of portfolio adjustment costs being set to zero. That is when the net external
debt position of a country is allowed to follow a random walk, and when 6, 2 and ~ are
sufficiently low clearing the balance of payments can require depreciation. Assuming ¢ > 0,
however, rules out this range of outcomes.

As is evident in the expressions above, while the solution is linear in the state variables
it is not linear in the parameters. Since the solved out terms can involve mathematically
long expressions, below we visualize how the solution changes in response to changes in
the primitives at hand: 6, Qg, Qp, vy and vp. That is we initialize these parameters
respectively at 6 = 0.6 and Qy = Qp = 7y = vr = 0.1 and look at changes in home country’s
macroeconomic variables of interest in the period of impact for a 10% tariff imposed by the
home country on the foreign country, as one varies one parameter at a time. Each primitive’s
contribution comes from comparing the baseline results to the case when that primitives is
set to 0.

Figure 1 visualizes how the first period impact of 10% tariffs by the home country changes
as the primitive parameters are changed. Specifically, to calculate contributions, we set each
primitive of interest to 0 and recompute the outcome variables in that case. Throughout the
paper we plot contribution figures like this one; these can be thought of as numerical second
derivatives, capturing what happens to the impact of tariffs on variables of interest (the first
derivative) as one varies the primitive parameters. In Section A, we plot bivariate plots that
show these impacts are monotonic and that is why, we interpret these as contributions.

In Figure 1, we see that consumption is declining in both v and g, while they are
increasing in the foreign country’s parameters. The exchange rate appreciates in response
to tariffs. This appreciation is stronger as one lowers the home bias in consumption and
production for the home country. The intuition here is that as once increases Qg and g,
H becomes a larger buyer of goods produced by F and thus one has a larger change in the
relative demand for F’s goods, which in turn leads to a larger appreciation. This appreciation
is not large enough to flip the sign of consumption into positive territory. Output is mostly
responsive to the elasticity of substitution which allows both production and consumption

to respond to prices in both countries.'® Output is declining v4 and ~yg, while it is not

19 Additionally, while output is solved out from the five-equation representation, we can compute it based
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significantly responsive to foreign country parameters.

Figure 1. Contribution of Primitives to Macro Aggregates Under Flexible Prices
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NoOTE: Figure visualizes how the first period impact of 10% tariffs by the home country changes as the
primitive parameters are changed. Each primitive’s contribution is calculated by re-running the model with
that primitive set to 0 one at a time and comparing the results to the baseline case. Throughout the
paper we plot contribution figures like this one; these can be thought of as numerical second derivatives,
capturing what happens to the impact of tariffs on variables of interest (the first derivative) as one varies the
primitive parameters. In Section A, we plot bivariate plots that show these impacts are monotonic and that
is why, we interpret these as contributions. Hatching emphasizes the foreign country’s parameters and the
non-linear interaction terms that involve the foreign country’s parameters. Net exports are measured as a
share of steady-state Nominal GDP to make its interpretation more intuitive. We initialize these parameters
respectively at 6 = 0.6 and Qg = Qr = vy = yr = 0.1. The AR(1) persistence of the tariff shock is set at
p” = 0.5. This figure is consistent with our analytical work and simulations in Dynare.

5 Tariffs in the Short Run Under Sticky Prices

Having reviewed the impact of the first three of the five primitive factors, we now turn to the
impact of the remaining two. That is, in this section, we add nominal rigidity in the form
of sticky prices and policy. These additions change the impact of the first three primitives
as well. To provide notational ease, in the N =2 & J = 1 case the primitives we are adding

correspond to the following matrices and scalar objects:

A 0 H 0
A — H ’¢ _ ¢7r (37)
0 Ap 0 of

on the solution of other variables. Thus, output as a variable of interest is included in Figure A.5.
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To see these first, in Section 5.1 we start with the special case when there is a real rate
rule that fixes consumption in all countries of interest. Next, in Section 5.2, we develop the
case when policy fixes nominal demand, and the pressure from tariffs is shared equally by
the the aggregate price level and aggregate consumption within each country. Finally in
Section 5.3, we provide an analytical solution to our model with the standard Taylor Rule.

In line with our two main research questions, our goal is twofold. First, we consider these
cases to see what happens to macroeconomic aggregates in response to tariffs if monetary
policy targets quantities (e.g., consumption), or prices (e.g., inflation targeting), or a mix of
both (e.g., fixing nominal demand). Second, we explore how network propagation changes
under different policy regimes. To capture propagation, we develop New Keynesian Open
Economy Leontief Inverse matrices for the last two cases, which allows us to go from scalar
variables to the matrix scale, where the primitive parameters form non-linear interactions
and cross-sectoral heterogeneity can amplify or mute impacts. Throughout this section our
approach involves solving for inflation using the method of undetermined coefficients, and
having solved prices we then analyze quantities as well. In the network setup, the NKPC
equation contains both the lag and the expectation of sectoral prices. This leads to fixed point
problems that are analytically hard to solve. To arrive at analytical expressions throughout
the section we make simplifying assumptions, which allow us to solve parts of the model
by forwarding one equation at a time, and verify everything numerically. In the solutions
derived in this section, we assume portfolio adjustment costs are strictly positive to ensure
all real variables return to the initial steady state while still being numerically close enough
to zero to be simplified away.

We find that network propagation is different under different policy regimes. Under a real
rate rule that stabilizes consumption, tariffs lead to depreciation via expenditure switching
and home and foreign monetary policies in the UIP equation. This is in marked contrast
with the case when policy fixes nominal demand; this renders inflation in each sector and
each country weakly positive, as tariffs act as a marginal cost shock and a marginal cost
shock in one part of the network propagates as a marginal cost shock in all parts of the
network. Finally, under a standard Taylor rule we find propagation is more flexible and

inflation need not be strictly positive in all sectors and countries.

5.1 Macroeconomic Outcomes Under a Real Rate Rule

Let us now assume that the policy rule in each country follows a real rate rule:

s o C
Int = ¢7rEt7Tn,t+1
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where ¢, — 1. Here, we will show the results for two country case, namely H and F.
Having a constant real rate rule with a temporary shock, sets the path of consumption at
zero (C; = 0), which in turn implies a constant real exchange rate. This in turn implies that
the exchange rate is & = Pgt — pgt =[1-1]PC.

——

=Z
Since we solve the model in vector notation in Appendix F, in this section, we focus on

the case with N = 2 and J = 1 for intuition.

Proposition 2. When N = 2 and J = 1, under a real rate rule in both countries that
perfectly stabilizes consumption, the solution to the system following a tariff by the home

country on the foreign country, which follows an AR(1) process of 7, = p'T_1 + €] is as

follows:
. ~ 1-— 1-Q
PII;,t = P}I;t—l +[1— /BPT]_lAH (PYH [1 gl )] LS + Qg Lf) T
—YF —7YH
» » T1— YH 1- QF YF + QF ~
Pﬁtzpﬁt—l—[l—ﬁp]lAF< [(1 ) ]LS)Tt
—YF —7VH
s > 1 —yr)vH .
PC — PP + ( LST
Hit Hit 1 — Yr — YH t
pe _pp __ OFUH  ros
Fit Bt T ] g — g T t
& = pr _pr 4 TH LTC%
t Hyit Fe T ”Y—F — vy t
Proof. See Appendix F. n

Corollary 5. From the tariff-imposing home country’s perspective inflation on impact will

be:

opP¢ _ 1—vp(1—0 1— _
#: [1_5PT] lAHIVH[ _'7F<_ H)]+ (_ IVF_)’YH L$+[1_BPT] lAHQHqu—D
07y 1=y —u 1—9r =

. oPg, . . " .
Remark 3. When vy < %WF < %, the sign of BZ” is unambigously positive since by con-

struction Qg < 1 and QF < 1. Since the policy stabilizes consumption, the unambiguously

inflationary impact of tariff points to a stagflationary impact.
When expressed in terms of first differences:

Y [1—vr(1 — Q)
1 =9 —vH

]_ _
mG.=11—Bp ] Ay ( LS + Qy Lf) 7 +1(ﬂLfMt

—YF — VH

P
TH,¢
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Remark 4. The term [1 — BpT]_l is increasing in p”. At the limit as p” — 1, this term grows
very large when [ is close to 1. This indicates that there is a permanent and high inflationary

cost to permanent tariffs when policy does consumption stabilization.?°

Corollary 6. The impact of tariffs on the exchange rate is depreciationary under a real rate
rule.
0¢, _0Pg, OPF, 0P, OPf, Y

=t = - - + LS >0
37% aft 87A't 87% 8ﬂ 1-— YE — VYH T

This result hinges on the fact that tariffs reduce demand for foreign goods and increase
demands for home goods. This creates inflation at home and deflation abroad. When the
real exchange rate is fixed because both countries follow a real rate rule, as a result the
nominal exchange rate which follows the difference in the two price indices will move in a
positive direction.

As in the previous section, using this analytical solution, we can visualize the contribu-
tion of primitives to macreconomic aggregates in Figure 2.2* This version of the model shows
that the impact of all five primitives can change in the short run once rigidity and policy
is introduced. Now the exchange rate depreciates and the rate of depreciation is increasing
(leading to further depreciation) in Q5 and ~y. The real rate rule fixes consumption and the
real exchange rate so the foreign country’s parameters matter less for inflation and consump-
tion; however, they do matter for output, exchange rate and net exports. All the primitives
provide positive impulse to the variables of interest, excluding non-linear interactions. Re-
lying more on the foreign country on the consumption (vyg) or prouction side () implies
that the policy that stabilizes consumption involves stimulating demand in an inflationary
and depreciationary manner to make up for lost consumption and production.?? We see
the expenditure switching channel at play. At the cost of inflation and depreciation, the
tariff-imposing home country can achieve an increase in output that stabilizes consumption,
increases output and improves the trade balance. It is noteworthy that in this theoretical
simulation, inflation in the home country is 40.1% since both countries are trying to stabi-
lize consumption at pre-tariff steady-state levels.?® This highlights the difficulty of reaching
pre-tariff levels of consumption once tariffs are in place.

Two primitives are added here relative to the earlier sections: stickiness and policy.

20Note that this is in addition to the one-time increase in inflation that comes from the A7 term.

21 Additionally we visualize the parameter sensitivity of the impact of tariffs in Figure A.6.

22This channel is similar to Bianchi and Coulibaly (2025) and Monacelli (2025).

23We verify this magnitude with both the theoretical solution and the quantitative model. As expected
from theory, this particular magnitude is sensitive to the slope of the NKPC captured by Ag, which is set
in line with the annual price updating frequency established by Nakamura and Steinsson (2008).
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Figure 2 demonstrates that increasing price flexibility positively contributes to depreciation
and inflation. The intuition at hand is that a higher A corresponds to a more vertical
supply curve (steeper Phillips curve); as a corollary the depreciation and inflation that is
necessary to achieve consumption stabilization increases. The policy primitive at hand fixes

consumption and thereby has a significant impact on other variables.?*

Figure 2. Contribution of Primitives to Macro Aggregates Under Real Rate Rule
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NoOTE: Figure visualizes how the first period impact of 10% tariffs by the home country changes as the
primitive parameters are changed. Each primitive’s contribution is calculated by re-running the model with
that primitive set to 0 one at a time and comparing the results to the baseline case. Throughout the
paper we plot contribution figures like this one; these can be thought of as numerical second derivatives,
capturing what happens to the impact of tariffs on variables of interest (the first derivative) as one varies the
primitive parameters. In Section A, we plot bivariate plots that show these impacts are monotonic and that
is why, we interpret these as contributions. Hatching emphasizes the foreign country’s parameters and the
non-linear interaction terms that involve the foreign country’s parameters. Net exports are measured as a
share of steady-state Nominal GDP to make its interpretation more intuitive. We initialize these parameters
respectively at § = 0.6 and Qg = Qp = vy = 7 = 0.1. The AR(1) persistence of the tariff shock is set at

™ = 0.5. The real rate rule (%n,t = ngﬂEﬂri ++1) represents a knife-edge case for determinacy. To ensure it
holds, in this visualization we approach ¢, — 1 from the right and numerically remain above 1 by a small
amount. This numerical departure from ¢, = 1 is why C'H,t is not exactly zero and Qp is present in the

decomposition for 7'('?[7t in this figure, whereas it does not appear in the analytical solution.

5.2 Macroeconomic Outcomes Under Fixed Nominal Demand

In this subsection, we replace the Taylor rule with the equation: Pt + C’t = Mt which

fixes nominal domestic demand. Additionally we set ¢ = 1 and we obtain Wnt = Mnyt =

24Gince the primitive does not involve ¢ in this case, ¢ terms does not contribute to macro aggregates.
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ant + CA'M. This approach is similar to menu cost models such as Golosov and Lucas (2007);
Caratelli and Halperin (2023) and can be microfounded using a cash-in-advance constraint.?
The economic interpretation is that with an exogenous Mn,t, policy sets the overall aggregate
domestic demand stance, similar to earlier generations of models such as Salter-Swan (Swan,
1963; Salter, 1959). In a closed-economy setting, the policy rule would be analogous to

nominal GDP targeting.?

5.2.1 Analytical Solution for Arbitrary N and Arbitrary J

In Appendix G we show that, under the assumption that tariff shocks and policy shocks
are one-time shocks and that portfolio adjustment costs are strictly positive but numerically
small, fixing nominal demand yields (i) a purely monetary exchange-rate equation and (ii) a
forward-looking NKPC that embeds the production network. That is, fixing nominal demand
renders the exchange purely a function of the differing monetary stances of country pairs
(é'n,mjt = Mn,t — Mmt) Additionally, we have W, = W,. Plugging these into the NKPC

equation expressed in (29):%

—~—

Propagation Impact of Policy impact Tariff incidence Forward-looking
lagged prices via Wages and ER behavior

pPr= 1w, [ PP, +A< (I-Q) M+ LI# >+ﬁ E.P[, ](38)
—~— N—— N—— N——

Nominal domestic demand policy affects producer price inflation through two channels:
first, via the demand channel, and second, via the exchange rate channel. Since the labor-
leisure tradeoff simplifies to W,— P, = C, under the given parametrization, and since nominal
wages depend on ]\th, stimulative demand policy increases labor supply. Through the ex-
change rate channel, stimulating domestic demand beyond its steady-state level results in
depreciation, which raises firms” marginal costs by increasing the price of imported interme-
diate inputs.

Applying the method of undetermined coefficients to (38) we arrive at Proposition 3.

Proposition 3. With future shocks set to zero such that (i.e., Ty ; = Mtﬂ- = ]\th’;j =0Vy >

25This approach can also be microfounded by incorporating money in the utility function.

26 As the Directed Acyclic Graph QDAG representation in Figure G.1 illustrates how wages and the nominal
exchange rate can be solved when M is fixed. Using M, we first solve the nominal exchange rate, then derive
the price and inflation vectors, which in turn determine all quantities.

2"n this formulation, conveniently, aWT = aMT and the direct exchange rate effect can be written as:
LEE, = (I — Q — a) M. Combining these terms gives us the term (I — Q) in front of M;. See Section G
in the Appendix for details.
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0) the solution for producer price inflation is:
nl = WVKOPA (T — Q) M, + OYKOEALL 7, + (WYEOP _ PP, (39)

where WYKOE s the NKOE Leontief inverse in this context. It transforms the stickiness-
adjusted Leontief inverse by diagonalizing it and solving a quadratic equation to determine

the matriz in front of the lagged vector PE | and is solely a function of W,.?
Proof. See Appendix G. n

Corollary 7. The impact of a one-time uniform tariff on the producer price inflation vector

under price stickiness 1is:

o/ _  pNKOE A aFr (40)
- A
or N , ~—~ ~—~
NKOE Leontief Stickiness Tariff
incidence

where QF is a NJ x 1 vector whose elements are the row sum of the foreign elements of §2.

We also provide a version of this corollary in Appendix Section G with a dependence on
country-sector specific tariff, 7, ;. We can compare Equation 40 with the impact under

flexible prices:

aﬂ_P,fle:r B
—t = (I-Q) QF (41)
0Ty — ~—

W—Leontief inverse  Lariff incidence

Two points are noteworthy here. First, since aggregate nominal demand—and consequently
the exchange rate—is determined by policy, tariffs have no impact through the nominal
exchange rate in this setup. However, the real exchange rate and the terms of trade do depend
on tariffs. Second, compared to the flexible-price expression (41) under price stickiness, it is

the propagation mechanism that changes.

Remark 5. Equation (40) captures the core intuition: in DGE, network propagation (WYKOEA)
can amplify or mute the impact of tariffs in a given sector beyond what is implied by the

raw sectoral shares. These matrices in turn comprise the primitives, €2 and A.

With the solution for NKPC in place, we can write the solution for CPI inflation is as

follows:

28Gee Section G in the Appendix for the full formulation
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Corollary 8. With future shocks set to zero such that (i.e., Ti4; = Mt+]~ = Mt*ﬂ- =0Vj>0)

the solution for consumer price inflation is*:

7 = | T WKOPA I-Q + (-0 M,
— —— ———
NKPC via Wages and via ER for consumers
propagation  wviq ER for producers
+ | T OYEOEA L+ L¢ 7
N—_—— ~—~ ~—~
NKPC Tariff incidence  Tariff incidence
propagation for Producers for consumers
NKOFE H P
+T (¥ —1) PP, (42)

Impact of;lrgged prices
Proof. See Appendix G n

As seen above in Equation (42), policy and tariffs affect consumer price inflation through
two channels: first, via producer prices, and second, through the exchange rate and tariffs
that convert a producer price into a consumer price. A helpful interpretation of the expression
above is that the terms labeled “NKPC Propagation” illustrate how the production network
propagates shocks in a forward-looking setup, whereas the other terms represent the first-
order impacts. For example, when a 7,% tariff is imposed, these terms capture what share
of the consumption basket is affected, considering both its indirect effect through producers’

input baskets and its direct effect on consumers’ consumption baskets.

Proposition 4. The impact of a one-time tariff (1, > 0) on consumer price inflation is

C
always weakly positive under fized nominal demand. That is, let 9% be an NJ x 1 vector
Y Y ot
such that agf > 0.

Proof. We can derive the necessary derivative from (42) as follows:

o’

= LY + TORKOFA LT (43)
87}

In this context, LY = QF and LS = T'F correspond to the row sums of the foreign elements
in intermediate inputs and final consumption, respectively. All matrices on the right-hand
side of Equation (43) contain weakly positive entries. As a result, % > 0.

This is the case because A has weakly positive entries by construction and WYXOF is a

sign-preserving transformation of the stickiness-adjusted Leontief inverse, ¥, and matrices

29Here, like M, we also repeat T’ matrix appropriately to make it NJ x N.J matrix.
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like the standard Leontief inverse will have weakly positive entries since one can express this
matrix as a Neumann series with an infinite sum of matrices with nonnegative entries. By

definition, % also retains nonnegative entries. The product of a matrix and a vector with
onf
87’15

weakly positive. O]

non-negative entries is another vector with nonnegative entries. Thus, every entry of is

Proposition 4 demonstrates that tariffs imposed by any country is inflationary for all
countries in a setup where nominal demand is fixed. This is the case because with the
nominal exchange rate and wages fixed by policy, the distortion from tariffs in one country
propagates as an added increase in the cost of goods made in another country. The conclusion
of this proposition also extends to producer prices; an increase that serves as a marginal cost
shock in one place translates to weakly increase prices in every country-industry combination.

Under flexible prices (efficient allocation) with a fixed nominal demand rule, the impact
of one-time tariffs on consumer prices can be calculated with replacing the NKOE Leontief
inverse with the regular Leontief inverse in Equation 43. The difference corresponds to the

allocative efficiency in the New Keynesian setting.

5.2.2 Scalar Example with One Industry (N =2 & J =1)

In Figure 3, we plot the linear contribution of the primitives, in the N = 2 and J =1 case.
Above we have analytically solved for exchange rate and prices, showing that the former
is fixed and the latter will be weakly positive. This figure demonstrates that vy and Qg
positively contribute to inflation and net exports, while they negatively contribute to output
and consumption. Elasticity of substitution 6 contributes positively to production and net
exports; however, it does not directly contribute to other variables meaningfully. Home
country’s price stickiness parameter Ay indicates that higher flexibility of prices contributes
positively to inflation and negatively to output and consumption.

When studying the impact of tariffs in this setting, monetary policy stance is fixed. That
is Pgt + CA’H,t = ]\th = 0. This explains why and how CA’H,t is the inverse image of Pgt
Once one solves prices, that then allows one to solve for consumption. With prices and
consumption solved, production quantities (and net exports) adjust to make markets clear
across the two countries. In that response a higher elasticity of substitution allows home
country’s production (and net exports) to respond more strongly.

It is worth remarking on the impact on net exports. What explains the fact that the
trade balance moves into positive territory, whereas in Section 4 remained at steady state

levels?

Remark 6. First, in this section we study transitory shocks. Second, whereas the earlier setup
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involved flexible prices, in this Section the model has nominal rigidity. The fact that tariff
rates in place today and will decline in the future lead households to smooth consumption
across time. This allows the trade balance to deviate from steady-state levels for a period of

time in response to a transitory tariff shock.

Figure 3. Contribution of Primitives to Macro Aggregates Under Fixed Nominal Demand
(p"=05)
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NoOTE: Figure visualizes how the first period impact of 10% tariffs by the home country changes as the
primitive parameters are changed. Each primitive’s contribution is calculated by re-running the model with
that primitive set to 0 one at a time and comparing the results to the baseline case. Throughout the
paper we plot contribution figures like this one; these can be thought of as numerical second derivatives,
capturing what happens to the impact of tariffs on variables of interest (the first derivative) as one varies the
primitive parameters. In Section A, we plot bivariate plots that show these impacts are monotonic and that
is why we interpret these as contributions. Hatching emphasizes the foreign country’s parameters and the
non-linear interaction terms that involve the foreign country’s parameters. Net exports are measured as a
share of steady-state Nominal GDP to make its interpretation more intuitive. We initialize these parameters
respectively at § = 0.6 and Qg = Qp = vy = v = 0.1. The AR(1) persistence of the tariff shock is set at

p” = 0.5. This figure is consistent with our analytical work and simulations in Dynare.

5.3 Macroeconomic Outcomes Under a Taylor Rule

In this section we consider the case, whereby the central bank follows a Taylor rule as in our
baseline model in Section 3. Here we shall diverge from the flow of earlier sections, whereby
the N =2 & J = 1 example follows the analytical solution at matrix scale. Instead, we will
start with the the N =2 & J = 1 to motivate the analytical work.
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5.3.1 Scalar Example with One Industry (N =2 & J =1)

In Figure 4, we plot the linear contribution of the primitives, in the N = 2 and J = 1
case. The figure below demonstrates that v5 and €y positively contribute to inflation and
net exports, while they negatively contribute to output, consumption and exchange rate
(i.e., creating appreciationary pressure). Elasticity of substitution € contributes positively
to production and net exports, while it does not to contribute to other variables meaningfully

once again.

Figure 4. Contribution of Primitives to Macro Aggregates Under a Taylor Rule
(p"=05)
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NoOTE: Figure visualizes how the first period impact of 10% tariffs by the home country changes as the
primitive parameters are changed. Each primitive’s contribution is calculated by re-running the model with
that primitive set to 0 one at a time and comparing the results to the baseline case. Throughout the
paper we plot contribution figures like this one; these can be thought of as numerical second derivatives,
capturing what happens to the impact of tariffs on variables of interest (the first derivative) as one varies the
primitive parameters. In Section A, we plot bivariate plots that show these impacts are monotonic and that
is why, we interpret these as contributions. Hatching emphasizes the foreign country’s parameters and the
non-linear interaction terms that involve the foreign country’s parameters. Net exports are measured as a
share of steady-state Nominal GDP to make its interpretation more intuitive. We initialize these parameters
respectively at § = 0.6 and Qg = Qr = vy = yr = 0.1. The AR(1) persistence of the tariff shock is set at
p” = 0.5. This figure is consistent with our analytical work and simulations in Dynare.

Policy and stickiness play a different role in Figure 4. A higher central bank sensitivity
to inflation (i.e., higher ¢, tends to put downward pressure on inflation and it creates ap-
preciationary pressure for the exchange rate in response to tariffs. The latter follows from
the UIP condition and the policy rule. In the figure, there are large residuals that come

from non-linear interactions in the model. The sign and the size of the non-linear interaction
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terms indicate that in dynamic general equilibrium, once one fully endogenizes monetary pol-
icy and makes it reactive to inflation, as opposed to the earlier two cases where it targeted
consumption and nominal demand, linear contributions’ importance decline. A setup with
input-output linkages, where all five variables of interest can move requires one to develop a
solution that can decompose propagation into channels with matrices that incorporate the

primitives.

5.3.2 Analytical Solution for N =2 and Arbitrary J When ¢, ~ 1

We now assume that N = 2 and policy follows a Taylor rule, given by ¢, = P as specified
in the baseline modeling framework. We solve for wages and the nominal exchange rate in
the general expression in Equation (29).

As derived in Appendix H, forwarding the Euler equation yields the following expression

for consumption when shocks are transitory and ¢, is close to 1:
c
- P (44)

When the steady-state level of debt is made globally stable through portfolio adjustment
costs, the shock at hand is transitory, and as long as standard determinacy conditions are
met (e.g., ¢r > 1), it is guaranteed that lim; ., C, = C = 0 and Equation (44) serves as a
valid approximation that we verify with the quantitative model.?°

Similarly, forwarding the UIP condition yields & = E + ¢7rp1§¢_1 - gbjrf’gt_l where
lim; e & = E as we show in Appendix H. With our simplifying assumptions, we set E=0
and use the following expression to substitute out the exchange rate from the equilibrium

conditions:3!

& = [1 —1} BPC, (45)

Setting labor elasticity to v = 0, as we did earlier in this section, the labor-leisure
condition once again yields: W, = P¢ + ¢C, = (I — ®)P¢ — ®PC . Plugging these into
Equation (29), grouping terms, and rearranging, we obtain:

Pl =v,

Pl +A ((Lé +Lg)®PZ, + [Lo(I— @)LY + L] n) +OELPY, | (46)

30The intuition behind this expression becomes clearer by considering the limit ¢, — 1. In this case, we
obtain €, = —7m¢, which indicates a downward-sloping aggregate demand curve once the Taylor Rule is
substituted into the NKIS.

31We confirm the validity of the approximations here with the quantitative model in Dynare. In line with
our assumptions, we find that E is close to zero in the case of one-time shocks in our setting.
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-1

where Wy = |I(1+8)—A[Q—T+LE(T—-®)T is now the stickiness and policy-adjusted
¢ c y-aaj

Leontief Inverse.

Using (44) and (45) we can substitute out C; and &, in the CPI equation in (28) and
the equation of motion for debt in (36). Combining the resulting expressions with (46)
we have a block that maps 7; to f’f,f’f, V,. With that, once again using the method of
undetermined coefficients, we can find an analytical solution. We confirm that our solution
is numerically accurate, especially when ¢, is close to 1.3 Additionally, in Appendix H.5.1
we show how our solution can collapse to the standard solution of the three-equation New

Keynesian model when N =1 and J = 1.

Proposition 5. The impact of a one-time tariff on CPI inflation is

on’¢

— F\I’NKOEA
(97’,5 ¢

+ LS (47)

Lf+ (Lg(l —®)+ AL+ L§)<1>E§> ¢

where f/g =p(I-BpLE)~1, and \IIQKOE is the stickiness- and policy-adjusted NKOFE Leontief
inverse. It transforms the stickiness- and policy-adjusted Leontief inverse W, by diagonalizing
it and solving a quadratic equation to determine the dependence on the lagged price vector,
PP, and it is solely a function of . This expression endogenizes the demand and exchange

rate response to the imposition of tariffs.>?

Proof. See Appendix H. m

This analytical solution allows us to decompose the impact of tariffs into five indirect
reallocation channels that extend beyond the direct impact of tariffs on CPI and PPI: (i)
the contemporaneous demand channel inclusive of policy, (ii) the expected demand channel
inclusive of policy, (iii) the expected exchange rate channel, (iv) price stickiness, and (v) the
network channel. These channels correspond directly to the five primitives we highlight. As

such, they can serve as model-based, ex-ante sufficient statistics.?*

ow’ ~ ~
L= 1LY 4+TLE0-®)L¢+ BrLieL{LS + BrLieLiLc +  L¢
o, t SN—— ~ ~ - N’ N——— ~—~
Direct PPI effect Demand channel Expected demand channel = Expected ER channel Direct CPI effect
NKOE
+D(F)OPA - 1)Z (48)

Propagation

32In our baseline comparison with both countries’ parameter set to ¢, = ¢* = 1.01, our Dynare simulation
finds U.S. inflation to be 0.8123%, while our linearized approximation matrices find this impact to be 0.8104%.

33The dimensions of the loadings are as follows: Lf is NJ x 1, Lg is NJ x N, Lg is NJ x N, Lg is
N x N, LY is N x 1.

34Details are available in Appendix I.
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The propagation term captures the combined impact of the input-output structure, price
stickiness, and policy. These components are difficult to analytically disentangle due to

the definition of the stickiness- and policy-adjusted Leontief inverse prior to solving in the
-1

NKOE setting: ¥y = [I(1+3) — A[Q — I+ LE(I —®)T]| . For this reason, we numer-

ically decompose the propagation term into the contributions of €2, ®, and the remainder.
Specifically, we set 2 = 0 and ® = I one at a time, labeling these as the contributions of
the network and policy to propagation, respectively. The remaining portion is attributed to
price stickiness.

To illustrate how these channels operate and to build intuition around the model, let us
consider an example based purely on the analytical solution above. Our objective here is
not to conduct a full quantitative exercise—that is reserved for Section 8. Imagine dividing
the world into two regions: the United States and the rest of the world. Suppose the United
States imposes a 10% tariff on all goods and industries imported from the rest of the world
for one period. In response, the rest of the world retaliates during the same period. Agents
in both regions anticipate that these tariffs are transitory and will be lifted in the following
period. We use the parameter values described in greater detail in Section 8 and Table 2,
except where simplifications of the analytical model apply (e.g., o = 1, n = 0). The impact
of this theoretical tariff shock is illustrated in Figure 5 below.

When this transitory tariff shock occurs, the direct impact on CPI and PPI generates an
inflationary impulse of approximately 1 percentage point in the tariff-imposing country. The
magnitude of these direct affects is related to the trade openness of the United States. Beyond
these direct effects, we also observe indirect effects. As expected, the contemporaneous
demand channel carries a negative sign. Under policy, aggregate demand slopes downward
in response to inflation. As this is a New Keynesian framework, this arises because the central
bank raises real interest rates in response to rising headline inflation, thereby contracting
demand. Consequently, when the tariff shock hits, agents choose to forego consumption
today in favor of consuming tomorrow. Meanwhile, the expected demand channel generates
an additional inflationary impulse as agents anticipate that the tariffs are one-time, transitory
shocks and expect them to dissipate in the following period.

What partially offsets the initial inflationary impulse of approximately 1.3 percentage
points—bringing the overall effect down to 0.91 percentage points—is the combined influence
of price stickiness and the contemporaneous demand channel. The primary impact of policy

operates through contemporaneous demand, while policy’s contribution to propagation is
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limited. In contrast, the input-output network generates positive inflationary pressure—a

mechanism we explore in greater detail in Section 6.

Figure 5. US Against the Rest: Decomposing Impact of Global Tariff War
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NoTEe: Here, we decompose CPI inflation in a two-country case, namely the U.S. and the rest of the
world (RoW). We assume both regions impose an additional 10% tariff on each other. Using Equation 48,
we break down the different contributing effects. The dashed line represents the total effect, showing an
inflation increase of 0.91% in the U.S. and 0.21% in the rest of the world. In this theoretical example based
on our analytical solution, we use annual price updating frequencies, whereas in the quantitative model we

use quarterly frequencies.

Note that, first, the impact on the rest of the world follows the same directional pattern
as in the United States but is smaller in magnitude. This is because the rest of the world is
larger than the U.S., making the distortion a relatively smaller shock in the context of the
global economy. Second, the transmission from the exchange rate is relatively muted due to
transitory nature of the shock. The contemporaneous exchange rate response—abstracted
from in this section due to the simplifying assumptions—exhibits larger movements when

the shock is permanent. As indicated by equation (45), the exchange rate closely follows
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changes in the price level given our assumptions. Third, this figure underscores what the full
model captures compared to standard static trade and dynamic SOE models. In the absence
of intertemporal optimization and forward-looking behavior, the contemporaneous demand
channel—as well as the expected demand and expected exchange rate channels—would be
absent. In the SOE case, loadings from the rest of the world would not be present. Finally,
in models without network effects, the network channel would also be absent.

This analytical decomposition, additionally offers a way to see the impact of primitives
as they feature in different matrices, thereby shedding light on the gray-colored non-linear
interaction terms in Figure 4. The direct CPI effect and direct PPI effect respectively
contain, v and Q. If tariffed goods are vy share of the consumption basket (or Qg of inputs
to production) and a 10% tariff is imposed will have a y (or 0.1-Q) direct impact on CPT (or
PPI). The indirect effects in the decomposition, similarly involve matrices that include the
same five primitives we highlight. The loadings sum through the primitives (e.g., L5, which
contains labor shares that can be found by subtracting the sum of {2 terms from 1). The
channels highlighted in (48) fully decomposes the impact of tariffs on inflation and thereby
captures the non-linear interactions between the primitives.

Further intuition can be gained by comparing the solution in Equation (43) under fixed
nominal demand to that in Equation (47) under a Taylor rule. In the former, the impact on
demand and the exchange rate is linearly separable from tariffs. Thus, the two expressions
differ in the following ways: (i) in how the NKOE Leontief inverse is reshaped by policy,
and (ii) through the term <Lg(I — &) + B(LE + Lg)@Lg) LY. This term captures how
tariffs impact contemporaneous demand, expected demand, and expected exchange rates.
Part of this impact operates through lagged consumer prices, which enter contemporaneous
inflation via the expected inflation term in the Phillips Curve, hence the presence of 5 in the

expression. We can analyze this term further by separating it into its three components:

LE@—®)+3 LE®LSLSY + B LE®LELS
N———— N—— —— N———

Tariff Impact Tariff Impact Tariff Impact
via Demand via Expected Demand via Expected ER

The way a term loads onto C,and &, is by first loading onto consumer prices. In this sense,
LE @I:gLf captures how tariffs affect consumer prices, which in turn impact the exchange
rate, thereby influencing producer prices. Similarly, Lg@EgLf captures how tariffs load
onto consumer prices and, consequently, influence demand. As this process unfolds, these

effects are mediated by policy, as captured by ®.

Remark 7. The network structure, when combined with price stickiness and sectoral hetero-

geneity under Taylor rule, can either amplify or dampen some entries, thereby shaping the
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overall sign and magnitude of inflation in the two countries. This differs from the setup with

fixed nominal demand where all inflation entries were weakly positive.

6 When and Why Network Granularity Matters in
Global DGE

Section 5 demonstrated that one needs at least N = 2 and J = 1 with input-output linkages
(i.e., an © matrix that is at least 2 x 2) to accurately capture feedback from the rest of the
world as there are non-linear interactions between the primitives. That itself is a network.
The question is what one gains by making that network more granular (i.e., increasing
number of industries, J beyond one) and how does this answer change in global DGE with
international risk sharing?

The first point to note that, since we work with a linearized model, to a first-order approx-
imation, the aggregation of any CES bundle behaves similarly to a Cobb—Douglas function.
In a more general non-linear setting, however, the structure of €2 is important because a
more granular depiction of the production network significantly affects outcomes, especially
when shocks are large. Second, and more importantly, we are interested in networks beyond
their quantitative precision, since we want to understand when and why network granularity

matters in global DGE. We will articulate two reasons below.

6.1 Aggregation Under Sectoral Heterogeneity

The importance of network granularity for precision in the context of aggregation has been
well-documented (Pasten et al., 2020; Rubbo, 2023) and in this section we apply this insight

to our context.

Remark 8. In a first-order approximation setting, the regular Leontief inverse (¥ = (I —
Q)~!) and the stickiness-adjusted Leontief inverse, multiplied by the stickiness matrix (T A =
(14 8)I — A(Q — I)]7'A), will behave similarly, provided there is no heterogeneity in the
stickiness parameter across sectors. The key difference between them lies in the magnitude

of inflation.

Proof. Each of the two objects involve Neumann series. In the absence of sectoral hetero-
geneity, A = AI. Then:

T=(I-Q)"'=> o
k=0
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Similarly, for the stickiness-adjusted Leontief inverse:

UA\A=[1+BI-AQ-I)]"A

A > A k
- ) OF
1+ﬁ+AkZO<1+B+A>

As long as €2;; # 0 for some 1, j, the relative importance—or centrality—of sectors remains
unchanged in the absence of heterogeneity in price stickiness across sectors. However, the
overall impact on inflation will be scaled by a constant factor. As established in Rubbo
(2023), when a finer I-O matrix captures more goods within the € matrix, the aggregate
Phillips Curve becomes flatter. This occurs because, as the number of sectors increases,
the individual input-output coefficients €2;; decrease, reflecting a more granular production
network. Since € enters the Neumann series multiplicatively, and assuming Q;; € (0,1),
smaller €2;; entries attenuate the aggregate impact of sectoral shocks. As a result, the
aggregate Phillips Curve flattens: nominal rigidities become more diffuse across a fragmented
network, reducing the responsiveness of inflation to shocks. Consequently, as prices respond

less, quantities respond more. O

Remark 9. In a NKOE setting, as shown in Equation (47), the combination of cross-sectoral
heterogeneity in the price stickiness term A and the stickiness- and policy-adjusted NKOE
Leontief inverse, \IIEKOE, can exert downward pressure on inflation. This occurs in part be-
cause \IngOE is not restricted to having weakly positive entries. When there is heterogeneity
in price stickiness or policy preferences—either across sectors or across countries—\IngOE
can amplify negative entries from other channels, further dampening the aggregate inflation

response.

What this also means is that the inelasticity of supply can amplify the influence of a

given sector or country. Suppose a particular country—sector combination constitutes only
a small share of the home country’s producer price basket. If its supply is inelastic, the
NKOE impact of a tariff on this country—sector will be disproportionately large. This type
of effect may be overlooked in models where all intermediate goods are bundled together
under flexible pricing.
Remark 10. Given interlinkages between sectors, heterogeneity in price stickiness parameters
can compress the range of inflation outcomes that the central bank can achieve through
endogenous rate hikes under a Taylor Rule, thereby reducing the effectiveness of monetary
policy.

Figure 6 demonstrates this result. These heatmaps are based on the analytical solution

and reflect the same setup as in Figure 5, where the United States imposes 10% tariffs on
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the rest of the world, and the rest of the world retaliates.?® The two axes in each heatmap
vary the central banks’ weights on inflation, ¢, and ¢, in the two blocs. The heatmap color
indicates the resulting inflation in the United States. The right-hand panel shows the case
in which price stickiness parameters are heterogeneous across sectors, using the values from
our full quantitative simulations based on Nakamura and Steinsson (2008).3¢ The left-hand
panel shows the case in which a single stickiness parameter is applied to all sectors. To
match the overall magnitude across both panels, the stickiness parameter used in Figure
6a is set equal to the sales-weighted average of sectoral stickiness.3” These figures suggest
that, in our context and using the ICIO input-output table, cross-sectoral heterogeneity in
price stickiness compresses the range of inflation outcomes that the central bank can achieve
through endogenous rate hikes: from 0.49% to 1.23% in the homogeneous case, versus 0.76%

to 0.98% in the heterogeneous case.

Figure 6. Impact of Heterogeneity: Price Stickiness vs. ¢,

(a) (b)
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NoTE: Heatmaps show U.S. CPI inflation in a two-country setting (the United States and the rest of the
world), where both regions impose a 10% tariff on each other. The horizontal and vertical axes vary the
inflation response parameters ¢, and ¢ in the Taylor Rule for the U.S. and the rest of the world, respectively.

The heatmaps reflect the resulting U.S. inflation as these policy parameters vary.

Two additional observations are worth noting. First, this result is specific to the input-

output (I-O) table we use. Intuitively, and based on Equation (47), the slope of the Phillips

35Since our analytical solution involves approximations, we have verified the relative magnitudes and
ranges of these estimates using Dynare.

36We conducted simulations using alternative stickiness parameterizations, including Monte Carlo simu-
lations with randomly drawn vectors of sectoral stickiness. Across these exercises, we consistently find that
heterogeneity in stickiness compresses the range of inflation outcomes attainable by varying ¢.

37Specifically, we take the weighted average of the diagonal entries of A.
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Curve matters for how @ affects inflation, and this, in turn, depends on L5—which, in
the context of our analytical solution, contains only labor shares.®® Then it will matter if
sectors with high vs. low labor shares get higher or lower stickiness parameters as Rubbo
(2023) notes. Second, the simulations in Figure 6 suggest that, when tariffs are modeled as
one-time transitory shocks, heterogeneity in ¢, across countries does not significantly affect
inflation outcomes in the home country. However, in quantitative simulations using a multi-
country setup, we find that the response of variables such as the exchange rate and inflation

to near-permanent shocks does depend on cross-country heterogeneity in ¢,.

Remark 11. The matrix of price stickiness parameters A influences inflation in three different
ways: (i) via the average level of price stickiness,® (ii) via cross-sectoral heterogeneity,
whereby it will matter if a sector with high vs. low labor shares get higher or lower stickiness

parameters, and (iii) via the interaction with €2 inside the NKOE Leontief inverse.

Of the three ways in which A influences inflation, only the third can be present in models
with input-output linkages. This brings up our final point regarding the impact of € on
inflation; this impact is a nuanced one. On the one hand, having a finer or more granular
network flattens the Phillips Curve and as such would mute the impact of shocks on inflation
as outlined above. On the other hand, the very reliance of one sector on another introduces
positive weights inside the marginal cost expression for each sector such that for a given
network 2 will have a positive impact on inflation. This second and positive impact is what
makes the network contribution to propagation positive in Figure 5. Inside the stickiness and
policy-adjusted Leontief Inverse, €2 is multiplied by A before we arrive at the NKOE Leontief
Inverse. This implies that the positive inflationary impulse from input-output linkages are
highly dependent on the distribution of price stickiness parameters. If a given sector’s reliance
on an input from another sector is multiplied by a high (low) price stickiness parameter, the
inflation (quantity) impact from a shock to that sector will be amplified. Put differently,
using different price stickiness parameters can make the network contribution to propagation
larger in Figure 5.

Intuitively, if a given sector is central to production whether because it is widely used in
different industries (e.g., steel and aluminum) or its downstream linkages (e.g., semiconductor
chips)—it will carry a high weight in the standard Leontief inverse. If this sector also exhibits

highly flexible (rigid) prices indicating a vertical (horizontal) supply curve with fixed quantity

38This is because labor is assumed to be elastic in the analytical solution, so there is no Frisch elasticity
term in the slope of our New Keynesian Phillips Curve.

39 As noted in Rubbo (2023) how this average is calculated matters. Averaging Calvo price updating fre-
quencies first and then calculates a single price stickiness parameter yields a different result than calculating
price stickiness parameters and then averaging them. We find it also matters whether the final scalar price
stickiness parameter that is used is a weighted average or a simple average.
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(highly elastic supply), the inflationary impact of a tariff on this sector will be amplified
(muted) by WEOF. Since WIKOF also includes distribution of central banks’ weights on
inflation, whether the shocks hit countries with loose or tight monetary policy will be an

additional amplification or deamplification channel.

6.2 The Role of Net Foreign Assets and International Risk Sharing

for Network Propagation

In networks with input-output linkages and sectoral heterogeneity, granular shocks can lead
to large aggregate impacts if there are bottlenecks. Bottlenecks, in turn, occur because
pressure in one part of the network cannot be alleviated due to a low degree of subtitutability
(i.e., low 6).

We find that this result is sensitive to international risk sharing, that is borrowing/lending
through a nominal bond. Specifically, changes in net foreign liability and net foreign asset
positions of countries, help them smooth temporary shocks. International finance and inter-
national trade are two sides of the same coin; restricting one restricts the other. Beyond,
this familiar insight, however, we find that it matters if the Euler equation holds for each
country and countries’ net foreign position is allowed to move. Allowing trade imbalances
with transfer terms, for example, does not lead to international risk sharing.

To understand how international risk sharing impacts the propagation of inflation in an
international production network, consider N = 2 countries and arbitrary J number of indus-
tries. As detailed in Appendix K, following Itskhoki and Mukhin (2021), we assume that the
aggregate consumer price levels in both countries are fixed by policy (i.e. Pgt = f’gt =0)
and explicitly bring back portfolio adjusment costs into the Global New Keynesian Repre-
sentation. Our model then acts similar to the baseline model of Itskhoki and Mukhin (2021)
with input-output linkages and nominal rigidity. Additionally, we turn off forward looking
behavior by firms to simplify away the fixed point problem that required diagonalization of
the Leontief Inverse matrix in earlier sections.?® Our goal in this exercise is to use the port-
folio adjustment cost, 1, to examine the effect of restricting financial flows between countries

as it impacts network propagation; at the limit, as v» — oo, we have financial autarky.

40As a result, the Leontief Inverse in Proposition 6 does not involve diagonalization.
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Figure 7. Numerical Second Derivatives
Effect of PAC () on Endogenous Variables

Y; C £
012 " 0.2 7 05
0.13 0.15
0.14p 0.1
-0.15 0.05
(o]
oF
0.16 0
017 -0.05
-0.18 0.1
0.19 -0.15 .
0 500 1000 0 500 1000
» v
4
0.12 0.08 -0.04
0.1 0.06 -0.06
0.04 -0.08F
0.08
b 0.02 -0.1
5m0.06 o
= op -0.12
0.04 L
-0.02 -0.14
0.02 -0.04 -0.16
0 s -0.06 s ; -0.18 s
0 500 1000 0 500 1000 0 500 1000
v (0 P

NoTE: Figure visualizes how the first period impact of endogenous variables of interest of changes as the
primitive parameters are changed in the context of 10% tariffs being imposed by the home country. These can
be interpreted as numerical second derivatives (e.g. %). We initialize primitive parameters respectively
at @ = 0.6 and Qg = QF = yg = yr = 0.1. The AR(1) persistence of the tariff shock is set at p” = 0 to

match the analytical solution. Aggregate inflation is not plotted as it is fixed at 0 by policy in this setup.

Proposition 6. Under the assumption that policy stabilizes the nominal price level and
that the tariff shock is a one-time shock, portfolio adjusment costs can mute or amplify the

propagation of inflation in the network:

aﬁ’tp_ 1 -1 Pa‘z
P )0 o (220

where Oy and Oy capture propagation terms that are similar to the expressions in earlier
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solutions.*

Proof. See Appendix K O

Portfolio adjustment costs, 1, impacts the network propagation of a tariff shock (i.e.,

t is multiplied by the matrix inverse containing (¥,A)~!). Since ¢ impacts ©; and O,
o2PF

Ot O
the impact of tariffs on the net external debt position of the home country is negative and

through small interactions, we compute numerically to sign it. The intuition is that

the first entry of LY is positive while its second entry is negative. Figure 7 confirms that
financial autarky amplifies the impact of tariff via networks on output, where output goes

down a lot, in a parallel fashion with net exports that requires a large appreciation.

Figure 8. Sectoral Shocks and International Risk Sharing
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NoTE: Figure utilizes the quantitative model in Section 8 to depict the impact of unilateral tariffs by U.S.
on different Chinese sectors. Each IRF represents the impact of a 100% tariff on a different Chinese sector.
The two simulations only differ in that the subplot on the left assumes 1 = 0.00001, while the subplot on
the right assumes 1) = 1000. The IRFs are scaled to treat each sector as though its share in the U.S. import

basket is equal to the weight of the average Chinese sector.

There is one nominal bond denominated
In this

Ours is a setup with incomplete markets.

in the U.S. dollar that all countries use to accumulate net claims or net debt.

4IWe detail these expressions in Appendix K.
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setup, the representative household in each country makes a consumption and saving decision
that equalizes the expected ratio of marginal utilities, taking into account differences in the
relative price of each country’s consumption basket. With this equalizing force in place,
households choose their optimal labor supply. Depending on the substitutability of labor
with intermediate inputs, labor in turn can smooth network effects.

In the absence of international risk sharing, then, one would expect to see larger network
effects and to see the structure of the network matter more. Figure 8 utilizes the quantitative
model in Section 8 to depict the impact of unilateral tariffs by U.S. on different Chinese
sectors. Each IRF represents the impact of a 100% tariff on a different Chinese sector. The
two simulations only differ in that the subplot on the left assumes ¢ = 0.00001, while the
subplot on the right assumes 1) = 1000. The IRF's are scaled to treat each sector as though
its share in the U.S. import basket is equal to the weight of the average Chinese sector.
As predicted by theory, under financial autarky, the structure of the network matters more.
The response by aggregate U.S. employment to tariffs being placed by the U.S. on different

Chinese sectors differs more from sector to sector under financial autarky.

7 Data and Calibration

7.1 Input - Output Network

As the basis for consumption shares and intermediate input shares, we use the OECD Inter-
Country Input-Output (ICIO) tables (Yamano and et al., 2023) for the year 2019.*> We
aggregate the ICIO data to align with the country and industry groupings used in our anal-
ysis. we include the United States, euro area, China, Canada, and Mexico—reflecting the
countries most affected by the tariff announcements as of April 2025—along with an aggre-
gate entity representing the Rest of the World (RoW). On the industry side, we aggregate
sectors into eight broad categories: agriculture, energy, mining, food, basic manufactur-
ing, advanced manufacturing, residential services, and other services to match with sectoral
rigidity data of Nakamura and Steinsson (2008) (see below).

We visualize the input-output network in Figure 9. The thickness of the edges in this
network captures the input shares. The layout of the network was generated automatically
using the edge-weighted spring embedded layout feature of Cytoscape. Global shocks could
be carried over the links shown on this network. Strikingly, many Canadian and Mexican

sectors are naturally grouped together with American industries. Chinese, sectors, in con-

42 Although the latest available data at the time of writing was for 2020, we use 2019 data to avoid
distortions arising from the COVID-19 pandemic.
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trast, are not very well integrated. This might be due to the fact that many Chinese goods
imported by the U.S. could be for the final consumption.

Figure 9. Visualizing the Input-Output Network
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NoTE: Here, we show the inter-country inter-industry input-output network. The color of the node represents
the country. Size of the node represents the total output. The thickness of the edges show the share of inputs
of target node coming from the source node (we do not show the edges smaller than 1%). The thickness of
the borders of nodes represents the share of final goods in the output of the sector. The layout was generated

automatically using the edge-weighted spring embedded layout using the openly available Cytoscape software.

In Table 1, we show the basic stats for the U.S. industries. The U.S. economy heavily
relies on services, with more than 75% GDP attributed to this sector. Most of the U.S.
output is consumed domestically, with shares ranging from 80 to 99 %. The home share
in consumption and intermediate inputs exhibit the lowest rates in manufacturing sectors.
Interestingly, close to one third of consumer goods and intermediate inputs are sourced from
foreign countries in advanced manufacturing. The energy sector’s intermediate products are
sourced at a higher level internationally. In Table A.2 of the Appendix, we provide a more

detailed breakdown of the final and intermediate input shares at country-sector level.
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Table 1. Sector Statistics for USA (%)

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 734 794 74.3 95.3 96.7 96.2

NoOTES: The values are calculated from OECD ICIO for year 2019 Yamano and et al. (2023). 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.

7.2 Tariffs

In the quantitative exercises that follow, we are motivated by the renewed interest among
policymakers in using tariffs as a tool to manage external imbalances and exert geopolitical
influence. This interest predates the second Trump presidency and reflects a broader global
re-evaluation of trade policy not only for the standard terms of trade manipulation but also
both for strategic and retaliatory purposes. In the quantitative section of our paper we solely
focus on the tariffs announced in the early months of the second Trump administration.

As shown in Figure 10a, the tariffs proposed on April 2—referred to as “Liberation Day”
by the administration—are projected to raise the effective U.S. tariff rate to 22.4%, the
highest level in over a century. We obtain the country - sector levels tariffs from the WTO —
IMF Tariff Tracker (WTO and IMF, 2025) at Harmonized System 6-digit level. We aggregate
these tariff rates to ICIO sectoral level by weighing them with the imports of the countries,
provided in the same dataset. Figure 10b shows the implemented tariff rates since January
1, 2025 until June 20, 2025. The “liberation day tariffs,” were announced on April 2, 2025
but with most tariffs going into effect on April 9th. Between these two dates, there was also
a steep escalation between the U.S. and China tariffs to each other, resulting in tariff rates
exceeding 125% for Chinese goods in the U.S.
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Figure 10. Effective Tariff Rates
(a) Historic and Estimated, (%) (b) Since January 1, 2025, (%)
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NoTE: (a) Effective tariff rate stands for customs duty revenue as a proportion of goods imports. Data
from Historical Statistics of the United States Fad24-434, Monthly Treasury Statement, Bureau of Economic
Analysis. Estimated effective tariff rates of for 2025 provided by Yale Budget Lab using the GTAP Model
v7 (Corong et al., 2017). (b) Estimated effective tariff rates based on WTO - IMF Tariff Tracker (WTO and
IMF, 2025). The dates here correspond to the actual implementation change of the tariffs. The data was
accessed on June 20, 2025.

In Table A.1, we document the episodes of implemented tariff changes for the U.S. re-
ported by the WTO-IMF Tariff Tracker (WTO and IMF, 2025). We summarize the tariff
rates at the country and sector level in Figure 11. The largest swings are observed for China
with escalating tariff announcements with a moratorium on May 14, 2025 (Figure 11a). At
the sectoral level, the tariffs are the highest for basic and advanced manufacturing goods.
Figure A.2 in the Appendix shows the size of country-sector-level tariffs implemented in
2025 until the time of our writing in panel (a). Panel (b) focuses on the “Liberation Day”
tariffs. Figure A.2a shows that the highest tariff rates are applied to the Chinese goods.
Among Chinese sectors, basic manufacturing (e.g., textiles), food and beverages, and agri-
culture have the highest values with tariffs ranging from 45-50%. For most other countries,
the tariffs started from very low levels but increased around 10-20% for many goods.We will
use the most recent data (June 4, 2025) levels for our quantitative analysis. In Table A.2
of the Appendix, we provide detailed breakdown of the tariff rates as of June 20, 2025 and
maximum tariff rate observed between January 1, 2025 and June 20, 2025.

According to both the St Louis Fed*® and the Tax Foundation*, the 2018 tariffs affected
$376 billion of goods from China, which is around 1.66% of the 2018 U.S. GDP. As of June

2025, most of the tariffs enacted on the “Liberation Day” have been halted via an injunction

nttps://www.stlouisfed.org/on-the-economy/2025/may/what-have-we-learned-us-tariff-increases-2018
#nttps://taxfoundation.org/research/all/federal/trump-tariffs—trade-war/
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by the U.S. Court of International Trade. Those not affected still represent $500 billion
worth of U.S. imports, or 1.68% of the 2024 U.S. GDP. If all of the “Liberation Day” tariffs

were to come into effect again, they would represent $2.3 trillion worth of U.S. imports,
which is 7.7% of 2024 U.S. GDP.

Figure 11. Effective Country and Sector Level Tariff Rates
(a) Country Level Tariffs (%) (b) Sector Level Tariffs (%)
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NoTE: Estimated effective tariff rates at the (a) country level (b) sectoral level based on WTO - IMF
Tariff Tracker (WTO and IMF, 2025) between January 1, 2025 and June 4, 2025 (last available data as the
manuscript was prepared). Both country level and sectoral level tariff rates are calculated as the weighted

average of the 6-digit tariff rates by using the latest available import values reported in the dataset as weights.

The tariff rates changed considerably with very frequent announcements, repeals, threats,
deals, and various negotiations. In Figure 12 we show some of the tariff threats which includes
not implemented and some announcements with the future implementation uncertain. In
Appendix, we also show tariffs announcements and impementations by date. This also leads
to a great deal of uncertainty surrounding which tariffs will be implemented at the end. That
is why, we also model the in our quantitative section.

As validation, we also model the trade war between United States on China and other
countries with tariffs imposed from February 2018 to September 2018. In this period, the
U.S. implemented tariffs ranging from 10% to 25% to China, 10% tariff to aluminum, 25% to
iron and steel, 30% to solar and 20 to 50 % tariffs to washers with some exceptions at country
levels. In return, Canada, China, 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 to calculate the weighted tariff rates from USITC
website.??

4SExports: https://dataweb.usitc.gov/trade/search/TotExp/HTS, Imports: https://dataweb.
usitc.gov/trade/search/GenImp/HTS.
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Figure 12. Tariff Threats - not implemented and future implementation uncertain
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NoOTE: Tariff threats between January 20, 2025 and June 30, 2025. The data for the tariff threats, implemen-
tations, and planned implementations were compiled from three main sources. The core of the data is from the
Trade Compliance Resource Hub Trump 2.0 Tariff Tracker (https://www.tradecomplianceresourcehub.
com/2025/06/27/trump-2-0-tariff-tracker/#updates). It presents a list from Reed Smith’s Interna-
tional Trade and National Security team that tracks the latest threatened and implemented U.S. tariffs as
of June 27th. This list is cross-referenced with Tax Foundation’s Trump Trade War timeline as of June
17th (https://taxfoundation.org/research/all/federal/trump-tariffs-trade-war/), and a corre-
sponding list from the PBS news article detailing a timeline of Trump’s tariff actions as of May 26th
(https://www.pbs.org/newshour/economy/a-timeline-of-trumps-tariff-actions-so-far). The tar-
iffs that classified as ”threats” are those that —as of June 30th —had not been implemented and were unlikely
to be implemented based on available information. These threats were identified by extensive look into past
and latest news, as well as the use of large language models. We created the data as of June 27, 2025. This

website curates the all the tariff announcements by the U.S.

7.3 Calibration Parameters

The calibration parameters are summarized in Table 2. The model employs sector-specific
Calvo parameters based on the empirical estimates in Nakamura and Steinsson (2008), ad-
justed to a quarterly frequency. The production and intratemporal consumption structures
are similar to those in Cakmakl et al. (2025) and di Giovanni et al. (2023). On the produc-
tion side, firms combine labor and intermediate input bundles to produce goods. Based on
Atalay (2017), we set the elasticity of substitution between labor and intermediates 67 = 0.6.
Boehm et al. (2023) estimate short-run trade elasticities of approximately 0.76 and long-run

elasticities around 2. For our tariff scenarios, we adopt the lower short-run elasticity of 0.76,
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which better captures the immediate effects that are more relevant for monetary policy. In
contrast, USTR (2025) uses a higher value of 4 for the trade elasticity. Intermediate input
bundles are composed of sectoral bundles, which are assumed to be complements. Following
Boehm et al. (2019) and Baqaee and Farhi (2024), we set this elasticity in the range of
6F = 0.001 — 0.2. Each sectoral bundle consists of varieties sourced from different countries.
In our baseline specification, we set the Armington elasticity across countries at the sectoral
level to 6L = 0.6. On the intratemporal consumption side, we follow Baqgaee and Farhi
(2024) and assume Cobb—Douglas preferences across sectors, setting the sectoral elasticity
to 0 = 1. For the aggregation of varieties within sectoral consumption bundles, we adopt
the same approach as in the production structure.

Additionally, we incorporate monetary policy inertia by modifying the baseline Taylor

rule. Specifically, Equation (24) is replaced with the following specification:
Lt ipg = (14 ine )™ ()% (Yo)® Mt wne N

Here, p? captures the degree of interest rate smoothing (or policy inertia), ¢ and ¢, are
the inflation and output coefficients in the Taylor rule, and M,,; denotes a monetary policy
shock. This specification is applied to all countries n € N in the model.

For the United States, we set pU> = 0.82 and ¢V° = 1.29, based on the estimates provided
by Carvalho et al. (2021a). Following Clarida et al. (2000), we use p, = 0.95 and ¢£4 =1
for the rest of the world and the euro area, respectively. For other countries in the rest of
the world, we assume ¢! = 0.2, except for Mexico, where we use a slightly higher value
of pMX = 0.3. These ¢, values are calibrated using a model-consistent interpretation of
the long-run average of quarterly inflation rates. Specifically, following the logic in Clarida
et al. (2000), we set ¢ = =2 | where 7¢ denotes the long-run average of quarterly CPI

=C
TrTL

inflation in country n. Using quarterly data from 2002Q2 to 2024Q4 and setting p!, = 0.95,

we calibrate the inflation response coefficients accordingly. This calibration captures the
empirical observation that central banks in many countries outside the United States are
less responsive to inflation fluctuations and are therefore less likely to adhere strictly to a

Taylor rule.

8 Quantitative Results

We now return to the non-linear model without any simplifications. Tariffs follow an AR(1)
process (i.e., . = p'1_1 + € ) and we specify the value of p” below in each case. The

quantitative model also incorporates a permanent real capital account wedge in each country

%)



Table 2. Parameter values

Parameter Explanation Value Source

o Intertemporal EoS 2 e.g., Ttskhoki and Mukhin (2021)
n Elasticity of Labor 1 e.g., Itskhoki and Mukhin (2021)
P Reactivity of UIP to Debt 0.001 — 0.0001 Standard

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

oUs Inertia in Taylor Rule for U.S. 0.82 Carvalho et al. (2021a)

#vs Weight on inflation in Taylor Rule for U.S. 1.29 Carvalho et al. (2021a)

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

6¢ Intratemporal EoS of consumption among sectors 0.6 Calibrated for consistency

or EoS among intermediate inputs 0.001 - 0.2 Bagaee and Farhi (2019); Boehm et al. (2019)
05 Sector level consumption bundle EoS 0.6 di Giovanni et al. (2023)

oF Sector level input bundle EoS 0.6 di Giovanni et al. (2023)

NoTES: “EoS” is the elasticity of substitution.

to treat the year 2018 as the steady state to which the economy eventually returns.

These wedges are added for the following reason. If a country has a trade deficit at the
steady state, this requires that the country have positive net foreign assets that pay interest
to finance this deficit (e.g. past trade surpluses finance the steady-state deficit). However,
in practice, the United States has persistently maintained trade deficits and negative net
foreign assets. In order to treat consumption and IO tables for a given year (e.g. 2018) as
the steady state and at the same time embed a realistic net foreign asset (NFA) position for
all relevant country blocks, one needs to reconcile steady state algebra with real-life data.
The real permanent capital account wedges help with reconciling the two. These wedges can
be interpreted as a persistent difference in the patience of nations or alternatively can be
thought of as a persistent exogenous difference in the interest paid on assets versus liabilities
that render having trade deficits and net debt at the steady state possible.

As the model is non-linear, we solve the model with Dynare (Adjemian et al., 2011)
under three alternative solution methods: first-order approximation, second-order approx-
imation, and MIT shocks under perfect foresight. For small shocks, these methods yield
nearly identical impulse response functions. However, our preferred solution approach em-
ploys MIT shocks under perfect foresight, given the presence of non-linearities in both the
production and consumption structures, as well as the sizeable nature of the trade shocks we
analyze. We experiment with both permanent (or near-permanent) tariff shocks—modeled
as autoregressive processes with coefficients of 0.95 or higher—and transitory shocks, such
as one-time tariff increases. While local solution methods (e.g., first-order approximation)
are valid only in the neighborhood of the steady state, perfect foresight solutions are better
suited for analyzing the effects of permanent shocks that drive the system further from its
baseline. Accordingly, for scenarios involving persistent policy changes, the perfect foresight

approach provides additional insights beyond what local approximations can offer.
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8.1 Case 1: 2018’s Trade War

We begin by validating the model using the case of the tariffs imposed by the United States
on China and other countries between February 2018 and September 2018 (See Section 7.2
for details of the data). We model this as a fully permanent shock with p™ = 1. We assume
that the central banks involved did not place a weight on deviation from pre-tariff output
(i.e., ¢, = 0). As shown in Figure 13, the model predicts a 4.5% nominal appreciation of
the U.S. dollar (USD) against the Chinese yuan. This closely aligns with the observed 5.6%
appreciation of the USD between June 2018 and December 2018.

Table 3. On-Impact Response of Variables in Case 1: 2018’s Trade War

UsS EA | China |Canada|Mexico| RoW
RGDP, |-0.33%| 0.06% [-0.12% | -0.02% | -0.00% [-0.01%

Ch -0.08% |-0.08% |-0.54%| 0.16% | 0.31% | 0.07%
T 0.05% | 0.01% | 0.17% | -0.03% |-0.07% |-0.01%
n 0.07% | 0.01% | 0.03% | -0.01% | -0.02% |-0.00%

AE, 0.00% |-2.71% |-4.55% | -1.10% |-0.91% |-2.36%
ARFER,|0.00% |-2.75% |-4.44% | -1.18% | -1.03% |-2.42%

L, -0.32% 0.06% |-0.10% | -0.02% |-0.00% |-0.01%
e -0.47% |-0.11% |-1.18% | 0.30% | 0.62% | 0.13%
Noppz | 0.05% | 0.07% |-0.01%| -0.06% | 0.03% |-0.02%
Nepps | -0.00% |-0.02% |-0.56% | -0.01% | 0.01% |-0.22%

NoTE: First-period impact of the U.S. tariffs in 2018. Effects are reported in deviation from the pre-tariff
steady state. Variables listed here comprise real GDP (RGDZP,), real consumption (C,,), consumer price
inflation (m,), interest rate (i), depreciation of U.S. nominal exchange rate vis-a-vis country in the column
(A€, ), depreciation of the U.S. real exchange rate vis-a-vis country in the column (ARER,,), employment
(L), real wages (VI‘D/” ), net exports as a share of steady-state GDP ( Ng gg’ﬁf) and debt as a share of steady-

state GDP (Ng@Dbigss ).

The model estimates the impact of the 2018 tariffs on U.S. inflation to be 0.1 percentage
points. This is in line with the magnitude of the static estimate of Barbiero and Stein
(2025), who find that the tariff war may have contributed between 0.1 and 0.2 percentage
points to U.S. PCE inflation using a static partial equilibrium model. Our estimate lies at
the lower end of this range, which is consistent with the structure of our model—featuring
nominal rigidities and network complementarities—tending to produce smaller inflationary
effects and larger real responses when shocks are realized. On impact, real U.S. GDP declines
by 0.33%. This magnitude is comparable to the findings of Fajgelbaum et al. (2020), who

estimate that the tariffs resulted in producer and consumer losses totaling 0.4% of GDP.

57



Figure 13. Case 1: Impact of 2018’s Trade War
(a) (b)
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NoTE: Simulated responses to the 2018 U.S. tariffs on China. Impulse responses are computed under with

MIT shocks, with a near-permanent tariff shock (p” = 1).

58



Notably, the model also captures changes in external balances: U.S. net exports increase
by 0.1% of steady-state GDP, while China’s net exports decline less by 0.01%. These are
meaningful magnitudes as they are relative to steady-state GDP. For context, U.S. overall
trade balance improved around 1 percentage points from 2018 to 2019.

China experiences a modest contraction in real GDP, with output declining by 0.12%,
accompanied by much larger declines in consumption (0.6%) and real wages (0.9%) and the
highest inflation among all countries. The renminbi depreciates more than 4% in nominal
and in real terms. In contrast, the Rest of the World (RoW) experiences a negligible output
loss (0.01%), with only minor movements in macroeconomic indicators.

Figure 13 illustrates the model’s dynamics over a ten-year horizon. Recall that this is a
permanent shock. As shown in Figure 13a, all regions experience an initial inflationary shock,
followed by a deflationary adjustment. U.S. real GDP contracts on impact (Figure 13b)
and remains approximately 0.5 percentage points below its pre-shock level in the long run.
In contrast, China exhibits a gradual recovery. While the Rest of the World (RoW) has
the minimal loss, Euro area experiences modest gains, benefiting from the opportunity to
substitute for Chinese exports in the U.S. market. Interestingly, both Mexico and Canada
also loses together with the U.S. given their tight production links to the U.S. Employment
patterns, shown in Figure 13e, closely follow the path of real GDP.

8.2 Case 2: 2025’s Trade War

In 2025, the United States announced several rounds of tariffs targeting Mexico, Canada,
Europe, China, and many other countries. We explained in detail the tariffs announced,
implemented, changed and limited retaliation from others happened so far, at the time of
this writing, in Section 7.2 . Even though we set the retaliation to zero, or use what happened
in reality, we get the same results as shown under Case 2 since retaliation so far stays limited.
We apply 10% to the Rest of the World (RoW). We set the tariff persistence parameter to
pT = 0.95.

As shown in Figure 14 and Table 4, the model predicts a contraction in U.S. real GDP,
declining by almost 0.8% on impact. This is accompanied by almost 2.0% decrease in
consumption, a 1.2% increase in net exports as a share of steady-state GDP (improvement
in trade deficit), and a 4% decline in real wages. Inflation rises by 0.5 percentage points,
prompting a 0.7 percentage point increase in the nominal interest rate. Additionally, the
U.S. trade-weighted nominal effective exchange rate (NEER) appreciates by 4%.

The effects are most pronounced for Mexico and Canada. Mexico’s real GDP contracts

by 1.3%, while Canada’s declines by 0.7%. Labor market impacts are also substantial, with
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Figure 14. Case 2: Impact of 2025 Tariffs (w/Limited Retaliation)
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NoTE: Simulated responses to the 2025 U.S. tariff package, targeting China, Canada, Mexico, Furope and
the RoW. Impulse responses are computed with MIT shocks persistence of p” = 0.95.
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employment falling by 1.4% in Mexico and 0.7% in Canada, same as in China. Net exports
decline sharply, by 2.2% and 0.8% of steady-state GDP, respectively. Inflation rises by 0.2

percentage points in Mexico and 0.3 percentage points in Canada, less than U.S.

Table 4. On-Impact Response of Variables in Case 2: 2025’s Tariffs

UsS EA | China |Canada|Mexico| RoW
RGDP, |-0.75% |-0.08% |-0.81% | -0.65% | -1.34% [-0.08%

Ch -1.76% |-0.04% |-0.16% | -0.18% | 0.15% | 0.02%
T 0.51% | 0.03% | 0.14% | 0.27% | 0.17% | 0.04%
in 0.66% | 0.03% | 0.03% | 0.06% | 0.05% | 0.01%

AE, 0.00% |-3.82% |-4.31%| -3.14% | -3.85% |-3.67%
ARER, | 0.00% |-4.28% [-4.66% | -3.36% |-4.17% |-4.12%

L, -0.61% |-0.08% |-0.70% | -0.65% | -1.36% |-0.08%
‘?3/: -4.08% |-0.17% [-1.01%| -1.01% |-1.06% |-0.04%

X 11.24% [-0.15% | -0.88% | -0.83% | -2.19% |-0.16%
Debta1.0.16% | 0.04% |-0.42% | 0.02% | 0.07% |-0.35%

NoTE: First-period outcomes of the 2025 unilateral U.S. tariff package. Tariff rates vary by country-
sector; effects are reported in deviation from the steady state. Variables listed here comprise real GDP
(RGDP,), real consumption (C,), consumer price inflation (), interest rate (i,), depreciation of U.S.
nominal exchange rate vis-a-vis country in the column (A&, ), depreciation of the U.S. real exchange rate
vis-a-vis country in the column (ARER,,), employment (L, ), real wages (%), net exports as a share of

steady-state GDP (Ng%) and debt as a share of steady-state GDP ( NLC)JeDbi;“ ).

China experiences the same amount of contraction as the U.S., a decline of —0.8% in GDP
and —0.7% in employment. Consumption decline is much more muted. Inflation increases
modestly like Mexico by 0.1 percentage points. Notably, the renminbi depreciates by 4.3%
against the U.S. dollar in nominal terms. The euro area (EA) experiences very small output
effects, like ROW. Consumption decline is also very small (-0.04%). Inflation in the EA rises
only by 0.03 percentage points.

As shown in Figure 14a, inflation declines across all regions after the initial period, with
everyone except Euro Area (EA) experiencing mild deflation. In the medium to long run,
only the U.S. a positive effect on real GDP (Figure 14b). This is driven by the high degree
of substitution that drives employment and output higher through higher production, under
a near-permanent but not fully permanent shock like the 2018 case. Consumption stays
depressed though. This is in spite of the fact that, as shown in, Figure 14e, U.S. dollar

initially appreciates relative to all other currencies on impact; thereafter there is a small
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depreciation in the second period, after which the changes in the exchange rate are minimal.
In terms of trade balances, Figure 14f shows that net exports improve only slightly for
the US, while all other regions see some deterioration. Employment dynamics, depicted in

Figure 14d, closely track real GDP patterns given the household’s labor supply decision.

8.3 Case 3: All-Out Trade War

We now turn to a counterfactual quantitative exercise that mirrors the theoretical simula-
tion presented earlier but rather uses 2025 tariffs implemented and proposed by the U.S.
administration, where the countries retaliate in return with the exact same amounts—an
all-out symmetric tariff war. In this case, the United States imposes tariffs on all major
trade partners at the same rates as specified in Case 2. However, unlike the unilateral shock
in Case 2, with some limited retaliation, trade partners retaliate by imposing symmetric
tariffs on U.S. exports. The persistence of the tariff shock is set to p” = 0.95, reflecting a
near-permanent policy change.

China experiences a contraction in GDP, declining by 0.8%, while consumption drop is
limited (-0.1%). The real exchange rate depreciates by 5%. Inflation rises by 0.5 percentage
points, and employment declines marginally by 0.1%. Real wages decline is not as large as
other countries, 1%. The euro area experiences a very moderate contraction. Real GDP
declines by 0.1%, consumption falls by 0.1%, and real wages decrease by 0.3%. Inflation
rises modestly by 0.1 percentage points. The euro depreciates by 3.4% against the U.S.
dollar, partly reflecting the divergence in inflation and interest rate responses between the
two regions. This exchange rate adjustment helps absorb a portion of the external shock,
mitigating further declines in output. The Rest of the World experiences a mild contraction
overall.

As illustrated in Figure 15, the model predicts a substantial contraction in U.S. real GDP,
which declines by 1% on impact. Consumption falls by almost 2%, while net exports increase
by 1% as a share of steady-state GDP. Inflation rises by 0.5 percentage points, prompting a
corresponding increase in the nominal interest rate of 0.7 percentage points. Labor market
effects are pronounced, with real wages falling by 4.3% and employment declining by 0.8%.
The U.S. NEER appreciates by 2.6%.

The effects of the global tariff war extend across regions, though with heterogeneous
intensity. Canada, Mexico, and China are again among the most adversely affected, but
China is better off than the U.S. Real GDP contracts by 0.7% in Canada and by 1.7% in
Mexico. Net exports decline by 0.7% of steady-state GDP in Mexico, but much less in
Canada, while employment falls by 0.7% in Canada and 1.5% in Mexico. Inflation rises by
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Figure 15. Case 3: Impact of All-Out Tariff War
(a) (b)
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63



0.6 percentage points in Canada and 0.7 percentage points in Mexico. Real wages decline
by 3% and 2%, respectively, indicating substantial labor market strain.
Table 5. On-Impact Response of Variables in Case 3: All-Out Tariff War

US EA | China |Canada|Mexico| RoW
RGDP, |-0.98% [-0.10% |-0.76% | -0.72% | -1.64% |-0.06%

Ch -1.75% |-0.12% |-0.14% | -0.73% | -0.92% |-0.05%
Tp 0.52% | 0.05% | 0.13% | 0.60% | 0.67% | 0.08%
n 0.68% | 0.05% | 0.03% | 0.12% | 0.20% | 0.02%

A&, 0.00% |-3.47% [-4.29% | -2.17% | -1.95% |-3.37%
ARER, | 0.00% |-3.92% |-4.66% | -2.10% |-1.81% |-3.80%

L, -0.84% |-0.10% | -0.68% | -0.66% | -1.52% |-0.06%
e -4.28% |-0.34% | -0.95% | -2.09% | -3.33% |-0.16%
Noppe | 0-92% |-0.08%|-0.89% | -0.16% | -0.73% |-0.07%
o |-0.09% | 0.02% |-0.41% | -0.02% | 0.03% |-0.35%

NoTE: First-period outcomes from a global tariff war scenario with full retaliation. Tariff magnitudes and
persistence match Case 2. Variables listed here comprise real GDP (RGDP,,), real consumption (C,,),
consumer price inflation (7,,), interest rate (i, ), depreciation of U.S. nominal exchange rate vis-a-vis country

in the column (A&, ), depreciation of the U.S. real exchange rate vis-a-vis country in the column (ARER,,),

employment (L, ), real wages (VI‘,/: ), net exports as a share of steady-state GDP (52 g};?) and debt as a

share of steady-state GDP (52%ta).

The dynamics of the model under a full trade war, depicted in Figure 15, resemble those
in Figure 14, albeit with significant differences in magnitude. Notably, initial inflation is
higher across all regions, while the exchange rate and net export effects are more muted.
Interestingly, U.S. turns out to be the loser in this war as consumption stays depressed
and now output and employment also do not recover as in the realistic case 2 with limited
retaliation. This exercise underscores that retaliation entails significant costs, especially for
the country imposing tariffs, in spite of the terms of trade gains.

As a robustness check, we also examine the implications of a higher Armington elasticity
of 4, on all imported goods, final and intermediate, consistent with the assumption used
by USTR (2025). As shown in Figure A.10 in Appendix, the magnitude of the quantity
responses shown here in the counterfactual trade war case are all significantly attenuated
under the high-elasticity scenario for the intermediate input substitution. This is expected
given the important role of network complementarity in the model in amplification of the
tariff shocks.
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8.4 Case 4: Reversed Tariff Threats

As seen in Figure 12, there has been many tariff threats that are not implemented or un-
certain to be implemented. In this section, we apply our model to the case of reversed tariff
threats—scenarios in which a country announces future tariffs but subsequently reverses
the decision before implementation. This case also incorporates retaliation: specifically, the
United States announces in period 1 that tariffs will be imposed in period 2, prompting
other countries to announce retaliatory measures for the same period. However, when pe-
riod 2 arrives, it is announced that no tariffs will be levied by either side. This scenario
not only mimics the reality of 2025 geopolitics but also it allows us to isolate the role of the
expectations channel, while examining a real-world dynamic that has become increasingly
common in the context of U.S. trade policy, where tariff threats are frequently issued and
later postponed or rescinded.

Our approach is inspired by the fake news algorithm of Auclert et al. (2021), in which
agents receive information about a future increase in income and optimize accordingly, only
to later discover that the anticipated change does not materialize. While Auclert et al. (2021)
employ this construct as a computational device for solving models in sequence space, we
interpret and apply it literally to study the macroeconomic implications of trade policy
reversals.

To analyze the effects of reversed tariff threats, we construct two impulse responses
under perfect foresight. First, we simulate the all-out tariff war shock examined in Case 3,
assuming it is both announced and implemented in the first period of the simulation. Second,
we simulate the same shock—identical in magnitude—but announced to take effect in the
second period, only to be withdrawn before implementation. The impulse response to the
reversed tariff threat is then obtained by shifting the first (implemented) impulse response
forward by one period and subtracting it from the second (announced-but-not-implemented)
response. This approach isolates the effect of the anticipatory behavior triggered by the
announcement, net of the effects of actual implementation. Importantly, we observe that
from the second period onward, the quantity variables in both simulations converge and
remain nearly identical. This reflects the fact that agents discount the future and adjust
quantities in response to the announcement, but not to the same extent as they would if the

shock were immediate and fully realized.
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Figure 16. Case 4: Impact of Reversed Tariff Threats
(a) (b)
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66



Figure 16 compares the impact on GDP, inflation, consumption, employment, and U.S.
dollar appreciation against the Chinese yuan in Case 3 (Tariff Shock) to the reversed tariff
threat scenario (we only plot single currency for the country subject to largest number of
threats—China). Although tariffs are never actually implemented, real variables respond:
real GDP and consumption decline by approximately 0.9 and 0.7 percentage points, respec-
tively. Because prices are forward-looking, their responses are of greater magnitude. The
near-permanent nature of the anticipated shock induces a pronounced increase in prices, as
households and firms adjust their behavior in light of expected future income streams.

A future in which the United States demands fewer goods from China prompts an imme-
diate appreciation of the USD, as agents incorporate these expectations into current pricing.
In this scenario, the U.S. trade-weighted nominal effective exchange rate appreciates by 2.4%
on impact. In contrast, quantity variables respond more gradually. Consumption declines as
households begin smoothing in anticipation of a lower future consumption path. Although
consumption begins adjusting toward the level consistent with an immediate tariff shock,
it does not fall fully in the first period. When agents realize in the second period that the
shock will not materialize, they reoptimize, resulting in a partial recovery. Output follows a
similar pattern—declining on impact and gradually recovering thereafter.

Overall, this exercise demonstrates that the expectations channel, emphasized in our the-
oretical analysis, plays a central role. Reversed tariff announcements operate similarly to
domestic demand shocks, particularly when announcements are perceived as credible. Im-
portantly, the macroeconomic distortion introduced through the expectations channel does
not dissipate immediately with the reversal announcement. Variables exhibit persistence,
and the economy does not return to steady state instantaneously.

It is notable that, once tariffs are reversed, the U.S. dollar depreciates: agents had pre-
viously priced in a future in which the U.S. would reduce demand for foreign goods, but
upon receiving new information in the second period that this scenario would not materi-
alize, the exchange rate response is reversed. Although expectations linked overshooting is
interesting since this does not happen with regular tariffs. A more realistic interpretation of
the observed and somewhat sustained U.S. dollar depreciation in response to tariffs requires
accounting for a much larger uncertainty (VIX) shock and policy volatility more than our
simple one period on-off tariff threat exercise, or other shocks such as fiscal uncertainty, that

are outside the scope of our paper.
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8.5 Discussion

Our analytical and quantitative analyses allow us to engage with several central questions.
Under what conditions are tariffs appreciationary or depreciationary for the nominal ex-
change rate? Under what conditions are tariffs inflationary or deflationary? And under
what conditions tariffs can be contractionary? We know these answers from the model but
here in the light of the quantitative results that takes into account non-linearities, we provide

further discussion.

8.5.1 Trade Deficits and the Dollar

In our quantitative framework, we find that tariffs can lead to an appreciation of the cur-
rency of the tariff-imposing country on impact. However, once retaliation is introduced, the
exchange rate response becomes sensitive to the relative hawkishness of central banks. For
instance, in a scenario where the U.S. imposes tariffs and the rest of the world responds,
the U.S. dollar (USD) may depreciate on impact if the rest of the world has higher ¢,
parameters—Ileading to greater interest rate differentials in favor of non-USD currencies.

Other work, such as Jiang et al. (2025) and Itskhoki and Mukhin (2025), explain the
observed depreciation of the dollar, since the beginning of April 2025, with the loss of safe
heaven status or convenience yield, where the two are related as shown before (e.g., Kekre and
Lenel, 2024). Pinter et al. (2025) highlight the importance of non-trade related orthogonal
shocks that coincide with a deterioration in Treasury market liquidity. Another alternative
for the observed dollar depreciation is that the impact of policy uncertainty embedded in
tariff threats dwarfs the standard appreciationary effect of a regular tariff shock. In fact, the
early appreciation followed by a depreciation of the dollar shown in Figure 16 as a result of
tariff threats is similar to what is observed after inauguration in January 2018 and January
2025, as shown in Figure 17. Although the depreciation of the dollar, especially vis-a-vis
classic safe haven currencies, is in excess of 10 percent at the time of this writing, it is still
small viewed in a historical context as shown in Appendix Figure A.3. Interestingly, the
initial appreciation of around 2% and then the depreciation of 4% plotted in this Appendix
figure are both in the ballpark of what we get with our tariff threat calibration.*6

In our model, trade deficits and surpluses can only move during transition with transitory
tariffs but not at the steady state. This is because tariffs do not change consumption-
saving patterns permanently, and hence steady state net asset/liability positions. A similar
argument has put forth also by Obstfeld (2025).

46We can match the observed movements in dollar better with a wedge in the UIP equation for idiosyncratic
local risk factor linked to policy volatility as done in Kalemli-Ozcan and Varela (2021).
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Figure 17. USD Exchange Rates against to Major Currencies, following 2018 tariff war
and 2025 Inaugurations

(a) January 2018 — February 2020 (b) November 2024 — June 2025
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(b) Since the election of President Trump for his second term (November 2024) until the latest available
date (June 30, 2025). Data Source: Bloomberg.

8.5.2 Inflation-Output Trade-Off and Employment

Our analytical work and calibrations show that tariffs can be inflationary or deflationary
for the country on which they are imposed. A more subtle question is whether tariffs can
be deflationary for the tariff-imposing country itself, such as the United States. Within
our modeling framework, and barring extreme parameterizations, the direct effect of tariffs,
which mechanically exerts upward pressure on prices, dominates the deflationary forces from
other channels. If inflation were to turn negative, monetary policy would reverse direction
and cut interest rates, thereby supporting prices. Consequently, in both our analytical
solution and baseline simulations (Cases 1, 2, and 3), tariffs are inflationary for the imposing
country and output declines in the short-run and also in the long-run with retaliation. The
key exception is Case 4, in which tariffs threats lead to deflation due to expectations channel.

Overall tariffs can create a stagflationary outcome with increasing inflation and declining
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employment and output. The response of monetary policy is critical here.

9 Conclusion

We develop a new global general equilibrium framework to study the macroeconomic im-
pact of tariffs under trade imbalances. Our N-country-J-sector NKOE model incorporates
full global input-output linkages, heterogeneity in sectoral price rigidities and in monetary
policy responses across countries involved in a trade war. We formulate the model around
five primitives composed of structural parameters (consumption shares, production shares,
elasticities of substitution), frictions (nominal rigidities), and endogenous monetary policy
response.

Our core contribution is to delineate how the economic impact of tariffs can differ by
adding dynamics, monetary policy, international borrowing/lending, and unbalanced trade
into a general trade and production network with nominal rigidities. In our environment,
monetary policy changes the transmission of the tariff shock, both within a given economy
and across different but connected economies through trade and debt. To analyze this
transmission, we derive the NKOE Leontief inverse and decompose the effects of tariffs into
direct and indirect channels—each of which maps directly onto structural components of the
model. To show the importance of country connections through both trade and debt, we
demonstrate that relative to the financial autarky baseline, the case with international risk
sharing leads to dampening of the impact of the tariff shock and having it more evenly and
smoothly distributed across time and countries. Our results highlight the inflationary and
contractionary effects of tariff shocks in an environment with forward-looking agents, where
these effects are further amplified through the expectations channel. Although our focus is
on the effects of short-run tariff shocks, we show that the effects of permanent tariff shocks
can also be contractionary: the inability to substitute between domestic and foreign inputs
makes goods more expensive leading to a decline in output.

Our work yields two key implications, relevant both for scholars and policy makers. First,
models that omit a multi-sector structure may underestimate the impact of tariffs on real
economic quantities—such as output and employment—while overestimating their effect on
inflation, especially under the assumption of balanced trade. Second, tariff threats carry
real macroeconomic consequences—even when they are subsequently reversed. When agents
expect future price increases, they begin to smooth consumption downward in anticipation.
Because the exchange rate is forward-looking, it appreciates immediately in response to
these expectations, but then reverses itself and depreciates when threat turns empty. In

this way, tariff threats function as contractionary demand shocks, even in the absence of ac-
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tual tariff implementation. A deeper understanding of both production network structures
and expectation-driven dynamics—such as those modeled here—can help central banks nav-
igate a policy environment in which tariffs, retaliation, and related threats are becoming
increasingly common. As Federal Reserve Chair Jerome Powell recently emphasized: “We
may find ourselves in the challenging scenario in which our dual-mandate goals are in ten-
sion.... There aren’t historical experiences we can consult here. So it may turn out that the
tariff pass-through is less or more than we think. We are perfectly open to the idea that the
pass-through will be less than we think, and, if so, that will matter for our policy.*”” Our
analysis can shed light on these pressing policy questions.

By theoretically unifying long- and short-run perspectives on the impact of trade barriers,
our framework echoes foundational insights from classical economic literature, dating back
to Hume (1758), which emphasized the price—specie flow mechanism. This mechanism illus-
trates how price levels adjust endogenously through trade flows, ultimately rendering trade
restrictions self-defeating. Restrictions on exports and imports induce exchange rate move-
ments that offset perceived gains. For countries imposing import restrictions, rising labor
and input costs typically follow, forcing firms to reduce employment and scale back produc-
tion—ultimately undermining domestic economic performance. This core insight traces back
even further to Gervaise (1720), underscoring the long-standing understanding that trade

barriers distort price signals, resource allocation and economic growth.
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APPENDIX

A Additional Results

Table A.1. U.S.

Tariff events from the WTO-IMF Tariff Tracker.

Event Average
Date Tariff (%) | Event Label | Event Description
The baseline tariff rates for U.S. imports from China have been updated to reflect
actual tariff rates applied per tariff line, based on data from the U.S. Census for 2024.
These were then compared with the Most Favored Nation (MFN) tariff rates for 2024
1/1/2025 | 2.3 Pre-Trump . . o o . .
to identify pre-existing tariff hikes before the start of 2025. The resulting tariff rates
were rounded to the nearest 0.5%. For other exporters, the baseline tariff rates are a
combination of MEFN and preferential rates for 2024.
On February 4, 2025, the United States imposed an additional 10% tariff on all
2/4/2025 | 3.6 China +10 |, Yo P ’
imports from China.
. On March 3, 2025, the United States further increased tariffs from 10% to 20% on
3/4/2025 |11.3 China +10 . .
all imports from China.
On March 4, 2025, the United States implemented additional 25% tariff on imports
3/4/2025 |11.3 Can/Mex +25 ) ] .
from Canada and Mexico. Energy resources from Canada will have a lower 10% tariff.
Effective on 7 March 2025 the United States announced an exemption for all imports
complying with the United States-Mexico-Canada Agreement (USMCA). Compliance
3/7/2025 |8.7 USMCA rate has been estimated using 2023 imports notification submitted by the U.S. to
Exemptions WTO’s IDB. Additionally, tariff on potash imports have been reduced from 25% to
10%.
Steel & Al On March 12, 2025, the United States imposed additional duties on steel and alu-
ee m.
3/12/2025| 9.7 Tariff +25u minum imports. Specifically, a 25% tariff was applied to steel and aluminum imports,
ariffs
with the exception of Russian Federation, which faced a 200% tariff on aluminum.
4/3/2025 | 10.7 U.S. tariffs on | Effective April 3, 2025, the United States imposed new tariffs on vehicle imports.
' Vehicles Additional 25% tariff was applied to vehicles from all countries.
. On April 05, 2025, the United States imposed a baseline additional 10% tariff on
Baseline 10% | . . . .
K imports (there are exemptions) from all countries, except for Canada, Mexico, and
4/5/2025 |13.4 reciprocal tar- . . . . .
- countries subject to rates set forth in Column 2 of the HTSUS (Russian Federation,
iffs
Cuba and Belarus, which is a WTO Observer).
On April 9, 2025, the United States imposed additional tariffs of 34% on imports
Liberati from China. On April 9, 2025, the United States increased the additional tariffs from
iberation
X 34% to 84% on imports from China. On April 10, 2025, the United States increased
4/9/2025 | 22.6 Day tariffs . . . . . .
ol ted the additional tariffs from 84% to 125% on imports from China. The increased tariffs
tmplemente on imports from the other 55 countries with implementation date on April 9, 2025,
were suspended effective April 10, 2025 for 90-days until July 9, 2025.
Tariffs on Ve- | Effective May 3, 2025, new tariffs were imposed on vehicle part imports. A 25% tariff
5/3/2025 |23.3 . . . .
hicle parts was applied to vehicles’ parts from all countries.
U.S.-China . .
5/14/2025| 14.9 U.S. and China agreed to a trade deal that reduces 125% tariffs to 10%.
trade deal
6/4/2025 | 16.5 Steel & Alum. | U.S. doubles tariffs on foreign steel and aluminum imports to 50%. This applies to
' Tariffs +25 all trading partners except the UK.

NoOTE: The tariff events are described by WTO - IMF Tariff Tracker (WTO and IMF, 2025). Note that this

table only include the actual implemented tariffs but do not include the tariffs to be implemented until June

20, 2025.
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Table A.2. Sectoral Shares and Tariffs for the U.S.

World u.s. U.S. Import | U.S. Final| U.S. Int |U.S. Curr.|U.S. Max.|Ret. Curr. |Ret. Max.

Country Industry |Share (%) |Share (%)| Share (%) |Share (%)|Share (%) | Tariff (%) | Tariff (%) | Tariff (%) | Tariff (%)
USA Agriculture 7.0 89.1 0 88.5 89.3 0 0 0 0
USA Energy 15.0 79.0 0 89.4 75.0 0 0 0 0
USA Mining 11.1 94.8 0 98.5 89.9 0 0 0 0
USA Food & Bev. 13.1 91.3 0 91.2 91.7 0 0 0 0
USA Basic Man. 11.2 7.4 0 66.0 82.5 0 0 0 0
USA Adv. Man. 13.1 67.0 0 67.0 66.9 0 0 0 0
USA Resid. Serv. 13.1 99.7 0 99.9 99.5 0 0 0 0
USA Services 29.1 96.5 0 96.7 96.2 0 0 0 0
EUU Agriculture 13.3 2.1 19.6 2.3 2.1 9.3 9.3 0 0
EUU Energy 14.0 1.7 8.2 2.0 1.6 0 0 0 0
EUU Mining 13.9 0.7 14.0 0.4 1.2 9.2 9.2 0 0
EUU Food & Bev. 23.9 2.6 29.8 2.8 2.1 10.6 10.6 0 0
EUU Basic Man. 23.2 7.6 33.7 12.4 5.5 6.0 6.0 0 0
EUU Adv. Man. 29.2 8.8 26.7 8.7 9.0 14.9 14.9 0 0
EUU Resid. Serv. 28.5 0.1 35.7 0.1 0.2 0 0 0 0
EUU Services 30.7 1.5 42.2 1.4 1.7 0 0 0 0
CHN Agriculture 31.7 0.4 3.9 0.4 0.4 42.8 156.3 39.7 138.4
CHN Energy 17.6 0.1 0.4 0.1 0.1 31.9 31.9 33.6 145.1
CHN Mining 214 0.1 1.4 0.1 0.1 28.8 784 26.7 140.7
CHN Food & Bev. 24.1 0.8 9.3 0.8 0.8 39.1 147.6 20.8 130.5
CHN Basic Man. 38.0 5.3 23.4 8.6 3.8 414 117.6 19.0 126.6
CHN Adv. Man. 32.1 9.0 27.4 8.9 9.2 38.7 93.9 16.8 128.0
CHN Resid. Serv. 27.2 0 0.2 0 0 0 0 0 0
CHN Services 12.9 0.3 9.1 0.3 0.3 0 0 0 0
CAN Agriculture 1.1 1.7 15.3 1.8 1.6 13.9 25.0 4.0 4.0
CAN Energy 2.3 5.9 28.2 2.0 7.4 8.2 10.0 0 0
CAN Mining 3.1 1.4 26.9 0.5 2.6 23.5 25.0 2.3 2.3
CAN Food & Bev. 1.4 1.2 13.9 1.1 1.4 10.4 245 5.8 5.8
CAN Basic Man. 1.2 2.3 10.3 1.5 2.7 21.9 25.0 9.0 9.0
CAN Adv. Man. 1.1 2.3 6.8 2.3 2.2 154 25.0 6.7 6.7
CAN Resid. Serv. 1.9 0.1 44.5 0.1 0.2 0 0 0 0
CAN Services 2.1 0.4 11.1 0.3 0.5 0 0 0 0
MEX Agriculture 1.0 1.7 15.3 1.8 1.6 6.2 25.0 0 0
MEX Energy 1.4 1.5 7.1 0.5 1.8 14.9 25.0 0 0
MEX Mining 1.7 0.1 1.7 0 0.2 20.3 25.0 0 0
MEX Food & Bev. 2.0 0.8 9.6 0.9 0.8 18.1 25.0 0 0
MEX Basic Man. 1.0 1.3 5.7 1.2 1.3 18.9 25.0 0 0
MEX Adv. Man. 2.1 6.3 19.1 6.3 6.3 16.2 25.0 0 0
MEX Resid. Serv. 1.1 0 7.6 0 0 0 0 0 0
MEX Services 1.1 0.3 8.6 0.3 0.3 0 0 0 0
ROW Agriculture 45.9 5.0 46.0 5.2 5.0 9.9 9.9 0 0
ROW Energy 49.8 11.8 56.1 5.9 14.0 0 0 0 0
ROW Mining 48.8 2.9 56.0 0.5 6.1 6.2 6.3 0 0
ROW Food & Bev. 35.5 3.2 37.4 3.2 3.2 9.8 10.0 0 0
ROW Basic Man. 25.5 6.1 26.9 10.3 4.2 10.6 10.6 0 0
ROW Adv. Man. 22.4 6.6 20.0 6.7 6.4 12.7 12.7 0 0
ROW Resid. Serv. 28.0 0 12.0 0 0.1 0 0 0 0
ROW Services 242 1.0 29.0 1.0 1.0 0 0 0 0

NOTE: Share data is obtained from OECD ICIO Tables (Yamano and et al., 2023) and tariff data is obtained
from WTO - IMF Tariff Tracker database (WTO and IMF, 2025). World Share is the share of the industry in
the world in that industry, U.S. Share is the share of the industry in both U.S. final goods and intermediate
goods, U.S. Import Share is the share of the industry in the U.S. imports in that industry, U.S. Final Share
is the share in the final good consumption in that industry, U.S. Int. Share is the intermediate use share
in that industry, U.S. Curr. Tariff is the tariff as of June 30, 2025, U.S. Max Tariff is the maximum tariff
observed since January 1, 2025. Ret. Curr. Tariff and Ret. Max. Tariff are the retaliatory tariff levels that

countries adapted against the U.S. industries.
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Figure A.1. Tariff Announcements and Implementations
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NoTE: Tariff announcements and implementations between January 20, 2025 and June 30, 2025. The data for the tariff
threats, implementations, and planned implementations were compiled from three main sources. The core of the data is from
the Trade Compliance Resource Hub Trump 2.0 Tariff Tracker (https://www.tradecomplianceresourcehub.com/2025/06/27/
trump-2-0-tariff-tracker/#updates). It presents a list from Reed Smith’s International Trade and National Security team
that tracks the latest threatened and implemented U.S. tariffs as of June 27th. This list is cross-referenced with Tax Foundation’s
Trump Trade War timeline as of June 17th (https://taxfoundation.org/research/all/federal/trump-tariffs-trade-war/),
and a corresponding list from the PBS news article detailing a timeline of Trump’s tariff actions as of May 26th (https:
//www.pbs.org/newshour/economy/a-timeline-of-trumps-tariff-actions-so-far). The tariffs that classified as ”threats”
are those that —as of June 30th —had not been implemented and were unlikely to be implemented based on available information.
These threats were identified by extensive look into past and latest news, as well as the use of large language models. We created
the data as of June 27, 2025. This website curates the all the tariff announcements by the U.S.
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Figure A.2. Effective Country-Sector Level Tariff Rates

(a) As of June 4, 2025 (%) (b) As of the “Liberation Day”, (%)

Current (June 4th)

Liberation Day & China Trade War (April oth)
=

T T T T T T
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NOTE: (a) Estimated effective tariff rates at the country sector level based on WTO - IMF Tariff Tracker
(WTO and IMF, 2025) as of the last available day (June 4, 2025) when we accessed the data on June 20, 2025.
(b) Estimated effective tariff rates at the country sector level when the tariffs announced on the “liberation
day” and extra tariffs on China went into effect. In the left panel, we remove the Chinese sectors. In the
right panel, we show all country-sector combinations. Size of the bubbles corresponds to the U.S. imports
from that country-sector pair for the last available data at WTO. The colors code for countries: Canada,
China, euro area, Mexico and the Rest of the World. Sectoral Acronyms are Ag: Agriculture, En: Energy,
M: Mining, F&B: Food & Beverages, BMan: Basic Maufacturing, AMan: Advanced Manufacturing.

Figure A.3. USD - Euro Exchange Rate 2016-2025

Brexit Referundum

2018 Trump Tariffs
COVID-19 US Border Closure
Second Trump Election

— — — — Liberation Day

Note: USD Euro Exchange Rate from 2015 to 2025. The vertical lines indicate different events. Source:
Bloomberg.
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Figure A.4. Tariff Impact as a Function of Model Primitives Under Flexible Prices
(a)

Histogram & Bivariate Plots for Cy

Histogram of Cy
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(b)

Histogram & Bivariate Plots for E
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NoOTE: Figure visualizes how the first period impact of 10% tariffs by the home country changes as the
primitive parameters are changed. Vertical axis variables are measured in percentage points. We see that
consumption is declining in both v and Qp, while they are increasing in the foreign country’s parameters.
The exchange rate appreciates in response to tariffs. This appreciation is stronger as one lowers the home
bias in consumption and production for the home country. The intuition here is that as once increases Qg
and g, H becomes a larger buyer of goods produced by F and thus one has a larger change in the relative
demand for F’s goods, which in turn leads to a larger appreciation. This appreciation is not large enough
to flip the sign of consumption into positive territory. Additionally, while output is solved out from the
five-equation representation, we can compute it based on the solution of other variables. Thus, output as a
variable of interest is included in Figure A.5. Output is mostly responsive to the elasticity of substitution
which allows both production and consumption to respond to prices in both countries. Output is declining

vy and g, while it is not significantly responsive to foreign country parameters.
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Figure A.5. Tariff Impact as a Function of

Model Primitives Under Flexible Prices

Histogram & Bivariate Plots for Yy
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NoOTE: Figure visualizes how the first period impact of 10% tariffs by the home country changes as the
primitive parameters are changed one at a time. Vertical axis variables are measured in percentage points.
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Figure A.6. Tariff Impact as a Function
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NoOTE: Figure visualizes how the first period impact of 10% tariffs by the home country changes as the

primitive parameters are changed one at a time. Vertical axis variables are measured in percentage points.

Persistence of the shock is set to p” = 0.5.
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Figure A.7. Tariff Impact as a Function of Model Primitives Under Taylor Rule
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NoTE: Figure visualizes how the first period impact of 10% tariffs by the home country changes as the
primitive parameters are changed one at a time. Vertical axis variables are measured in percentage points.

Persistence of the shock is set to p™ = 0.
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Figure A.8. Tariff Impact as a Function of Model Primitives Under Taylor Rule
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NoTE: Figure visualizes how the first period impact of 10% tariffs by the home country changes as the

primitive parameters are changed one at a time. Vertical axis variables are measured in percentage points.

Persistence of the shock is set to p™ = 0.
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Figure A.9. Tariff Impact as a Function of Model Primitives Under Taylor Rule
(a) (b)
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NoOTE: Figure visualizes how the first period impact of 10% tariffs by the home country changes as the
primitive parameters are changed one at a time. Vertical axis variables are measured in percentage points.

Persistence of the shock is set to p™ = 0.
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Figure A.10. Case 3: Impact of All-Out Tariff War Under High Elasticity of Substitution
(a) (b)

Inflation Real GDP
—US
0.4 ——FEA
w0 = =China n
“E 0.3 = =(Canada E
E — Mexico E 0.5
R -0.
5 0.2 oW -
&0 &0
£ 01 2
5 ) —US
5 OS T T I 2 ——FEA
Sj 7 d'j = =China
-1.5 = =Canada
-0.1¢ — Mexico
RoW
0.2 AR S A S S S S — )] SEL S —S
4 8 12 16 20 24 28 32 36 40 4 8 12 16 20 24 28 32 36 40
Quarters Quarters
(c) (d)
Consumption 1 Employment
e mm—— _
0’/,,»-7 -—
Z 2z
2 =
& 0.5 ~
&) )
g 2
=i =1
S °
(] )
(el = =Canada Ay = =Canada
= Mexico = Mexico
RoW RoW
15 | | . . | | 150 . . ‘ ‘ ‘ . ‘ ‘ |
4 8 12 16 20 24 28 4 8 12 16 20 24 28 32 36 40
Quarters Quarters

(e) (f)

Noininal Exchange Rate (Change, USD per LCU) s Net Exports as a Share of GDP

mnnwm‘mw 1
2 2
= 05
= o
o) &) U R
& & ~T°1
= += -0.5
g —EA g
% | = =China % -1
[a 3' - -Can:.ada o
- = Mexico = =Canada
RoW -1.5 = Mexico
RoW
4 ‘ ‘ | ‘ ‘ ‘ ‘ ‘ | ) ‘ ‘ | L ‘ ‘ ‘ ‘ |
4 8 12 16 20 24 28 32 36 40 4 8 12 16 20 24 28 32 36 40
Quarters Quarters

NotTEe: All-out tariff war scenario in which trade partners retaliate symmetrically. Impulse responses are
calculated with MIT shocks and with shock persistence is set to p” = 0.95. Tariff rates same as Case 3;
however, all CES elasticites are set to 4.
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B Derivations

B.1 Household’s Problem

The Lagrangian for the household’s problem is:

con{Zﬁt
t=0

Z(Wn,t[fm',t + Hni,t) - (1 + Z.n,tfl)Bn,tfl - 5n,t<1 + i%ffl)Bgtsfl

| }.

1—0o 1+n
C Ly,

n,t

-0 X1y

+ M\

—P,1Cry — Thit + Bpy + gn,th,tS - 5n,tP7£],tS (Bgf/PgtS)

Given Ly, = > Ly, the first-order conditions are:
i

ai*ﬁ =B'C,l — NP, =0, Wt
n,t
aiﬁ = _5tXLZ,t + )\th,t = 0, Vt
n,t
oL :
B At — Edgi (L +dny) =0, Vit
n,t
oL .S 1 pUS ) pUS
9505 MEnp — Edi1&n (1 +14,7) — MEn (B, /P)7) =0, VYt
n,t

Rearranging the first-order conditions, we derive the key equilibrium conditions.

Euler Equation

Rearranging the FOC for B, ;:

At = Edpi (1 +iny)

t 1 —Oo
Substituting A, = 25 from the FOC for Ci:
n,t

Coap1\ " Pr. .
( ,t-‘rl) : ,t (1 + ’Ln’t>
Cn,t Pn,t+1

1:ﬂEt

Intratemporal Labor-Consumption Choice
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Rearranging the FOC for L, ;:

)\th,t
51&

XLZ,t =

t ~N—0
Substituting \; = BPC—C” from the FOC for (), ;
n,t

C;? n,t
XLZt = : C
Pn,t
Wit
’ _ n (oa
PC - XLn,tOn,t
n,t

Uncovered Interest Parity (UIP) Condition with Portfolio Adjustment Costs

Rearranging the FOC for BJ?
MEnt = EM1Enp (1 + ng) + /\tgn,t@//(Bgf/ng)-

Dividing both sides by A&,

Aiv1 En .
1—Et[ ;l 5t:1(1+15,f)} +Y' (B /P

Using Ay = Ey A1 (1 + 0py):

En t+1 1+ ng US US
1=F — B, 7 /P,
| s T4in, V(B Pai)
1 + Z'n t US US gn t+1
’ B P )
1+ ng ( v v/ )) Ent
Ttidne |:5n,t+1:| 1
R ' (BUS | PUY)

B.2 Firm Problem

Output in country n sector ¢ at firm f at time ¢ each firm has some CRS production function:

Yie = AniFi(Lnig, {ijt}iifﬁii])
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Intermediate goods from different countries are first bundled into a country-industry-good

bundle:

oF.
l,j
Gf}—l 9f.71
1/07 — 2
lL,j
nz,] t = § : Qm,],m]Xm mj,t (B1>
meN
Relative demand condition is appropriately defined as:
—_oP.
Xpimis = O Pumia ) 7 5 B.2
ni,mj,t — “&ni,j,mj PX ne,j,ty ( . )
ni,j,t

where P, is the price of bundle j for producer sector i in country n and can be shown
that:

1

1—6F.
¥}

1 of;
m,]t E :Qn%] mj nm],

meN

The price of good j from country m in country n is given by:
Pn,mj,t = Tn,mj,tgn,m,tpmj,ta

Intermediate bundle for sector 7 in country n is an aggregation of country-industry-good
bundle:
05
op -1 ] 0P -1

1/6F e
TL’L t - Z QTLZ:] nz,],

JjeJ

Relative demand condition is appropriately defined as:

P\
o ni,j,t
Xni,j,t - Qni,j ( PP ) Xm',t

ni,t

where PL . 1s the price index for intermediate bundle for producer sector i in country n with:

1
1—0F.
L,j

nz,jt

0 1 o7
z : nt,j,mj nzm]t

meN

Note that:

n'Lt mt—§ Pnz,]tXm,,gt— E E Pnzm]tanmjt

jeJ meN jeJ
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We next define marginal cost; assuming all firms in a country-sector combination are

identical:

MCpiy= min  WiLni,+ P Xoir st Y= 1.

ni,t
Xni,j,tyLni,t

Production is CES:

oF
P P &
oP 6 —1 P 6 -1 P -1 )
Yni,t = Am',t |:Odizé Lnﬁf + (1 - ani)l/e Xni(ff Vn € N7 Vi e J

This problem yields the following equilibrium conditions:

Xni,t o ((1 - ani)Wt)GP

X
Lni,t OZmP

ni,t
—oF
X

Xni t = (1 - ani) Pmi Ynz t

’ MCni,t ’
1 o
MCni,t = 1 [Oéthliop + (1 - Oéni)(Prfg,j,t)kgP} "

ni,t

Combining all equilibrium conditions, we can write:

6P /px \ x \
X - (1 a )Q 0 (Tn,mj,tpmj,t> b Pni,j,t Pni,t Y.
ni,mj,t — - Ung ni,j,mj= “ni,j X ni,t
N Pm',j,t P MCni,t

~~ ni,t

:Qni,mj
HP

—6F. pX —0y pX -
—a. (Pn,mj,t) 7 it ni,t v
= Sng.myj X X ] ni,t
Pni,j,t Pm'7t Mc’mi

B.2.1 Rotemberg Adjustment Costs

Within each country sector there is an infinite continuum of identical firms. Representative

firm f in sector ¢ of country n solves the following problem Rotemberg setup:

2
Pl = argmaxE, | 37 SDFer | Y] r(Pi) (Pl = MCuiz) =% <P Lias 1> Yoiiz Paisr
ni,t T—=t ni, T—1

where a bundler puts together the sectoral output as a CES bundle such that the demand
. _gR
f

function is Ynj;t(PZi’t) = i”—f’: Y,:+. Bundler has log utility; it takes firm-level output

and produces sectoral level output and net-zero bond-supply such that the nominal SDF will
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—t Vit Pui . o " .
be SDF,; r = 87 t%. Plugging this in and writing the Lagrangian:
ni, ni,
—oft 2
L=F; | > SDF. 7 ( o ) Yair (Plip = MCuir) = 55 | 0= = 1) YairPair
T=t ni,T Pir-1
—oF 2
L= BT Wit Pt | ———— [(PL ) Poir? Yoir — | 5 YoirMCpir — == | —"— — 1| YairPuir
= Yoi, 1 Pni,T ’ i, T 2 Plira
e PLa\ """ e 6ni [ P ’
_ _pR R_ T T . T
L= Z /BT tYni,tPni,t]Et (nyin)l 2] (Pnin)O 1 Pnl, - ni, T ;LZ fnu 1
=t ni, T ni, T Pni,T—l
Taking the FOC with respect to Py, r:
FoNT s
07, _ R R_ P MCh; T P 1
ft —E, Yni,tPni,t (1 _ GR)(Pr{z T) 2] (Pni,T)9 1 + eR _ny i % — 57” fm —1 7
opP). . ’ Prir (Pni,1) Pl Pl

f f

P P

+ BYni Pri b By |G | ot —q ) IHL )
) ) Pf (

n,T PL{,T)2

With Y,,; P+ # 0 we can divide both sides by Y,,;;P,;;. Additionally firms within an

industry are symmetric so PT’; r=PFur.

—pF—1
P, MC,; p! 1
_pR R_ ni, T ni, T’ n, T
B (1= 0")(PLia) ™" (P’ 1+0R( ) ~ (—Pf -1

Pm,T (Pni,T>2 n,T—1
5o PT{,T—H 1 P’r{,T—H
P!y (Prr)?

E, [(1—0R>P7;}T+HRMC"@T—67“-( a —1) 1 }

+ OE:

(Pm',T)2 Pn,Tfl Pn,Tfl
Pn T+1 ) Pn T+1 :|
+ BE; |6 : -1 : =0
- [ ( Por (Por)?

Since T is arbitrary, let us set ¢t =T

B MC,; P 1 Pyt Pyt
1—0fp L ol 5 (=2t g 4+ BE; |8, [ 2 — 1) 22—
|:( ) ht (Pni,t)2 Pn,t—l Pn,t—l B ‘ Pn,t (Pn,t)Q

Pr ot

n
6ni

Defining gross inflation and multiplying both sides by and rearranging:

0% (MC,, oF — 1
(Hm',t - 1) Hni,t = < !

O \ Pu:  OF ) + BE¢ [(Hnigsa — 1) i1 (B.3)

The FOCs for the MC minimization problem pins down demand for inputs (including
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labor), so jointly equations (16)-(18) constitute a forward-looking New Keynesian Phillips

Mcni,t _ GRfl : 3
Py = OR , which is

the general pricing equation under monopolistic competition. For the zero inflation steady

Curve. As ¢,; — 0 prices are more flexible and we have II,,; = 1 and

state where prices are all 1, the equation above can be rewritten as follows:

(Hm',t - 1) Hni,t -

0

epni,t

9R -1 emni,t
. ( - 1) + BE; [(Wni g1 — 1) Wi 4]

C Approximated Linear Equilibrium Conditions

Before simplifications are introduced, linearized equilibrium conditions are as follows:*®

1

Etén,tJrl - én,t = ; (A't - Eﬂn,tﬂ) (0-4)
%n,t - zUs,t = Etén,tJrl - én,t + 1& (C.5)
& — EVS _ £ (C6)
én,n,t - O (C?)
Wi = B = nlas +0Chy (C.8)
ént = Z Fn,jén,j,t (Cg)

jeJ
C’n,j,t - Z Fn,j,mjén,mj,t (ClO)

meN
pn,mj,t = é,n,m,t + 7A—n,m,t + pmj,t (Cll>
Cuje = Cue = 05 (PS;, — BS,) (C.12)
Cn,mj,t - Cn,j,t - Ql% <P’I'L,mj,t - ng,t) (C.13)
Xm',j,t = Z Qm’,j,ijni,mj,t (C.14)

meN
Xni,mj,t = Xni,j,t - ‘95 <pn,mj,t - quij}t) (C]~5)
Xpiy = Z Qm‘,ij‘,j,t (C.16)

jeJ
Xm"jﬂg - Xni,t - 0]1; <prf§,j,t - Pé,t) (C].?)
Yni,t - Ani,t + anizni,t + (]- - am')Xm',t (018)
mni,t = _Ani,t + aniWn,t + (1 - am‘)pﬁ,t (Clg)

48Please note in this set of equilibrium conditions the highest layer of the intermediate input bundle is
simplified away.
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Xni,t - ZA—Jm',t = GPWnt eppﬁ)ft (020)
9R
Thit = 5 (Mcm t nz t) + 6Etﬂ-nz t+1 (021)
BYSBUS = Z BYSRBUS (C.22)
mem,t = Z C_(m,m;CA’m,m',t + Z Z ij,niij,ni,ta (023)
neN meN jeJ
Enzn,t = Z I_/nif/ni,t (024)
ieJ
Tn,t = PnC:t - pgt_l (025)
int = OnTtng + My (C.26)

and

Z Z pn,mjén,mj<pn,mj,t + CA'n,mj t Z Z m m] An ,mj,t + Xn'L ,mj, t)

meN jeJ meN ieJ jeT
+ Ea(L+ %) BYS (Ene il B 1)

where we denote the steady state (and limit) values with the bar notation.

D Relating the Balance of Payments to Prices

Let us define the total expenditure of country n in USD as x,: = P,C, /&, and the output
of industry in USD as Ayt = PritYnit/Ens. Let >V denote the N.J x N matrix, which sums
up the industries to country level. Let x; denote the N dimensional row-vector for country

expenditures and A; denote the NJ dimensional row-vector for the outputs.

2 and I' matrices, by definition, include the trade costs. We can define the versions of

these matrices without the trade costs as:

o 1 Pn,mj,tXni,mj,t and T 1 pn,mj,tcn,mj,t

ni,mj, t n,mj, t
Tn,mj,t Pni,tYni,t Tn,mj,t Pn,tcn,t
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With these matrices at hand, we can write the total expenditure of the countries as:

Xt = (Ae diag[(I — Q)1] + A, diag[(Q — QT)ll)EN + (144V%)BYS — Bgfj

~ g TV
Wages & Tariff Revenue Debt Position
Markups Intermediate Inputs

= A diag[(T — Q12N + (1 +V5)BYS — BVS

We can re-write market clearing conditions as:

Pni,tYni,t = Z Pni,tcm,ni,t + Z Z Pni,tij,m',t

neN meN jeJ
nz tCm ni,t nz tXm] ne,t
=2 B PuaCnet DD Tps
thmt m tYm t
neN meN jeJ 7 Js
Aniut = Z I‘m ni g Xmit + Z Z Qmj ni,t mji
neN meN jeJ

In matrix notation:

At = XtFT —l—AtQT
=7 I‘\T [I o 97]71
— (Ardiag](I — Q)Y + [(1+i0%)BYS — BY)) 17 [I - Q7]

Therefore, we can write:

(1+4/5)BYS — BYS) I [I — 07! = A\(I — diag[(I — Q7)1] ZV A)
N———
=A

(1+iV$)BYS — BYS = X, (I — diag[(I — Q7)1]=V A) AT(A A7)~
=\ (AT(A AN — diag[(I — Q)1]2V)

Note that all the terms in the right hand side depends on the prices, wages and tariffs.
Because of our nested CES production and consumption choices, changes in the elements of

Q, Q7 T and I'" are also functions of price changes and tariffs.

Plugging the last equation into the income equation:

X: = NAT(A AN
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D.1 Deriving the Fifth Equation of the Global NK Representation

Here, we would like to show that the changes in BoP can be written as:
BVUS = 2 VU8 + BuCy + B3 PP + E4&, + S5

The expressions below are algebraically involved, but at the end we show that there is a way

to write the BoP as such.

To start with, we can rewrite the BoP as follows:

Z Z pn,mjén,mj(pn,mj,t + CA(n,mj,t) + Z Z Z pn,ijni,mj (pn,mj,t + Xni,mj,t)

meN jeJ meN ieJ jeJ
+ &L+ B (Ean+ 8050+ BUEL) = D7 PuYai (Pai 4+ Yaid) + EBY5 (Enn + BLY)
En(1+1Y%)BYS (én,t +ilY o+ B}{f,» = NX,NX,; + &BYS(E,, + BUY)

Redefining V; as dollar-denominated debt inclusive of interest payments: V; = BIY(1+14y):

Us
g, vUs (&,t 4 VnU,t€1) NX NXM + %

(gnt + VnU,S - ZtUS)
WLOG &, = 1. Also noting (1+4U%) = 71, and NX = (1 — g)V,US

VnUS <gnt+ n,t— 1) (1 ﬂ VUSNX +6V ( nt—l_vn[,JS_Zl(f]S)

(e v

(1 - B)Snt + VnUtS1
BVUS nt 1

)
(1= BYNX s + B(Ens + VIS —iU%)
< — BYNX s+ BVIS — il

ﬂ) nt_( B)ﬁn,t—i_ﬂggs

Using the market clearing condition and production function in vector notation, we can then

express net exports as a function of prices. This yields the fifth equation in the five-equation

representation.
Nth — Sl l/tm + -PtP . 52 Ct + Ptc . SS Xt + _Ptnimj
N—— M~ N~ M~~~ ~—~ ~—~ ——
1x1 IXNJ \NJx1 NJx1 IxN Nx1 Nx1 IXNJNJ \NJNJx1 NJNJx1

(D.1)

where S denotes selector matrices. For example, S selects the country for whom net exports
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—nisP

are calculated and additionally includes steady state ratios (e.g., Y Do jf country is n and

NX
0 if not).

Note vector of end user prices can be written as follows for firms and consumers:

P = S P+ S &+ S5 m (D.2)

~ ~— ~— ~—

NJNJx1 NJNJxNJ Njx1 NJNJx1 1x1  NJNJx1 1x1
IADtCX = S7 EP + Sg ét + Sg Tt (DS)

—— ~— ~— ~

NNJx1 NNJxNJ NJx1 NNJx1 1x1 NNJx1 1x1

Market clearing conditions can be written as follows:
Y, = Q° C¢¥ 4+ of X (D.4)
- —_ = ~ ~~

NJx1 NJXxNNJNNJx1 NJxNJNJNJNJx1

Here, for simplification, we will shy away from the sectoral bundles for both production and
consumption and we will assume that 67 = 6/ = 6/, and 6 = 6 = 6f; for all 7.* From the

CES structure we have énﬂnj’t = CA’nvt + QC(ptc — pn,mji)- In matrix notation this will be:

éfmj = S ét +90 S fjtc - lf)tCX ) (D'5)
N ~— ~ N =~
NNJx1  NNJXN Nx1 NNJxN Nx1  NNJx1

where I%CX is the vector of consumption prices. From the production function we have:

Y, = a L+ Q X, (D.6)
~— N ~~~ ~—~
NJx1 NJIJXNJNjx1 NJIXNJINJNJNJIx1

From the CES structure we have vamjyt = IA/m’t +(9P(Wn7t — Pmm]t) In matrix notation

this will be:

X, = S, L, +60" S35 W,—- P |, (D.7)
~—~ ~— =~ ~— ~—
NJNJx1 NJNJxNJ NJx1 NJNJxN Nx1 NJNJx1

where P/ is the vector of input prices. Using (D.7), we can substitute out X, in (D.6). Then
we shall solve for L, in that equation. Call this equation, (D.8), “labor-output mapping,”

49More general case follows the same logic depicted here, but the notation becomes heavily involved.
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i/t:aj—/t + Q(Sl2jlt + HP[SBVVt - PtXD

V= (a+Q8p) L + 070(SsW, — BY)
Rearranging and solving for
(o + @8u) L =Y, — 07 Q(Si W, — BY),
i, = <a v 95’12)1 [Yt - HPQ<513 W, — 1%X>} (D.8)

Then we use (D.7) to substitute out X; and use (D.5) to substitute out C;"™ in (D.4). This
equation will now have L, in it. Substituting that out using ”labor-output mapping,” we
can then solve for Y; and call this ”output-consumption mapping.” First, substitute (D.5)

and (D.7) into the market-clearing condition (D.4). This yields an expression in terms of Y;

and L
Y, = Q080G + 0°(S1 BC - PEY)| + @¥[Sw Ly + 07(Su W, - BY)].
Next, use the labor-output mapping (equation (D.8)) to substitute out L}, Let
A=a+ QSp,.

Then
£r— A [Y; — 0P QS W, — HX)]

Substituting this into the above expression and collecting terms in Y, gives

Y, =81, Gy + 0°(Su B - PY)

+ 0¥ [SlgA‘l(Y; — 0" Q(Sis W, — PY)) + 6"(Su Wt—ptx)]

Rearranging to isolate Y, on the left-hand side and then inverting the resulting coefficient

matrix gives us equation, (D.9), which is the output—consumption mapping:
A -1 A A A N A
Y, - [I — XS, A—l] { Q° [sm C,+0°(Sy BE — PtCX)} + 9P Q¥ [513 W, — PtX]

— 0" Q¥ S, AT Q [513 W, — I%X} } (D.9)
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We now return to (D.1). Let us substitute out X, in that equation using (D.7). Next we
substitute L? in the resulting expression using (D.8). Finally we substitute out ¥; in the
resulting expression using (D.9), ending up with an expression that expresses net exports as

a function of the aggregate consumption vector and prices. Recalling that we defined
A=a+ @S, ad LP=A"Y, - 0"Q(Su Wi - BY)|.
From the output—consumption mapping (D.9), we have
Y, = |1 - %s; A‘l]l{ QC[81 Gy + 69 (S PC — P7Y)|
+ 0P Q¥ [513 W, — 155] _9PQX S, AT [513 W, — Pﬂ }
Starting again from (D.1),
NX,, =8 (Y + B") — 8,(C,+ PC) — S5(X, + BY),

we substitute (D.7) for X, then (D.8) for LY, and finally (D.9) for Y;. Inserting each

expression carefully and gathering terms gives:
— -1 A A A
NX, =58 ([I ~¥ s a7 {Q0]$10C+ 07 (S0 P - POY)
4o QX [513 W, — HX] _9PQX S, AL [513 W, — I%X} } + Pf’>
- S, (C*t + P¢ )

sy |spat([T-a¥s,a] {a0]s,6, 0% (s, BE - B

1P QX [513 W, — Ptmmf} PO S, ATIQ [513 W, — Pﬁmf] }

_ 6PQ<513VV16 . I%mm])) + QP(S13 Wt _ﬁnimj) + fgtmm]]

This final expression shows NX nt as a function of the aggregate consumption vector, the
wage vector, and the relevant price vectors. In our analytical solution we use W, = 15tC +C,,

so we plug that in. Defining A= [I - QXS Ail]f1 we can multiply terms out and
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rearrange:

NX,. = (512190 S + S APQYX S, — S, A7 QX S, AT QS
— Sy — 838, A AN S, — 838, A AT QX S,
4 S8, A AP QN S, AT QS + S5S, AT 0P QS — 6° S, 513> C,

i (Sl AQCOC S, + S AP QXS — S, AP QX S, AT QS
— Sy — 838, A TAQCUCS), — 838, AP AT QX S,
4S5 S AT APOY S, ATIQS) — S38, A0S, — 7S, 513> pe

+ (Sl> pr
+ (-8 40707 + 8,8, A7 A0 + 0° 8y) PO

n (—SJ@PQX t S AP XS, AT
+ S8, ATTATQY — 8,8, A TAPQYS,L,ATIQ
838, ATLOPQ + (07 — 1)53) P

In this expression, PtX and I%CX are also linear combinations of producer prices, exchange
rate and tariffs, and given that the U.S. nominal interest rate is a function of U.S. price level.

Thus, we can write:

BVUS —VUS = (1= B)Ens — (1 = BINX ., + 515
ﬁvﬂ[{ts = E1‘A/nU,tS;1 + E2ét + E313tP + 54515 + E5Tt

where Z; = 1 in the case of the two-country model; aggregating this yields the fifth equation
in the five-equation representation. We will not specify the elements of E matrices explicitly
and for our purposes here, it is enough to show that the balance of payments could be written

as in the expression above.

From the expression above and from intuition, we can see that a higher elasticity of
substitution makes the balance of payments more reactive to changes in prices. More broadly
we see net exports react to the aggregate demand stance of countries and the terms of trade

in each sector.

Stacking the final expression above for different countries n, alongside a market-clearing

condition for U.S. bonds, yields the fifth equation in the five-equation Global New Keynesian
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Representation.

D.2 N=2J=1

Let us focus on the case where N = 2 and J = 1 under flexible prices. As opposed to
the N-country setting, when N > 1, it is sufficient to track only one balance of payments
equation, which in turn can be written from the perspective of the home country whose

bonds are used by both countries to save and dissave.

Starting with the budget constraint and simplifying by setting domestic bonds B, ; = 0
and portfolio adjustment cost ¢(-) = 0:

PoiCry = WogLoy + > iy + Ty + EVYBYY — V5 (1447 ) BYY
PoiCny+Th — 572]?355 =Wy iln: + zl: i — 57[1],29(1 + ig,f—l)Bg,f—l
NXpp =) My — lethn,t — PiCry — T
BB+ 43 )BES = X+ L3S
Redefining V; as dollar-denominated debt inclusive of interest payments: V;, = Bg S(1 +14y).

Will drop superscript for ease of notation. Additionally note that we can write this in terms
of home country, the U.S., for which & =1 V¢

Vi
1 =NX D.1
Vica t+1+it (D.10)

At steady state this equation will read:
V=NX+8V
NX =(1-8)V
In light of this, and the fact that 1 +4 = 8~ we can rewrite (D.10):

VVi,=NXNX, + BV(V, - i)
Vf/tfl = (1 - 5)7]@7& + 57(‘715 — %t)
BV, =Vio1— (1 — BYNX, + Bi,
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. . 1—8) — .
V=5 — (’#Nxt +iy

For the sake of simplicity, we will assume away home country’s use of its own goods as
intermediate input and label the home country H and foreign country F. Recalling in our
subscript notation the fact that the first subscript is user and the second is producer, then

the two market clearing conditions then are:
Yu:=Cuui+Crus+ Xpm: (D.11)

where Cy g is home country’s consumption of goods made in the home country, Cr g, is
foreign country’s consumption of goods made in the home country, and X, is the foreign
country’s use of goods made in the home country as intermediate inputs. By symmetry we

also have:

Yrt = Crrt + Crre + Xure (D.12)

Note that in a flexible price setting producer price equals marginal cost so we can write

the following in light of the CES structure of production:

Yry MCry,

)

—oP
XrHy —_QOF (ngt(l + TtF)/St>

Vi (D.13)

)

P e
PH,t(l + T ))

Xppge=0F
F.Ht ( P};Pétgt

where Pflzt and P£ . are respectively the producer price of the good made in the home country

and foreign country under producer currency pricing. By symmetry:

9P

Yira (D.14)

)

Xppe =0 (Pﬁt(l +TtH)gt>_
H,Fit —

P
P Ht

Next, we denote from home country’s perspective and in home country’s currency (i.e.,

in USD) net exports:

NX, = P[-};t(CF,H,t + Xpme) — P}?tgt(CH,F,t + Xy i)

Using market clearing conditions in (D.11) and (D.12) let us substitute out intermediate
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inputs:
NX, = Pl (Yiy — Cumg) — Pri&(Yre — Crpy) (D.15)

Next we can note that under the CES structure consumption can be expressed as follows

given the standard relative demand conditions:

PP (1 + TH)gt
CH,F,t:'VH< o P ! Chi
H.t
_pP
PEN
Crre=(1—p) P_ Cry
b
PE+)\ "
Crui="r ( ,P 5 > Cry
it

where Cy; and Pp, are aggregate consumption and CPI price index for the home country.
Then (D.15) becomes:

NX; = Pf,(Yuy — Cang) — Pri&(Yeg — Crpa)

pP -0 pPE -0

= PR Vi, — Ph(1 =) | 22 Cui— PEEYr: + PEEQ —7r) [ 2] Cr
P4 Pr,

= Pl Yu, — (1= ) (Ph ) Py ,Cry — PEEYr: + (1 — 7r)(PE) ™ PLECHy

(D.16)

Note that steady state output in both countries can be normalized to 1. This then implies
Cy =1—Qy = ay, where ay is labor share and relatedly Q is imported input share in
country H. There are two ways to parametrize exports at the steady state. The first follows
from the balance of payments equation above evaluated at the steady state, which yields
NX = (1 - B)V. The second involves evaluating (D.16) at the steady state, where prices

are normalized to 1, as follows:
—= =P = —p\ 10" _pp —P=— —p\ 10" P
NX, =Py, Y~ (=) (Py) Py Cn-Pre¥p+(-9p) (Pr)  Pp &Cr

=1- (1= Q)1 =) — 1+ (1= Q)1 )
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= (1= Q)L =) + (1= 2)(L = )
Then linearizing the net exports equation we have:

NXNX, =Y u(Ph, + Yu,) - Cu [(1 —0")Pl, + 07 PG, + C’H,t]
—Yr(Pf, + &+ Yry) + Cr [(1 — 0")PE, + 07 PE, + & + C‘F,t}
— (Pl + Vi) = (L= Q) [(1 = 07) P, + 67 PG, + C |
— (PR, + &+ Yr) + (1 —Qp) [(1 — 0P)PE, + 07 PE, + & + C*F,t]

=[1-(1-Qu)1—-0")] Pf,+ [-1+ (1 —Qp)(1—06")] PF,
+ (Yie — Yeu) 4+ (1 = Qp)(Cry + ePﬁgt) — (1= Q) (Cry + epﬁg,t) —OpE

With steady-state consumption normalized to 1, we can express steady-state values for

variables like Cy gy and Xp g, in terms of home bias in consumption (1 —vg) and imported

input dependence 2y, which is transformed into ¥y = 1—1QH' Thus, when linearized we

have the following equations:

Y/H,t =(1-Qu)(1— ’YH)C'H,H,t + (1 — QF)’VFOF,H,t + QFXF,H,t
Y/F,t =(1-Qp)(1— VF)C'F,F,t +(1— QH)VHC'H,F,t + QHXH,F,t
XF,Ht - —QP (p;;t + 7A—F - (cjt - pFPt> ‘I’ }A/F7t
XH,Ft:—QP (Plft‘i' +& — ) +YHt
éH,Ht 9P (P};t Pgt>+CHt
Crrs = —0F (PFt NIPS - P}jt> + Cy
Crpy = —0F (P;ft P§t> +Cpy
(P§t+T _Pg’t>+éF,t
PHt = (1 VH)PH,t +’YH(PF,t + &+ %tH)
PFt (1 7F>p1§,t + 'YF(pIIJD,t — &+ 7A'tF)
NXNX, = [1—(1-Qu)(1—6")] P, + [-1+ (1 - Qp)(1 - 67)] PE,
+ Yy — Yrg) + (1= Qp)(Crpy + 07 PF,) — (1 — Qn)(Crre + 07 PF,) — Qré,

These equations can express net exports as a share of prices, which can then be plugged
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into the following balance of payments equation:

. . 1—8) — .
Vi :Bilvt—l — %NXt_’_it

E Analytical Solution Under Flexible Prices

Our original 5-equation global NK representation was as follows. A linearized equilibrium
comprises vector sequences {C’t, 13tP , 13250, &, Vt}f(f for a given sequence of {7, }£° and an initial
condition for Vj such that equations (E.1)-(E.5) hold:

NKIS+TR: o(E,Cyyy — C;) = ®(PF — PE)) —E(PS, — PP) (E.1)
CPI: P =TP + LSE, + LS, (E.2)
NKPC: PP =y [P+ A (a(PC+0C,) + LEE + L7 + BEPL, | (B3)
UIP+TR: ®E&, — ®,&, = &5(P° — PC)) (E.4)
BoP: BV =B\ Vi + G, + B3P + 2,&, + =57, (E.5)

To study the long-run behavior of the exchange rate in a tractable way let us assume
we are in the two-country case and prices are fully flexible. We will study the impact of a

permanent tariff When prices are flexible entries of A — 0o so we have
0= (a (RC + aé’t> +(Q-DPF+LEE + Lf%t>
(I-Q)PF = (a (RC + aét> +LFE + Lfﬁ)
P = \If( (wt n aACt> L LEAE, + LF Art>

where W is the regular Leontief inverse (different from our NKOE Leontief Inverse, which is
a short-run DGE object).

The following is the case with us as is the standard three-equation NK model: With the
shock being permanent and the policy rule targeting only inflation, all the adjustment will
take place via other variables (e.g., quantities and exchange rate), while inflation’s deviation
from steady state will be zero. We confirm this analytically and quantitatively with our

model coded in Dynare.
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Then in first differences a linearized equilibrium comprises vector sequences
{AC, w7 7, AE,, AV, }7° for a given sequence of {A7,}7° and an initial condition for AV}

such that equations (E.6)-(E.10) hold:

A _ c c
O'EtACt+1 = ¢ U Et T (E6)
Nx1 NxN N1 Nx1
7’ = T wf + LY A&+ LY As (E.7)
~— ~ —~— ~—
Nx1 NXNJnNjx1  Nx1 Nx1
EtAétJrl = ég 7th (E8)
A
IXN Nx1
BAV, = AV, + By AC,+ B3 7wl +5,AE + Z5A% (E.9)
IxN Nx1 IXNJ NJx1
P c A P A& P Ax
T, = ¥ ( o . +o AC, | + Ly A&+ L; ATt> (E.10)
\ , S~ S~ ~—~ \ , R ,
NJx1  NIXNJ NNJIXN \ nyx1 Nx1 NJx1 NJx1

E.1 Method of Undetermined Coefficients
Let us postulate that

AC’t = C, A‘Z‘,—l + Cy, A7,
— —

Nx1 Nx1
‘7TtC: Cg Af/t_l‘{' C4 Af't
Nx1 Nx1

ﬂ'f: C5 A‘/t_l—i‘ C@' A%t
NJx1 NJx1

AV, = C:AV,_; + CsA%
AE, = CoAV,_1 + CioA7

Iterating one period forward and taking expectation at t. Keeping in mind the fact that
a permanent shock means A7; is 0 for all periods after the initial period of impact (so in

first differences it is a one-time shock).

EtACtJrl =C, (C7A‘A/t71 + CSA%t)
EnC, = Cs (c7mz_1 + CSA%t)

EtA‘cjt—f—l = Cy <C7A‘Z€—1 + CSA%t>
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Plugging these in

o (c1 (@AVH + CSA%t)> _® (chVH v C4A%t) _ (03 (@AVH + csmt))

CsAVi_y + CuA% =T (c5m7t_1 + CGA%t) + LE(CoAV;_y + CroAR) + LEAR
Cg <C7A‘7t_1 + CgA%t> = (i)g(C:J,A‘A/t—l + C4A7A't)

5(07A‘A/;,1 -+ CgAf't) = A‘A/;/,l -+ EZ<C1A‘A/t71 + CQA?}) + Egﬂ'f + E4A(§t + E5A7A't

C5A‘A/t,1 —+ CGAft =w (a ((CgA‘A/t,1 -+ C4A7A't> -+ O'(ClA‘A/t,1 -+ CQA%t))

+ LE(CyAV, 1 + CoAT) + LfA%t)

That is we have:

7C1C7 — ®Cy + C3C7) AV + (6C,Cs — ®Cy + C3Cs) A%, =0
C3 —TC5 — LECy) AV,y + (C4 —TCg — LECyy — LY) A, = 0

(
(
(CoCy — ®3C3) AV + (CoCs — ®3C4) ATy = 0
(

[C5 — ¥a(C; + 0Cy) — WLECy| AV,
+ [Co — ¥a(Cy+0Cy) — WL{Cyy— WLE| A7, =0

Resulting system of 10 equations:

0 C,C; — ®Cs + C3C7 =0
C3 —TCs; — LECy, =0

CyCr — P3C3 = 0

BCr —1 —E,Cy —E3C5 —Z,Cy =0
[C5 — ¥a(Cs 4+ 0Cy) — WL{Cy| =0

aCng - (I)C4 + CgCg =0
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C4 - FC6 - Lgclo - Lf - O
CgCg - @304 - O
pCs — EyCy — E3Cs — Z4C19 —Z5 =0

[Cos — ¥a(Cy+ 0Cy) — WL{Cyy— LY =0

To solve the system with ten equations we begin as follows:

1 =~
Cr = —®3C
7 s 3C3
(icﬁi'g - @+ —C3‘I’3) C;=0
9 9

Keep in mind that &3 = [1 —1] ® =2Z®. Then:

1
59 ((O'Cl + Cg)Z - ICg) @Cg =0

1
Co
<iclci>3 ~ &+ icgig) Ci=0
Cy Cy

C,=TCs+ LEC, + LY

Pl — EoCy — BE3Cs — E4C10 —Z5 =0
Cs =¥ [a(Cy + 0Cy) + LEC, + LY

08 = (i)304

Plugging in last equation into 3rd equation yields:

Cy=(I-T%a) ' [[PacC,+ (TWL{ + LE) Cyp + (T'TLE + LY)]

Also have:

]' X p— p— —_ —_
55'1’3C4 = EyCy + E3Cs + Z24C10 + E5
9
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When price equals marginal cost (in deviation from the steady state), Cy = 0, so is Cj.

We have confirmed this with the code. So now system is:

Cﬁ = [\I’ [Oé(O'CQ) + L({;Clo + Lf]]

That leaves two equations and two unknowns:

Il
ﬂ

— EQCQ — 53 [\I’ [Oé(O'CQ) + L?Clo + Lf“ — 54010 — E5 =0

So we have:

0= T ¥ a«a ocC+ I © L[fcy+ T @w LY+ LSO+ LE
N O~ \/2_, ~ TN o N~ T, T Ze Y0 Hr
NxNJNJXNJNJIXN Nxi1 NxNJNIXNJ yJoyq NxNJNJIXNJ Nix1 Nl Nl
0=-— EQ C2 - Eg ) (6 2ol C2 - Eg ) Lg 010_ Eg R Lf —\:4010—:5
R S e I = i ~ =
IXN Nx1 1IxNJNJIXNJNJXN Nx1  1xNJNIXNJ § 1 IXxNJ NIXNJI §yyq
_ P C P C
0=TWasCy+ |TWLE + LY | Cio+ TWLE + LS
~— —— —_——
NxN Nx1 Nx1 Nx1 Nx1
0=—|Ey 40 B3 ¥ a |Co—| By W LE 42, |Co—| B ¥ LY 4=
2 3\ ;N\ , 2 3\ , £ 4 10 3\ , T 5
1x N IxNJNJIXNJ NJxN IxNJNJIXNJT N %1 IxNJNJIXNJ n7x%1

We will use the first equation to solve for Cs:

-1
= — P c P C
C, = <I‘l11aa> I'vL. + L; Cio + I'vL + L:

NxN Nx1 Nx1 Nx1 Nx1

First expand and group terms:

0=T%asC,+ (WL, + L) Cyo+ TWLY + LE
0=— (824 0E3%a) Cy — (BsWL; +Ey) Cyp — (BE3PLE + Z5)
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Solve the first equation for Co:
Cy=— (TPao)” (TWLY + LE) Cyo + TTLE + LY)
Substitute this into the second equation:

0=— (s +0E;3%a) (- (TPao) " (TWLE + LE) Cyp + TTLE + LY))
— (B3WL; +E4) Cyp — (B3WLE + E5)

Expand:

0= (8 +0E3%a) (I'Pao) ' ((IPLE + LE) Cyp + TYLY + LE)
— (BsWL; +E4) Cyp — (B3WLE + E5)

Group terms with Cg and constants:

0=[(8; +0E;¥a) TPao) ' (TWLE + LY) — (238 LE + Z4)] Cio
+ [(E2 + 0E3¥a) TPao) ' (TPLE + L) — (E39LE + =5)]
Thus solving for C'g:

(By + 0E3%a) (TPaoc) ' (TWLL + L) — (E3WLE + =5)
(Ey + 0E3Pa) (TPac) " (TWLE + LS) — (EsWLE + 5))

E.2 N=2J=1

Under flexible prices and permanent tariffs, with a standard Taylor Rule 7T10{7t = Wgt =0 and
V, = 0. Then we have consumption taking on a new permanent value starting from the first
period. With that we can solve analytically for the impact of tariffs in a number of different

illustrative cases.

E.2.1 Symmetry and Retaliation

Under symmetry, flexible prices and retaliation, if both sides start raising tariffs:

o0&, oP§, oPf, .
or,  on  0n
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8Cf17t _ 8CF¢ _ 1] Q L —VLS
o7y o7y o 1-Q

oPE. Pk
= 2 = L
87} 87}

This case highlights the core intuition. Impact of tariffs is bigger when dependence on
imports is high on the consumption and production side. Secondly, the notation allows us
to separately see the impact of tariffs on the demand and supply side. While aggregate
inflation has to be zero, the impact on producer prices is negative and this is exclusive from
the loading of tariffs onto the consumption basket. As is expected under flexible prices, the
direct impact is the entirety of the impact, so if there is a 10% tariff placed on all imports,

which constitute 10% of the consumption basket, producer prices would decline by %1.

E.2.2 Symmetry and No Retaliation

Under symmetry and no retaliation the exchange rate’s response is:

c :a_ét:_ Eo(y — Q= Q) + Zs(y — Qy) + Bs(—1 + Q + 27 — 2Q)
T0n T 25,(v— Q= Q)+ 255(y — ) + Ea(—1 + Q + 2y — 2Q)
where
27+ Q
o =ZFg = — 1-Q
2 21 O+ 1 ( ) <0
Hop = —Ho
— =2 —200 — 20y + 4097 + Q7 + 400y — 4004* — 20%0y
—3 — =31 — 0O T 1
20Uy — 29"+ 2y — 1) + 29 — 7))
B Q+1
E3p = —=3

Dy +Q+ (1 —2y)
o5 = 0
i Q+1 =0

Equivalently we can write:

P T(Q0 + 20y — 40 — 207 + Q2 — 2007)
t = —
D g
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70y + 209 = 207 4+ 29° + 2Q04% + Q*0)
D

LC

where D = 200 — Q4 6y + 20y — 4072 — 20292 — 40~% 4+ Q2% + 4~% — 400~ + 4002 + 2020~.
Rearranging, we find that when v < 1/2, the terms multiplying LY and LY will be positive.:

D

A 1 [£9(1 —27) + Q1 = 29%) + 29(1 - 29))QL7

~
>0

+ (0(1 — 27) + 2Qy + 27y + 2Q0y + QQO)VLf] T

~-
>0

Then the denominator will determine the sign of the exchange rate:

D= 0212?1492 + 967} +0 [29 4 29(1 — 2Q) + 4092 + 2927} . [9472 O+ 472)]

N / (.

/

N N

>0 >0

There will be appreciation if:

O?(1 — 293 +49% + 967] +6 [2(2 4+ 27(1 — 29Q) + 404> + 2927} > [0472 + Q1 + 4+4%)

Let us consider some cases. First, evaluating this at § — 0 we find:

D21 —292) + 491 = Q) +Q(6y —1) > 0

(. 7

~~
>0

Then when 6 — 0, a sufficient condition for appreciation is vy > %. Secondly, if for example

we have § — 0 and 7 — 0 then the expression above collapses to
0 >0

This is false since 0 < Q < 1. That is when both 6 and ~ are low that can generate
depreciation. If however, both, 2 — 0 and # — 0 we have 472 > 0, which holds true.

113



F Analytical Solution Under Real Rate Rule

Let us now set N = 2 for an arbitrary J and assume that the policy rule in each country

follows a real rate rule:
%n,t - (watPnc:t+1
where ¢, — 1. Then the equilibrium conditions read as follows:

U(Eté'tﬂ - ét) = (I)<Ptc - 1351) - Et(ﬁgrl - Ptc)

P =TP + LSE + L

_ptP = \I’A [Ptlil + A <a (EC + O'ét) + Lgét —+ Lf'ft) + /B]Et‘f)til}
Eli — & = ®3(PC — BE))

ﬁ‘z = ‘A/;‘fl + E2ét + 5313,513 + E4ét + 25T

Having a constant real rate rule with a temporary shock, sets the path of consumption
at zero (C’t = 0), which in turn implies a constant real exchange rate. This in turn implies
that the exchange rate is & = P$, — PS, = [1 — 1] PC.

V/

In light of this rearranging CPI equation:

PS¢ =TPF + LSZPC + L
(I-L{Z)PS =TP" + L%
PC=(1-LEZ)'TPP + (1 LEZ) ' LY,

Plugging in the CPI equation and these into the NKPC equation yields:

PP =Wy [PLy+ A (o + L{2Z) PE 4 177 ) + SR L
Pr=w, [1‘{1 +A ((a +L;Z) ((I —LEZ)'TP" + (1 LEZ)‘lLTCﬁ) + Lfﬁ) + /3Et13£1}
PP =wiR |\ PP+ BEPE + A((a+ LEZ) 1 - LEZ)'LE + L) #

-

D
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As we show in Appendix J, a system of the following kind
PtP = ‘I’Xm <13£1 + BEtptil + DTt)
Tt = PTi—1 + &

has the solution:

By ( (e o) o] D> @,

where the square root operator is defined in Appendix J. This operator diagonalizes the
Leontief Inverse, takes the square root of the diagonal entries and then pre and post multiplies

with the diagonalizing matrix. With that we can also show the impact on inflation as follows:

22wz (r [ (oo @) -] ) )

F.1 N=2J=1

Under perfect consumption stabilization with a fixed real rate rule in the two countries we

have the following system:
pg,t =(1- ”YH)PI]{D,t + ’YH(p}};,t + ‘cjt + Lfft)
P}% =(1- 7F>p£t + ’YF(p}?,t - gt)
7TII_D]7t = AH <05Hp[§’t + QH (p}f,t + gt + Lf%t> - p]?,t) + BEtﬂ-II;,t—i—l
ﬂ-?,t = AF (anFC",t + QF <p11;,t — €t> — p£t> + 5Etﬂ-§‘7t+1
Wfl,t = Pf];,t - PII;,t—l
7T}F<:,t = P}{Ejt - PFPi,tfl

ét - Pgi - PFCv’t
First we plug in the exchange rate into the first two equations:

PS, = (1 —ym)PE, + v (Pgt +(PS, - PS)+ Lg@)

pgt =(1 _'YF)PI{;‘*"YF (p;;t - (ﬁgt - Pgt))
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Solving this out:

. . 1— .
Pg’t _ P§,t+ (1 =r)ym LS4,

L= —u
pC _ pr _ YFVH G4
Fit Fit 1 — YF — YH Tt
Then the nominal exchange rate is:
5 AC HC
t = g — P Fit
5P AP H Ca
= P, + LT,
e R '

Now let us transform the NKPC equations into levels for the method of undetermined

coefficients and also plug these in:

) ) ) . A
Py, —Pl, = Ay ((1 — Q) (PI-I;t + %Lfn)

S (B + (PR PR+ 12197 ) + L) - p;)
) } ) 1 _ ’YF _ ,yH 5
+ ﬁEtpf];tH - ﬁpg,t

b= =100 (B - 22 i)

+QF (pII;t_ (pfljt_plfth’y—HLfft)) _plft)
’ ’ "o l=r—m ’

+ BEtPII;,t—i-l - 5151{;&
This yields:

- 1
PR —
Hit 1+/B

1 —
AH%t[ﬂ_QH)wLS N QH(V—HL%Lf)}
L= —m 1= —vH

+ 5Et13§,t+1 + p};,t—l
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Simplified:

A 1
Pl =—
Hit 1—’—/8

A (7H 1 —9r(1 - Qp)]
H
1= — v

LY + Qp Lf) T + 6Etpg,t+1 + PII;,tfl
This is equal to
Pf, = AD# + ABE, P}, | + AP}, |

Setting up the system for the method of undetermined coefficients:

Pl =Cf + CoPl,
Etpf];t—&—l = ClpT%t + Cgpgyt = ClpT’f_t + 02(017% + CZPFJ;t—l) = <p701 + 0201>7A_t + 022?[];715_1

Plugging these in:

Ci#+ CoPf, = AD# + APf, | + AB((p"Cy + CoCh)# + C3 P, )
[Cy — AD = AB(p"Cy + C1Ca) 71+ [Co — A= ABCF] Pf, , =0

Then we have

BC; —A1Cy+1=0

A s AT
_>02: 25

Since A' =1+ 7

o, — 1+ 8+ (14p)?—4p
2 — 26
14+ B8+ /14284 52—48
= %
14+ B8+ /1 -2+ p?
— 2

14+ (B-1)
_ >

That is C, € {1 } We pick C; = 1 since that ensures system stability. So with Cy, = 1

1
B
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then:

C, — AD — AB(y" +1)C, = 0
[A™H = B(p" + D]CL =D
[1+B8-08(p"+1)]Ci=D

Ci=[1-pp™"

Since D = Ay (M LY + Qg Lf) we have:

1—vr—vH

- ~ 1— 1-Q
PII;,t = Pflzt—l +[1— ﬁpT]_lAH (7H [1 gl 1) Lf + Qg Lf) T
—YF —7VH

Then the solution for the foreign price is:

- : 1-0 + )
R G e TR &

N

Fit m
~——

~~
A -D

Then the solution for the foreign price is:

AL (”YH (1 —=Qp)yr + Q] Lf) ;
1= — v

plf,t = p}f,t—l —[1—=8p7]

F.1.1 Small Open Economy Special Case with J=1

SOE assumption sets 7p = Qp = 0,:

P}?t:]ﬁgt—l"‘[l_ﬁpT}lAH( o Lf—i-QHLf) T
7 7 L=
PFt PFt Pﬁt:Pﬁtlzo

& = PHt—PHtJrl L%,

YH

Or put differently:

apg,t . &ét _ ( YH

5= Bn T (L= Bp " Aw+ 1)) L€+ (1= Bp"| " Ay - QuLE
t t -
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G Analytical Solution with Fixed Nominal Demand

The nominal demand assumption allows us to break cyclical relationships in the system
and as shown in the DAG representation below, one can solve for all endogenous quantities

starting from 7; and ]\th.

Figure G.1. Directed Acyclic Graph (DAG) Representation of the Simplified Equilibrium

Exogenous:

With the simplifying assumptions introduced for this section, the Backus Smith condition

can be written and transformed as follows:

EtAQt+l =0 (EtAC'n,tH - EtAém,t+l)
EtAgn,m,t+1 =E; <AMn,t+1 - AMm,t+1)

A~ ~

gn,m,t - gn,m + Et

Z _AMn,t—O—j—l-l + AMm,t+j+1]

J=0

where Qt is the real exchange rate. We consider transitory shocks. Additionally, we make
the assumption that portfolio adjustment costs are strictly positive; however, numerically
small that we omit them in our notation. The fact that PAC is strictly positive, implies that
in response to the type of one-time shocks that we are interested it will be the case that
c‘fnm = limy_,00 é’n,m,t ~ 0. To that end, let us assume M, ;1 ; = My, +4; =0V j > 0. Then,
we have &, = Mm - Mmt. That is, in the simplified version of the model with fixed
nominal demand, nominal demand policy determines the path of nominal exchange rates.
The intuitive interpretation of the expression above is that excessively stimulating demand
(i.e., printing too much money) leads to depreciation, consistent with models of monetary

exchange rate determination.

119



Recalling producer inflation:

0,

P _ 1 pp o 574 D
Mnig = 5 | Oni Wit + Y > Qi (Phy 4 Enms ATamie) — Pl | + Bl
n A meN jeJ N g
Mn,t Mn,t—Mm,t

Then in vector and matrix notation we have:
P =A (aMt +(Q-I)PF+ Q0 &1+ Lfﬂ) + BEmL

where a is the diagonal matrix whose non-zero elements are the labor-shares (i.e., a,;) and
Mt is a NJ x 1 vector such that Mm-yt = Mm. We will use the following Lemma to simplify

the equations.

Lemma 1. Given Ey;mj = Mypiy — M,,;., we can write:

Qe&IL=T-a—-Q)M,

The proof follows from calculating each element:

g Qni,mjgni,mj,t = E Qni,mj (Mni,t - Mmj,t) = Mni,t E Qni,mj - E Qni,ijmj,t-
mj mj mj mj
—_——

l—am-

This equality can be seen easily by calculating the summations. Therefore, we can write

the producer inflation as:

xl = A ((Q —~ PP + (I -Q)M, + Lfﬂ) + BBl (G.1)

An intuitive way to interpret (G.1) is to first examine the flexible price case, where

marginal cost equals price:

#- (-7 (I-Q) M- Lf -BF,
—— —— S~~~
Leontief Inverse Policy Impact Tariff Incidence
via Wages and ER
=M, +(I-Q)'Lf'+ - PP, (G.2)

Equation (G.2) illustrates the impact on inflation under flexible prices. Nominal domestic
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demand policy affects producer price inflation through two channels: first, via the demand
channel, and second, via the exchange rate channel. Since the labor-leisure tradeoff simplifies
to W, — P, = C, under the given parametrization, and since nominal wages depend on
M,, stimulative demand policy increases labor supply. Through the exchange rate channel,
stimulating domestic demand beyond its steady-state level results in depreciation, which

raises firms’ marginal costs by increasing the price of imported intermediate inputs.

Returning to the Rotemberg pricing case with the forward-looking NKPC in Equation
(G.1), we simplify and define the stickiness-adjusted Leontief inverse for the producer price

inflation equation as Wy = [I — A(2—I)]~!, arriving at the global NKPC for producer price

inflation:®
= WA I-9Q) M+ L'+, —(I-QP +BA'Em),
~— N e’ N~ (. P _ N “~ V)
Propagation under Policy impact Tariff incidence Impact of Forward-looking
stickiness via Wages and ER lagged prices behavior

(G.3)

Applying the method of undetermined coefficients to (G.3) we arrive at Proposition 3.

Corollary 9. The impact of a one-time tariff on the producer price inflation vector under

price stickiness is:

P
om, _—  pNKOE A OF
oty A ~~ ~~
NKOE Leontief Stickiness Tariff
incidence

inverse

where QF is a NJ x 1 vector whose elements are the row sum of the foreign elements of §2.

We can compare this with the impact under flexible prices:

aﬂ_P,fle:r B
T~ g9 OF (G.4)
Tt N—— v

W—Leontief inverse  Lariff incidence

Two points are noteworthy here. Firstly, since aggregate nominal demand—and consequently

the exchange rate—is determined by policy, tariffs have no impact through the nominal

50For intuition, in the closed-economy analogy, there is no exchange rate impact, and tariffs would act as
a marginal cost shock, with M; capturing NGDP.

P 9 P -1 P
T, = WAA « Y: + Qe + QP , +BA T Eim,
Propagation under PO].ICy impact Impact of Impact of Forward-looking
stickiness via Wages marginal cost shock  Jagged prices behavior
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exchange rate in this setup. However, the real exchange rate and the terms of trade do
depend on tariffs. Secondly, the flexible-price expression captures a significant portion of the
intuition. Under price stickiness, it is the propagation mechanism that changes, which is not
surprising.

Proposition 7. The impact of a one-time tariff (1, > 0) on the producer price inflation is

onk P
or, + T

always weakly positive in the long run. That is let be an NJ x 1 vector, denoted as m

such that wP > 0.

Proof. Since the flexible-price equilibrium is the long run equilibrium, it would suffice to

work with (G.4). We can express the matrix (I — €2)~! as the following Neumann series:
(I-Q) "' => 0
k=0

Each power Q* has nonnegative entries, implying that (I —£2)~! also has nonnegative entries.
The term QF also retains nonnegative entries. Since (I —Q)~!is an N.J x N.J matrix with
nonnegative entries and QF is an NJ x 1 vector with nonnegative entries, their product is

an NJ x 1 vector with nonnegative entries. Thus, every entry of 7l'f flex i weakly positive.

]

With the NKPC describing producer price inflation, we next define consumer price infla-
tion as follows. Aggregate consumption price indices in all countries are a linear combination
of granular consumption prices, which in turn depend on producer prices, the exchange rate,

and 7;. Then, !

P =T Pl +[ToO&JL+LH (G.5)
L¢ NI,

where I' captures the share of each good 7 from country m in country n’s consumption basket.

Applying Lemma 1, we can express
T®&J1=(I-T)M,=LSM,.
Then, consumer price inflation can be written as:

7’ = AP’ =T .7l + LEAM, + LEA# (G.6)

5'We construct an N.J x N.J dimensional matrix I' and an N.J x 1 dimensional consumer price vector by
stacking each country’s consumer demand matrix and consumer price vector.
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For simplicity, assuming lagged values are zero, i.e., My =71 =0 (meaning the
shock occurs at t = 0 and the economy was previously at steady state), and substituting
the expression for producer price inflation from Proposition 3, we arrive at a solution for
consumer price inflation. This solution maps lagged prices, policy, and tariffs to the consumer

price inflation vector:

7¢ = | [ ORKOEA - + (I-T) M,
—— —— ——r
NKPC via Wages and via ER for consumers

propagation  via ER for producers

+ | T WRKOEA L+ + L%
——— S—~— S~~~
NKPC Tariff incidence  Tariff incidence
propagation for Producers for consumers
NKOE H P
+T (Y1) BT (G

TV
Impact of lagged prices

As seen above in Equation (G.7), policy and tariffs affect consumer price inflation through
two channels: first, via producer prices, and second, through the exchange rate and tariffs
that convert a producer price into a consumer price. A helpful interpretation of the expression
above is that the terms labeled “NKPC Propagation” illustrate how the production network
propagates shocks in a forward-looking setup, whereas the other terms represent the first-
order impacts. For example, when a 7% tariff is imposed, these terms capture what share
of the consumption basket is affected, considering both its indirect effect through producers’

input baskets and its direct effect on consumers’ consumption baskets.

Corollary 10. Under flexible prices (efficient allocation), impact of tariffs on consumer

prices consists of the following direct effects through the consumption basket and producer’s

input basket:

Cflez
o,

= L +TWwLY G.8
aTt T + T ( )

and the difference between Equation (43) and Equation (G.8) yields the allocative efficiency

term.
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G.1 Method of Undetermined Coefficients
Rewriting (G.3) purely in terms of the price level as follows, we can solve it analytically:
ﬂsz(M—Imf+U—QML+LﬁQ%ﬁﬁmﬁl
(PF—PL)=A ([9 — 1P/ +[I - QM, + Lfﬁ) + O, (I%’il - Pf)
(L5 Al — 1) P = B, + BB, + A (I - QN + 77
Then:

PP, + BE,PL, + A[T — Q] M, + AL" #,
—_——— =

A B

PP =I+p+A-AQ)"

AN

_IDtP = \IIAAMt —+ \IIAB’?\} + ‘I’Ajjtlil + \IIAB(Et‘ﬁtil>

We next do a manipulation to find a system where the matrix on the lagged vector is

diagonal. To do so we diagonalize ¥,. Defining:®?

T, =Q¥Q!
P'=Q'Pf
A=Q'A
B=Q'B

Multiplying both sides on the left by Q! we have:

Q'P’=Q'Q¥Q AN, +Q'Q¥Q 'B#+ Q'Q¥Q P, + Q' Q¥Q ' 6QQ T (E.PL,)
Now we have the coefficient on the lag and forward price vector being diagonal, which will

come in handy. We can next postulate:

Pl = C\M, + Cy#, + CsPF |

52it is important to note that ¥, is almost diagonal to begin with. Hence, in an approximation sense this
step might not be needed.
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Elstil = C313tP = C5C, M, + C5Cy 7, + 03(731351
Plugging these into the expression above:

C\ M, + Cy#y + C3 PP = VAN, + UB# + OB 1 g (CgclMt + CyCo, + C3C3PF 1)

(C1 _WA- ifﬁcgcl) M, + (02 _¥B- ﬁilc302) £+ (03 - \ifﬁcgcg) PP =0

We have a system of three matrix equations and three unknown matrices (C4,C5,C3):

K
A

C,—VA-¥3C;C,=0—C,=(I—-P¥BC;)"!
C,— VB - 93C;,C,=0— C, = (I —93Cs)"
C;— WU —U3C;C5=0—C5=(I—¥pCy)~!

KO HSIC
0

Hence, we can solve C3 and then plug it into other coefficients.
UBC2 -~ C3+¥ =0

We expect that C; will be diagonal like W, so we can solve for its diagonal elements explicitly.
Since Cy and ¥ are diagonal, let their ith diagonal elements be Cs,; and 0, respectively.

The quadratic equation for each diagonal element is:
BU;,C2, — Cs;+W; =0

Solving for Cj ;:

144/1— 4502
Cg’i — ]
268,

Since Cj is diagonal, it is constructed as:
C3 = diag(C&l, 03’2, ceey Cgm)

where each Cs; is obtained from the quadratic solution above. Given stability requirements,

we select the root that satisfies |C3;| < 1, ensuring the process does not diverge.®®

In effect ¥, is already almost diagonal so W, is numerically very close to being the

53We allow for the price level can have persistence in the long-run; hence the weak inequality.
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identity matrix. For that reason, going forward we will simplify away the tilde notation.

C,=C;A=C;Q'A
C,=C;A = C;Q'A

Let us call the matrix that is constructed to transform C5 back to the industry coordinates

with WYKOE — QC3Q~". Thus, substituting these into our expression for P!
Pl = W¥OP(AM, + A+ + P]))
Substituting for A, and B and subtracting P, from both sides:
wl = WYKOEAT — QM + OYKOPALL 7, 4 (WRKOE _ PP

Similar to Blanchard-Kahn conditions we need the solution that ensures all the eigenvalues

of p are inside the unit circle.

With this expression, we can quantify the effect of a tariff by country n to sector j in

country m on producer prices globally as:

ont

8Tn,mi,t

NKOE A A

where e, ,,; is the basis vector whose [(n — 1) x NJ + (m — 1) x J + 4] entry is 1 and all

other entries are 0.

Now let’s assume that the countries increase their tariffs with the same amount 7,, ;. = 7

with 7,, i+ = 0, Vn,ni, mi, since there are no tariffs domestically. With these assumptions,
Lf# =QF%

where QF is an NJ x 1 dimensional vector that represent the foreign weight in the inputs,
respectively. Hence, the impact of a one-time tariff on the producer price inflation vector

under price stickiness is:
onl

a Tt

where QF is a NJ x 1 vector whose elements are the row sum of the foreign elements of §2.
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H Analytical Solution under ¢, — 1

H.1 Forwarding the Euler Equation

Plug in the Taylor Rule and assume o = 1, we have:

A

Cnt —Et nt+1 — (¢ Tt — Etﬂ-n,t-‘,-l)

Forwarding this we can write today’s consumption as the sum of future expected real rates,
which in turn can be expressed in terms of inflation differentials, under the assumption that

hmt_>oo Cn,t =0:

o0
Chi=—E Z [OrTn s — Tntrjr1) = —OnTnyg + ( " E, Z T, t+j
j=0

Taking the limit of ¢, — 1:

~

On,t = —Tnt (H].)

Our simulations confirm that Equation (H.1) is identical to the standard Euler equation
as ¢r — 1. The intuition is that as inflation rises, central bank will raise rates (and even if
it only infinitesimally raises the real rate) that will reduce consumption. More broadly we
are deriving an aggregate demand curve that is downward sloping in inflation and can be

written as a contemporaneous equation.

This is similar in spirit to fixing nominal demand with M, ; = P, ;C, ;; however, this
allows for there to be fluctuation in both the nominal and real exchange rates. In general
this setup makes it easier to see the feedback loop from prices to demand as opposed to

approaches that fix consumption and make it almost exogenous.

In our analytical work instead of taking the limit to 1, we will assume ¢, &~ 1 such that

we write (H.1) as follows:

~

Cn,t ~ _¢7r7Tn,t

Numerically this serves as an accurate approximation when ¢, &~ 1 and when the shocks at

hand are transitory.
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H.2 Solving the Exchange Rate

Simplifying away the stationarity inducing device of portfolio adjustment costs, the UIP

condition is:

A

En,t - %m,t = Etén,m,tJrl - gn,m,t
Rearranging:
én,m,t - Etén,m,tJrl - (%n,t - gm,t)
Plugging in policy rule:
(C:‘n,m,t = Etén,m,t+1 + ¢ﬂ(ﬂm,t - 71'n,t)

Forwarding:

~ ~

gn,m,t - gn,m + ¢wEt

o
Z(Wm,t-i-j - 7Tn,t+j)]

J=0

where &, = limy_o0 &t

Defining the real exchange rate between countries and its first difference:

Qm,n,t = Pm,t + 5n,m,t - Pn,t
AQm,n,t = Tm,t + Agn,m,t — Tnt

Recalling the Backus Smith condition:
o (BAC 41 = BACu1) = EAQum i
Plugging in 0 = 1, C‘n,t = —T,, and C‘m,t = —Tmt
EtAQn,m,t—H = Gn(Tnt — BTty 01 — T + Etﬂ—m,t—i—l)
Rewriting (H.4):

EQnmi+1 — Qumt = Ox(Tnt — EiTn i1 — Tt + BT i41)

Qnmt = EiQnmit1 + Ox(ErTnis1 — Tny) — Gn( BT 41 — Tmt)
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Forwarding the previous equation yields:

)
Qn,m,t - ¢7rEt Z(ﬂ—n,t—l-j—&—l - 7Tn,t+j) - (7Tm,t+j+1 - 7Tm,t+j)
=0

since under steady state stability long-run real variables will return to zero; that is lim;_, Qn,m,t =

0. Everything other than initial inflation appears twice so it cancels out:

C?n,m,t == ¢7r (7rm,t - Wn,t) (H5)

Using the definition of the real exchange rate in (H.2):

Qn,m,t = Pm,t + ém,n,t - pn,t = ¢7T(7Tm,t - 7rn,t) (H6)
Am,t + (C:‘m,n,t - pn,t = (Pm,t - pm,tfl) - (Pn,t - pn,z‘/fl) (H7>
ém,n,t = pn,tfl - pm,tfl (H8>

Equations (H.5) and (H.8) pin down the nominal and real exchange rates under the assump-
tion that ¢ = ¢" — 1. Similar to the approach above, in our analytical work instead of

fully taking the limit to ¢, — 1, we assume ¢, ~ 1.

H.3 Method of Undetermined Coefficients

Recall that:

Pl =w,

PP+ A (a (RC + ét) +[Qe &+ Lfﬁ) + SEPL,

Note that PC + C, = P¢ — w, = PZ,. Therefore we can write the equation of motion for

the price indices as:

PP =, |Bf + AaPS, + A[Q 0 &)1 + ALE# + BE,Pf, (H.9)
PC=T.-P'+[To&l1+ L (H.10)

Using Lemmas 1 and 2, and using Equation H.8 above, we can write:

Qo&l=1T—-a-Q)P°,
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To&1=(I-T)P,

Then we can write:

PP =, |P" + A(I - Q) P, + ALY # + SE,PL | (H.11)
~——— ——
A B
PC=T.P’'+(I1-T)P°, + L7 (H.12)
D

That is we have:

PP =W,PF + 9, APC +W,\Br + U,5(EPL,)
PC =TP’+ DPC, + L,

We will now diagonalize W) = Q\iJQfl. We then define:

Pl =Q'Ff

Q'A
Q'B

T i

So now the system is

P’ = 9P +WAPC, + UB# + i’ﬁ(EtPtlj-l)
_ptc = ]_—‘Qf)tp + Dl%gl + Lff-t

Let us now postulate:

EP: C 15151—1- Cs pﬁl—F C; 7

NJxNJ NJIxNJ NJxNZ2J
PC= C, QPF + Cs P+ Cs +
t t—1 5 t—1 6 t

~~ ~~~ ~~~

NJXNJ NJXNJ NJxN2J

Iterating the first equation forward and taking expectation at time ¢, under the assumption

that the tariff is a one-time shock:

EPL, = C P + C,PF
=C (Cllvjtz +CoPE |+ Caﬁ) + C, (C4Qﬁt1il +CsPY, + C(ﬁ't)
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Plugging these into the two original equations:
(lezfil +CyPY, + Cgv‘-t) — VP’ + VAP, + UB#
+ ¥ (C1 (C1BE, + CPE, + Cot)
+C, (CiQPS, + G5 P, + Coth) )
CiQP] |+ CsPL\ + Gy =TQ (C1P], + CoPE, + Co#i ) + DPC, + T
Expanding and grouping terms:

(C1— ¥ - W0 Cy - BBC,C1Q) L, + (€ — WA - BC,C, - WHC,C5 ) PE,

v

+ (03 —¥B-¥sC,Cs — @50206> =0
And:
(C:Q —TQC) BI, +(C; —TQC, — D) PL, + (Cy ~TQCs — T') 7, = 0
This yields a system of 6 (matrix) equations and 6 unknowns:

C,— ¥ —UBC,C, — ¥BC,CQ =0
C,— VWA - U3C,Cy— UBC,C5 =0
C; — VB —UAC,C; — UEC,Cs =0
C.Q -TQC, =0

C;—TQC,—D =0
Cs—TQC;—T =0

Dependent Blocks

C,=TQC,Q ",
Cs =D +T'QCx,
C6 == FQCg ‘|— Iu‘,
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Core Fixed-Point Equations

C,— ¥ —98C,C, — ¥BC,I'QC, =0
C,— VA - UBC,Cy,— VEC,D — UEC,TQC, =0
C; — VB — ¥3C,C; — UBC,TQC; — ¥AC,T =0

After multiplying on the left by \il_l, the first equation can be rewritten as:

(\if—l _8C, — 5021@)401 -

N

-~

:cl—1

UC; =1 - ¥pC, —¥BC,IQ

Plugging this expression into the second and third equations gives us:

VA4 UsC,D =¥C'C, = C, = Cy(A + 3C,D)
OB+ ¥pC,T =¥C'Cy = Cy = C(B + SC,T)

Hence, C3 can be written as a function of C; and Cs. So we need to solve for these two

madtrices.

We can rewrite the first equation:

BC? — (U1 4+ BC,TQ)C,+I=0

This expression, along with the expression for Cy can be numerically solved. Here we will
make two simplifying assumptions to arrive at an analytical expression. We will ignore the
term SC5I'Q since this term is relatively small number numerically. With these simplifying
assumptuons, we can now solve for C; with the quadratic formula. We wish to solve for the
diagonal matrix C; in

BCI-TU'C, +1=0,

assuming

Cl :diag(clcha-"7cn) and \i, :diag(¢17w27"'7wn)‘

For each 4, the i-th diagonal element satisfies

Bt — —cz—i-l—O
Vi
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Dividing by ( yields

1 1
2
B B
Applying the quadratic formula gives
5 E g 48
C;, =
2

With C; is close to pI, where p is the average of the elements in the diagonal, we can

now solve for Cso
C, = pA(I— pD)™"!

Finally, Cj3 is given by:
Cs = pB + fpA(1— ppD)~'T

With these we can now return to Cg, our object of interest which captures the impact of
tariffs on consumer price inflation.
Cs=TQC;+T
—TQC,Q (pAfz + AL - 5pD)—1f) 4T

where we used B = AfQ.
With this expression, we can quantify the effect of a tariff by country n to sector j in
country m on producer prices globally as:
) d

aTn,mi,t

—TQC,Q! (mﬁ + BpA(I — 5pD)-1f> enmi + Lenmi

where e, ,,; is the basis vector whose [(n — 1) x NJ + (m — 1) x J +4]"™ entry is 1 and all

other entries are 0.

If we assume that the countries increase their tariffs with the same amount 7,, ,,,; = 7 and
Tomit = 0, Vn,ni,mi. The second equation specifies that there are no tariffs domestically.

With these assumptions,

L{# =T"7

Ll# =Q"7
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where IT'F and QF are NJ x 1 dimensional vectors that represent the foreign weight in the

final consumption and the inputs, respectively. Hence:

) 2d
o7,

—TQC,Q" (pAQF + BPA - 5ﬁD)’1I~‘F> 4 TF

where @ comes from the diagonalization of the stickiness-adjusted Leontief inverse: ¥, =
QUQ . Let us call this QC;Q ! = WNKOE indicating that this is now the New Keynesian
Open Economy Leontief inverse (taking the stickiness adjusted Leontief inverse to NKOE

setting with expectations). Let us now define loadings:

A=ALE+ L)

B =AL?
p(L—ppD)™" = L
F=1¢
Then:
67"150 NKOE P P P\yCrC c
87_ :Bl:[’qﬁ A(LT+6(LC+L5)LELT>+LT
t

H.4 Generalizing the Result: Two Country Case

If ¢, — 1 is not the case, in the general case only the loadings change. This is because

W — FA’tO = _ptc + gzﬁﬂfjtc and the exchange rate is more generally
7 Il ® x HxC
Ey = E+ ¢-P°, — oL P,

We know both from numerical simulations and similar models that the E will be a
function of the real debt position. Since it is linearly separable and the quantitative impact
is small when the elasticities of substitution are small (i.e., below 1 indicating goods are

complements on the production side), we will momentarily ignore it in the following section.

That is in vector form, in the two-country case we have W, = ®PC | and & ~ ®PC,
where & = [1 —1] . With [1 —1] already defined within the loading, this means all

that changes is:

A=ALL+ L)
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Then:

on¢

5 = BWNORA(LY + B(Lg + Lg )®LE LY) + LY
t

H.4.1 Impact of Policy

Pl =(I(1+8)+AI-Q)"!

(.

Pl 4+ A (a (ptc + aC’t> +Qe &1+ Lff—t> + BE.PL,
—_—
Wi

LN

where W, is a stickiness-adjusted Leontief Inverse. Let us plug in our approximation of the

Euler equation:
ét = _(I)(Ptc - P7£1)
which implies under o = 1:

W, =P +C,=(1-®)P° -®P‘,

We also have in vector form, in the two-country case W, = <I>13£1. Plugging this into
the NKPC:

(I1+8)+A(I-Q)P =

PP+ A <a ((I — ®)P¢ — chﬁl) +LEE + Lth> + BEPL,

Next we substitute out consumer prices, using PC = I‘Ptp + D13£1 + L7 and the
exchange rate given & =~ <i>13£1 where ® = [1 —1} ®. With [1 —1] already defined
within the loading:

(I(1+8)+A(I-Q)P =

PP+ A (Lg ((1 —®) (rPtP +DPC, + Lth> - <I>13t€1> +LEPC + Lfn> + BEPF,
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Grouping terms and rearranging:

-1

PP = |I(1+8)+A[I -Q+ LE(® — I)T]
@,
PP+ A|[LEQ—®)D + L - LE]®PS, + [LE(1 - ®)LE + LY 7| + BELP],

Going back to earlier solution we have:

) 2d
o7,

—TQC, Q! (pAsz 4 BPA(I - 6ﬁD)‘1f‘F> 4 TF

Or alternatively:

) 2d
3 Tt

=TQC,Q ' (B+3pA(1-ppD)'F) + F

Let us now define loadings (keeping in mind that the cross term LE(I — ®)D =~ 0 due to

home bias, so for narrative simplicity we’ll omit it in the expression below):
A=[LL+LE(I-®)D+L.|® — A(LE + LE)®
B — [LE(1- )L + L]

p(I—BpD)~" = L§
F=1L¢

Then:

on¢
87}

— TONKOBA | LP 4 (Lg(l —®)+BLE+ L§)<1>L§> L¢| +L¢

H.5 Examples
H.5.1 Case 1: N=1,J=1, standard NK model

We can begin by comparing how the model and its solution to the three-equation canonical

New Keynesian model recopied below. For simplicity, let us have demand shocks given by
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¢4 and supply (marginal cost) shocks given by y;:

U<Et}>;t+1 - Y;&) = K¢ + e’
Ty = H}A/; + u + 5]Et7rtfjrl

1 = ¢7r7Tt

The standard solution in this model for 7;, when the shocks in question are one-time

shocks, reads as follows:

g K

d
Iﬁ(bﬂ— + o0 K :‘{(ZSW + 0 Et ( )

T

We can reduce our model to the scalar case, by setting N =1 and J = 1 to compare our
solution to the standard one. Relative to the general case with N countries and J industries,
the exchange rate drops out and 7; on the production side is isomorphic to a marginal cost
shock. Additionally, lagged prices disappear. In a closed economy there would not be tariffs.
However, to see the analogy and the intuition here we can treat ¢/ = LS, as a demand shock
as a wedge between producer prices and consumer prices would be isomorphic to one (i.e.,
the loading in this analogy would be different as we show below). k = ALE would be the
slope of the NKPC and let u; = ALF7; be a marginal cost shock. Written with the notation
we developed, with the Taylor rule plugged in, and keeping o = 1,1 = 0 we would have:

EYi1 — Y = ¢opm —Eympq + Lth
N v

it ef

Ty = ALg }A/t + ALth +6Etﬂ'f+1
~—~—~ ——

K Lt

Plugging in the parameters into the standard solution in (H.13) we find:

Ur’

- 14+ ¢.ALL

LY + L@LTC] T (H.14)

After performing an adjustment for the fact that our model’s solution was derived in a

setup with lags, this would be the same as the solution in (47).
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H.5.2 Case 2: N=2, J=1, no intermediate inputs

This set up is similar to the one solved by Monacelli (2025). Here, I-O matrix is a matrix of

zeros, i.e., {2 = 0. Then:

(I(1+8) + AR = | B+ A (- @)P - @PC,) + 5B,

Next we substitute out consumer prices, using
PY =TP"+DPZ, + L,
we arrive at:
(I(1+8) + AP =

PP+ A ((1-@) (TPF + DPY, + Ln) - @PC, ) + BEPY,

Grouping terms and rearranging:

-1
PP = u1+m+Ap+(@—Iwﬂ
@,
PLi+A|[0I-®)1-T)]®PZ, + (1 ®)Lr + BEPS,

Let’s assume the matrices are defined as:

M or Qzlﬁ or r:[ & ﬂ—&1
0 A 0 ¢ (1-&) §2

with & and & capturing the domestic consumption bias of home and foreign, respectively.

A:

Then \i;qs is given by:

D -B

W:
? —C A

I(1+6)+A[I+(@—I)F]] =

1
A
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where

A=14+84+M1A+&(p1—1)), B=M(1-&)(p1—1)
C=X1-8&)(p2—1), D=1+4pF+A(1+&(d2—1))
A=1+B+ M1 +&(e1— 1)1+ B8+ Xa(1+8&(¢2— 1)) — MAa(l = &) (P — (1 = &) (P2 — 1)

Let’s assume symmetric countries with ¢1 = ¢ = ¢, Ay = Ay = X and & = & = €. Then

the expression simplifies to:

1

1+ B+ A1 +&(¢ — 1)) —A<1—5><¢—1>]
AL=B-1) T+B+A1+&(6—1)

where
A= (1+8)?+2(1+ BAL+&(¢ — 1)) +4N%¢(d — 1)
If we do the eigendecomposition of W4 such that ¥, = Q¥Q!, then:

. U 0 1t 0o 111
ol sl e

where the eigenvalues ¢; and v are given by:

By = 1+B8+A1+E(@p—1) = X1 —=&)(p—1)
1 — A ,

Jy = 1+8+M1+8(0—1)+ A1 -&)(9—1)
2 = A .

Now, we can solve for: §C? — W'C; +1=0:

s @) - E=R) -

C, = =
"o o 2 ? 2

Then:
c1+ca ¢ —co

l];,gKOE ~ QCIQ_l —

1
2 c1—Cy C1+cCo

Going back to earlier solution we have:
)
0Ty

= BTEYROPPA(I - pp(I - T)) ' T 1+ T71
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where 7 = (¢; + ¢)/2 and TF1 = [1 — £,1 — £]T. Hence:

) 2
97

= B(1 =TT PPA(I - fp(I —T))7'1 + (1 - €)1,

where we resize 1 vector to N x 1 dimensions.

I Decomposing the Impact on Inflation

Starting with Equation (47) we can write:

C
%ﬂt — TWNKOPA | LF 4 (Lg(l —®) + B(LE + L§)<1>Lg) L¢| +I¢
Tt
Rearranging:
oy _ T NKOE A 7P NKOE A 7P (T _ c
3 =[W,"""ALZ + TV, """AL,(1—-®)L;
Tt

+ STWSROPALE®LILE + STWNOPALE®LE LY + LY

oy T <\I,NKOEALP i lI,NKOEALP(I _ @)LC
aTt ¢ 4 ¢ © T
+ BUNNOEALESLLY + BUNNOEALLBLELY ) + LS
C
aa”t =T (Lf + L1 — ®)LE + BLERLE LY + BLE®LE LY +(WIEOPA — ])Z)
T N TV
! V/
+ LY
C
aa”f =LY +TLE(T - ®)LY + BTLE®LELY + pTLESLE LY + LE
Tt

+ T (UIROPA - 1)Z

This is the desired decomposition:

o’
t P P C P CrcC P CrcC C
—— N ~ v —_— —_——— —~—
Direct PPI effect Demand channel Expected demand channel  Expected ER channel  Direct CPI effect
+D(WFROPA —1)Z

Propagation
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J General Solution for Price Vector

In a broad class of cases the whole system can be collapsed into a single endogenous vector
f’f which is a function of its own lag, expectation and an exogenous marginal cost shock

variable that has an AR(1) process. Assume the system is:

ptp =v <ptli1 + BEt-f):,-l + DTt)

_ T
Tt =P Ti-1 1+ €&

Then we can hypothesize:

13tp =Ci1 + C213£1
Etptil = Cyp'1 + CoPP = Cip'1 + Co(Cy1y + Co P ) = (p"Cy + C,Cy) 7y + C,Co P

Method of undetermined coefficients system is:

Cir + C,PP =W (1%61 4 B((pTCy + CoCh)7i + CoCa PP ) + D7t>
0=[C; —B¥(p'I+ Cy)C, — ¥D] 7, + [Cy — ¥ — BBC,Cy) PP,

We have two equations and two unknowns:

[C; — B¥(p'I+ Cy)Cy — D] =0
[CQ - \II - ﬁ‘IJCQCQ] - O
C, is solved with the quadratic method we described.

/BCQCQ - ‘IJ_ICQ + I - 0
T - BC, = Gy
o= £Cy + C2_1

We will now diagonalize ¥ = Q\ifol. By definition: ¥~ = Q\illefl. We then
define:

C, = Q'CQ
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Hence:
b= 5C, + Gy

Since W is diagonal and [ is scalar, then there is a solution for C, which is a diagonal. Let’s

denote the diagonal elements of ¥~! with ‘i/; !. Hence:

U =BGy + Gy

The solutions are given by:

With C; solved Cj is:

(@' —B(p I+ Cy)]C =D
[C;'—BpI]Ci=D
C,=[C;'—BpI]D

D will capture how tariffs load onto consumer and producer prices directly and indirectly.

K Analytical Solution with Portfolio Adjustment Costs

We start with the five-equation Global New Keynesian representation equilibrium conditions,

which read as follows when we bring back portfolio adjustment costs:
U(EtétJrl - C't) = %t - Et(PEi-l - Ptc)
PY=TP/ +L{&E + L
P’ =w, [1351 +A (a (I—ZC + aé’t> +LFPE + Lf%t> + ﬁEtI%il}
Eibin — & = Zi, + 4V,
BV, = Vier + BoCy + Es PP + 246, + Esi + BEy
%t = (I)(Ptc - pt€1>

where Z = [1 — 1] and E¢ = [1 0].

142



We now assume that the central bank’s policy rule perfectly stabilizes the price level
such that fatC = 0; this replaces the Taylor rule as the policy rule in the equation above.
Secondly, let us momentarily shut down forward looking behavior by the firm to focus on

network effects in conjunction with portfolio adjustment costs.®* The equilibrium conditions

now read as follows:

U(Etét-i-l - C’t) = %t

P’ =w, [1351 +A <Jaét +LEE + Lfﬁ)]
Etétﬂ — ét = Z’zt + @/)‘A/t

ﬁf/t = ‘Zﬁ—l + E2ét + 5315tp + 5451: + ST + 556’zt

K.1 Method of Undetermined Coefficients
Let us postulate that

Ci=C Vi, + C ptlil"‘ Cs 7
~~ ~~ ~

Nx1 NxNJ Nx1
PtP: Cy, Vii+ Cs PtlilﬂL Cs 7

~~ ~~ ~~

NJx1 NJIJXNJ NJx1

Vt = 07‘71&—1 + Cg ptlil + CoTy
——

IxNJ
R . - A
& =CyViei+ Cn P+ Coty
~—
IxNJ

“ > AF7 ~

1, =C;3 Vi + Cyy P_,+ Ci5 7,
~—~ ~—~ ~—~
Nx1 NxNJ Nx1

Suppose the shock is one-time:
Etét+1 = Clvt + 0213tP

- C, (cm_1 +CsPP, + Og%t) 4Gy (cm_l +CsPP + Cﬁﬂ)
= (C\Cr + C,Cy) Viy + (C1Cs + CyC3) PE | + (C1Cy + C,Cy) 7

54Mathematically we can assume that the firm’s 3 is different and we take the limit of that 3 to 0.
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]Etgt+1 = Clo‘z + Cnptp
— Cio (CWH + CyPP, + Cgﬁ) +Cy <C4V;_1 L OB+ Cﬁﬁ)
= (C1oCr + C11Cy) %—1 + (C1pCs + C11C5) 1351 + (C19Cy + C11C5) T

Plugging these into the first equation:

U(EtétJrl — ét) = 'zt
o(C) (Cﬂz_l +CyPP + 09@) +C, (0412_1 +CsPP 4+ cﬁﬁ))

— 0(CVi_y + Co PP | + Coy) = CisViey + CLP | + Cisty
= 4 [0(CiC7 + CoCy — Cy) — Ch3) Vi

+ [0(CCs + C,C5 — Cy) — C] PE,

+ [0(C1Cy 4+ C2Cs — C3) — C5] 7, = 0

Plugging these into the second equation:
0=TPF + LSE + LA

=T <C4Vt—1 + Csptlil + C(ﬁ't) + L? (010‘71:—1 + 01113,51 + 012735) + Lfft

= (TCy + LECy) Vit + (TC5 + LEC) BE | + (TCs + LECyy + LE) 7
Plugging these into the third equation:

PP =C\V,_.1 + C;PF | + Cs7y
— 0, [1—25 LA (cfaé't +LEE + Lfﬂ)]

Substitute the conjectured laws of motion:

04‘7&1 + C513,£1 + CTy = ‘I’Ap,il + WA [004 (01‘71571 + 0213751 =+ C?ﬁ't)

+ L§ (010%—1 + Cll-pt1i1 + 0127%) + Lf%ti|

Group by state variables:

C,Vi_1 + CsPF | + Cy7
- \IIA-ﬁtIil
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— \IIAA (UO(Cl + L({:Clo) ‘A/;‘,fl
— \IIAA (aaCQ + LgCH) fjt}il
— ‘I’AA (O'aC3 + LfC’lz + Lf) 7A't =0

Group final expression for third equation:

[04 — lI’A‘A (aaCl + L‘];Clo)} ‘7,5_1
+ [05 — \I’A — \I’AA (O'(XCQ + LECH)} f)t]il
+ [Cs — WrA (0aC5 + L{Cis + LY) | 7, =0

Plugging undetermined coefficients into the fourth equation:
[(01007 + C1Cy) Vi + (C1oCs + C11C5) 1351 + (C10Cy + C11C) %t]
- [Clo Vt—1 +Ch 13751 + Cho %t}
= Z[CiVis + Cu B, + Cis | +0[CrViy + G B + Gy,

Now we plug in the undetermined coefficients into the fifth equation:

B(CViy + CsPP | + Coiy) = Viy + Z57
+E, (left_l + LB+ Cgﬁ>
+ 5, (Cm_l + PP+ C6%t>
+ 24 (Cm‘%fl + Cnﬁil + C'12721‘,)

+ BE(C13Vio1 + CLPL | + Cis#)
Grouping terms:
0= [(01007 + C1Cy — Cyy) — ZCh3 — 07] Vi,
+ [(C1Cs + CuCs — Cuy) — Z2Cyy — 0 Cs| P,

+ [(01009 + C1Cs — Ch2) — ZCy5 — 09] .
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Then we have:

[8C7 — 1 — ByCy — E3C, — E4Ch — BE6Chs) Vi
+ [ﬁCg — EQCQ — E3C5 — E4CH - 556014] Ist]il
+ [8Cy — Z5 — BoC5 — E3Cs — =4C12 — BEGC5] 7t = 0

K.2 System of 15 Equations and 15 Unknowns

With the method of undetermined coefficients we have the following system

[0(C,Cr + CyCy — C,) — Ch3]
[0(C1Cs + CyC5 — Cy) — Chy]
[0(C1Cy + C,Cs — C3) — Cis)
ICy+ LEC)) =0

I'Cs; + LEC,, =0

I'Cs+ LEC), + LY =0

C;— U\A (caCy + Ly Cyp) =0

Cs — Uy — WA (caCs + LE{Cy1) =0

Cs — WaA (0aCs + L{Cis + LY) =0
-(01007 + C1Cy— Cr) — ZC3 — ) 07- =0

0
0
0

(C10Cs + C11C5 — Chy) — ZChy — 7 Cs] =0

(C10Cy 4+ C11Cs — C13) — ZC15 — v Cy| =0
[C7 — 1 —EByC) — B3Cy — Z4C9 — fEC13] =0
[fCs — EoCy — B3C; — 24C1 — fEGC14) =0

[BCy — Z5 — EoC3 — E3Cs — £4C12 — fEC15] =0

We are interested in Cs5, Cg, Cy, C12 and C'5. These appear in the following equations

[0(C1Cy + C2Cs — C5) — Cy5] =0

ICs+ LEC), + LY =0

Cs — WsA (0aCs + L{Ciy + LY) =0
[C19Cy + C11Cs — C12 — ZC15 — 1h Cy] = 0

146



[BCQ - E5 - E2(:’3 -

(1]

3Cs — 24C12 — fEGC15) = 0

K.2.1 (5

First:

Cg = (0109 + CQCG) — 0'_1015

Plugging that in:

C6 = ‘I’AA (O’Q((Cng + CQCG) - 0'71015) + Lgclz + Lf)

K.2.2 Oy
Then we plug in 012 = (CIO - ¢>Cg + CllCﬁ - ZCl5

C@ = ‘I’AA (aa((Cng + CQC(;) — 0'_1015) + L(I;((Clo — Qﬂ)Cg + CHC@' — ZCl5) + Lf)

Multiplying out:

Cs = U AoaC,Cy + ¥\ AoaCy,Cs — WA AaCh;
+ WAALEC10Cy — WA\ALEYCy + WAALEC,,Cs — WAALE ZCy5 + W ALY
= Cs— U AoaCyCs — WA\ALLC,,Cs
=V, AoaCCy — WAAaCys + O\ALEC\(Cy — O AL YCy — O AL ZCys + W\ALY

Grouping terms we have three equations three unknowns:

[I — U \AoaCs, — WAAL{Cy1| Cs = Wy\ALL + U\A (0aCy + L;Cyo — L{Y) Co
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K.2.3 O
Let us turn to the CPI equation plugging into it C15 = (C19 — ¥)Cy + C11Cs — ZC'5:

I'Cs + LE((Cyo — ¥)Cy + C11Cs — ZCy5) + LE =0
LEZC5 =TCs + LECCy — LEYCy + LEC,,Cs + LY
LEZCs = (F + LgCn) Cs + (Lng — Lg@/)) Cy+ LY

LS is N x 1 while Z is 1 x N, so the matrix on the left is invertible. Then:

Cis = (Lg2)™! [(F + Lgcll) Cs + (Lgclo — Lg¢) Cy + LTC}

Plugging this back to (K.1)

[I — Up\AoaCy, — WAAL{Cy1] Cs = WAALL + U\A (0aCy + LECig — LEY) Co
+UA\A (—a—L{Z)((LEZ) ' [(T+ LECh) Cs + (LECho — LEY) Gy + LE])  (K.2)

K.2.4 C(y

We use the last of the 5 equations and findings above to express Cy as a function of Cl:

BCy = B + ByC1Cy + By CyCs — 0 'ByC5 + E3Cs
+ 24C10Cy — 249 Cy + =24C11Cs — Z4ZC'y5 + BEGC5
= B5C,Cg + Z4C19Cq — Z49pCy
+ E9CyCs + E3Cs + =4C11Cs + =5
+ (—=07'8y — E4Z + fEg) Cis
= EyC1Cy + E4C10Cy — E4pCy
2,C5C5 + B3G5 + 2461, Cs +
~0 '8y — E4Z + fEs) (LEZ) ™" [(T + LE Cn) Cs + (L Cro — LeW) Cy + LT])

~ o+

~

Solving for Cy:

E25CCs+E3C+=24C11C6+=5+ (_g—lEQ—E4Z+556) <LgZ) _1|:(F+Lg011)CG+L$:|

Cg =

B—E2C1—E4C10+Eayp— (_0_152—E4Z+/356) (ng) _I(LECm—L?w)
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K.2.5 (s

Now we plug in our findings above into (K.2)

With these definitions (K.2) becomes

=Cs = ((T\A)'+ A—D)' [F+ (B — L{ ) Cy)

@1 I:A—D,
®QI:F—|—BCQ.

opPr
(37}
Rewriting:
) 2
87’,5

= [(war) " @] @, — (£ gZM

pP

(K.7)

1 impacts ©; and @, through small interactions, so we compute 0P, m numerically to sign

Ot O

it. The intuition is that the impact of tariffs on the net external debt position of the home

country is negative and the first entry of LE is positive while its second entry is negative.

For that reason we should expect the impact of tariffs on the home country’s domestically

produced good to be positive and that of the foreign counry should be negative. We confirm

this numerically.
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