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Abstract

Should the central bank of a tariff-imposing economy raise or cut its nominal interest

rate? In a small open economy, Ramsey policy raises the rate under perfect pass-through

(PPT) but cuts it under imperfect pass-through (IPT). The rate cut under IPT also obtains

in a two-country economy and remains optimal when Home and Foreign goods become more

substitutable. The mechanism is the Home Import-Allocation Channel (HIAC): a tariff in-

duces inefficient underconsumption of imports and raises the welfare-relevant law-of-one-price

(LOOP) gap. Through uncovered interest parity, monetary easing exerts depreciation pres-

sure, which tends to raise the actual LOOP gap. Under IPT, import-price stickiness slows

the adjustment of ex-tariff import prices to the higher Home-currency border price, allowing

the Ramsey planner to exploit price rigidity to mitigate tariff-induced underconsumption, sub-

ject to competing inflation-stabilization objectives. Under reciprocal tariffs, optimal monetary

easing can bring nominal interest rates to the zero lower bound.
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1 Introduction

Should a tariff-imposing country tighten or ease monetary policy? An import tariff raises the cum-

tariff relative price of imports, inducing expenditure switching toward Home goods and upward

pressure on Home PPI inflation, so the conventional prescription is to tighten. Optimal policy

softens this prescription but does not overturn it. Monacelli [39] shows that CPI inflation targeting

has a tightening bias relative to Ramsey policy, yet with perfect pass-through the Ramsey planner

still raises the nominal rate, if only marginally. Under cooperative optimal policy, Bergin and

Corsetti [9] find a rate increase even when exporters set prices in the destination-market currency.

Bianchi and Coulibaly [12] characterize optimal policy as expansionary relative to strict producer-

price stabilization, a benchmark that does not determine the sign of the nominal-rate response.

We show that the prescription reverses when imports are sold by local importers that set sticky

prices in domestic currency. Under such Imperfect Pass-Through (IPT), the Ramsey planner of

the tariff-imposing economy cuts the nominal interest rate on impact, whereas in the same small

open economy (SOE) under Perfect Pass-Through (PPT) the same planner raises it. The cut

survives a substantially higher trade elasticity and extends to a two-country economy in which

Foreign monetary policy responds endogenously.

The model introduces monopolistically competitive local importers into the SOE framework

and calibration of Monacelli [39], following the local-currency-pricing (LCP) structure of Monacelli

[38]. Home producers use producer-currency pricing (PCP). Local importers purchase goods at

the border and set sticky ex-tariff selling prices in Home currency, internalizing the effect of the

tariff on their demand. The statutory duty is added to the sticky ex-tariff price, so that tariff

pass-through and exchange-rate pass-through are separated. The PPT environment removes the

importer block and leaves the rest of the model unchanged, so the comparison isolates the role of

importer pricing.

The welfare mechanism provides an incentive for monetary easing under IPT. An increase in

the Home import tariff raises the cum-tariff relative price of imports, inducing inefficient under-

consumption of imported goods relative to Home goods and reducing economic welfare. The Home

law-of-one-price (LOOP) gap is defined as the ratio of the Home-currency border price of imports

to the ex-tariff selling price charged by local importers in Home currency. Therefore, for a given

Home-currency border price of imports, an increase in the LOOP gap implies a lower ex-tariff

selling price charged by local importers, helping offset the tariff-induced increase in the cum-tariff

relative purchaser price of imports and mitigating the underconsumption of imported goods. The

Home Import-Allocation Channel (HIAC) captures the resulting increase in the welfare-relevant

(WR) Home LOOP gap and the incentive to raise the actual LOOP gap to mitigate this distortion.

For a given future nominal exchange rate and Foreign nominal interest rate, uncovered interest par-

ity (UIP) implies that a reduction in the Home nominal interest rate exerts depreciation pressure

on the Home currency. This depreciation pressure tends to raise the actual LOOP gap. Nominal

depreciation also raises the Home-currency border price of imports, giving importers an incentive

to increase their ex-tariff selling prices. Under IPT, however, import-price stickiness makes this

adjustment sluggish, allowing nominal depreciation to raise the actual LOOP gap despite the im-

porters’ pricing response. The HIAC thus provides the Ramsey planner with an incentive to cut

the nominal interest rate in response to an increase in the import tariff, subject to the competing

inflation-stabilization objectives.

In the SOE, the distinction from PPT is especially transparent. Under PPT, the tariff changes

the relative purchaser price of imports immediately, inducing expenditure switching toward Home

goods and upward pressure on Home PPI inflation. The planner raises the policy rate. Under

IPT, sticky local import prices sharply attenuate the additional expenditure switching induced

by exchange-rate movements. The HIAC gives the Ramsey planner an incentive to raise the

actual LOOP gap toward its WR level to mitigate the tariff-induced underconsumption of imports,

favoring a rate cut. This contrast in the sign of the optimal rate response persists in the SOE High

Substitution Case.

The two-country economy adds a Foreign Allocation Channel (FAC). An increase in the Foreign
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import tariff or a decline in the Foreign LOOP gap raises the cum-tariff relative price of Home

goods faced by Foreign households, reducing their consumption of Home goods relative to Foreign

goods. For a given Home output, this shifts the consumption of Home goods toward Home house-

holds, resulting in inefficient overconsumption of Home goods in Home. The Home WR LOOP

gap therefore rises through the FAC to mitigate this distortion.

At the baseline elasticity, a unilateral Home tariff lowers the Home rate on impact under IPT

but raises it under PPT, even though the Home currency appreciates in equilibrium. Under higher

substitutability, Foreign easing and the associated Home-currency appreciation lead the Home

planner to cut its rate even under PPT, but the IPT cut is larger. The sign reversal relative to

PPT is therefore a baseline result, whereas the IPT cut holds in every unilateral experiment we

consider.

Under reciprocal tariffs, both countries face a loss of export demand and optimally ease in either

pass-through environment. Exchange-rate changes induce relatively strong additional expenditure

switching under PPT, whereas sticky local-currency import prices attenuate this mechanism under

IPT. Accordingly, the size of the optimal interest-rate cuts can differ substantially across environ-

ments, and sufficiently large shocks can push nominal interest rates to the zero lower bound (ZLB).

These experiments extend the analysis from the direction of optimal unilateral policy under IPT

to the international transmission and constraints on monetary accommodation during a tariff war.

The rest of the paper is organized as follows. Section 2 relates our analysis to the literature

on tariffs, monetary policy, and exchange-rate pass-through. Section 3 presents the SOE model,

the welfare cost function, and the optimal IPT response to a unilateral tariff, using PPT as a

comparison. Section 4 extends the analysis to a two-country economy with national Nash—Ramsey

policies. Subsection 4.6 studies reciprocal tariffs and ZLB episodes. Section 5 concludes. The

Appendix provides the nonlinear equilibrium, Ramsey-policy, and welfare derivations, together

with the analytical benchmarks and sensitivity analysis of producer- and importer-price rigidity.

2 Related Literature

2.1 Tariffs and Monetary Policy

The literature on tariffs and optimal monetary policy can be divided into two groups according to

which country’s monetary-policy response is studied.1 The first group examines the economy on

which a foreign country imposes tariffs. A foreign tariff reduces demand for that economy’s exports,

presenting its monetary authority with an adverse external-demand shock. Hamano, Pappadà, and

Punzi [35], for example, study optimal monetary policy in the tariff-targeted economy, emphasizing

exporter dynamics and labor reallocation. Monacelli [39] and Bergin and Corsetti [9] also analyze

this side of a tariff shock and find that the optimal response of the tariff-targeted economy is

expansionary.2

The second group, to which the present paper belongs, studies optimal monetary policy in the

tariff-imposing economy. The literature focusing on this side of a tariff shock is comparatively

limited. Important contributions include Monacelli [39], Bergin and Corsetti [9], Bianchi and

Coulibaly [12], and Werning, Lorenzoni, and Guerrieri [42]. These studies either do not determine

the sign of the nominal interest-rate response or find that the tariff-imposing country raises its

nominal interest rate. In contrast, the Ramsey planner of our tariff-imposing economy cuts its

1Several related studies belong to neither group because they do not characterize the optimal monetary-policy

response to a given tariff. Auray, Devereux, and Eyquem [4] show how monetary regimes alter equilibrium tariffs

and the welfare costs of trade wars, and Auray, Devereux, and Eyquem [5] examine how monetary delegation affects

noncooperative tariff choices. Auray, Devereux, and Eyquem [6] compare the real and welfare consequences of tariff

shocks under producer-, local-, and dollar-currency invoicing. Hwang and Turnovsky [36] analyze tariff effects under

imperfect exchange-rate pass-through, and Amiti, Redding, and Weinstein [2] document the price and welfare effects

of the 2018 U.S. tariffs.
2Acharya, Challe, and Corsetti [1] study optimal monetary policy after export shocks, including those caused by

foreign tariffs, in a small open economy with heterogeneous households. They show that the optimal policy requires

more exchange-rate flexibility than flexible inflation targeting provides.
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nominal interest rate in response to a unilateral tariff under IPT.

Monacelli [39] shows that the effects of import tariffs in a small-open-economy New Keynesian

framework depend on the monetary-policy regime, that CPI inflation targeting has a tightening

bias relative to Ramsey policy, and that with perfect pass-through the Ramsey planner raises the

nominal rate only marginally. His environment corresponds closely to our perfect pass-through

(PPT) benchmark, against which we compare IPT.

Bianchi and Coulibaly [12] study an economy with a production subsidy correcting the steady-

state monopoly distortion and emphasize that strict stabilization of domestic Producer Price Index

(PPI) inflation is not optimal following an import-tariff increase. Their characterization of the

optimal response as expansionary is relative to a strict PPI-inflation-stabilization policy. Our

results are consistent with this characterization and sharpen it: under IPT the optimal nominal

interest rate itself falls, whereas under PPT in the same SOE the tariff-imposing country raises its

nominal interest rate while allowing positive Home PPI inflation.

Werning, Lorenzoni, and Guerrieri [42] show that a tariff on imported intermediate inputs maps

exactly into a cost-push shock in the standard closed-economy New Keynesian model, and they

characterize the optimal response analytically: rather than keeping inflation at zero, which would

require a sharp short-run contraction in output, optimal policy partially accommodates the shock.

Bianchi and Coulibaly [12] and Werning, Lorenzoni, and Guerrieri thus share the policy implication

that strict inflation stabilization is not optimal following a tariff increase, and our results support

the same implication. We complement these studies by characterizing the sign of the nominal

interest-rate response itself, which is not the object of their analyses.

Bergin and Corsetti [9] study unilateral and reciprocal tariffs in a model with a richer interna-

tional trade structure, including global value chains and firm dynamics, and investigate alternative

pricing behaviors. In their unilateral-tariff analysis under cooperative optimal policy, the tariff-

imposing country raises its nominal interest rate even under local-currency pricing (LCP). Their

LCP also generates imperfect exchange-rate pass-through into import prices. Even so, their re-

sult contrasts with the optimal cut in our IPT environment.3 In the case of reciprocal tariffs, by

contrast, both Bergin and Corsetti, under cooperation, and our paper, under national Ramsey

policies, find that optimal monetary policy involves interest-rate cuts. Our analysis additionally

compares how the degree of pass-through affects the magnitude of those cuts and the incidence of

the zero lower bound.

In subsequent work, Bergin and Corsetti [10] study the role of exchange-rate adjustment in

stabilizing unilateral tariff shocks under cooperative Ramsey policy, together with the role of trade

elasticities and price flexibility. Because the cooperative planner chooses both countries’ policies,

their analysis spans both groups: the optimal response is driven mainly by monetary expansion in

the tariff-targeted economy, while the response of the tariff-imposing economy is modest. When the

tariff-imposing country’s currency serves as the dominant invoicing currency, the optimal monetary

stance of that country is more expansionary than strict PPI targeting; this relative accommodation

need not imply a decline in the nominal interest rate from its steady-state level. Their mechanism

operates through the incentive to stabilize demand faced by foreign exporters that preset prices in

the tariff-imposing country’s currency. By contrast, our model features sticky prices set by local

importing firms, and the Home Import-Allocation Channel gives the Home Ramsey planner an

incentive to cut the nominal interest rate on impact.

Relative to these contributions, our deliberately parsimonious model isolates the effects of

importer price-setting behavior, with local importers setting sticky ex-tariff selling prices, by com-

paring PPT and IPT under otherwise identical tariff shocks and national Ramsey policy problems.

Adding sticky local-currency importer prices to Monacelli’s framework reverses the sign of the

optimal policy-rate response.

3The difference between them and us lies in who sets the sticky local-currency price. Under their LCP, exporting

firms set prices in the destination-market currency; under our IPT, importing firms purchase foreign goods and set

sticky local-currency selling prices, internalizing the tariff in their price-setting problem. In a simplified analytical

version of their model, the Nash and cooperative solutions coincide, and the tariff-imposing country’s policy does

not respond to its own import tariff. Their quantitative analysis is conducted under cooperation.
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2.2 Pricing Behavior, Pass-Through, and Monetary Stabilization

The mechanism is also related to the literature on pricing behavior and exchange-rate pass-through.

Betts and Devereux [11] and Devereux and Engel [23] show that local-currency price stickiness

weakens the short-run pass-through of exchange-rate movements. Devereux and Engel [24] show

that the optimal use of exchange-rate flexibility depends on whether prices are set in producer or

local currency, while Corsetti, Dedola, and Leduc [19] emphasize that optimal monetary policy

depends on the degree of exchange-rate pass-through into import prices. These results motivate

our comparison of PPT and IPT environments. Okano and Eguchi [40] also employ LCP in

a small-open-economy policy analysis, although their application concerns fiscal stimulus rather

than tariffs.

Our analysis is related to the literature on the role of international relative prices and deviations

from the law of one price in optimal monetary policy. De Paoli [22] shows that a national planner in

a small open economy has an incentive to use international relative prices rather than mechanically

stabilize domestic inflation. Engel [25] shows that under LCP, currency misalignments associated

with deviations from the LOOP are inefficient and enter optimal monetary policy. Fujiwara and

Wang [31] extend this logic to a noncooperative policy game under LCP. Our paper examines

how the LOOP gap can contribute to mitigating the distortion in the relative consumption of

imports caused by an import tariff. Under IPT, the HIAC provides the Ramsey planner with an

incentive to move the actual LOOP gap toward its welfare-relevant level to mitigate tariff-induced

underconsumption of imports.

The dominant-currency-pricing framework of Gopinath et al. [33] offers a complementary ex-

planation of limited exchange-rate pass-through, whereas our model places local importers at the

center of the pricing decision. The treatment of the statutory tariff relative to nominal import-

price rigidity is also relevant. Chen, Devereux, Shi, and Xu [18] impose the import tax on top of

a pre-set price under LCP, whereas Farhi, Gopinath, and Itskhoki [28] place border taxes within

an LCP price-setting problem. Our benchmark follows the former convention: the statutory tariff

is separated from the sticky ex-tariff import price. This distinction also separates tariff pass-

through from exchange-rate pass-through. Cavallo, Gopinath, Neiman, and Tang [17] document

high tariff pass-through at the border together with more limited retail-price adjustment, while

Gopinath, Itskhoki, and Rigobon [34] document incomplete exchange-rate pass-through into U.S.

import prices for dollar-priced imports. The retail evidence in Cavallo et al. also suggests compres-

sion of retail margins. Flaaen, Hortaçsu, and Tintelnot [29] find substantial consumer-price effects

of washing-machine tariffs, including price changes for complementary and domestically produced

goods. These studies motivate our distinction between border prices and local selling prices.

2.3 International Policy Interaction and the ZLB

The two-country analysis is related to the literature on international monetary-policy games.

Corsetti and Pesenti [20] study the international dimensions of optimal monetary policy, while

Bodenstein, Guerrieri, and LaBriola [15] analyze macroeconomic policy games. Faia and Mona-

celli [27] formulate welfare-maximizing monetary policy in a two-country New Keynesian economy

and compare cooperation with Nash competition between national Ramsey planners. We use their

national-Ramsey policy-game logic to examine whether the HIAC, identified in the SOE, continues

to influence optimal Home monetary policy when Foreign demand and Foreign monetary policy

are jointly endogenous. The two-country extension adds the FAC, through which movements in

the Foreign LOOP gap and Foreign tariffs alter the international allocation of Home goods and

therefore the Home WR LOOP gap.

Finally, the paper is related to the ZLB literature on international monetary transmission,

including Fujiwara et al. [30], Bodenstein, Erceg, and Guerrieri [14], and Billi and Gaĺi [13]. The

role of the ZLB here is different. We do not add a demand or natural-rate shock to create a

liquidity trap. Instead, reciprocal tariffs can make the welfare-maximizing response sufficiently

accommodative to exhaust conventional monetary-policy space under either pricing environment.
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Import-price rigidity changes the welfare trade-offs and the size of the desired accommodation.

3 Small Open Economy

The small-open-economy model consists of a representative Home household, monopolistically

competitive Home producers, and a monetary authority. The household consumes a constant-

elasticity-of-substitution (CES) composite of Home and Foreign goods and trades state-contingent

claims with the rest of the world. Home producers use PCP and Calvo pricing in both pass-through

environments. The government levies an import tariff and rebates tariff revenue lump sum. No

employment subsidy is paid to PCP producers. The difference between the two environments is

on the import side. Under PPT there is no independent domestic importer-price block and the

LOOP holds for the ex-tariff import price. Accordingly, the Home welfare cost function contains

no WR LOOP-gap deviation term. Under IPT, local importers are added. They use LCP and set

sticky ex-tariff import prices in Home currency.

3.1 The Model

3.1.1 Perfect Pass-Through Environment

Households and Demand

The Home representative household has lifetime utility

U ≡ E0
∞X
t=0

βt

Ã
logCt − N

1+ϕ
t

1 + ϕ

!
. (1)

Here Ct denotes the Home household’s composite consumption and Nt ≡
R 1
0
Nt(j)dj denotes hours

of labor. The parameter β ∈ (0, 1) is the discount factor and ϕ is the inverse Frisch elasticity.
Composite consumption is

Ct =
h
(1− υ)1/ηC(η−1)/ηH,t + υ1/ηC

(η−1)/η
F,t

iη/(η−1)
.

Here CH,t and CF,t denote consumption of Home and Foreign goods, respectively, υ ∈ (0, 1) is the
expenditure weight on Foreign goods, and η is the elasticity of substitution between Home and

Foreign goods.

Under PPT, the ex-tariff Home-currency import price satisfies

PF,t = EtP ∗F,t. (2)

Here PF,t denotes the ex-tariff Home-currency import price, P ∗F,t denotes the Foreign producer-
price index in Foreign currency, and Et is the price of Foreign currency in units of Home currency.
The Home CPI under the PPT environment is

PPPTt ≡
∙
(1− υ)P 1−ηH,t + υ

³ ePPPTF,t

´1−η¸1/(1−η)
. (3)

Here PPPTt denotes the Home Consumer Price Index (CPI), PH,t denotes the Home producer-

price index, τM,t denotes the Home import-tariff rate, and ePPPTF,t ≡ (1 + τM,t)EtP ∗F,t denotes the
cum-tariff import price of Foreign goods under the PPT environment. The CES demand system

gives

CH,t = (1− υ)
£GPPT (τM,t, St)

¤η
Ct, (4)
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where the CPI—PPI ratio is

GPPT (τM,t, St) ≡ P
PPT
t

PH,t
. (5)

Here

St ≡ PF,t

PH,t

=
Zt

Ψt
, (6)

denotes the ex-tariff relative price of Foreign goods relative to the Home PPI (ex-tariff relative

price of imports, for short), Zt ≡ EtP ∗F,t/PH,t denotes the ex-tariff relative border price of Foreign

goods relative to the Home PPI (ex-tariff relative border price of imports). Following Monacelli

[38], we refer to Ψt ≡ EtP ∗F,t/PF,t as the LOOP gap.
Under PPT, Eq. (2) implies Ψt = 1 and hence St = Zt. Thus the ex-tariff relative price of

imports coincides with the ex-tariff relative border price of imports.

Import demand is

CF,t = υ

∙
(1 + τM,t)St

GPPT (τM,t, St)

¸−η
Ct. (7)

Combining Eq. (4) with Eq. (7) yields

CF,t

CH,t
=

υ

1− υ [(1 + τM,t)St]
−η
. (8)

which suggests that the relative consumption of imports depends on the ex-tariff relative price of

imports. In addition, once the import tariff is hiked, the relative consumption of imports decreases.

The household’s nominal budget constraint is

PH,tCH,t + (1 + τM,t)EtP ∗F,tCF,t +
X
ht+1

ξt,t+1(h
t+1|ht)Bt+1(ht+1) = Bt(ht) +WtNt +Dt + Tt.

where Bt+1(h
t+1) is a state-contingent nominal claim purchased at date t, ξt,t+1(h

t+1|ht) is its
date-t state price, Wt is the nominal wage, Dt denotes nominal dividends from firms, and Tt is

the net lump-sum transfer from the government. The import-expenditure term contains both the

border value EtP ∗F,tCF,t and the statutory customs payment τM,tEtP ∗F,tCF,t. Hence tariff revenue
is

TRt = τM,tEtP ∗F,tCF,t, Tt = TRt

in the PPT environment, where there is no local-importer subsidy. Thus the statutory duty paid

as part of household import expenditure is returned to the household as a lump-sum transfer. By

CES duality,

PH,tCH,t + (1 + τM,t)EtP ∗F,tCF,t = PPPTt Ct,

so the same budget constraint can equivalently be written as

PPPTt Ct +
X
ht+1

ξt,t+1(h
t+1|ht)Bt+1(ht+1) = Bt(ht) +WtNt +Dt + Tt. (9)

Maximization of Eq. (1) subject to the budget constraint gives the intratemporal condition

Wt

PPPTt

= CtN
ϕ
t , (10)

6



and the Euler equation

1

1 + it
= βEt

∙
Ct(GPPT (τM,t, St))

Ct+1(GPPT (τM,t+1, St+1))ΠH,t+1

¸
. (11)

Here it denotes the Home nominal interest rate and ΠH,t ≡ PH,t/PH,t−1 denotes gross Home
PPI inflation. The Euler equation follows from ξt,t+1 = β(Ct/Ct+1)(Π

PPT
t+1 )

−1 and (1 + it)−1 =
Etξt,t+1, where Π

PPT
t ≡ PPPTt /PPPTt−1 denotes gross CPI inflation. The Foreign household satisfies

the analogous Euler equation. With ξt,t+1 denoting the Home-currency nominal state price, the

Foreign-currency bond satisfies

1

1 + i∗t
= Et

∙
ξt,t+1

Et+1
Et

¸
,

where i∗t denotes the Foreign nominal interest rate. This is the stochastic-discount-factor repre-
sentation of uncovered interest parity (UIP).

Complete international risk sharing implies

St = CtGPPT (τM,t, St) . (12)

Production and Pricing Behavior

Each Home firm j ∈ [0, 1] produces a differentiated good according to Yt(j) = AtNt(j), where

At denotes labor productivity. Let Yt denote aggregate Home output. Demand for variety j is

Yt(j) = [PH,t(j)/PH,t]
−εYt, where ε > 1 is the elasticity of substitution across Home producer

varieties. Aggregation gives

Yt =
AtNt

∆H,t
, (13)

where ∆H,t ≡
R 1
0
[PH,t(j)/PH,t]

−εdj denotes producer-price dispersion. We set At = 1 throughout
the paper.

Home producers face Calvo price rigidity. Following the sequence representation in Monacelli

[39], the producer’s reset-price condition is

epH,t =MZH,t
KH,t , (14)

where epH,t ≡ PH,t/PH,t is the optimal reset price relative to the current Home PPI, θ is the

producer Calvo non-adjustment probability, MCrt ≡ MCt/PH,t is Home real marginal cost, and
M ≡ ε/(ε− 1) is the desired producer markup. The auxiliary objects are

KH,t ≡ Et

∞X
k=0

θkQt,t+kYt+k

Ã
kY
s=1

ΠH,t+s

!ε

,

ZH,t ≡ Et

∞X
k=0

θkQt,t+kYt+kMC
r
t+k

Ã
kY
s=1

ΠH,t+s

!1+ε
.

(15)

The household nominal stochastic discount factor from t to t + k, used in both the producer and

importer Calvo pricing problems, is

Qt,t+k ≡ βk
Ct(GPPT (τM,t, St))

Ct+k(GPPT (τM,t+k, St+k))

Ã
kY
s=1

ΠH,t+s

!−1
.

Using Eq. (10), real marginal cost is

MCrt = CtN
ϕ
t GPPT (τM,t, St) . (16)
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The producer Calvo price-index and dispersion laws are

1 = θΠε−1H,t + (1− θ)ep1−εH,t ,

∆H,t = θΠεH,t∆H,t−1 + (1− θ)ep−εH,t. (17)

At first order, Home PPI inflation therefore satisfies

πH,t = βEtπH,t+1 + κHmc
r
t , (18)

where πH,t ≡ logΠH,t, mc
r
t ≡ log(MCrt /MC

r), MCr is the deterministic steady-state value of

Home real marginal cost, and κH ≡ (1− θ)(1− βθ)/θ.

Market Clearing

Home goods-market clearing is

Yt = (1− υ)
¡GPPT (τM,t, St)

¢η
Ct + υS

η
t . (19)

The first term is Home household demand in Eq. (4); the second is Foreign demand for Home

goods in the SOE limit.

3.1.2 Imperfect Pass-Through Environment

The IPT environment keeps the preferences, CES consumption aggregator, household optimal-

ity conditions, complete-risk-sharing condition, Home production technology, and PCP producer-

pricing block of the PPT environment. The difference is that local importers set the ex-tariff

import price in Home currency.

In the IPT environment, a local importer stands between the Foreign producer and the Home

household. The importer of record purchases the Foreign good at the border value, remits the

statutory duty to the Home government, and passes that statutory component through to the

Home household on top of the local-currency ex-tariff price.

Following Monacelli [38], we introduce monopolistically competitive local importers that pur-

chase Foreign goods at the border and resell differentiated import varieties to Home households at

a markup. These importers set prices in Home currency under Calvo pricing. Consequently, the

local-currency import price need not move one-for-one with the border price, and the law of one

price (LOOP) no longer holds.

Households and Demand

Similar to the PPT environment, households’ utility and optimality conditions have the same form

as Eq. (1) and Eqs. (10)—(11), with P IPTt replacing PPPTt wherever the Home CPI appears.

The IPT complete-risk-sharing identity, however, uses the border relative price Zt rather than the

locally set ex-tariff price St, as shown below. The household-facing cum-tariff price of Foreign

variety ι is

eP IPTF,t (ι) ≡ PF,t(ι) + τM,tEtP ∗F,t. (20)

where eP IPTF,t (ι) denotes the household-facing cum-tariff price of Foreign variety ι under the IPT

environment, and PF,t(ι) denotes the ex-tariff Home-currency import price of variety ι. Since the

tariff is levied on the border acquisition price EtP ∗F,t, the tariff payment per unit is τM,tEtP ∗F,t.
The cum-tariff purchaser price in Eq. (20) is therefore the sum of the local importer’s ex-tariff

selling price and this tariff payment. Under the PPT environment, the law of one price holds, so

that PF,t = EtP ∗F,t and the cum-tariff import price reduces to (1 + τM,t)PF,t, as in Monacelli [38].

Under the IPT environment, however, monopolistically competitive local importers set their own
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ex-tariff selling prices, and the law of one price does not generally hold. Hence, the cum-tariff

purchaser price takes the additive form in Eq. (20).4

This specification implies complete direct pass-through of the statutory tariff payment into

the cum-tariff purchaser price, holding the ex-tariff selling price and the border acquisition price

fixed. It is consistent with the border-price evidence of Cavallo et al. [17], who find nearly complete

tariff pass-through into the prices paid by importers at the border. Moreover, since the ex-tariff

selling price is determined endogenously by the local importer, the specification is not necessarily

inconsistent with their finding of limited pass-through into retail prices. Conditional demand for

variety ι is

CF,t(ι) =

Ã eP IPTF,t (ι)eP IPTF,t

!−εM
CF,t, (21)

where εM > 1 is the elasticity of substitution across import varieties and eP IPTF,t denotes the

aggregate cum-tariff import price index, being the CPI-relevant import-price index under the IPT

environment, defined by

eP IPTF,t ≡
∙Z 1

0

eP IPTF,t (ι)
1−εMdι

¸1/(1−εM )
(22)

Note that the purchaser price is defined variety by variety in Eq. (20), so the aggregate cum-tariff

import-price index cannot in general be written as (1+ τM,t)PF,t under the imperfect pass-through

environment. Equations (21)—(22) implyZ 1

0

eP IPTF,t (ι)CF,t(ι)dι =
eP IPTF,t CF,t.

Home-good demand has the CES form of Eq. (4), with GIPTt (·) replacing GPPT (τM,t, St).

Aggregate import demand is

CF,t = υ

Ã eP IPTF,t

P IPTt

!−η
Ct. (23)

Under the IPT environment, Eq. (8) is replaced by

CF,t

CH,t
=

υ

1− υ

Ã eP IPTF,t

PH,t

!−η
. (24)

Similar to the PPT environment, once the import tariff is hiked, the relative consumption of

imports decreases.

The Home CPI under the IPT environment is given by

P IPTt ≡
∙
(1− υ)P 1−ηH,t + υ

³ eP IPTF,t

´1−η¸1/(1−η)
. (25)

instead of Eq. (3). We distinguish the two CPI—PPI mappings by writing GPPT (τM,t, St) ≡
PPPTt /PH,t as in Eq. (5), and GIPTt (·) ≡ P IPTt /PH,t. The argument (·) for IPT includes the tariff,
the border price, and the complete cross-sectional distribution of local importer prices in Eqs. (20)—

(22); GIPTt (·) is not, in general, a function of (τM,t, St) alone. Under complete international

4Chen et al. [18] likewise impose the import tax on top of a pre-set LCP price. An alternative convention places

border taxes inside the LCP price-setting problem, as in Farhi et al. [28]; Erceg et al. [26] emphasize more generally

that the macroeconomic effects of trade taxes depend on the assumed tax pass-through.
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risk sharing, the relevant Foreign consumption numeraire is the border price. The IPT identity

corresponding to Eq. (12) is therefore

Zt = CtGIPTt (·). (26)

The household Euler equation in the IPT environment has the form of Eq. (11), with GIPTt (·)
in place of GPPT (τM,t, St) at date t and the corresponding replacement at date t + 1. The same

substitution applies to the producer and importer stochastic discount factors and to the Home

real marginal cost in the IPT environment. The CES consumption aggregator, its expenditure

weights, and its elasticity of substitution are identical across the two pass-through environments;

only the household-facing cum-tariff import price entering that common CES price aggregator

differs. Under PPT, ePPPTF,t = (1 + τM,t)EtP ∗F,t, whereas under IPT, eP IPTF,t is the aggregate index

defined in Eq. (22) from the household-facing variety prices in Eq. (20).

The household’s budget constraint is:

PH,tCH,t +

Z 1

0

[PF,t(ι) + τM,tEtP ∗F,t]CF,t(ι) dι+
X
ht+1

ξt,t+1(h
t+1|ht)Bt+1(ht+1) = Bt(ht) +WtNt +Dt + Tt.

The integral makes the statutory-duty payment explicit on the expenditure side. By Eqs. (20)—

(22), Z 1

0

eP IPTF,t (ι)CF,t(ι)dι =
eP IPTF,t CF,t, PH,tCH,t + eP IPTF,t CF,t = P

IPT
t Ct.

Hence the same budget constraint can equivalently be written as

P IPTt Ct +
X
ht+1

ξt,t+1(h
t+1|ht)Bt+1(ht+1) = Bt(ht) +WtNt +Dt + Tt,

which has the same form as Eq. (9), with P IPTt replacing PPPTt , while Dt includes local-importer
dividends. The importer of record remits the statutory duty, and customs revenue is

TRt ≡ τM,tEtP ∗F,t
Z 1

0

CF,t(ι)dι. (27)

The customs revenue in Eq. (27) is exactly the statutory-duty component paid on the left-hand side

of the disaggregated budget constraint and is rebated lump sum through Tt. The tariff-inclusive

household import expenditure and lump-sum rebate are also consistent with Bianchi and Coulibaly

[12]. The government also pays the time-invariant subsidy τ on the border acquisition cost, so its

net lump-sum transfer is

Tt = TRt − τEtP ∗F,t
Z 1

0

CF,t(ι)dι.

Here τ denotes the subsidy rate paid to local importers; below we set τ = 1/εM . The subsidy

receipt τEtP ∗F,t
R 1
0
CF,t(ι)dι is included in importer dividends in Dt, while payment of the subsidy

τEtP ∗F,t
R 1
0
CF,t(ι)dι enters Tt with the opposite sign. Thus the statutory tariff is collected from

the importer of record, passed through separately to the purchaser in Eq. (20), and returned to

the household as a lump-sum rebate.

Production and Pricing Behavior

The IPT environment contains both Home producers and local importers. The Home producer

side is unchanged from the PPT environment: production and producer price setting continue to
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be governed by Eqs. (13)—(18). In addition, local importers use LCP and face Calvo rigidity. Their

exact nonlinear pricing block is given by Eqs. (28)— (32). The ex-tariff import-price index satisfies

P 1−εMF,t = θMP
1−εM
F,t−1 + (1− θM )P

1−εM
F,t , (28)

Here θM denotes the importer Calvo non-adjustment probability and PF,t denotes the ex-tariff

reset price. Because PF,t/PH,t = Zt/Ψt, the ex-tariff relative import price obeys

Zt

Ψt
=
Zt−1
Ψt−1

ΠF,t

ΠH,t
, (29)

where ΠF,t ≡ PF,t/PF,t−1 denotes gross ex-tariff import inflation.

The importer remits τM,tEtP ∗F,t per imported unit and recovers the same statutory duty from
the purchaser. Hence the duty cancels from the importer’s net operating cash flow, but it enters

the demand faced by a resetting importer. A resetting importer chooses PF,t to solve

max
PF,t

Et

∞X
k=0

θkMQt,t+k
£
PF,t − (1− τ)Et+kP ∗F,t+k

¤
CF,t+k|t, (30)

The ex-tariff price-setting formulation in Eq. (30) is the same local-currency-pricing importer

structure as in Monacelli [38], apart from the steady-state subsidy normalization used here. It is

consistent with the low nominal exchange-rate pass-through documented by Gopinath, Itskhoki,

and Rigobon [34]. Here CF,t+k|t denotes demand at date t+k for an import variety whose ex-tariff
price was reset at date t and is given by

CF,t+k|t =

"
PF,t + τM,t+kEt+kP ∗F,t+kePF,t+k

#−εM
CF,t+k. (31)

The tariff-induced reduction in demand is therefore internalized in the reset-price problem. The

exact first-order condition is

Et

∞X
k=0

θkMQt,t+kCF,t+k|t

"
1− εM

PF,t − (1− τ)Et+kP ∗F,t+k
PF,t + τM,t+kEt+kP ∗F,t+k

#
= 0. (32)

We set τ = 1/εM , which removes the steady-state importer markup and implies Ψ = 1 in the

deterministic zero-tariff, zero-inflation steady state.

The mechanism through which the tariff raises the importer’s own ex-tariff price is especially

transparent when importer prices are flexible, so that PF,t = PF,t. From Eqs. (20) and (21), the

effective elasticity of demand with respect to the importer’s own ex-tariff price is

∂ logCF,t

∂ logPF,t
= −εM PF,t

PF,t + τM,tEtP ∗F,t
.

Because the statutory duty is added to the importer’s own price in the purchaser price, a positive

tariff makes this demand elasticity smaller in absolute value. Intuitively, once the tariff has already

raised the purchaser price, a one-percent increase in PF,t raises the purchaser price by less than

one percent. The associated loss of demand is therefore smaller than it would be without the tariff,

giving the importer an incentive to raise its own ex-tariff price.

For a simple numerical illustration, suppose the border acquisition price is 1 dollar and the

importer’s ex-tariff price is also 1 dollar. Before the tariff, the purchaser price is therefore 1 dollar.

A new one-percent tariff adds 0.01 dollar to the purchaser price, raising it to 1.01 dollars. If

the importer then raises its own ex-tariff price by one percent, from 1 dollar to 1.01 dollars, the

purchaser price becomes 1.02 dollars. Relative to the post-tariff purchaser price of 1.01 dollars,

however, this is an increase of only (1.02 − 1.01)/1.01 ' 0.99 percent, rather than one percent.
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Hence, for a given demand elasticity εM , the associated demand decline is approximately 0.99εM
percent rather than εM percent. The importer therefore loses less demand from a given proportional

increase in its own price once the tariff is present, strengthening its incentive to raise the ex-tariff

price. To derive the flexible-price implication, set PF,t = PF,t in Eq. (32). The reset-price

condition then becomes

1− εM
PF,t − (1− τ)EtP ∗F,t
PF,t + τM,tEtP ∗F,t

= 0,

which can be rearranged as

(εM − 1)PF,t = [εM (1− τ) + τM,t]EtP ∗F,t.

Using the fixed importer subsidy τ = 1/εM gives

Ψ−1t =
PF,t

EtP ∗F,t
= 1 +

τM,t

εM − 1 . (33)

The inverse LOOP gap Ψ−1t corresponds to the importer’s ex-tariff price markup relative to the

border acquisition price; Ψt is the inverse of this markup measure. Equation (33) gives its value

under flexible importer prices. The statutory duty does not enter as a net marginal acquisition cost;

it lowers the effective own-price elasticity and thereby induces an opportunistic increase in the ex-

tariff markup. The subsidy is calibrated to eliminate the zero-tariff steady-state importer markup,

but it does not adjust with the tariff and therefore does not eliminate the tariff-induced increase

in the importer markup. This flexible-price calculation isolates the opportunistic-pricing effect

of the tariff. This effect is closely related to the classic tax-pass-through result under imperfect

competition. Delipalla and Keen [21] compare specific and ad valorem taxation under oligopoly,

while Anderson, de Palma, and Kreider [3] show in a differentiated-product Bertrand setting that

unit excise taxes can be shifted to consumer prices by more than one-for-one, with the incidence

depending on the curvature of demand. Weyl and Fabinger [43] provide a general treatment of tax

pass-through under imperfect competition. The present mechanism has a distinctive international-

pricing implementation: the statutory tariff is proportional to the border acquisition price and is

added outside the sticky ex-tariff import price, so that the tariff lowers the importer’s effective

own-price elasticity through the purchaser-price denominator. The resulting incentive to raise the

ex-tariff import price is nevertheless consistent with this imperfect-competition tax-pass-through

literature.

Thus the IPT environment is subject to the exact importer reset-price condition in Eq. (32),

in addition to the producer conditions in Eqs. (13)—(18). At first order, Eq. (32) implies

πF,t = βEtπF,t+1 + κM

µ
ψt +

τM,t

εM − 1

¶
, (34)

where πF,t ≡ logΠF,t, ψt ≡ logΨt, and κM ≡ (1 − θM )(1 − βθM )/θM . Equation (34) is used for

first-order analytical interpretation, while the nonlinear Ramsey computation retains Eq. (32).

Around the zero-tariff steady state, log(1 + τM,t) = τM,t +O(τ
2
M,t).

Taking logs of Eq. (33) and linearizing around the zero-tariff steady state, the flexible-importer-

price benchmark is

ψt = − τM,t

εM − 1 .

Hence the expression ψt + τM,t/(εM − 1) on the right-hand side of Eq. (34) is the actual LOOP
gap minus its flexible-price benchmark. Import-price inflation depends on this deviation. Thus

the tariff term in Eq. (34) reflects the opportunistic ex-tariff price increase implied by Eq. (33),

not the statutory duty as a net marginal acquisition cost.

12



Market Clearing

Home goods-market clearing under IPT is

Yt = (1− υ)
µ
P IPTt

PH,t

¶η
Ct + υZ

η
t . (35)

The first term uses the exact household CPI in Eq. (25); the second uses the ex-tariff border price

Zt faced by Foreign purchasers of Home goods. The IPT clearing condition differs from the PPT

condition in Eq. (19) through its CPI and border-price terms.

3.2 Ramsey Policy

For each pass-through environment, the monetary authority is a social planner that chooses a

complete contingent plan under commitment, maximizing Eq. (1). We solve the Ramsey problem

from the timeless perspective. The lagged Lagrange multipliers entering the initial Ramsey first-

order conditions are initialized at their deterministic steady-state values, rather than reset to zero

at the date of the tariff shock.

In the PPT environment, the choice variables are Ct, Zt, Nt, Yt, ΠH,t, epH,t, KH,t, ZH,t, ∆H,t,
and it for t ≥ 0. The constraints are Eqs. (5), (10), (11), and (12) with Ψt = 1, Eqs. (13)—(17),
Eq. (2), Eq. (19) with Ψt = 1, and the ZLB conditions in Eq. (36).

In the IPT environment, the choice variables are Ct, Zt, Nt, Yt, ΠH,t, epH,t, KH,t, ZH,t, ∆H,t,
Ψt, ΠF,t, PF,t, PF,t, eP IPTF,t , and it for t ≥ 0. The constraints are Eqs. (5) and (23), Eqs. (10) and
(11) with the IPT CPI substitution stated after Eq. (26), Eq. (26), Eqs. (13)—(17), Eqs. (30)—(31),

(28), (32), and (29), Eq. (35), and the ZLB condition in Eq. (36).

The feasibility, non-negativity, and complementary-slackness conditions are

it ≥ 0, μi,t ≥ 0, μi,tit = 0. (36)

Here μi,t denotes the Kuhn—Tucker multiplier on the ZLB constraint. The tariff process is exoge-

nous and tariff revenue is rebated lump sum. The Lagrangians and first-order conditions for the two

pass-through environments are reported in Appendix C; the first-order conditions are not repeated

in the main text. The numerical policy paths are obtained from these nonlinear Ramsey first-

order-condition systems using Dynare’s perfect-foresight solver with its mixed-complementarity

algorithm (lmmcp) to impose the ZLB. The ZLB is imposed in all baseline and high-substitution

experiments. The sensitivity analysis of producer- and importer-price rigidity, reported in the

Appendix, does not impose the ZLB and instead reports notional nominal interest rates. The

second-order welfare cost functions below are reporting and interpretation devices rather than

policy objectives.

3.3 Calibration and Shocks

The baseline calibration follows Monacelli [39] wherever the model has a direct counterpart. Table

1 summarizes the baseline parameterization.

The tariff process is

τM,t = ρτ τM,t−1 + ²τ,t.

We set the one-time innovation ²τ,0 = 0.20, following Monacelli [39], as our baseline.5 Thus

the import tariff rises by 20 percentage points on impact. The steady-state tariff is zero. The

deterministic quarterly nominal rate is 1/β − 1 = 1.0101 percent, approximately four percent

annualized. Hence a response of −101.01 basis points relative to steady state places the actual
nominal rate exactly at the ZLB.

5Throughout the paper, “baseline” refers to the parameter values in Table 1 together with the tariff innovation

²τ,0 = 0.20.
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Table 1: Baseline Calibration
Parameter Value Interpretation

β 0.99 Discount factor

υ 0.3 Openness / Home Bias parameter

ϕ 2.2 Inverse Frisch elasticity

η 1.5 Home—Foreign substitution elasticity

ε 3.8 Elasticity across producer varieties

θ 0.8 Producer Calvo parameter

εM 3.8 Elasticity across importer varieties

θM 0.8 Importer Calvo parameter

ρτ 0.7 Tariff persistence

3.4 Welfare Relevant LOOP Gap

To make the planner’s stabilization objectives transparent, we report welfare cost functions based
on a second-order approximation to household utility following Benigno and Woodford [7, 8]. In
superscripts, PPT and IPT denote the two pass-through environments, respectively. Let yt ≡
log(Yt/Ȳ ) and zt ≡ log(Zt/Z̄), where Ȳ and Z̄ are the original zero-tariff deterministic steady-
state levels defined in Appendix E.1. Suppressing terms that are independent of the Home policy
allocation, under PPT,

LSOE,PPTt ≡ 1

2

hbΛSOE,PPTy (yt − byw,SOE,PPTt )
2
+ bΛSOE,PPTz (zt − bzw,SOE,PPTt )

2
+ Λ

SOE,PPT
π,H π

2
H,t

i
,

whereas under IPT it can be written as

LSOE,IPTt ≡ 1

2

hbΛSOE,IPTy (yt − byw,SOE,IPTt )2 + bΛSOE,IPTψ (ψt − bψw,SOE,IPTt )2

+bΛSOE,IPTz (zt − bzw,SOE,IPTt )2 + Λ
SOE,IPT
π,H π2H,t + Λ

SOE,IPT
π,F π2F,t

i
.

Here the hatted Λ coefficients are the completed-square welfare weights associated with yt, zt,

and, under IPT, ψt in the expressions above. The corresponding hatted WR reference values arebyw,SOE,·t , bzw,SOE,·t , and bψw,SOE,IPTt . See Appendix E for details on these WR reference values.6

The contrast between the two expressions shows how the open-economy relative-price external-

ity enters the welfare criterion. Under PPT, the LOOP holds identically, Ψt = 1, so the relative-

price externality is carried by the WR ex-tariff relative border price of imports gap zt−bzw,SOE,PPTt .

Under IPT, PF,t/PH,t = Zt/Ψt, and the welfare criterion contains both the WR ex-tariff relative

border price of imports gap zt−bzw,SOE,IPTt and the WR LOOP-gap deviation ψt− bψw,SOE,IPTt . A

nominal exchange-rate movement can therefore change the ex-tariff relative border price Zt while,

because the local-currency import price PF,t adjusts only gradually, also generating a movement

in the LOOP gap Ψt. The same relative-price externality is thus manifested jointly through zt and

ψt under IPT.

Using complete international risk sharing and Home goods-market clearing, we eliminate the

ex-tariff relative border price zt from the welfare cost functions. See Appendix E for the derivation.

Under PPT, Ψt = 1, so the welfare-relevant movement in zt is absorbed into the WR output term.

The same period welfare cost can therefore be written as

LSOE,PPTt ≡ 1
2

h
ΛSOE,PPTy (yt − yw,SOE,PPTt )2 + Λ

SOE,PPT
π,H π2H,t

i
, (37)

6The welfare cost function is normalized by steady-state marginal utility of consumption times steady-state

consumption, UC(C,N)C. Hence it measures welfare losses in units of steady-state consumption: for example,

Lt = 0.01 means, locally, a welfare loss equivalent to a one-percent loss of steady-state consumption. With the

logarithmic utility used here, UC(C,N)C = 1.
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whereas under IPT the same elimination of zt leaves the independently moving LOOP gap gener-

ated by sticky local import pricing. The same period welfare cost can be written as

LSOE,IPTt ≡ 1

2

h
ΛSOE,IPTy (yt − yw,SOE,IPTt )2 + Λ

SOE,IPT
ψ (ψt − ψw,SOE,IPTt )2

+Λ
SOE,IPT
π,H π2H,t + Λ

SOE,IPT
π,F π2F,t

i
. (38)

The objects y
w,SOE,PPT
t and y

w,SOE,IPT
t are the (logarithmic) WR outputs in the PPT and

IPT environments, respectively, and yt − yw,SOE,PPTt and yt − yw,SOE,IPTt are the corresponding

WR output gaps. Under the IPT environment, ψ
w,SOE,IPT
t is the (logarithmic) WR LOOP gap.

Accordingly, ψt − ψ
w,SOE,IPT
t , which measures the deviation of the actual LOOP gap from its

welfare-relevant value, is referred to as the WR LOOP-gap deviation. See Appendix E for details

on y
w,SOE,PPT
t , y

w,SOE,IPT
t , and ψ

w,SOE,IPT
t . Thus Eq. (37) contains no separate relative-price

term, while Eq. (38) retains the WR LOOP-gap deviation and the import-inflation term.

For the tariff experiment, the welfare-relevant (WR) LOOP gap in the SOE is given by

ψ
w,SOE,IPT
t = ΓSOEown τM,t, (39)

where ΓSOEown denotes the structural loading of the Home import tariff on the WR LOOP gap.

See Appendix E for its derivation. Under the baseline parameterization, ΓSOEown = 0.421. To

understand why the WR LOOP gap rises in response to an import tariff, we log-linearize the

purchaser-price equation at the individual import-variety level, aggregate across varieties, and use

Eq. (24). Around the zero-tariff steady state, this yields:

cF,t − cH,t = −η(zt + τM,t − ψt), (40)

with cH,t ≡ log
³
CH,t
CH

´
and cF,t ≡ log

³
CF,t
CF

´
.

Eq. (40) reveals the economic mechanism underlying the HIAC. An increase in the import tariff

raises the cum-tariff relative price of imports, thereby inducing an inefficiently low level of import

consumption relative to Home-goods consumption and reducing economic welfare. For a given

ex-tariff relative border price zt, an increase in the LOOP gap ψt lowers the relative purchaser

price of imports and offsets this distortion. Consequently, the WR LOOP gap rises with the tariff,

as shown above, to mitigate the tariff-induced underconsumption of imports (Fig. 1). The HIAC

thus provides the Ramsey planner with an incentive to raise the actual LOOP gap toward the WR

LOOP gap.

Eq. (34) suggests that an increase in the actual LOOP gap does not lead to an immediate and

full adjustment of the ex-tariff import price. While an increase in the LOOP gap puts upward

pressure on ex-tariff import-price inflation, Calvo price rigidity slows the adjustment of the import

price to the higher Home-currency border price. Consequently, nominal depreciation can raise the

actual LOOP gap despite the importers’ incentive to increase their selling prices. As Eq. (40)

shows, for a given ex-tariff relative border price, a higher LOOP gap mitigates tariff-induced

underconsumption of imported goods relative to Home goods and thereby improves economic

welfare. The Ramsey planner can thus exploit import-price stickiness to move the actual LOOP

gap toward its WR level and thereby alleviate the inefficiently low level of import consumption

relative to Home-goods consumption.

For a given future nominal exchange rate and Foreign nominal interest rate, UIP implies that

a reduction in the Home nominal interest rate exerts depreciation pressure on the Home currency.

This depreciation pressure tends to raise the actual LOOP gap. The HIAC thus provides the

Ramsey planner with an incentive to cut the nominal interest rate in response to an increase in

the import tariff, subject to the competing inflation-stabilization objectives.

Substituting Eq. (39), the WR LOOP-gap component of the welfare cost becomes

Λ
SOE,IPT
ψ

2

³
ψt − ψw,SOE,IPTt

´2
=
Λ
SOE,IPT
ψ

2

¡
ψt − ΓSOEown τM,t

¢2
.
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Since both Λ
SOE,IPT
ψ and ΓSOEown are positive, an increase in the import tariff raises the WR

LOOP gap. When the actual LOOP gap lies below the WR LOOP gap, increasing it reduces

this component of the welfare cost. Together with Eq. (40), this establishes the welfare rationale

for the HIAC: a higher LOOP gap mitigates tariff-induced underconsumption of imports.

Table 2: SOE Welfare Weights: Baseline Values
Environment WR Variable Weight Value

PPT yt − yw,SOE,PPTt ΛSOE,PPTy 1.654

πH,t Λ
SOE,PPT
π,H 39.378

IPT yt − yw,SOE,IPTt ΛSOE,IPTy 1.654

ψt − ψw,SOE,IPTt Λ
SOE,IPT
ψ 0.506

πH,t Λ
SOE,IPT
π,H 39.378

πF,t Λ
SOE,IPT
π,F 27.295

Note: All entries are rounded evaluations of the structural welfare coefficients derived in Appendix E.1; the

unrounded values are retained in the second-order calculation.
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Figure 1: Home Import-Allocation Channel, Foreign Allocation Channel, and the WR LOOP-gap

objective
Note: The HIAC operates in both the SOE and the two-country economy, whereas the FAC arises only in the

two-country economy.
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Engel [25] interprets deviations from the law of one price under LCP as currency misalignment

and a source of welfare loss. In our setting, log-linearizing the definition of the LOOP gap yields

ψt = et + p
∗
F,t − pF,t,

with et ≡ log Et, pF,t ≡ logPF,t, and p∗F,t ≡ logP ∗F,t. Define the WR nominal exchange rate by

e
w,SOE,IPT
t ≡ pF,t − p∗F,t + ψ

w,SOE,IPT
t . (41)

It follows immediately that

ψt − ψw,SOE,IPTt = et − ew,SOE,IPTt . (42)

Hence, following Engel’s currency-misalignment interpretation, reducing the WR LOOP-gap devi-

ation is exactly equivalent to reducing the nominal exchange-rate misalignment, measured by the

deviation of the actual nominal exchange rate from the WR nominal exchange rate.

3.5 Nominal Interest Rate Response to an Increase in the Import Tariff

3.5.1 Baseline Case

Figure 2 compares the SOE responses to a 20-percentage-point Home import-tariff increase. The

solid blue line reports IPT, and the dotted green line reports PPT. The central result is that the

Home Ramsey planner lowers the nominal interest rate under IPT (Panel 1). On impact, the

policy rate falls by 32.87 basis points under IPT and rises by 17.03 basis points under PPT.

Under IPT, an increase in the Home import tariff raises the cum-tariff relative price of imports,

inducing inefficient underconsumption of imported goods relative to Home goods. As Eq. (40)

shows, an increase in the LOOP gap mitigates this distortion by lowering the relative purchaser

price of imports for a given ex-tariff relative border price. Accordingly, the WR LOOP gap rises

with the tariff, as shown in Eq. (39) (Fig. 1 and Panel 10, Fig. 2). The HIAC thus gives the

Ramsey planner an incentive to move the actual LOOP gap toward its WR level. The planner cuts

the nominal interest rate to exert depreciation pressure and reduce the WR LOOP-gap deviation,

subject to the PPI inflation and ex-tariff import inflation stabilization objectives (Panels 1 and

11, Fig. 2). The rate cut reflects the resulting intertemporal welfare trade-off, not the absence

of inflation stabilization objectives. Its magnitude cannot be read directly from the WR LOOP

gap, since the actual LOOP-gap path, its deviation from the WR LOOP gap, and the PPI and

import-price inflation all enter the nonlinear committed Ramsey allocation.

Under IPT, the Ramsey planner cuts the nominal interest rate to induce nominal depreciation

and thereby narrow the WR LOOP-gap deviation (Eq. 42). However, the competing objectives

of stabilizing Home PPI inflation and ex-tariff import-price inflation limit the extent of monetary

easing. Consequently, the rate cut is insufficient to prevent the actual LOOP gap from falling,

even as the WR LOOP gap rises (Panels 9 and 10).

PPT serves as a comparison. Its import price adjusts with the nominal exchange rate, so

the LOOP holds and the Home welfare cost function contains no WR LOOP-gap deviation term.

From Eq. (8), the increase in the cum-tariff relative price of imports shifts spending toward Home

goods. Relative consumption of imports declines under both environments (Panel 8), but the strong

expenditure-switching effect under PPT raises Home demand, real marginal cost, and pressure on

Home PPI inflation. In view of the large PPI-inflation stabilization weight in Eq. (37) and Table

2, the PPT planner raises the nominal rate (Panel 1).

Appendix A provides two analytical benchmarks that clarify the role of nominal price rigidities

in these results. Proposition 1 establishes sufficient conditions for an initial interest-rate cut under

IPT even with flexible producer prices, whereas Proposition 2 establishes exact equivalence between

IPT with flexible import prices and PPT with an appropriately scaled tariff.

18



Figure 2: Small open economy: optimal PPT and IPT responses to a 20-percentage-point Home

import tariff. Panel 1 reports the nominal interest-rate deviation from steady state in basis points;

Panel 8 reports the percentage deviation of relative import consumption from steady state; other

responses are in percent or percentage points. Under PPT, the LOOP holds identically.
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3.5.2 High Substitution Case

Figure 3 presents the SOE experiment with the substitution elasticity raised to η = 3, holding

the tariff shock and every other parameter fixed. IPT continues to call for an initial interest-rate

cut, and the cut is larger than under the baseline elasticity (Panel 1). Equation (39) remains the

relevant WR LOOP-gap relation. Although the own-tariff coefficient ΓSOEown declines from 0.421 to

0.293, the Home WR LOOP gap still rises with the tariff, preserving the incentive for monetary

easing through the HIAC. The magnitude of the optimal rate cut reflects this incentive together

with the inflation-stabilization objectives.

As a comparison, under PPT higher substitutability strengthens the tariff-induced expenditure

switching into Home goods and the associated upward pressure on Home PPI inflation (Panels 2

and 6). The optimal policy remains a rate increase, although its impact response is smaller and

the policy rate rises further in subsequent quarters. The impact responses are −47.08 basis points
under IPT and +3.31 basis points under PPT. Thus the SOE produces an optimal IPT rate cut

under both elasticities, while the policy-sign contrast with PPT also persists.
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Figure 3: Small open economy: responses under the High Substitution Case (η = 3), holding other

parameters and the unilateral Home tariff shock fixed. The panels, units, and PPT/IPT line styles

are as in Fig. 2.

21



4 Two-Country Economy

4.1 The Model

The small-open-economy model in Sec. 3 takes the Foreign economy as given. We now endogenize

that economy and embed the SOE structure in a unit-mass two-country world. Country size is

represented by household mass: households are indexed by h ∈ [0, 1], with h ∈ [0, ν) in country
H and h ∈ [ν, 1] in country F . Because steady-state per-capita output is common across the two
countries, ν is also Home’s share of steady-state world output and is therefore calibrated to Home’s

share of world gross domestic product (GDP). Producer varieties retain the country-specific unit-

continuum normalization used in the SOE. To make country-size accounting transparent in the

bilateral importer block, Home importer varieties are indexed by ι ∈ [0, ν) and Foreign importer
varieties by ι ∈ [ν, 1]. Importer CES integrals are normalized by the corresponding country mass,
ν or 1− ν. Hence the country-size ratios in bilateral goods-market clearing convert per-capita de-
mand across countries, while the normalized importer integrals take averages within the importing

country. Households are identical within each country, so we continue to write the Home allocation

in representative-household form. The Home household retains the preferences in Eq. (1), while

the Foreign representative household has lifetime utility

U∗ ≡ E0
∞X
t=0

βt
µ
logC∗t −

(N∗t )
1+ϕ

1 + ϕ

¶
.

Here C∗t and N
∗
t denote Foreign composite consumption and labor, respectively. The Foreign

household maximizes U∗ subject to the exact starred counterparts of the Home household con-
straints and optimality conditions.

The two-country extension makes endogenous the Foreign objects that were external to the

SOE transmission mechanism. We retain the SOE notation for Home. Country F now has its own

consumption, labor, output, producer prices, Calvo price dispersion, and monetary policy. Each

country is specialized in a continuum of differentiated goods produced with the same technology and

producer Calvo structure as in Sec. 3.1.1. Home and Foreign have separate monetary authorities

with nominal interest rates it and i
∗
t , respectively, and Home and Foreign governments may levy

import tariffs τM,t and τ
∗
M,t, respectively. Tariff revenue is rebated lump sum in the country that

collects it. Complete international financial markets link the two national household problems

and impose international risk sharing. Hence a Home policy or tariff change can alter the Foreign

allocation and, through the common world equilibrium, feed back to Home.

Home bias is introduced by scaling each country’s expenditure weight on partner-country goods

by the common openness parameter υ. Given the country sizes above, the Home and Foreign

expenditure weights are ωF = υ(1 − ν), ωH = 1 − ωF , ω
∗
H = υν, and ω∗F = 1 − ω∗H . Here

ωF is Home’s expenditure weight on Foreign goods and ωH is Home’s expenditure weight on

Home goods. Likewise, ω∗H is Foreign’s expenditure weight on Home goods and ω∗F is Foreign’s
expenditure weight on Foreign goods. Thus ωF and ω

∗
H are the bilateral import weights, whereas

ωH and ω∗F are the domestic-good weights. For υ < 1, the bilateral import weights are smaller

than the corresponding partner-country economic-size shares, generating home bias.

These expenditure weights enter the two national consumption baskets:

Ct =
h
ω
1/η

H C
(η−1)/η
H,t + ω

1/η

F C
(η−1)/η
F,t

iη/(η−1)
,

C∗t =
h
(ω∗F )

1/η(C∗F,t)
(η−1)/η + (ω∗H)

1/η(C∗H,t)
(η−1)/η

iη/(η−1)
.

(43)

where C∗F,t and C
∗
H,t denote Foreign consumption of Foreign and Home goods, respectively. Bi-

lateral goods-market clearing therefore replaces the SOE assumption that Foreign demand can be

treated as an external object.

In a two-country model, the LOOP also applies explicitly to Home goods. Under PPT it is

PH,t = EtP ∗H,t,
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where P ∗H,t denotes the Home-goods price in Foreign currency. Define the Foreign LOOP gap by

Ψ∗t ≡
PH,t/Et
P ∗H,t

, ψ∗t ≡ logΨ∗t .

Using St ≡ PF,t/PH,t, the Home ex-tariff relative price of imports can therefore be written as

St =
PF,t

EtP ∗H,t
1

Ψ∗t
,

where PF,t/(EtP ∗H,t) is the ex-tariff relative consumer price of imports to exports. Under the

PPT environment, only PCP producers are present and the LOOP holds in both directions, so

Ψt = Ψ∗t = 1. Under the IPT environment, local importers using LCP operate in both countries,
so Ψt and Ψ

∗
t are determined endogenously. Home importers retain the flexible-price markup

condition in Eq. (33) and the first-order importer Phillips curve in Eq. (34). Since Foreign

importers of Home goods face the corresponding monopolistically competitive pricing problem,

their flexible-price condition is

(Ψ∗t )
−1 =

P ∗H,t
PH,t/Et = 1 +

τ∗M,t

εM − 1 , (44)

and their first-order importer Phillips curve under sticky local-currency prices is

π∗H,t = βEtπ
∗
H,t+1 + κM

µ
ψ∗t +

τ∗M,t

εM − 1

¶
. (45)

where π∗H,t ≡ log(P ∗H,t/P ∗H,t−1). We denote the Foreign CPI by P ∗,PPTt in the PPT environment

and by P
∗,IPT
t in the IPT environment. Under PPT, the Home relative consumption of imports

is determined by

CF,t

CH,t
=

ωF

ωH
[(1 + τM,t)St]

−η
. (46)

The bilateral goods-market conditions follow directly from variety-level clearing. For a Home

producer variety j, domestic and export demand imply

Yt(j) =

µ
PH,t(j)

PH,t

¶−ε ∙
CH,t +

1

ν

Z 1

ν

C∗H,t(ι)dι
¸
. (47)

Aggregating Eq. (47) with the producer CES index gives the exact bilateral goods-market condi-

tions

Yt = CH,t +

µ
1− ν
ν

¶
C∗H,t

1

1− ν
Z 1

ν

Ã eP ∗H,t(ι)eP ∗H,t
!−εM

dι,

Y ∗t = C∗F,t +
µ

ν

1− ν

¶
CF,t

1

ν

Z ν

0

Ã eP IPTF,t (ι)eP IPTF,t

!−εM
dι. (48)

where C∗H,t(ι) denotes Foreign-country demand for Home goods sold by local importer variety ι,

and eP ∗H,t(ι) is the Foreign mirror of the variety-level cum-tariff purchaser price in Eq. (20). The

corresponding aggregate cum-tariff import-price index is

eP ∗H,t ≡ ∙ 1

1− ν
Z 1

ν

³ eP ∗H,t(ι)´1−εM dι¸1/(1−εM ) .
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The exact Foreign mirror applies to a Foreign producer variety. Producer-price dispersion affects

labor requirements through Eq. (13), whereas the two integrals in Eq. (48) are physical-quantity

factors implied by conditional import demand evaluated at cum-tariff purchaser prices. They are

not producer-price-dispersion terms; they arise from aggregating physical import quantities across

importer varieties.

The two-country economy makes explicit the step from the SOE by endogenizing the Foreign

economy. A Home tariff first changes Home absorption, the Home LOOP gap, and Home im-

porter marginal cost. Because Foreign demand and production are now endogenous, the same

disturbance also changes Foreign consumption, output, producer and importer prices, and the For-

eign policy rate. Those Foreign responses alter Home export demand and international relative

prices and therefore feed back into the Home allocation. The resulting spillover and spillback are

thus generated inside the common two-country equilibrium rather than appended as reduced-form

disturbances.

4.2 National Ramsey Policies

The benchmark two-country policy game follows the national Ramsey approach of Faia and Mona-

celli [27]. Complete international risk sharing and the relevant goods-market relations are imposed

before the national first-order conditions are formed. Hence the international relative price is

eliminated before national differentiation and is not a choice variable of either national planner.

For the Ramsey differentiation we substitute the private producer reset-price condition and,

in the IPT environment, the exact importer reset-price condition before taking national first-

order conditions. In the PPT environment, the Home planner therefore chooses the paths of Ct,

GPPT (τM,t, Zt/Ψt), Nt, Yt, ΠH,t, ∆H,t, and it, subject to the producer reset-price map and all

remaining private-equilibrium restrictions. In the IPT environment, St and ΠF,t are additionally

endogenous in the Home best response. The complete cross-sectional importer-price distribution

continues to obey the exact Calvo updating and purchaser-price definitions in Eqs. (20)—(32); it is

not replaced by an aggregate multiplicative-tariff shortcut. In particular, Zt is not a Home Ramsey

choice variable.

The Foreign planner solves the exact Home—Foreign mirror problem. Its choice set is the starred

counterpart of the preceding Home set, with its own local ex-tariff import-price ratio and importer

inflation added under IPT. No additional international-relative-price variable is introduced into

either national choice set.

The Home social planner commits to a complete contingent Home plan and maximizes U , taking
the complete contingent Foreign plan as given and subject to the common nonlinear two-country

private-equilibrium system. The Foreign social planner symmetrically maximizes U∗, taking the
Home contingent plan as given and subject to the same common private-equilibrium system. The

nominal interest rates it and i
∗
t are choice variables and are subject to the ZLB in Home and Foreign,

respectively. Both national Ramsey problems are solved from the timeless perspective. The lagged

national Lagrange multipliers are initialized at their respective deterministic steady-state values;

the initial conditions do not reset past commitments at the date of the tariff shock.

The national Ramsey first-order conditions are derived from these nonlinear problems. The

resulting nonlinear Home and Foreign Ramsey first-order-condition systems, together with the

common nonlinear two-country private-equilibrium system, are solved jointly at their mutual best

response. This nonlinear Nash—Ramsey fixed point generates all two-country policy paths reported

below.7 The national Ramsey Lagrangians and first-order conditions, including the ZLB Kuhn—

Tucker conditions, are reported in Appendix C. As in the SOE, the second-order welfare loss

functions are not solved to obtain the policy allocation; they are introduced only when interpreting

the nominal-interest-rate impulse responses.

7The nonlinear deterministic transition paths are computed in Dynare by perfect foresight solver with the

mixed-complementarity algorithm lmmcp, imposing the two national ZLB constraints directly.
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4.3 Calibration and Shocks

For the two-country numerical evaluation we retain the baseline parameterization in Table 1 and

set the Home economic-size share to ν = 0.27 to match the U.S. share of world GDP at current

prices in U.S. dollars, using the April 2026 International Monetary Fund (IMF) World Economic

Outlook Database [37].8 Together with υ = 0.30, this implies Home’s import expenditure weight

ωF = υ(1 − ν) = 0.219. This 21.9 percent share is close to the 22.3 percent average ratio of

U.S. imports of goods and services to personal consumption expenditures over 2000—2025 [41].

These values are used in the two-country welfare weights and in the baseline-parameterization

IRFs reported below.

4.4 Welfare Relevant LOOP Gap

As in the SOE, the policy allocation is obtained from the nonlinear national Ramsey first-order-

condition systems described in Sec. 4.2, not from the second-order welfare representation below.

The second-order welfare representation is used only to identify the WR variables and to interpret

the nominal-interest-rate responses. In the PPT environment, the Home period welfare cost is

LPPTH,t ≡
1

2

h
ΛPPTy (yt − yw,PPTt )2 + ΛPPTz (zt − zw,PPTt )2 + ΛPPTπ,H π2H,t

i
, (49)

whereas in the IPT environment it is

LIPTH,t ≡ 1

2

h
ΛIPTy (yt − yw,IPTt )2 + ΛIPTψ (ψt − ψw,IPTt )2 + ΛIPTz (zt − zw,IPTt )2

+ΛIPTψ∗ (ψ
∗
t − ψ∗,w,IPTt )2 + ΛIPTπ,H π2H,t + Λ

IPT
π,F π2F,t

+ΛIPTπ∗
H
(π∗H,t)

2
i
. (50)

In Eqs. (49)—(50), y
w,·
t is the (logarithmic) WR output and yt − yw,·t is the WR output gap.

Likewise, z
w,·
t is the (logarithmic) WR ex-tariff relative border price of imports and zt − zw,·t is

the WR ex-tariff relative border price of imports gap. In the IPT environment, ψ
w,IPT
t is the

(logarithmic) Home WR LOOP gap and ψt −ψw,IPTt is the Home WR LOOP-gap deviation. The

object ψ
∗,w,IPT
t is the WR reference value attached to the Foreign LOOP gap ψ∗t in the Home

welfare cost function. It is therefore distinct from the Foreign planner’s own WR LOOP gap,

denoted below by ψ
w∗,IPT
t , which is obtained from the exact Home—Foreign mirror of the national

welfare criterion. See Appendices E.2.1 and E.2.2 for details on y
w,PPT
t , z

w,PPT
t , y

w,IPT
t , ψ

w,IPT
t ,

z
w,IPT
t , and ψ

∗,w,IPT
t .

Under PPT, the LOOP holds and Home welfare contains no LOOP-gap term. Under IPT,

the Home welfare cost includes the Home WR LOOP-gap deviation, 1
2
ΛIPTψ (ψt − ψ

w,IPT
t )2. An

increase in the Home import tariff raises the cum-tariff relative purchaser price of imports for

given ex-tariff prices, inducing inefficient underconsumption of imported goods relative to Home

goods. For a given ex-tariff relative border price, a higher Home LOOP gap lowers the relative

purchaser price of imports and mitigates this distortion. The HIAC thus gives the Home Ramsey

planner an incentive to move the actual Home LOOP gap toward the Home WR LOOP gap. In

the two-country economy, the Home WR LOOP gap also depends on the Foreign import tariff, the

Foreign LOOP gap, and the international relative price, as shown in Eq. (51).

In the SOE, complete international risk sharing and Home goods-market clearing permit zt to

be eliminated from the reduced welfare representation. In the two-country economy, zt remains

explicit, and movements in Home relative demand feed back into Foreign demand and the common

two-country equilibrium. Table 3 reports the corresponding baseline Home welfare weights in

the two-country economy. The negative coefficients on the WR ex-tariff relative border price of

imports gap term, ΛPPTz = −0.0930 and ΛIPTz = −0.0978, reflect the same strategic relative-price
8In the two-country economy, the baseline also includes ν = 0.27.
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consideration. In the national Ramsey problem, relative-price movements can shift expenditure

toward Home goods, support Home output and income, and thereby improve Home welfare. This

is the national relative-price externality. The negative sign therefore represents a signed strategic

welfare contribution rather than a conventional positive stabilization penalty. Accordingly, we

use the term “stabilization objective” for the positive-weight quadratic terms; the negative-weight

completed-square term is reported as a signed strategic welfare contribution. This does not make

the relative price an independent Ramsey choice variable; it remains an equilibrium outcome that

monetary policy can influence strategically.

Table 3: Two-country Home Welfare Weights: Baseline Values
Environment WR Variable Weight Value

PPT yt − yw,PPTt ΛPPTy 2.077

zt − zw,PPTt ΛPPTz -0.093

πH,t ΛPPTπ,H 47.432

IPT yt − yw,IPTt ΛIPTy 2.860

ψt − ψw,IPTt ΛIPT
ψ

0.406

zt − zw,IPTt ΛIPTz -0.098

ψ∗t − ψ∗,w,IPTt ΛIPT
ψ∗ 0.352

πH,t ΛIPTπ,H 65.313

πF,t ΛIPTπ,F 21.283

π∗H,t ΛIPT
π∗
H

13.519

Note: Coefficients are calculated from the structural-parameter expressions in Appendix E.2 and rounded to three

decimals. Negative relative-price weights are signed strategic terms, not positive stabilization penalties.

The definition of the Home WR LOOP gap is given by:

ψ
w,IPT
t = ΓownτM,t + Γcross(τ

∗
M,t − ψ∗t ) + Γzzt. (51)

Here Γown is the structural loading of the Home tariff, Γcross is the structural loading of τ
∗
M,t−ψ∗t ,

and Γz is the structural loading of the international relative price zt. See Appendix E.2.2 for details

on Γown, Γcross, and Γz. Under the baseline parameterization, Γown = 0.364, Γcross = 0.060, and

Γz = −0.016. The positive Home-tariff coefficient reflects the same welfare mechanism as in the

SOE: a higher Home LOOP gap mitigates tariff-induced underconsumption of imports by lowering

their relative purchaser price. The HIAC therefore gives the Home Ramsey planner an incentive

to move the actual Home LOOP gap toward the Home WR LOOP gap (Fig. 1).

An increase in the Foreign import tariff τ∗M,t raises the cum-tariff relative price of Home goods

faced by Foreign households, reducing their consumption of Home goods relative to Foreign goods.

Holding Home output and the other relative prices fixed, a larger share of Home goods is then

consumed by Home households. A higher Home LOOP gap lowers the cum-tariff relative price of

Foreign goods faced by Home households, increasing their relative consumption of Foreign goods

and mitigating the resulting inefficient overconsumption of Home goods in Home. The Home WR

LOOP gap therefore rises to mitigate this distortion through the FAC (Fig. 1).

A decline in the Foreign LOOP gap works in the same direction as an increase in the Foreign

import tariff: it raises the cum-tariff relative price of Home goods faced by Foreign households,

reducing their consumption of Home goods relative to Foreign goods and thereby raising the Home

WR LOOP gap through the FAC (Fig. 1).

With a unilateral Home tariff, τ∗M,t = 0, so the FAC term equals −Γcrossψ∗t . Under the

unilateral-tariff case, the Foreign LOOP gap rises on impact, making the FAC contribution nega-

tive. Under the reciprocal-tariff case, by contrast, the Foreign import tariff increase and the decline

in the Foreign LOOP gap raise the Home WR LOOP gap through the FAC.

An increase in the Foreign import tariff raises the cum-tariff relative purchaser price of Home

goods faced by Foreign households, inducing inefficient underconsumption of imports in Foreign.

Under IPT, the same import-allocation mechanism gives the Foreign Ramsey planner an incen-
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tive to move the actual Foreign LOOP gap toward the Foreign WR LOOP gap to mitigate this

distortion. The Foreign WR LOOP gap is given by the Home—Foreign mirror of Eq. (51):

ψ
w∗,IPT
t = Γ∗ownτ

∗
M,t + Γ

∗
cross(τM,t − ψt) + Γ∗zzt. (52)

where the starred Γ coefficients are the exact Home—Foreign mirrors of the corresponding Home

loadings in Eq. (51). Under the baseline parameterization, Γ∗own = 0.328, Γ∗cross = 0.024, and

Γ∗z = 0.007. Thus the positive Foreign-tariff coefficient reflects the same welfare mechanism as

the positive Home-tariff coefficient in Eq. (51). The Home import tariff and the Home LOOP

gap enter Eq. (52) because they affect Home households’ consumption of Foreign goods relative

to Home goods. A higher Home tariff reduces this relative consumption, resulting in inefficient

overconsumption of Home goods in Home and underconsumption of Home goods in Foreign. The

ForeignWR LOOP gap therefore rises to mitigate this distortion by encouraging Foreign households

to consume more Home goods relative to Foreign goods. Conversely, a higher Home LOOP gap

increases Home households’ relative consumption of Foreign goods, reducing the need for this

adjustment and lowering the Foreign WR LOOP gap.

Even in the two-country economy, deviations from the LOOP under the IPT environment can

be interpreted as currency misalignment, as discussed in Sec. 3.4. For the Home economy, define

the WR nominal exchange rate in the two-country economy as ewt ≡ pF,t−p∗F,t+ψw,IPTt . It follows

that the Home WR LOOP-gap deviation satisfies ψt − ψw,IPTt = et − ewt . Analogously, define the
Foreign WR nominal exchange rate by

ew∗t ≡ pH,t − p∗H,t − ψw∗,IPTt . (53)

The log-linearized definition of the Foreign LOOP gap, ψ∗t = pH,t − et − p∗H,t, then implies

ψ∗t − ψw∗,IPTt = −(et − ew∗t ). (54)

Thus the same bilateral nominal exchange rate et is compared with two country-specific WR

nominal exchange rates. Moving et toward e
w
t reduces the HomeWR LOOP-gap deviation, whereas

moving it toward ew∗t reduces the Foreign WR LOOP-gap deviation. In general, ewt and e
w∗
t differ

because the Home and Foreign planners face different national welfare trade-offs.

4.5 Nominal Interest Rate Response to an Increase in the Import Tariff

4.5.1 Baseline Case

Figure 4(a) compares the Home responses to a unilateral tariff increase in the two-country economy,

and Fig. 4(b) reports the Foreign responses. The solid blue lines represent IPT and the dotted

green lines PPT. The main finding is unchanged by endogenizing Foreign monetary policy: under

IPT, the tariff-imposing Home planner cuts its nominal interest rate (Panel 1). On impact, the

Home rate falls by 14.85 basis points under IPT and rises by 8.14 basis points under PPT.

The Home Import-Allocation Channel (HIAC) remains operative in the two-country economy.

Under IPT, an increase in the Home import tariff raises the cum-tariff relative purchaser price of

imports, inducing inefficient underconsumption of imported goods relative to Home goods. The

positive Home-tariff component of the Home WR LOOP gap reflects the incentive to mitigate this

distortion by moving the actual Home LOOP gap toward its WR level; see Eq. (51), Panel 10 of

Fig. 4(a), and Fig. 1.

The Foreign Allocation Channel (FAC) is an additional welfare consideration absent from the

SOE, but its realized contribution under a unilateral Home tariff increase has the opposite sign

from that in the case of a declining Foreign LOOP gap. Because the Foreign tariff is zero and the

Foreign LOOP gap rises (Panel 4 of Fig. 4(b)), the FAC component Γcross(τ
∗
M,t−ψ∗t ) is negative on

impact. It therefore partly offsets the positive Home-tariff contribution to the Home WR LOOP

gap, rather than reinforcing it.
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Figure 4: Two-country unilateral tariff: (a) Home responses under optimal PPT and IPT alloca-

tions following a 20-percentage-point Home import-tariff shock. Panel 1 reports the interest-rate

deviation in basis points and Panel 8 the percentage deviation of relative consumption of imports

from steady state. Other deviations and inflation rates are in percent or percentage points.
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Figure 4: Two-country unilateral tariff: (b) Foreign optimal PPT and IPT responses. Panels 1—4

report Foreign nominal interest rate, Foreign PPI inflation, ex-tariff import inflation, and Foreign

LOOP gap, respectively. The interest-rate deviation is in basis points and other series in percent

or percentage points.

The optimal Home rate cut under IPT emerges from the full committed Ramsey trade-off,

including the WR LOOP-gap deviation, Home PPI inflation, and ex-tariff import-price inflation

in Eq. (50); it cannot be quantitatively attributed to the FAC or to the initial Home WR LOOP gap

alone. In particular, the tariff-induced increase in the Home WR LOOP gap provides an incentive

to raise the actual Home LOOP gap, not a separate accounting contribution to the equilibrium

policy-rate cut. The entire anticipated path of the WR LOOP-gap deviation, together with the

other welfare-relevant variables, matters for the optimal allocation.

The Home currency nevertheless appreciates in equilibrium, and the actual Home LOOP gap

remains negative (Panels 9 and 11). An optimal rate cut exerts depreciation pressure relative to

alternative policy choices; it need not produce equilibrium depreciation when Foreign monetary

policy and international relative prices are endogenous. The ex-tariff import-inflation objective

also limits the extent to which the Home planner seeks to adjust the LOOP gap.

PPT illustrates a different policy mechanism. Under PPT, an increase in the Home import

tariff raises the cum-tariff relative price of imports, inducing expenditure switching toward Home

goods (Eq. 46). Under the baseline substitution elasticity, the resulting increase in Home demand

raises real marginal cost and puts upward pressure on Home PPI inflation, inducing a nominal

interest-rate increase (Panel 1, Fig. 4(a)). Hence, in this baseline experiment, IPT and PPT yield

opposite signs of the optimal Home policy-rate response. The next subsection shows why this sign

comparison must not be generalized to every substitution elasticity.

4.5.2 High Substitution Case

Figures 5(a) and 5(b) report the unilateral tariff experiment when η = 3. The key IPT finding

persists: Home initially cuts its nominal interest rate, by 47.81 basis points (Panel 1). The WR

LOOP gap remains positive on impact, although the own-tariff loading Γown in Eq. (51) declines

from 0.364 to 0.053 (Panel 10). At the same time, the FAC coefficient Γcross rises, and the welfare

weight on the Home WR LOOP-gap deviation increases. However, the Foreign LOOP gap rises
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under the unilateral tariff increase (Panel 4 of Fig. 5(b)). The higher FAC coefficient therefore

amplifies its negative contribution to the Home WR LOOP gap. The Home WR LOOP gap is

smaller on impact than in the baseline, even though the initial Home rate cut is larger. Under

PPT, the LOOP gap is identically zero, and the Home welfare cost function contains no WR

LOOP-gap deviation term. Under IPT, the HIAC gives the Home Ramsey planner an incentive

to move the actual Home LOOP gap toward the Home WR LOOP gap to mitigate tariff-induced

underconsumption of imports.

The comparative PPT result is different from the baseline. Under PPT, the stronger direct

substitution away from Foreign goods raises demand for Home goods and puts upward pressure

on Home PPI inflation. However, it also produces a much larger contraction in Foreign demand,

inducing a sharp reduction in the Foreign policy rate. Foreign reaches the ZLB on impact (Panel 1,

Fig. 5), and the Home currency appreciates strongly (Panel 11, Fig. 5). Because of the PPT envi-

ronment, Home-currency appreciation immediately lowers the cum-tariff relative price of imports

faced by Home households, inducing expenditure switching toward Foreign goods. This restrains

Home demand and exerts downward pressure on Home PPI inflation. The Home planner therefore

cuts its rate even under PPT, by 34.08 basis points on impact. Home PPI inflation nevertheless

remains positive: the exchange- rate-induced pressure partially offsets, rather than fully eliminates,

the direct effect of the Home tariff. A binding Foreign ZLB accompanies this policy interaction,

but the sign of the Home PPT rate cut is not attributable to the ZLB constraint alone.

Under IPT, an increase in the Home import tariff gives the Home Ramsey planner an incentive,

through the HIAC, to move the actual Home LOOP gap toward the Home WR LOOP gap to

mitigate tariff-induced underconsumption of imports. This increase in the Home import tariff

decreases the nominal interest rate in both countries, and the rate cut is larger in Foreign (Panel

1, Fig. 5(a) and (b)). The nominal exchange rate appreciates, and this appreciation raises the

Foreign LOOP gap Ψ∗t (Panel 4, Fig. 5(b)). With the Foreign tariff at zero, this increase makes
the FAC contribution to the Home WR LOOP gap negative, partially offsetting the Home tariff’s

upward effect (Fig. 1). The Home IPT rate cut exceeds the PPT cut on impact by 13.73 basis

points. Thus the IPT rate cut is robust to higher substitution elasticity, even though a policy-sign

reversal relative to PPT is not. In both environments Home subsequently raises the policy rate

temporarily above its steady-state level, while Home PPI inflation turns negative after its initial

positive response (Panels 1 and 6). Thus the planner permits an initial increase in producer-price

inflation and subsequently generates disinflation to restrain the cumulative change in the Home

producer-price level.
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Figure 5: Two-country unilateral tariffs, High Substitution Case (η = 3): (a) Home PPT and IPT

responses. Panel definitions and units match Fig. 4.

31



Figure 5: Two-country unilateral tariffs, High Substitution Case (η = 3): (b) Foreign PPT and

IPT responses. Panel definitions and units match Fig. 4.

4.6 Reciprocal Tariff

This subsection asks how the optimal IPT accommodation changes when both countries levy recip-

rocal import tariffs. The PPT environment provides a comparison for isolating the consequences

of nominal import-price rigidity. Home and Foreign receive equal, simultaneous shocks to τM,t and

τ∗M,t; both shocks have persistence 0.7. All remaining parameters, the two national Nash—Ramsey

problems, and the occasionally binding nominal-interest-rate ZLB are those of Sec. 4.

4.6.1 Baseline Case

Figure 6(a) and Fig. 6(b) report the optimal Home and Foreign responses to simultaneous 20-

percentage-point increases in the two import tariffs. Under IPT, the Home planner continues

to lower its nominal interest rate; unlike the unilateral experiment, the Home rate reaches the

ZLB on impact. The Foreign tariff directly reduces Foreign demand for Home goods, while the

Home tariff reduces Home demand for Foreign goods. The resulting loss of export demand gives

both planners an incentive to ease monetary policy. Under IPT, the HIAC provides an additional

incentive for monetary easing by mitigating tariff-induced underconsumption of imports. The

export-demand motive is stronger for Home, whose production is more dependent on exports than

Foreign production under the baseline country-size calibration. Accordingly, the Home planner

eases more strongly than the Foreign planner in both pricing environments (Panel 1 of Fig. 6(a)

and Panel 1 of Fig. 6(b)). The resulting equilibrium features Home currency depreciation under

both PPT and IPT (Panel 11 of Fig. 6(a)), in contrast to the Home currency appreciation in the

unilateral experiment in Sec. 4.5.1.

The magnitude of accommodation depends on import pricing behavior. Under IPT, local-

currency import prices respond only gradually to exchange-rate movements, so changes in the

cum-tariff relative price of imports induce less expenditure switching than under PPT. Under

PPT, by contrast, exchange-rate movements are promptly reflected in the cum-tariff relative

price of imports. Monetary accommodation can therefore generate a relatively strong additional

expenditure-switching response, helping a country offset the decline in demand for its exports

caused by the trading partner’s tariff. Consistent with this mechanism, the optimal monetary eas-
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ing is smaller under IPT than under PPT in both countries, except where the Home interest-rate

responses are initially truncated by the ZLB.

The contrasting adjustment of the Home ex-tariff relative import price St (Panel 4 of Fig. 6(a))

illustrates the difference in pass-through. Under PPT, St responds strongly on impact and then

declines, whereas its response under IPT is more gradual. Under IPT, the initial Home-currency

depreciation raises the actual Home LOOP gap ψt (Panel 9). The Home WR LOOP gap also rises,

reflecting the HIAC and the positive FAC contribution arising from the Foreign tariff increase and

the decline in the Foreign LOOP gap (Eq. (51), Panel 10). The corresponding Foreign WR LOOP

gap is given by Eq. (52). Under PPT, the LOOP holds identically, so the actual LOOP gaps

vanish. At the baseline tariff rate, the Home nominal interest rate reaches the ZLB on impact

under both PPT and IPT, and becomes positive in the following quarter. The observed interest-

rate paths alone, however, do not reveal the full difference in the desired degree of monetary

easing. Table 4 therefore also reports the minimum notional Home nominal interest rate, obtained

from the corresponding Ramsey solution without the ZLB constraint. With a 20-percentage-point

reciprocal tariff increase, the minimum notional rates are −30.84 basis points under PPT and

−19.19 basis points under IPT. These are quarterly nominal interest-rate levels, not deviations
from steady state. Thus PPT calls for a larger unconstrained rate cut, although the constrained

Home policy rates coincide at zero on impact. The tariff-rate sensitivity of this result is examined

in Sec. 4.6.3; Table 4 reports the corresponding notional rates and Home ZLB durations for all

four baseline-elasticity tariff magnitudes.

Table 4: Reciprocal tariffs at η = 1.5: Home notional rates and ZLB durations
Initial tariff PPT IPT

shock (%) Min. notional rate (bp) ZLB quarters Min. notional rate (bp) ZLB quarters

5 58.84 0 60.35 0

10 23.57 0 27.32 0

15 -6.01 1 1.11 0

20 -30.84 1 -19.19 1

Note: Notional rates are quarterly nominal interest-rate levels, in basis points (not deviations from their steady

state); the deterministic steady-state level is 101.01 bp. A ZLB quarter is a quarter in which the constrained

optimal nominal interest rate is zero.
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Figure 6: Two-country reciprocal tariffs: (a) Home responses under optimal PPT and IPT allo-

cations following simultaneous 20-percentage-point import-tariff shocks. Panels 1—13 follow the

variable selection of the unilateral baseline figure. Panel 1 is in basis points, Panel 8 is in percent

deviation from steady state, and other variables are in percent or percentage points.
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Figure 6: Two-country reciprocal tariffs: (b) Foreign optimal PPT and IPT responses to the

baseline reciprocal tariff shock. Panels 1—4 report Foreign nominal interest rate, Foreign PPI

inflation, ex-tariff import inflation, and Foreign LOOP gap, respectively. The interest rate is in

basis points and other series in percent or percentage points.

4.6.2 High Substitution Case

We retain the reciprocal tariff shocks of Sec. 4.6.1 and raise only the Home—Foreign substitution

elasticity from the baseline value η = 1.5 to η = 3, the High Substitution Case considered by

Monacelli [39]. The experiment examines how stronger expenditure switching affects optimal

monetary policy, holding all other structural parameters and the tariff paths unchanged. Figures

7(a) and 7(b) compare optimal PPT and IPT responses at η = 3; the corresponding baseline paths

are reported in Figs. 6(a) and 6(b).

The IPT policy response remains a substantial rate cut. The Home nominal interest rate reaches

the ZLB for three quarters, rather than one in the baseline, whereas the Foreign IPT nominal rate

remains positive (Panel 1 of Figs. 7(a) and 7(b)). The Home rate cut reflects both the Home WR

LOOP gap and the external-demand effects of reciprocal tariffs.

For comparison, under PPT a higher substitution elasticity strengthens expenditure switching

in both countries. The Home tariff shifts Home expenditure from Foreign goods toward Home

goods, while the Foreign tariff reduces Foreign demand for Home goods. The latter effect creates

an incentive for Home monetary easing: under PPT, Home-currency depreciation lowers the cum-

tariff relative price of Home goods faced by Foreign households, supporting their demand for

Home goods. This incentive operates against the inflationary pressure arising from the Home

tariff’s direct expenditure-switching effect. In the High Substitution Case, the optimal response

is nevertheless a sufficiently large rate cut for the Home nominal interest rate to reach the ZLB

for four quarters, compared with one quarter in the baseline (Panel 1 of Fig. 7(a)). Foreign also

cuts its nominal rate to the ZLB for one quarter, whereas its rate remains positive in the baseline

(Panel 1 of Fig. 7(b)). The Home currency depreciates on impact under PPT (Panel 11).

Under IPT, the Home welfare cost function remains the two-country criterion in Eq. (50),

with its coefficients and welfare-relevant (WR) reference values re-evaluated at η = 3. Table 6

reports the corresponding welfare weights, and Table 7 the loadings of the Home WR LOOP gap.

A key change is the stronger Foreign Allocation Channel (FAC). In Eq. (51), the coefficient on
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τ∗M,t − ψ∗t rises from 0.060 in the baseline to 0.122 at η = 3. An increase in τ∗M,t − ψ∗t raises the
cum-tariff relative price of Home goods faced by Foreign households, reducing their consumption

of Home goods relative to Foreign goods. Greater substitutability amplifies this reduction in

relative consumption and the resulting inefficient shift of Home-good consumption toward Home

households. In this reciprocal-tariff experiment, the Foreign LOOP gap falls on impact under both

elasticities (Panel 4 of Fig. 7(b)); together with the positive Foreign tariff, its negative sign makes

the FAC contribution positive. The increase in the FAC loading strengthens this contribution

without requiring a substantially larger initial fall in the Foreign LOOP gap.

At the same time, the own-tariff loading Γown declines from 0.364 to 0.053. Consequently, the

total initial increase in the Home WR LOOP gap is smaller at η = 3 than under the baseline, even

though the Foreign-side contribution is larger (Panel 10 of Fig. 7(a)). The welfare weight on the

Home WR LOOP-gap deviation, Λψ, nevertheless rises from 0.406 to 1.206 (Table 6). A higher

elasticity makes relative demands more sensitive to prices, increasing the welfare consequences

of deviations from the WR allocation. The weight on ex-tariff import-price inflation also rises,

limiting the extent to which monetary accommodation can be used to adjust the actual LOOP

gap.

Consistent with these competing considerations, the initial actual Home LOOP gap increases

more under IPT at η = 3 than in the baseline, while the Home currency depreciates (Panels 9

and 11 of Fig. 7(a)). The Home ZLB episode lasts longer under IPT at η = 3 because the higher

elasticity of substitution amplifies expenditure switching. Foreign monetary policy also eases under

IPT, but its nominal rate remains positive, unlike under PPT. Thus, at η = 3, reciprocal tariffs

generate a Home ZLB episode in both pricing environments and a Foreign ZLB episode only under

PPT. The constrained Home policy rates alone cannot rank the desired unconstrained interest-

rate reductions. We therefore also solve the same nonlinear Nash—Ramsey systems with the Home

and Foreign ZLB constraints removed, leaving all structural parameters, tariff paths, and timeless-

perspective initial conditions unchanged. Table 5 reports the minimum quarterly notional interest-

rate levels, alongside the constrained ZLB durations. Under PPT the notional Home rate reaches

−167.70 basis points, compared with −114.78 basis points under IPT. For Foreign the minima are
−39.57 and 30.71 basis points, respectively. Hence PPT requires more accommodation in both

economies and produces a Foreign ZLB episode, even though the HIAC provides an additional

welfare-based incentive for Home monetary easing under IPT.

Table 5: Reciprocal tariffs at η = 3: notional minima and ZLB durations
PPT IPT

Economy Min. notional rate (bp) ZLB quarters Min. notional rate (bp) ZLB quarters

Home −167.70 4 −114.78 3

Foreign −39.57 1 30.71 0

Note: Minimum notional rates are quarterly nominal interest-rate levels, not deviations from steady state; the

steady-state nominal rate is 101.01 bp. Notional solutions omit both national ZLB constraints. ZLB durations

refer to the corresponding constrained Nash—Ramsey allocations. The tariff increases by 20 percentage points in

each country and follows the baseline persistence 0.7.
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Figure 7: Two-country reciprocal tariffs, High Substitution Case (η = 3): (a) Home PPT and IPT

responses. Panel definitions and units match Fig. 6.
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Figure 7: Two-country reciprocal tariffs, High Substitution Case (η = 3): (b) Foreign PPT and

IPT responses. Panel definitions and units match Fig. 6.

4.6.3 ZLB Episode Facing Import Tariff

To assess how the reciprocal-tariff results vary with the magnitude of the shock, we reduce the

initial import-tariff increase in each country from 20 to 15, 10, and 5 percentage points, leaving

all other features of the model unchanged. Larger reciprocal tariff shocks generally call for larger

Home interest-rate reductions and produce greater Home currency depreciation in both pricing

environments.

Table 4 compares the minimum notional Home interest rates with the duration of the ZLB in the

constrained solutions. At a 10-percentage-point tariff increase, the minimum notional rates remain

positive under both PPT (23.57 basis points) and IPT (27.32 basis points), and neither environment

generates a ZLB episode. At 15 percentage points, the PPT notional minimum falls to −6.01
basis points, whereas the IPT minimum remains positive at 1.11 basis points. Accordingly, the

Home ZLB binds for one quarter only under PPT. With a 20-percentage-point shock, the minima

fall to −30.84 and −19.19 basis points, respectively, and the ZLB binds for one quarter in both
environments. The notional rates therefore confirm that the need for monetary accommodation is

stronger under PPT than under IPT, even when the constrained rates are identical on impact.

The absence of a ZLB episode for a 10-percentage-point tariff shock (Table 4) is relevant when

comparing the 20-percentage-point baseline experiment with the recent U.S. experience. The

Budget Lab at Yale [16] estimated that the average effective U.S. tariff rate was approximately

11—12 percent in August 2025, compared with 2.4 percent before the 2025 tariff announcements.

The increase in the effective rate was therefore closer to 10 percentage points than to the 20-

percentage-point baseline shock. We do not identify a direct empirical counterpart of the model’s

symmetric reciprocal-tariff shock from these aggregates.

Consequently, even if the Federal Reserve had implemented the optimal monetary policy pre-

scribed by our model, a reciprocal-tariff shock of roughly 10 percentage points would not have

generated a ZLB episode under either pricing environment. Actual retaliation was uneven, and

other features of U.S. policy and the international environment differ from those of the experiment.

Nevertheless, the absence of a U.S. ZLB episode to date cannot, by itself, establish that the model’s

ZLB result under a substantially larger reciprocal tariff shock is implausible or merely theoretical.
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5 Conclusion

This paper examines the optimal monetary response to import tariffs under imperfect pass-through

(IPT). Our central finding is that monetary easing is optimal under IPT in both the small open

economy and the two-country economy, even when Home and Foreign goods become more substi-

tutable. Under perfect pass-through (PPT), by contrast, the Ramsey planner raises the nominal

interest rate in the small open economy.

The Home Import-Allocation Channel (HIAC) explains the welfare rationale for this result.

An increase in the Home import tariff raises the cum-tariff relative purchaser price of imports,

inducing inefficient underconsumption of imported goods relative to Home goods. This distortion

raises the welfare-relevant (WR) law-of-one-price (LOOP) gap, giving the Ramsey planner an

incentive to raise the actual LOOP gap toward its WR level.

While an increase in the LOOP gap puts upward pressure on ex-tariff import-price inflation,

Calvo price rigidity slows the adjustment of the import price to the higher Home-currency border

price. Consequently, nominal depreciation can raise the actual LOOP gap despite the importers’

incentive to increase their selling prices. For a given ex-tariff relative border price, a higher LOOP

gap mitigates tariff-induced underconsumption of imported goods relative to Home goods and

thereby improves economic welfare. Through uncovered interest parity (UIP), a rate cut exerts

depreciation pressure on the Home currency and tends to raise the actual LOOP gap under IPT.

This mechanism helps explain why a nominal interest rate cut can be optimal under IPT following

an increase in the import tariff, subject to the competing inflation-stabilization objectives.

Import-price stickiness is not merely a source of nominal distortion. It also allows the Ramsey

planner to influence the LOOP gap through monetary policy and thereby mitigate tariff-induced

underconsumption of imported goods.

Appendix

A Analytical Benchmarks and Price-Rigidity Sensitivity

All allocations reported above solve the nonlinear Ramsey first-order conditions; the welfare cost

functions are not used to compute them. To isolate the mechanism behind the IPT rate cut, this

Appendix section characterizes the sign of the impact response analytically in two benchmarks,

each of which removes one of the two nominal rigidities: producer-price stickiness or import-price

stickiness. The first step is an exact property of the nonlinear SOE.

Lemma 1. In the SOE under IPT, with a constant Foreign price P ∗F and perfect foresight after
the tariff innovation, the nonlinear equilibrium satisfies 1 + it = β−1Et+1/Et. Hence

ı̂0 ≡ log(1 + i0)− log(1/β) = e1 − e0 = (ψ1 − ψ0) + πF,1. (A.1)

Proof. Since Zt = EtP ∗F /PH,t, Eq. (26) gives CtP IPTt = EtP ∗F . Substituting this into the IPT Euler
equation yields (1 + it)

−1 = βCtP
IPT
t /(Ct+1P

IPT
t+1 ) = βEt/Et+1. The last equality in Eq. (A.1)

follows from the exact definition ψt = et + p
∗
F − pF,t.

Thus the optimal rate is cut on impact if and only if the Home currency is expected to appreciate

between dates 0 and 1. The second step removes producer-price stickiness.

Proposition 1. Consider the SOE under IPT with flexible producer prices (θ = 0) and the tariff

process τM,t = ρττM,t−1 + ²τ,t with ρτ ∈ [0, 1), hit at date 0 by an unanticipated innovation

²τ,0 > 0 from the zero-tariff steady state, with perfect foresight thereafter. Consider the first-order

approximation of the nonlinear timeless-perspective Ramsey first-order conditions, and suppose

that the ZLB does not bind. Let Q ≡ QSOE,IPT and B ≡ BSOE,IPT be as in Eq. (E.21), Λπ,F ≡
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Λ
SOE,IPT
π,F as in Eq. (E.22), and p∗ and k∗ as in Eq. (E.16). Define

g ≡ k∗
p∗ + ϕ

, Λ̃ψ ≡ Q22 − 2Q12g +Q11g2,

Γ̃own ≡ B2 − (B1 +Q12)g +Q11g
2

Λ̃ψ
, ϑ ≡ κMΛπ,F

Λ̃ψ
.

and let δ ∈ (0, 1) be the root of βδ2 − (1 + β + κMϑ)δ + 1 = 0 inside the unit circle. Then

ı̂0

τM,0

= −Γ̃own(1− ρτ ) + 1− ϑ
ϑ

(1− δ)(1− βδ)(δ + ρτ − 1)
1− βδρτ

µ
Γ̃own +

1

εM − 1

¶
. (A.2)

In particular, the optimal (notional) nominal interest rate falls on impact whenever Γ̃own > 0 and

(ϑ− 1)(δ + ρτ − 1) ≥ 0, where

δ + ρτ ≥ 1 ⇐⇒ κMϑ ≤ ρτ (1− β + βρτ )

1− ρτ .

The proof is given in Appendix F.1. It differentiates the nonlinear Ramsey first-order conditions

directly; no quadratic welfare criterion is minimized. The coefficients Q, B, and Λπ,F appear in

Proposition 1 because the coefficient matrix of the differentiated first-order conditions is the Hessian

of the nonlinear Ramsey Lagrangian evaluated at the steady-state multipliers (Lemma 2), which

is the object computed in Appendix E.1.9

The first term captures the tariff-induced change in the WR LOOP gap and its subsequent

decay. When Γ̃own > 0, the tariff raises the WR LOOP gap; because it subsequently declines

as the tariff shock dissipates, the Home currency is expected to appreciate after impact, and

Lemma 1 translates this expected appreciation into a rate cut. The second term captures the

interaction between the HIAC-induced incentive to narrow the WR LOOP-gap deviation and the

competing objective of stabilizing import-price inflation: under commitment, the planner sets

ψt − Γ̃ownτM,t = −ϑpF,t (Appendix F.1). When ϑ ≥ 1, the planner weighs import-price stability
more heavily than closing the LOOP-gap deviation; when δ+ ρτ ≥ 1, the import price level is still
rising at date 1. Together, the two conditions make the second term reinforce the cut. Because

κMΛπ,F = −εM C̄1−ηΘASM by Eq. (E.22), ϑ does not depend on θM ; importer stickiness enters

only through κM in the persistence condition, which is easier to satisfy when import prices are

stickier. Under PPT with θ = 0, by contrast, the producer block, risk sharing, and goods-market

clearing pin down yt and zt for any monetary policy, so there is no welfare motive for any interest-

rate response. The IPT rate cut in Proposition 1 is therefore generated by the importer-pricing

mechanism alone: it arises without any producer-price rigidity.

At the baseline values of the remaining parameters, Γ̃own = 0.414, ϑ = 2.79, δ = 0.687, and

κMϑ = 0.145, well below the bound 1.640; for η = 3, the corresponding values are 0.250, 1.54,

0.757, and 0.080. Both conditions of Proposition 1 therefore hold. In this benchmark, a one-

percentage-point tariff increase lowers the notional net nominal rate on impact by 16.25 basis

points for η = 1.5 and by 8.83 basis points for η = 3.10

The opposite benchmark removes import-price stickiness instead.

Proposition 2. Consider the SOE under IPT with flexible import prices (θM = 0) and the fixed

importer subsidy τ = 1/εM . For any tariff path {τM,t}, the nonlinear Ramsey allocation under
IPT, including the nominal-interest-rate path and the ZLB conditions, coincides with the nonlinear

Ramsey allocation under PPT for the tariff path {τ̃M,t}, where
τ̃M,t ≡ εM

εM − 1 τM,t. (A.3)

9As a check, differentiating the nonlinear Ramsey first-order conditions directly at the baseline calibration (θ =

0.8) gives ∂ log(1 + i0)/∂τM,0 = −0.025904 for η = 1.5 and −0.05884 for η = 3, which coincide with the solution of
the linear—quadratic problem. With θ = 10−8, the same direct differentiation gives −0.160890975 for η = 1.5 and

−0.087397486 for η = 3, against −0.160890996 and −0.087397488 from Eq. (A.2).
10To first order, the change in the net rate is di0 = β−1dı̂0, so these values equal β−1 times Eq. (A.2) evaluated

at τM,0 = 0.01.
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Proposition 2 is exact and does not rely on any approximation; its proof is in Appendix F.2.

With flexible import prices, Eq. (33) pins down the LOOP gap as a function of the tariff, inde-

pendently of monetary policy. Although the tariff-induced distortion in the relative consumption

of imports remains, monetary policy cannot mitigate this distortion by adjusting the LOOP gap.

The HIAC therefore does not induce a monetary-policy response through LOOP-gap adjustment

in this limiting case. The opportunistic-pricing incentive remains, however, and it magnifies the

effective tariff by the factor εM/(εM−1). If the importer subsidy were instead indexed to the tariff,
τt = (1 + τM,t)/εM , the ex-tariff import price would equal the border price and the IPT economy

with θM = 0 would coincide with PPT for the same tariff path. The sign of the IPT response with

flexible import prices is therefore the sign of a PPT response, which can be characterized in closed

form to first order.

Corollary 1. Under the assumptions of Proposition 2, let the tariff follow τM,t = ρτ τM,t−1 + ²τ,t
with ρτ ∈ [0, 1), hit at date 0 by an unanticipated innovation ²τ,0 > 0 from the zero-tariff steady

state, with perfect foresight thereafter, and consider the first-order approximation of the nonlinear

timeless-perspective Ramsey first-order conditions with a non-binding ZLB. Let p∗, k∗, and g be as
in Proposition 1, and define

ω ≡ B
SOE,PPT

QSOE,PPT
, χ ≡ κH(p∗ + ϕ)Λ

SOE,PPT
π,H

QSOE,PPT
,

with QSOE,PPT and BSOE,PPT as in Eq. (E.21) and Λ
SOE,PPT
π,H as in Eq. (E.22). Let δH ∈ (0, 1)

be the root of βδ2 − [1 + β + κH(p∗ + ϕ)χ]δ + 1 = 0 inside the unit circle. Then

ı̂IPT0

τM,0

=
εM

εM − 1

∙
(k∗ − p∗ω)(1− ρτ ) + 1− p∗χ

χ
(ω − g) (1− δH)(1− βδH)(δH + ρτ − 1)

1− βδHρτ

¸
. (A.4)

The bracket is ı̂PPT0 /τ̃M,0. The optimal (notional) nominal interest rate under IPT with θM = 0

therefore rises on impact if and only if the bracket is positive. A sufficient condition is p∗ω < k∗
together with (1− p∗χ)(ω − g)(δH + ρτ − 1) ≥ 0.

Equation (A.4) mirrors Eq. (A.2). Its first term is the decay of the tariff-induced change in

the WR ex-tariff relative border price, zwt = (p∗ω − k∗)τ̃M,t. When p∗ω < k∗, the tariff calls for
a WR real appreciation; as it decays, the Home currency is expected to depreciate, and Lemma 1

translates this into a rate increase. In Proposition 1, by contrast, the tariff raises the WR LOOP

gap and calls for a WR depreciation whose decay implies a rate cut. The second term reflects the

anchoring of the producer price level under commitment, yt − ωτ̃M,t = −χpH,t (Appendix F.2).
At the baseline values of the remaining parameters, p∗ω − k∗ = −0.039, ω = 0.060, g = 0.029,

χ = 3.71, and δH = 0.477 for η = 1.5; for η = 3, the corresponding values are −0.033, 0.397, 0.085,
3.61, and 0.500. The bracket in Eq. (A.4) is positive for both elasticities, although the simple

sufficient condition does not hold because δH + ρτ > 1. To first order, a 20-percentage-point tariff

with flexible import prices therefore raises the notional net rate on impact by 28.8 basis points for

η = 1.5 and by 12.9 basis points for η = 3. The exact nonlinear values implied by Proposition 2,

obtained by solving PPT with the effective tariff τ̃M,0 = 0.2714, are +21.49 and +1.90 basis points,

respectively. The sign is not universal: for η = 3 and ρτ = 0.9, the bracket is negative, because

PPT itself calls for a cut there.

Between the Two Benchmarks. The main purpose of the parameter map is to connect the

two analytical limits and examine their implications in the fully nonlinear Ramsey model for a finite

tariff shock. Proposition 1 establishes conditions for a cut in the limit of flexible producer prices

with sticky import prices; Proposition 2 establishes exact equivalence to PPT with a magnified

tariff at the flexible-import-price boundary. At our calibration, the latter boundary calls for a

rate increase. Figures 8 and 9 connect these two limits. They report the fully nonlinear Ramsey

responses to a 20-percentage-point tariff with ρτ = 0.7 on a grid of producer and importer Calvo
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parameters, θ ∈ {0.1, . . . , 0.8} and θM ∈ {0, 0.1, . . . , 0.8}, for η = 1.5 and η = 3. The ZLB is not
imposed, so the figures report the notional rate. For θM > 0, each node solves the nonlinear IPT

Ramsey problem. For θM = 0, each node solves the PPT Ramsey problem with the effective tariff

τ̃M,0 = (3.8/2.8) × 0.20 = 0.2714, which is exactly equivalent by Proposition 2. All 144 nodes

converge, with maximum residuals below 2 × 10−12. At 10 of the 144 nodes (4 for η = 1.5 and 6
for η = 3, all with θ ≤ 0.2), the optimal notional rate becomes negative at some date; at all other
nodes the ZLB would not bind, so the results coincide with those under the ZLB.

Figure 8: Small open economy under IPT: optimal nominal interest-rate response to a 20-

percentage-point Home import tariff across producer and importer price stickiness (ρτ = 0.7, ZLB

not imposed). Top row: initial response, 10,000(i0− iss), in basis points. Bottom row: cumulative

response over the first 20 quarters, in basis-point-quarters. Left: η = 1.5; right: η = 3. Dots mark

the 144 solved parameter combinations; colors and the black zero contours are bilinear interpola-

tions between them. The row θM = 0 (dashed) is solved as PPT with the effective tariff 0.2714,

which is exactly equivalent by Proposition 2; it is not the PPT response to a 20-percentage-point

tariff. The star marks the baseline Calvo-parameter values (θ, θM ) = (0.8, 0.8). Open circles mark

nodes whose optimal notional rate becomes negative at some date. The color scales are centered

at zero but differ between negative and positive values.
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Figure 9: Initial nominal interest-rate response along three rows of Fig. 8: θM = 0 (Proposi-

tion 2, solved as PPT with the effective tariff 0.2714), θM = 0.1, and the baseline importer Calvo

parameter θM = 0.8. Twenty-percentage-point Home import tariff, ρτ = 0.7, ZLB not imposed.

Three features stand out. First, the two edges behave as the propositions predict. At θ = 0.1

and the baseline importer stickiness θM = 0.8, the optimal rate is cut by 61.7 basis points for

η = 1.5 and by 150.5 basis points for η = 3, in line with Proposition 1. Along θM = 0, the rate

rises for every θ, by between 21.5 and 34.7 basis points for η = 1.5 and between 1.9 and 60.2 basis

points for η = 3, in line with Proposition 2 and Corollary 1. Convergence toward the θM = 0 edge

is slow when producer prices are sticky: for η = 3 and θ ≥ 0.6, the response at θM = 0.1 is still a

cut, so the sign change occurs between θM = 0.1 and 0, and the interpolated contour there should

not be read literally.

Second, the initial response is a cut over most of the interior, including the baseline: it is

negative at 44 of the 48 nodes with θM ≥ 0.3 for η = 1.5 and at 43 of 48 for η = 3. Along

the baseline importer stickiness, however, the response is hump-shaped (inverted-U-shaped) in

θ (Fig. 9). Starting from the baseline θ = 0.8, lower producer-price stickiness first raises the

response and turns the cut into a small increase at intermediate θ, peaking at 27.7 basis points

(η = 1.5, θ = 0.3) and 22.2 basis points (η = 3, θ = 0.4); the response then falls again, and the cut

returns as θ approaches the limit in Proposition 1. The interior hump is a secondary numerical

finding that reflects the interaction of producer-price adjustment with the importer-pricing block,

not producer-price rigidity in isolation. Along θM = 0, where Proposition 2 applies, the initial

response is monotonic in θ: it falls from +34.7 to +21.5 basis points as θ rises from 0.1 to 0.8 for

η = 1.5, and from +60.2 to +1.9 for η = 3. By contrast, with θM = 0.8 the response peaks at

intermediate θ, as noted above. The difference between these two rows is largest at θ = 0.1, closest

to zero at θ = 0.3 for η = 1.5 and at θ = 0.5 for η = 3, and larger again at θ = 0.8.

One economic interpretation follows from the structure of the inflation weights in Eq. (E.22).

Each weight is inversely proportional to the slope of the corresponding Phillips curve, so that

κHΛ
SOE,IPT
π,H and κMΛ

SOE,IPT
π,F depend on neither θ nor θM . For a given path of the rele-

vant Phillips-curve driving term–real marginal cost for producer inflation (Eq. (18)) and ψt +

τM,t/(εM − 1) for import-price inflation (Eq. (34))–the inflation contribution to the welfare cost
rises with flexibility of the corresponding price: the larger inflation response more than offsets the

smaller weight. As prices become fully flexible, however, price setting itself drives that term to

zero–mcrt = 0 for producers in the limit of Proposition 1 and ψt = −τM,t/(εM − 1) for importers
at the boundary of Proposition 2–and the corresponding stabilization motive vanishes. When

prices are very sticky, inflation responds little. The welfare importance of stabilizing each inflation

rate is therefore greatest at intermediate rigidity. This structure is the same as that of the wage-
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inflation term in Gaĺi and Monacelli [32], where the volatility of wage inflation rises with wage

flexibility while its welfare weight falls, so that welfare losses are hump-shaped in wage rigidity

under a currency peg or an exchange-rate-oriented rule.

The HIAC gives the Ramsey planner an incentive to ease monetary policy by moving the

actual LOOP gap toward the WR LOOP gap. This incentive is balanced against the objectives

of stabilizing import-price inflation and Home PPI inflation. The relative importance of these

objectives varies with producer- and importer-price stickiness. Accordingly, when import prices

are sticky, the initial response is hump-shaped in θ: at intermediate θ the PPI-stabilization motive

offsets most of the easing, and at θM = 0.8 enough of it to produce a small increase. Conversely,

for given θ the cut is deepest at intermediate importer stickiness–at θM between 0.4 and 0.7 for

every θ on the grid and both elasticities–and the response rises again toward θM = 0.8. Along

θM = 0, there is no hump: producer-price stickiness still affects the optimal response through the

producer-pricing block, but its effect is monotonic in θ on the grid.

The parallel with Gaĺi and Monacelli [32] has limits. In their model, the exchange-rate ori-

entation of policy is imposed by the monetary regime, and their non-monotonicity persists under

complete import-price pass-through (their Fig. 12). In our model, the HIAC gives the Ramsey

planner an incentive to adjust the LOOP gap through monetary policy when import prices are

sticky. At θM = 0, however, the LOOP gap is determined by the tariff independently of monetary

policy. Their object is welfare under given monetary regimes; ours is the optimal interest-rate

path. The argument above interprets the fully nonlinear Ramsey solutions; it is not a decompo-

sition of the Ramsey first-order conditions, and the weights in Eq. (E.22) are not substituted for

the original utility objective. The first-order solutions also display a hump along θM = 0.8 but

remain negative throughout that row; the small positive peaks at intermediate θ in Fig. 9 arise in

the fully nonlinear 20-percentage-point experiment.

Third, the cumulative responses in the bottom row distinguish two kinds of rate increase. At

θM = 0.8, the cumulative 20-quarter response is negative for every θ, between −471 and −29 basis-
point-quarters for η = 1.5 and between −513 and −105 for η = 3. At intermediate θ, the initial
increase is therefore followed by rate cuts large enough to make the cumulative response negative.

Near θM = 0, by contrast, both the initial and the cumulative responses are positive (between

108 and 130 basis-point-quarters at θM = 0 for η = 1.5 and between 136 and 232 for η = 3).

At θM = 0, Eq. (33) pins down the actual LOOP gap as a function of the tariff, independently

of monetary policy. The WR LOOP-gap deviation therefore can no longer be adjusted through

monetary policy. The Ramsey allocation is equivalent to that under PPT with the adjusted tariff

specified in Proposition 2, and monetary policy tightens. The zero contour of the cumulative

response rises with θ over most of the grid: cumulative easing prevails when import prices are very

sticky or producer prices are nearly flexible, and cumulative tightening prevails when import prices

are relatively flexible. The relative stickiness of the two prices alone does not determine the sign,

however; for example, the cumulative response is +38.9 basis-point-quarters at (θ, θM ) = (0.4, 0.5)

for η = 1.5 and −44.6 at (0.8, 0.6) for η = 3. At the baseline, the initial cut is followed by later

increases, so the cumulative response is small (−33 basis-point-quarters for η = 1.5 and −107 for
η = 3).

Higher tariff persistence strengthens the initial increase at intermediate producer-price stick-

iness. At (θ, θM ) = (0.4, 0.8), raising ρτ from 0.7 to 0.9 raises the initial response from 22.1 to

46.59 basis points for η = 1.5 and from 22.2 to 73.33 basis points for η = 3. The rate cut under

IPT is therefore not unconditional. It is robust when import prices are sticky and producer prices

are either sticky, as in the baseline, or nearly flexible, as in Proposition 1; it disappears when im-

port prices are nearly flexible, as in Proposition 2; and at intermediate producer-price stickiness,

where PPI stabilization matters most, the PPI-inflation stabilization objective can outweigh the

HIAC-induced incentive for monetary easing, producing an initial rate increase followed by rate

cuts.
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B Derivation of the Two-Country Economy Model

This Appendix collects the nonlinear private-equilibrium system of the Two-country Economy in

one place. All variables and parameters have exactly the definitions used in the main text. No

additional state variable, price concept, tariff convention, or auxiliary economic object is introduced

here. Country H has household mass ν and country F has household mass 1−ν. The expenditure
weights are those in Sec. 4.1, namely ωF = υ(1− ν), ωH = 1− ωF , ω∗H = υν, and ω∗F = 1− ω∗H .

B.1 PPT Environment

The Home and Foreign representative households have the preferences stated in Sec. 4.1. Their

consumption baskets are given by Eq. (43). Under the PPT environment, Eq. (2) and

P ∗H,t =
PH,t

Et (B.1)

are applicable. Hence the two LOOP gaps are equal to one in levels,

Ψt ≡
EtP ∗F,t
PF,t

= 1, Ψ∗t ≡
PH,t/Et
P ∗H,t

= 1. (B.2)

Accordingly, with the logarithmic definitions used in the welfare analysis, ψt ≡ logΨt = 0 and

ψ∗t ≡ logΨ∗t = 0. Thus the statement that the LOOP gap is zero applies to its log deviation,

whereas the corresponding level is one.

The national CPI indices are

PPPTt =
h
ωHP

1−η
H,t + ωF {(1 + τM,t)EtP ∗F,t}1−η

i1/(1−η)
,

P
∗,PPT
t =

"
ω∗F (P

∗
F,t)

1−η + ω∗H

½
(1 + τ∗M,t)

PH,t

Et

¾1−η#1/(1−η)
. (B.3)

The two-country GPPT (τM,t, Zt/Ψt) uses the Home expenditure weights ωH and ωF in Eq. (B.3),

rather than the SOE weights; under PPT, Ψt = 1. The associated bilateral demand system is

CH,t = ωH

µ
PH,t

PPPTt

¶−η
Ct,

CF,t = ωF

µ
(1 + τM,t)EtP ∗F,t

PPPTt

¶−η
Ct,

C∗F,t = ω∗F

Ã
P ∗F,t

P
∗,PPT
t

!−η
C∗t ,

C∗H,t = ω∗H

Ã
(1 + τ∗M,t)PH,t/Et

P
∗,PPT
t

!−η
C∗t . (B.4)

Tariff revenue is rebated lump sum in the importing country, exactly as in the SOE household

budget constraint. The Home intratemporal and Euler conditions are Eqs. (10) and (11), with

Ψt = 1; the Foreign household satisfies the exact starred counterparts. In particular,

1

1 + i∗t
= βEt

C∗t (P
∗,PPT
t /P ∗F,t)

C∗t+1(P
∗,PPT
t+1 /P ∗F,t+1)Π

∗
F,t+1

. (B.5)

Complete international risk sharing gives

Zt =
Ct

C∗t

GPPT (τM,t, Zt/Ψt)

P
∗,PPT
t /P ∗F,t

, Ψt = 1, (B.6)
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which is the two-country counterpart of Eq. (12).

In each country, production, producer real marginal cost, the producer reset price, and

producer-price dispersion are governed by Eqs. (13)—(17) and their exact starred counterparts.

Thus Home production satisfies

Yt =
Nt

∆H,t
, MCrt = CtN

ϕ
t GPPT (τM,t, Zt/Ψt), (B.7)

and the Home reset-price condition is Eq. (14); Foreign production and producer pricing have the

identical starred structure.

Because there is no local importer-price dispersion under PPT, bilateral goods-market clearing

is

Yt = CH,t +

µ
1− ν
ν

¶
C∗H,t, Y ∗t = C

∗
F,t +

µ
ν

1− ν

¶
CF,t. (B.8)

Equation (43) and Eqs. (B.1)— (B.8), together with the two producer Calvo blocks and the two

monetary-policy conditions, form the nonlinear Two-country PPT private equilibrium used by the

national planners.

B.2 IPT Environment

The IPT environment retains the preferences, national CES consumption baskets, household opti-

mality conditions, complete-markets risk-sharing condition, and PCP producer blocks in Appendix

B.1. The difference is that Home and Foreign local importers set sticky ex-tariff prices in the cur-

rency of the importing country. Thus PF,t and P
∗
H,t are endogenous local importer-price indices.

The Home LOOP gap is Ψt ≡ EtP ∗F,t/PF,t as defined in Sec. 3.1.2; its exact Foreign mirror is
Ψ∗t ≡ (PH,t/Et)/P ∗H,t. These LOOP gaps need not equal one away from the deterministic steady

state.

The Home household-facing cum-tariff price of a Foreign variety and its CES index are Eqs. (20)

and (22). The exact Foreign mirror uses the same additive customs-duty convention and the

corresponding country-mass normalization.

The CPI indices are therefore

P IPTt =
h
ωHP

1−η
H,t + ωF ( eP IPTF,t )

1−η
i1/(1−η)

,

P
∗,IPT
t =

h
ω∗F (P

∗
F,t)

1−η + ω∗H( eP ∗H,t)1−ηi1/(1−η) , (B.9)

Here GIPTt (·) = P IPTt /PH,t and its Foreign counterpart G∗,IPTt (·) = P
∗,IPT
t /P ∗F,t denote the

CPI—PPI ratios constructed from the corresponding exact cum-tariff importer-price indices; see

Eqs. (20)—(22). The aggregate bilateral demands are

CH,t = ωH

µ
PH,t

P IPTt

¶−η
Ct,

CF,t = ωF

Ã eP IPTF,t

P IPTt

!−η
Ct,

C∗F,t = ω∗F

Ã
P ∗F,t
P
∗,IPT
t

!−η
C∗t ,

C∗H,t = ω∗H

Ã eP ∗H,t
P
∗,IPT
t

!−η
C∗t . (B.10)
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Within the imported-good aggregate, conditional demand is Eq. (21) with the Home-country nor-

malization above, and the Foreign conditional-demand equation is its exact starred counterpart.

The Home and Foreign household budget constraints again reduce to P IPTt Ct and P
∗,IPT
t C∗t ex-

penditure by CES duality. The statutory duties are remitted on border customs value and rebated

lump sum exactly as in Eq. (27) and its Foreign mirror.

The Home intratemporal and Euler equations retain the forms of Eqs. (10) and (11), with

the IPT CPI and GIPTt (·) replacing the PPT CPI and GPPT (τM,t, St), respectively. The Foreign

equations are their exact starred counterparts, and complete international risk sharing remains

Zt =
Ct

C∗t

GIPTt (·)
P
∗,IPT
t /P ∗F,t

. (B.11)

The producer blocks remain Eqs. (13)— (17) and their starred counterparts.

Home local importers use the exact nonlinear pricing problem in Eqs. (30)—(32). Their ex-tariff

price index satisfies Eq. (28), and the local relative import price obeys Eq. (29). Foreign local

importers solve the exact Home—Foreign mirror problem. In particular, no multiplicative identity

of the form eP IPTF,t = (1 + τM,t)PF,t is imposed when importer prices are sticky; the statutory duty

remains additive at the variety level as in Eq. (20).

Bilateral goods-market clearing is given by Eq. (48). Together with the two household blocks,

the two PCP producer blocks, and the two LCP importer blocks, the conditions above form the

nonlinear Two-country IPT private equilibrium.

C Social Planner’s Problem

The policy problems in this section are the nonlinear commitment problems used to generate the

allocations. Welfare cost functions are derived separately in Appendix E; they are not minimized

to obtain the policy paths.

C.1 Small Open Economy

C.1.1 PPT Environment

In the PPT environment, the social planner maximizes U subject to Eqs. (10), (11), (12), (13),
(14)—(17), (2), (19) with Ψt = 1, and (36). After Eqs. (14)—(15) have been substituted, the

Lagrangian is

LSOE,PPT = E0

∞X
t=0

βt

(
logCt − N

1+ϕ
t

1 + ϕ

+λp,t

h
1− θΠε−1H,t − (1− θ)ep1−εH,t

i
+λ∆,t

h
∆H,t − θΠεH,t∆H,t−1 − (1− θ)ep−εH,ti

+λn,t [Nt − Yt∆H,t]

+λy,t
£
Yt − (1− υ)GPPT (τM,t, Zt)

ηCt − υZηt
¤

+λr,t
£
Zt − CtGPPT (τM,t, Zt)

¤
+λe,t

∙
1

1 + it
− βEt CtGPPT (τM,t, Zt)

Ct+1GPPT (τM,t+1, Zt+1)ΠH,t+1

¸
+ μi,tit

)
. (C.1)

Here λp,t, λ∆,t, λn,t, λy,t, λr,t, and λe,t are the multipliers on the price-index, price-dispersion,

production, goods-market, risk-sharing, and Euler conditions shown in the same order in Eq. (C.1).

The multiplier μi,t is the ZLB multiplier defined after Eq. (36).
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C.1.2 IPT Environment

In the IPT environment the SOE planner maximizes the same household utility as in Appendix

C.1.1, subject to the household and producer conditions of the SOE, the IPT risk-sharing condition

(26), and the IPT goods-market condition (35), together with the exact additive-duty importer

block in Eqs. (20)—(32), the importer Calvo price-index law in Eq. (28), the relative-import-price

law in Eq. (29), and the ZLB. The planner chooses the same Home allocation and producer-price

variables as under PPT and, in addition, the local importer-price variables described in Sec. 3.2.

The statutory duty is imposed on border customs value and is not replaced by a multiplicative

tariff on the sticky ex-tariff import price.

C.2 Two-Country Economy

C.2.1 PPT Environment

We now write the two national problems explicitly. Complete international risk sharing in

Eq. (B.11) is imposed before either national planner differentiates. It is used to eliminate Zt
from the national differentiation problems and is not a new definition. No separate starred

international-relative-price variable is introduced.

In the PPT environment, after Eq. (B.11) has been substituted, the Home CPI—PPI relation is

¡GPPT (τM,t, Zt/Ψt)
¢1−η

= ωH + ωF (1 + τM,t)
1−η

"
Ct

C∗t

GPPT (τM,t, Zt/Ψt)

P
∗,PPT
t /P ∗F,t

#1−η
,

and Home goods-market clearing is

Yt = ωH
¡GPPT (τM,t, Zt/Ψt)

¢η
Ct

+
1− ν

ν
ω∗H

"
Ct(GPPT (τM,t, Zt/Ψt))

C∗t (1 + τ∗M,t)

#η
C∗t .

The Foreign counterparts, used in the Foreign national problem, areÃ
P
∗,PPT
t

P ∗F,t

!1−η
= ω∗F + ω∗H(1 + τ∗M,t)

1−η
"
C∗t
Ct

P
∗,PPT
t /P ∗F,t

GPPT (τM,t, Zt/Ψt)

#1−η
,

Y ∗t = ω∗F

Ã
P
∗,PPT
t

P ∗F,t

!η

C∗t

+
ν

1− ν ωF
"
C∗t (P

∗,PPT
t /P ∗F,t)

Ct(1 + τM,t)

#η
Ct.

The Home planner takes the complete Foreign contingent plan as given. After the Home reset-
price relation has been substituted, its national Lagrangian is

LPPTH = E0

∞X
t=0

βt

(
logCt − N

1+ϕ
t

1 + ϕ

+λHg,t

"³
GPPT ¡τM,t, Zt/Ψt

¢´1−η − ωH − ωF (1 + τM,t)
1−η

"
Ct

C∗t

GPPT ¡τM,t, Zt/Ψt
¢

P
∗,PPT
t /P ∗

F,t

#1−η #

+λHy,t

"
Yt − ωH

³
GPPT ¡τM,t, Zt/Ψt

¢´η
Ct − 1− ν

ν
ω∗H

"
Ct(GPPT

¡
τM,t, Zt/Ψt

¢
)

C∗t (1 + τ∗
M,t

)

#η
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#
+λHn,t

£
Nt − Yt∆H,t

¤
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1− θΠε−1
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i
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+λH∆,t

h
∆H,t − θΠεH,t∆H,t−1 − (1− θ)ep−ε

H,t

i
+λHe,t

"
1

1 + it
− βEt

Ct(GPPT
¡
τM,t, Zt/Ψt

¢
)

Ct+1(GPPT
¡
τM,t+1, Zt+1/Ψt+1

¢
)ΠH,t+1

#
+ μHi,tit

)
.

In this subsection, a superscript H or F on a multiplier identifies the national planner, while the

subscript M indicates the corresponding local-importer pricing block.

The Foreign planner takes the complete Home contingent plan as given. Its national Lagrangian

is

LPPTF = E0

∞X
t=0

βt

(
logC∗t −

(N∗t )
1+ϕ

1 + ϕ

+λFg,t

"Ã
P
∗,PPT
t

P ∗F,t

!1−η
− ω∗F − ω∗H(1 + τ∗M,t)

1−η
"
C∗t
Ct

P
∗,PPT
t /P ∗F,t
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#1−η #

+λFy,t

"
Y ∗t − ω∗F
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P
∗,PPT
t

P ∗F,t
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C∗t −

ν

1− ν ωF
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C∗t (P
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Ct(1 + τM,t)

#η
Ct

#
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¤
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− βEt
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∗,PPT
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C∗t+1(P
∗,PPT
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∗
t

)
.

C.2.2 IPT Environment

The two national commitment problems use the exact Two-country private equilibrium in B.2.

Complete international risk sharing is imposed before national differentiation, as in Sec. 4.2. The

producer reset-price condition in Eq. (14) and the exact importer reset-price condition in Eq. (32)

are substituted before the planner FOCs are taken. Hence their reset prices are endogenous implicit

functions of the national allocation, while the statutory duty remains additive at the variety level.

The Home planner takes the complete contingent Foreign plan as given and solves

max
{Ct,GIPTt (·),Nt,Yt,ΠH,t,∆H,t,PF,t/PH,t,ΠF,t,it}t≥0

E0

∞X
t=0

βt

Ã
logCt − N

1+ϕ
t

1 + ϕ

!
, (C.2)

subject to the Home household Euler equation, the complete-markets condition in Eq. (B.11), the

Home producer technology and Calvo block, the exact additive-duty importer block in Eqs. (20)—

(32), the local import-price law in Eq. (29), the exact bilateral resource constraints in Eq. (48),

and

it ≥ 0. (C.3)

The notation GIPTt (·) in the planner’s choice set stands for the CPI—PPI ratio constrained by
the exact purchaser-price index in Eqs. (20)—(25), not the PPT formula GPPT (τM,t, Zt/Ψt). The

complete cross-sectional distributions {PF,t(ι)} and {P ∗H,t(ι)} entering the purchaser-price indices
and physical- quantity integrals evolve according to the same Calvo reset/non-reset rule as in B.2.

They are therefore retained inside the exact private-equilibrium constraints and are not replaced

by a separate importer-dispersion state.

For later differentiation it is useful to display the Home Lagrangian after both reset-price

relations have been substituted. Using the same multiplier notation as in C.2.1, and adding λHMp,t

for the Home importer price-index law and λHq,t for the local relative import-price law, we have

LIPTH = E0

∞X
t=0

βt

(
logCt − N

1+ϕ
t

1 + ϕ
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+λHMp,t

"
1− θMΠεM−1F,t − (1− θM )

µ
PF,t

PF,t

¶1−εM#

+λHq,t

∙
PF,t

PH,t
− PF,t−1
PH,t−1

ΠF,t

ΠH,t

¸
+λHe,t

∙
1

1 + it
− βEt CtGIPTt (·)

Ct+1GIPTt+1 (·)ΠH,t+1

¸
+ μHi,tit

)
. (C.4)

All occurrences of Zt and Et inside the purchaser-price and reset-price objects in Eq. (C.4) are
eliminated with the complete-markets condition before differentiation. In particular, PF,t/PF,t is

the reset-price ratio implied by the exact private importer FOC (32); no new importer auxiliary

variable is introduced here.

The Foreign planner takes the complete contingent Home plan as given and solves the exact

starred problem

max
{C∗t ,P ∗,IPTt /P∗

F,t
,N∗t ,Y

∗
t ,Π

∗
F,t
,∆∗

F,t
,P ∗
H,t

/P ∗
F,t
,Π∗

H,t
,i∗t }t≥0

E0

∞X
t=0

βt
µ
logC∗t −

(N∗t )
1+ϕ

1 + ϕ

¶
, (C.5)

subject to the starred B.2 equilibrium restrictions and i∗t ≥ 0. Its Lagrangian is the exact Home—
Foreign mirror of Eq. (C.4). The two national commitment problems and the common private

equilibrium are solved jointly at their mutual best response.

D Ramsey First-Order Conditions

D.1 Small Open Economy

D.1.1 PPT Environment

Following Monacelli [39] (pp. 74—75), we use the following derivative notation for the producer

reset price:

K0H,t−j(xt) ≡
∂KH,t−j
∂xt

, Z 0H,t−j(xt) ≡
∂ZH,t−j
∂xt

,

ep0H,t−j(xt) ≡ ∂epH,t−j
∂xt

=MZ 0H,t−j(xt)KH,t−j −K0H,t−j(xt)ZH,t−j
(KH,t−j)2 . (D.1)

The producer reset price epH,t−j is defined in Eqs. (14)—(15).
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The first-order condition for Ct is

0 =
1

Ct
− (1− θ)(1− ε)

⎡⎣λp,tep−εH,tep0H,t(Ct) + ∞X
j=1

β−jλp,t−jep−εH,t−jep0H,t−j(Ct)
⎤⎦

+(1− θ)ε
⎡⎣λ∆,tep−ε−1H,t ep0H,t(Ct) + ∞X

j=1

β−jλ∆,t−jep−ε−1H,t−jep0H,t−j(Ct)
⎤⎦

−(1− υ)λy,tGPPT (τM,t, Zt)
η − λr,tGPPT (τM,t, Zt)

−βλe,tEt
∙ GPPT (τM,t, Zt)

Ct+1GPPT (τM,t+1, Zt+1)ΠH,t+1

¸
+λe,t−1

Ct−1GPPT (τM,t−1, Zt−1)
C2t GPPT (τM,t, Zt)ΠH,t

.

The first-order condition for Nt is

0 = −Nϕ
t + λn,t

−(1− θ)(1− ε)
⎡⎣λp,tep−εH,tep0H,t(Nt) + ∞X

j=1

β−jλp,t−jep−εH,t−jep0H,t−j(Nt)
⎤⎦

+(1− θ)ε
⎡⎣λ∆,tep−ε−1H,t ep0H,t(Nt) + ∞X

j=1

β−jλ∆,t−jep−ε−1H,t−jep0H,t−j(Nt)
⎤⎦ .

The first-order condition for Yt is

0 = −λn,t∆H,t + λy,t

−(1− θ)(1− ε)
⎡⎣λp,tep−εH,tep0H,t(Yt) + ∞X

j=1

β−jλp,t−jep−εH,t−jep0H,t−j(Yt)
⎤⎦

+(1− θ)ε
⎡⎣λ∆,tep−ε−1H,t ep0H,t(Yt) + ∞X

j=1

β−jλ∆,t−jep−ε−1H,t−jep0H,t−j(Yt)
⎤⎦ .

The first-order condition for Zt is

0 = −(1− θ)(1− ε)
⎡⎣λp,tep−εH,tep0H,t(Zt) + ∞X

j=1

β−jλp,t−jep−εH,t−jep0H,t−j(Zt)
⎤⎦

+(1− θ)ε
⎡⎣λ∆,tep−ε−1H,t ep0H,t(Zt) + ∞X

j=1

β−jλ∆,t−jep−ε−1H,t−jep0H,t−j(Zt)
⎤⎦

−λy,t
∙
(1− υ)ηGPPT (τM,t, Zt)

η−1 ∂GPPT (τM,t, Zt)

∂Zt
Ct + υηZ

η−1
t

¸
+λr,t

∙
1− Ct ∂G

PPT (τM,t, Zt)

∂Zt

¸
−βλe,tEt

∙
Ct ∂GPPT (τM,t, Zt)/∂Zt

Ct+1GPPT (τM,t+1, Zt+1)ΠH,t+1

¸
+λe,t−1

Ct−1GPPT (τM,t−1, Zt−1)
CtGPPT (τM,t, Zt)2ΠH,t

∂GPPT (τM,t, Zt)

∂Zt
.
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The first-order condition for ΠH,t is

0 = −θ(ε− 1)λp,tΠε−2H,t − θελ∆,tΠε−1H,t∆H,t−1

−(1− θ)(1− ε)
⎡⎣λp,tep−εH,tep0H,t(ΠH,t) + ∞X

j=1

β−jλp,t−jep−εH,t−jep0H,t−j(ΠH,t)
⎤⎦

+(1− θ)ε
⎡⎣λ∆,tep−ε−1H,t ep0H,t(ΠH,t) + ∞X

j=1

β−jλ∆,t−jep−ε−1H,t−jep0H,t−j(ΠH,t)
⎤⎦

+λe,t−1
Ct−1GPPT (τM,t−1, Zt−1)
CtGPPT (τM,t, Zt)Π

2
H,t

.

The first-order condition for ∆H,t is

0 = λ∆,t − λn,tYt − βθλ∆,t+1ΠεH,t+1.

Finally, the interest-rate condition and the ZLB conditions are

− λe,t

(1 + it)2
+ μi,t = 0, it ≥ 0, μi,t ≥ 0, μi,tit = 0.

D.1.2 IPT Environment

In the IPT environment, the producer block is unchanged and the planner additionally imposes the customs-duty

importer block in Eqs. (20)—(22) and Eqs. (30)—(32), together with the local relative-import-price law in Eq. (29).

The household budget constraint remains the one stated in Sec. 3, with consumption expenditure PtCt, and tariff

revenue is given by Eq. (27). The Ramsey first-order conditions used for computation are obtained by differentiating

this constrained problem directly. We do not replace the nonlinear importer reset-price condition by the linearized

Phillips curve in Eq. (34).

The ZLB condition remains

− λe,t

(1 + it)2
+ μi,t = 0, it ≥ 0, μi,t ≥ 0, μi,tit = 0.

D.2 Two-Country Economy

D.2.1 PPT Environment

For the Home reset price the derivative notation is that in Eq. (D.1). The Foreign reset price uses the exact starred

counterpart,

(ep∗F,t−j)0(xt) =M (Z∗F,t−j)0(xt)K∗F,t−j − (K∗F,t−j)0(xt)Z∗F,t−j
(K∗

F,t−j)
2

.

The Home first-order condition for Ct is

0 =
1

Ct
− (1− θ)(1− ε)

⎡⎣λHp,tep−εH,tep0H,t(Ct) + ∞X
j=1

β−jλHp,t−jep−εH,t−jep0H,t−j(Ct)
⎤⎦

+(1− θ)ε
⎡⎣λH∆,tep−ε−1H,t

ep0H,t(Ct) + ∞X
j=1

β−jλH∆,t−jep−ε−1H,t−jep0H,t−j(Ct)
⎤⎦

−λHg,tωF (1 + τM,t)
1−η(1− η) 1

Ct

"
Ct

C∗t

GPPT ¡τM,t, Zt/Ψt
¢

P
∗,PPT
t /P ∗

F,t

#1−η
−λHy,tωH

³
GPPT ¡τM,t, Zt/Ψt

¢´η
−λHy,t

1− ν
ν

ω∗Hη
C∗t
Ct

"
Ct(GPPT

¡
τM,t, Zt/Ψt

¢
)

C∗t (1 + τ∗
M,t

)

#η

−βλHe,tEt
"

GPPT ¡τM,t, Zt/Ψt
¢

Ct+1(GPPT
¡
τM,t+1, Zt+1/Ψt+1

¢
)ΠH,t+1

#
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+λHe,t−1
Ct−1(GPPT

¡
τM,t−1, Zt−1/Ψt−1

¢
)

C2t (GPPT
¡
τM,t, Zt/Ψt

¢
)ΠH,t

.

The Home first-order condition for GPPT ¡τM,t, Zt/Ψt
¢
is

0 = −(1− θ)(1− ε)
⎡⎣λHp,tep−εH,tep0H,t(GPPT ¡τM,t, Zt/Ψt

¢
) +

∞X
j=1

β−jλHp,t−jep−εH,t−jep0H,t−j(GPPT ¡τM,t, Zt/Ψt
¢
)

⎤⎦
+(1− θ)ε

⎡⎣λH∆,tep−ε−1H,t
ep0H,t(GPPT ¡τM,t, Zt/Ψt

¢
) +

∞X
j=1

β−jλH∆,t−jep−ε−1H,t−jep0H,t−j(GPPT ¡τM,t, Zt/Ψt
¢
)

⎤⎦
+(1− η)λHg,t

³
GPPT ¡τM,t, Zt/Ψt

¢´−η
−λHg,tωF (1 + τM,t)

1−η(1− η)
³
GPPT ¡τM,t, Zt/Ψt

¢´−1 " Ct
C∗t

GPPT ¡τM,t, Zt/Ψt
¢

P
∗,PPT
t /P ∗

F,t

#1−η

−ηλHy,tωH
³
GPPT ¡τM,t, Zt/Ψt

¢´η−1
Ct

−ηλHy,t
1− ν
ν

ω∗H
³
GPPT ¡τM,t, Zt/Ψt

¢´−1
C∗t

"
Ct(GPPT

¡
τM,t, Zt/Ψt

¢
)

C∗t (1 + τ∗
M,t

)

#η

−βλHe,tEt
"

Ct

Ct+1(GPPT
¡
τM,t+1, Zt+1/Ψt+1

¢
)ΠH,t+1

#

+λHe,t−1
Ct−1(GPPT

¡
τM,t−1, Zt−1/Ψt−1

¢
)

Ct(GPPT
¡
τM,t, Zt/Ψt

¢
)2ΠH,t

.

The remaining Home conditions in the PPT environment are

0 = −Nϕ
t + λHn,t − (1− θ)(1− ε)

⎡⎣λHp,tep−εH,tep0H,t(Nt) + ∞X
j=1

β−jλHp,t−jep−εH,t−jep0H,t−j(Nt)
⎤⎦

+(1− θ)ε

⎡⎣λH∆,tep−ε−1H,t
ep0H,t(Nt) + ∞X

j=1

β−jλH∆,t−jep−ε−1H,t−jep0H,t−j(Nt)
⎤⎦ ,

0 = −λHn,t∆H,t + λHy,t − (1− θ)(1− ε)
⎡⎣λHp,tep−εH,tep0H,t(Yt) + ∞X

j=1

β−jλHp,t−jep−εH,t−jep0H,t−j(Yt)
⎤⎦

+(1− θ)ε

⎡⎣λH∆,tep−ε−1H,t
ep0H,t(Yt) + ∞X

j=1

β−jλH∆,t−jep−ε−1H,t−jep0H,t−j(Yt)
⎤⎦ ,

0 = −θ(ε− 1)λHp,tΠε−2H,t
− θελH∆,tΠε−1H,t

∆H,t−1

−(1− θ)(1− ε)
⎡⎣λHp,tep−εH,tep0H,t(ΠH,t) + ∞X

j=1

β−jλHp,t−jep−εH,t−jep0H,t−j(ΠH,t)
⎤⎦

+(1− θ)ε

⎡⎣λH∆,tep−ε−1H,t
ep0H,t(ΠH,t) + ∞X

j=1

β−jλH∆,t−jep−ε−1H,t−jep0H,t−j(ΠH,t)
⎤⎦

+λHe,t−1
Ct−1(GPPT

¡
τM,t−1, Zt−1/Ψt−1

¢
)

Ct(GPPT
¡
τM,t, Zt/Ψt

¢
)Π2

H,t

,

0 = λH∆,t − λHn,tYt − βθλH∆,t+1Π
ε
H,t+1,

0 = −
λHe,t

(1 + it)2
+ μHi,t.

The Home ZLB conditions are

it ≥ 0, μHi,t ≥ 0, μHi,tit = 0.

The Foreign first-order conditions in the PPT environment are written explicitly as

0 =
1

C∗t
− (1− θ)(1− ε)

⎡⎣λFp,t(ep∗F,t)−ε(ep∗F,t)0(C∗t ) + ∞X
j=1

β−jλFp,t−j(ep∗F,t−j)−ε(ep∗F,t−j)0(C∗t )
⎤⎦
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+(1− θ)ε
⎡⎣λF∆,t(ep∗F,t)−ε−1(ep∗F,t)0(C∗t ) + ∞X

j=1

β−jλF∆,t−j(ep∗F,t−j)−ε−1(ep∗F,t−j)0(C∗t )
⎤⎦

−λFg,tω∗H(1 + τ∗M,t)
1−η(1− η) 1

C∗t

"
C∗t
Ct

P
∗,PPT
t /P ∗F,t

GPPT ¡τM,t, Zt/Ψt
¢#1−η

−λFy,tω∗F
Ã
P
∗,PPT
t

P ∗
F,t

!η

−λFy,t
ν

1− ν
ωF η

Ct

C∗t

"
C∗t (P

∗,PPT
t /P ∗F,t)

Ct(1 + τM,t)

#η

−βλFe,tEt
"

P
∗,PPT
t /P ∗F,t

C∗t+1(P
∗,PPT
t+1 /P ∗

F,t+1
)Π∗

F,t+1

#

+λFe,t−1
C∗t−1(P

∗,PPT
t−1 /P ∗F,t−1)

(C∗t )2(P
∗,PPT
t /P ∗

F,t
)Π∗

F,t

,

0 = −(1− θ)(1− ε)

⎡⎣λFp,t(ep∗F,t)−ε(ep∗F,t)0(P ∗,PPTt /P ∗F,t) +
∞X
j=1

β−jλFp,t−j(ep∗F,t−j)−ε(ep∗F,t−j)0(P ∗,PPTt /P ∗F,t)

⎤⎦
+(1− θ)ε

⎡⎣λF∆,t(ep∗F,t)−ε−1(ep∗F,t)0(P ∗,PPTt /P ∗F,t) +
∞X
j=1

β−jλF∆,t−j(ep∗F,t−j)−ε−1(ep∗F,t−j)0(P ∗,PPTt /P ∗F,t)

⎤⎦
+(1− η)λFg,t

Ã
P
∗,PPT
t

P ∗
F,t

!−η

−λFg,tω∗H(1 + τ∗M,t)
1−η(1− η)

Ã
P
∗,PPT
t

P ∗
F,t

!−1 "
C∗t
Ct

P
∗,PPT
t /P ∗F,t

GPPT ¡τM,t, Zt/Ψt
¢#1−η

−ηλFy,tω∗F
Ã
P
∗,PPT
t

P ∗
F,t

!η−1
C∗t

−ηλFy,t
ν

1− ν ωF
Ã
P
∗,PPT
t

P ∗
F,t

!−1
Ct

"
C∗t (P

∗,PPT
t /P ∗F,t)

Ct(1 + τM,t)

#η

−βλFe,tEt
"

C∗t
C∗t+1(P

∗,PPT
t+1 /P ∗

F,t+1
)Π∗

F,t+1

#

+λFe,t−1
C∗t−1(P

∗,PPT
t−1 /P ∗

F,t−1)

C∗t (P
∗,PPT
t /P ∗

F,t
)2Π∗

F,t

,

together with

0 = −(N∗t )ϕ + λFn,t − (1− θ)(1− ε)
⎡⎣λFp,t(ep∗F,t)−ε(ep∗F,t)0(N∗t ) + ∞X

j=1

β−jλFp,t−j(ep∗F,t−j)−ε(ep∗F,t−j)0(N∗t )
⎤⎦

+(1− θ)ε

⎡⎣λF∆,t(ep∗F,t)−ε−1(ep∗F,t)0(N∗t ) + ∞X
j=1

β−jλF∆,t−j(ep∗F,t−j)−ε−1(ep∗F,t−j)0(N∗t )
⎤⎦ ,

0 = −λFn,t∆∗F,t + λFy,t − (1− θ)(1− ε)
⎡⎣λFp,t(ep∗F,t)−ε(ep∗F,t)0(Y ∗t ) + ∞X

j=1

β−jλFp,t−j(ep∗F,t−j)−ε(ep∗F,t−j)0(Y ∗t )
⎤⎦

+(1− θ)ε

⎡⎣λF∆,t(ep∗F,t)−ε−1(ep∗F,t)0(Y ∗t ) + ∞X
j=1

β−jλF∆,t−j(ep∗F,t−j)−ε−1(ep∗F,t−j)0(Y ∗t )
⎤⎦ ,

0 = −θ(ε− 1)λFp,t(Π∗F,t)ε−2 − θελF∆,t(Π∗F,t)ε−1∆∗F,t−1

−(1− θ)(1− ε)
⎡⎣λFp,t(ep∗F,t)−ε(ep∗F,t)0(Π∗F,t) + ∞X

j=1

β−jλFp,t−j(ep∗F,t−j)−ε(ep∗F,t−j)0(Π∗F,t)
⎤⎦

+(1− θ)ε

⎡⎣λF∆,t(ep∗F,t)−ε−1(ep∗F,t)0(Π∗F,t) + ∞X
j=1

β−jλF∆,t−j(ep∗F,t−j)−ε−1(ep∗F,t−j)0(Π∗F,t)
⎤⎦
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+λFe,t−1
C∗t−1(P

∗,PPT
t−1 /P ∗F,t−1)

C∗t (P
∗,PPT
t /P ∗

F,t
)(Π∗

F,t
)2
,

0 = λF∆,t − λFn,tY ∗t − βθλF∆,t+1(Π∗F,t+1)ε,

0 = −
λFe,t

(1 + i∗t )2
+ μFi,t.

The Foreign ZLB conditions are

i∗t ≥ 0, μFi,t ≥ 0, μFi,ti
∗
t = 0.

D.2.2 IPT Environment

We differentiate the exact intertemporal Lagrangian (C.4) after complete risk sharing and the two private reset-

price conditions have been substituted. A prime on epH,t or on PF,t/PF,t below denotes the total derivative of

that exact reset-price map with respect to the indicated Ramsey choice; hence all current and future terms implied

by commitment are retained. The cross-sectional purchaser-price integrals are differentiated directly and are not

replaced by an importer-dispersion variable.

The Home consumption FOC is

0 =
1

Ct
− λHg,tωF (1− η)

Ã eP IPTF,t

PH,t

!−η
∂( eP IPTF,t /PH,t)

∂Ct
− λHy,tωHGIPTt (·)η

−λHy,t
1− ν

ν
ω∗H

∂

∂Ct

⎡⎣Ã eP ∗
H,t

P
∗,IPT
t

!−η
C∗t

1

1− ν

Z 1

ν

Ã eP ∗
H,t
(ι)eP ∗

H,t

!−εM
dι

⎤⎦
−(1− θ)(1− ε)

h
λHp,tep−εH,tep0H,t(Ct)

+

∞X
j=1

β−jλHp,t−jep−εH,t−jep0H,t−j(Ct)i
+(1− θ)ε

h
λH∆,tep−ε−1H,t

ep0H,t(Ct)
+

∞X
j=1

β−jλH∆,t−jep−ε−1H,t−jep0H,t−j(Ct)i

−(1− θM )(1− εM )
h
λHMp,t

Ã
PF,t

PF,t

!−εM Ã
PF,t

PF,t

!0
(Ct)

+

∞X
j=1

β−jλHMp,t−j

Ã
PF,t−j
PF,t−j

!−εM Ã
PF,t−j
PF,t−j

!0
(Ct)

i

−βλHe,tEt
"

GIPTt (·)
Ct+1GIPTt+1 (·)ΠH,t+1

#
+ λHe,t−1

Ct−1GIPTt−1 (·)
C2t GIPTt (·)ΠH,t

. (D.2)

The FOC for the Home CPI—PPI ratio is

0 = (1− η)λHg,tGIPTt (·)−η − λHg,tωF (1− η)
Ã eP IPT

F,t

PH,t

!−η
∂( eP IPT

F,t
/PH,t)

∂GIPTt (·)

−ηλHy,tωHGIPTt (·)η−1 Ct − λHy,t
1− ν
ν

ω∗H
∂

∂GIPTt (·)

⎡⎣Ã eP ∗H,t
P
∗,IPT
t

!−η
C∗t

1

1− ν

Z 1

ν

Ã eP ∗H,t(ι)eP ∗
H,t

!−εM
dι

⎤⎦
−(1− θ)(1− ε)

h
λHp,tep−εH,tep0H,t(GIPTt )

+

∞X
j=1

β−jλHp,t−jep−εH,t−jep0H,t−j(GIPTt )
i

+(1− θ)ε
h
λH∆,tep−ε−1H,t

ep0H,t(GIPTt )

+

∞X
j=1

β−jλH∆,t−jep−ε−1H,t−jep0H,t−j(GIPTt )
i

−(1− θM )(1− εM )
h
λHMp,t

Ã
PF,t

PF,t

!−εM Ã
PF,t

PF,t

!0
(GIPTt )
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+

∞X
j=1

β−jλHMp,t−j

Ã
PF,t−j
PF,t−j

!−εM Ã
PF,t−j
PF,t−j

!0
(GIPTt )

i

−βλHe,tEt
"

Ct

Ct+1GIPTt+1 (·)ΠH,t+1

#
+ λHe,t−1

Ct−1GIPTt−1 (·)
CtGIPTt (·)2ΠH,t

. (D.3)

Here ep0H,t(GIPTt ) and (PF,t/PF,t)
0(GIPTt ) mean total derivatives with respect to the displayed CPI—PPI ratio, not

derivatives with respect to a newly defined variable.

The labor and output FOCs are

0 = −Nϕ
t + λHn,t − (1− θ)(1− ε)

h
λHp,tep−εH,tep0H,t(Nt)

+

∞X
j=1

β−jλHp,t−jep−εH,t−jep0H,t−j(Nt)i
+(1− θ)ε

h
λH∆,tep−ε−1H,t

ep0H,t(Nt)
+

∞X
j=1

β−jλH∆,t−jep−ε−1H,t−jep0H,t−j(Nt)i, (D.4)

0 = −λHn,t∆H,t + λHy,t − (1− θ)(1− ε)
h
λHp,tep−εH,tep0H,t(Yt)

+

∞X
j=1

β−jλHp,t−jep−εH,t−jep0H,t−j(Yt)i
+(1− θ)ε

h
λH∆,tep−ε−1H,t

ep0H,t(Yt)
+

∞X
j=1

β−jλH∆,t−jep−ε−1H,t−jep0H,t−j(Yt)i. (D.5)

For the local ex-tariff import-price ratio,

0 = −λHg,tωF (1− η)
Ã eP IPTF,t

PH,t

!−η
∂( eP IPTF,t /PH,t)

∂(PF,t/PH,t)

−λHy,t
1− ν
ν

ω∗H
∂

∂(PF,t/PH,t)

⎡⎣Ã eP ∗H,t
P
∗,IPT
t

!−η
C∗t

1

1− ν

Z 1

ν

Ã eP ∗H,t(ι)eP ∗
H,t

!−εM
dι

⎤⎦
−(1− θM )(1− εM )

h
λHMp,t

Ã
PF,t

PF,t

!−εM Ã
PF,t

PF,t

!0
(PF,t/PH,t)

+

∞X
j=1

β−jλHMp,t−j

Ã
PF,t−j
PF,t−j

!−εM Ã
PF,t−j
PF,t−j

!0
(PF,t/PH,t)

i
+λHq,t − βλHq,t+1

ΠF,t+1

ΠH,t+1
. (D.6)

The two inflation FOCs are

0 = −θ(ε− 1)λHp,tΠε−2H,t
− θελH∆,tΠε−1H,t

∆H,t−1

−(1− θ)(1− ε)
h
λHp,tep−εH,tep0H,t(ΠH,t)

+

∞X
j=1

β−jλHp,t−jep−εH,t−jep0H,t−j(ΠH,t)i
+(1− θ)ε

h
λH∆,tep−ε−1H,t

ep0H,t(ΠH,t)
+

∞X
j=1

β−jλH∆,t−jep−ε−1H,t−jep0H,t−j(ΠH,t)i

−(1− θM )(1− εM )
h
λHMp,t

Ã
PF,t

PF,t

!−εM Ã
PF,t

PF,t

!0
(ΠH,t)

+

∞X
j=1

β−jλHMp,t−j

Ã
PF,t−j
PF,t−j

!−εM Ã
PF,t−j
PF,t−j

!0
(ΠH,t)

i
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+λHq,t
PF,t−1
PH,t−1

ΠF,t

Π2
H,t

+ λHe,t−1
Ct−1GIPTt−1 (·)
CtGIPTt (·)Π2

H,t

, (D.7)

0 = −θM (εM − 1)λHMp,tΠ
εM−2
F,t

−(1− θM )(1− εM )
h
λHMp,t

Ã
PF,t

PF,t

!−εM Ã
PF,t

PF,t

!0
(ΠF,t)

+

∞X
j=1

β−jλHMp,t−j

Ã
PF,t−j
PF,t−j

!−εM Ã
PF,t−j
PF,t−j

!0
(ΠF,t)

i
− λHq,t

PF,t−1
PH,t−1

1

ΠH,t
. (D.8)

The producer-dispersion and nominal-rate conditions are

0 = λH∆,t − λHn,tYt − βθλH∆,t+1ΠεH,t+1, (D.9)

0 = −
λHe,t

(1 + it)2
+ μHi,t, it ≥ 0, μHi,t ≥ 0, μHi,tit = 0. (D.10)

There is no FOC with respect to a separate importer-dispersion state: in the current micro-importer model the exact

purchaser-price cross section in B.2 is retained directly. The Foreign FOCs are obtained from Eqs. (D.2)—(D.10) by

the exact Home—Foreign mirror transformation and satisfy

−
λFe,t

(1 + i∗t )2
+ μFi,t = 0, i∗t ≥ 0, μFi,t ≥ 0, μFi,ti

∗
t = 0. (D.11)

Together with the common B.2 private equilibrium, these conditions are the two national best-response systems

used in the IPT simulations.

E Welfare Cost Function

The second-order criteria in this section are derived around the distorted deterministic steady

state using the Benigno—Woodford linear—quadratic method. Policy-dependent first-order terms

are eliminated with the first-order equilibrium restrictions before the remaining second-order terms

are reduced and completed into squares. The nonlinear Ramsey allocations in the main text are

generated by Appendices C and D, not by minimizing these quadratic criteria.

Reproduction Map and Conventions. The reproducible calculation has five operations, al-

ways performed in this order: (i) insert the steady-state restrictions and the stationary Benigno—

Woodford multipliers into the existing nonlinear household, price-index, goods-market, and Calvo

conditions; (ii) eliminate the policy-dependent first-order welfare terms by coefficient matching; (iii)

retain the second-order terms of those exact restrictions, including tariff—LOOP-gap interactions

and price dispersion; (iv) take the negative Hessian and the tariff cross-derivatives with respect to

the displayed policy-dependent coordinates; and (v) complete squares using Eqs. (E.5)—(E.6). The

following steps document the structural restrictions, differentiation, and coefficient calculations for

the SOE and two-country PPT and IPT welfare expansions. These second-order calculations are

used to interpret the original nonlinear Ramsey allocations; they do not determine them.

The reader can locate the inputs and output of each stage as follows:

Environment First-order elimination and second-

order source

Final coefficients and checks

SOE PPT C.1.1, D.1.1; Eq. (E.18) Eqs. (E.12), (E.23); E.1 derivation

SOE IPT C.1.2, D.1.2; Eqs. (E.17), (32) Eqs. (E.14), (E.23); E.1 derivation

Two-country PPT C.2.1, D.2.1; Eqs. (E.33), (E.35) Eqs. (E.37), (E.40)

Two-country IPT C.2.2, D.2.2; Eqs. (E.49), (E.50) Eqs. (E.52), (E.54)

A variable without a time subscript denotes its deterministic steady-state value, lower-case real

variables denote log deviations, and O(3) denotes terms of total degree three and above. The

notation s.o.t.i.p. means second-order terms independent of the national planner’s endogenous

allocation; it does not imply that those terms are numerically zero. The symbol Θχ denotes the

stationary multiplier on the CPI identity.
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Structural-Parameter Closure. All welfare cost function coefficients in this section are func-

tions of the primitive structural parameters already defined in the main text. For the SOE and

two-country economies, these are

β, ϕ, η, ε, εM , θ, θM , υ, ν, (E.1)

Their meanings are collected here; none is an independently calibrated welfare coefficient:

Symbol Definition

β Household discount factor.

ϕ Inverse Frisch elasticity in household labor disutility.

η Substitution elasticity between Home and Foreign consumption goods.

ε, εM Substitution elasticities across producer varieties and importer varieties, respec-

tively.

θ, θM Calvo non-reset probabilities of Home producers and Home importers, respectively.

υ Openness/Home-bias parameter entering bilateral expenditure shares.

ν Home share of the two-country household mass (not needed for the SOE).

The bilateral expenditure weights are not additional parameters:

ωF = υ(1− ν), ωH = 1− ωF , ω∗H = υν, ω∗F = 1− ω∗H . (E.2)

Likewise,

M =
ε

ε− 1 , L =M−1 =
ε− 1
ε
, κH =

(1− θ)(1− βθ)
θ

, κM =
(1− θM )(1− βθM )

θM
.

(E.3)

The steady-state importer subsidy is not an additional structural parameter: throughout the IPT

environment it is fixed at τ = 1/εM , as in Sec. 3.1.1. The tariff rates τM,t and τ∗M,t and their

persistence parameters determine the exogenous conditioning paths, but the shock persistence does

not enter any per-period welfare weight. Hence the tariff processes are not free parameters of the

welfare cost function. Every Θ coefficient below is determined by the displayed Benigno—Woodford

first-order coefficient-matching system; every real quadratic coefficient is an entry of the Hessian

and tariff-loading matrices of the corresponding second-order augmented welfare polynomial; and

every Λ is obtained by the displayed sequential Schur completion. The welfare weights and WR

values are derived from the structural parameters.

Here Θ denotes a stationary multiplier on an existing first-order restriction, bC and C are

pre-reduction and reduced second-order welfare coefficients, Q and B are negative-Hessian and

tariff-loading matrices, Λ is a completed-square coefficient, and b and Γ denote coefficients in the

welfare-relevant reference values. None is an independently calibrated structural parameter. The

SOE shares dH and λM are defined where first used below. The exogenous tariff persistence ρτ
does not enter a per-period welfare weight.

For the sequential square completion used below, retain the algebraic representation already

used in the previous derivation. If a reduced policy-dependent quadratic loss is written as

Lt =
1

2

nX
k=1

Λ
(0)

k z2k,t −
X
k<j

C
(0)

kj zk,tzj,t −
nX
k=1

h
(0)

k,tzk,t + s.o.t.i.p., (E.4)

then at step k the completed-square reference value is

zwk,t =

h
(k−1)
k,t +

nX
j=k+1

C
(k−1)
kj zj,t

Λ
(k−1)
k

. (E.5)
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For j, l > k, the remaining coefficients are updated according to

Λ
(k)
j = Λ

(k−1)
j − [C

(k−1)
kj ]2

Λ
(k−1)
k

,

C
(k)

jl = C
(k−1)
jl +

C
(k−1)
kj C

(k−1)
kl

Λ
(k−1)
k

,

h
(k)
j,t = h

(k−1)
j,t +

h
(k−1)
k,t C

(k−1)
kj

Λ
(k−1)
k

. (E.6)

These are algebraic completion formulas only; they do not introduce additional private-equilibrium

variables.

E.1 Small Open Economy

Representation with the Ex-Tariff Relative Border Price Retained. The two unnum-

bered welfare representations at the beginning of Sec. 3.4 retain the WR Ex-tariff Relative Border

Price of Imports Gap explicitly. The period welfare cost itself remains LSOE,·t .

E.1.1 PPT Environment

For PPT, write the real part of the second-order welfare polynomial, up to terms independent of

the endogenous allocation, as

LSOE,PPTt,real =
1

2

h
−2 bCSOE,PPTyy y2t − 2 bCSOE,PPTzz z2t

i
− bCSOE,PPTyz ytzt

− bCSOE,PPTym ytτM,t − bCSOE,PPTzm ztτM,t + s.o.t.i.p., (E.7)

where s.o.t.i.p. denotes terms independent of the endogenous allocation to the order considered.

The coefficients bCSOE,PPTyy , bCSOE,PPTzz , bCSOE,PPTyz , bCSOE,PPTym , and bCSOE,PPTzm are the literal

coefficients on the corresponding quadratic or tariff-interaction terms in this welfare polynomial.

They are not free coefficients. Equivalently, they are the corresponding Hessian and tariff-loading

derivatives of the negative Benigno—Woodford augmented second-order real welfare contribution

generated by the exact C.1.1 constraints and the stationary multipliers in Eq. (E.18). Since the

constraints and those multipliers are functions only of Eqs. (E.1)— (E.3), each hatted coefficient is

a structural function of the primitive parameters.

The first-order approximations of Eqs. (12) and (19) imply

yt =
£
p−1∗

¤
zt + k∗/p∗ (τM,t − ψt) . (E.8)

Under PPT, ψt = 0. Using Eq. (E.8) to remove zt from the output—relative-price cross term before

completing squares gives

bΛSOE,PPTy ≡ −2 bCSOE,PPTyy − 2
bCSOE,PPTyz

p−1∗
,

byw,SOE,PPTt ≡ 1bΛSOE,PPTy

∙ bCSOE,PPTym − k∗/p∗
p−1∗

bCSOE,PPTyz

¸
τM,t,

bΛSOE,PPTz ≡ −2 bCSOE,PPTzz ,

bzw,SOE,PPTt ≡
bCSOE,PPTzmbΛSOE,PPTz

τM,t. (E.9)

Thus the WR output appearing in the first unnumbered welfare representation in Sec. 3.4 contains

no zt.
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E.1.2 IPT Environment

For IPT, the corresponding real polynomial is

LSOE,IPTt,real =
1

2

h
−2 bCSOE,IPTyy y2t − 2 bCSOE,IPTψψ ψ2t − 2 bCSOE,IPTzz z2t

i
− bCSOE,IPTyψ ytψt − bCSOE,IPTyz ytzt − bCSOE,IPTψz ψtzt

− bCSOE,IPTym ytτM,t − bCSOE,IPTψm ψtτM,t − bCSOE,IPTzm ztτM,t + s.o.t.i.p..(E.10)

The hatted C coefficients again denote the literal coefficients on the corresponding terms in the
welfare polynomial. Equivalently, they are entries of the Hessian and tariff-loading derivatives of the
negative Benigno—Woodford augmented second-order real welfare contribution generated by C.1.2
and the stationary multipliers in Eqs. (E.18)—(E.17). They are therefore structural functions rather
than additional parameters. Applying Eq. (E.8) to the ytzt term before sequentially completing
the yt, ψt, and zt squares gives

bΛSOE,IPTy ≡ −2 bCSOE,IPT
yy −

2 bCSOE,IPT
yz

p
−1
∗

,

byw,SOE,IPTt ≡ 1bΛSOE,IPTy

( ∙ bCSOE,IPT
ym − k∗/p∗

p
−1
∗

bCSOE,IPT
yz

¸
τM,t

+

∙ bCSOE,IPT

yψ +
k∗/p∗
p
−1
∗

bCSOE,IPT
yz

¸
ψt

)
,

bΛSOE,IPTψ ≡ −2 bCSOE,IPT

ψψ − 1bΛSOE,IPTy

∙ bCSOE,IPT

yψ +
k∗/p∗
p
−1
∗

bCSOE,IPT
yz

¸2
,

bψw,SOE,IPTt ≡ 1bΛSOE,IPT
ψ

(" bCSOE,IPT

ψm +
1bΛSOE,IPTy

µbCSOE,IPT

yψ +
k∗/p∗
p−1∗

bCSOE,IPT
yz

¶

×
µbCSOE,IPT

ym − k∗/p∗
p
−1
∗

bCSOE,IPT
yz

¶#
τM,t + bCSOE,IPT

ψz zt

)
,

bΛSOE,IPTz ≡ −2 bCSOE,IPT
zz −

( bCSOE,IPT

ψz
)2bΛSOE,IPT

ψ

,

bzw,SOE,IPTt ≡ 1bΛSOE,IPTz

(bCSOE,IPT
zm +

bCSOE,IPT

ψzbΛSOE,IPT
ψ

" bCSOE,IPT

ψm +
1bΛSOE,IPTy

µbCSOE,IPT

yψ +
k∗/p∗
p
−1
∗

bCSOE,IPT
yz

¶

×
µbCSOE,IPT

ym − k∗/p∗
p
−1
∗

bCSOE,IPT
yz

¶#)
τM,t. (E.11)

The WR output in Eq. (E.11) therefore depends on the tariff and the LOOP gap, but not on zt.

Representation After Eliminating the Ex-Tariff Relative Border Price. The WR vari-

ables used in the numbered SOE welfare-cost equations in Sec. 3.4 are defined here. Around the

zero-tariff steady state, the first-order relation log(1 + τM,t) = τM,t applies. We therefore use the

tariff rate τM,t directly and introduce no auxiliary tariff variable. In the present SOE experiments

there is no export-tariff disturbance. After the first-order elimination of zt, the unhatted coeffi-

cients CSOE,PPTyy , CSOE,PPTym , CIPTyy , CIPTyψ , CIPTym , CIPTψψ , and CIPTψm are the corresponding entries

of the reduced structural Hessian and tariff-loading vector. Hence they are algebraic transforms of

the hatted structural coefficients above, not additional parameters. Thus

y
w,SOE,PPT
t ≡ CSOE,PPTym

Λ
SOE,PPT
y

τM,t, (E.12)

y
w,SOE,IPT
t ≡ CIPTym

Λ
SOE,IPT
y

τM,t +
CIPTyψ

Λ
SOE,IPT
y

ψt. (E.13)
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After completing the output square, collecting the remaining terms in ψt gives the WR LOOP gap

directly as

ψ
w,SOE,IPT
t ≡

CIPTψm +
CIPTyψ CIPTym

Λ
SOE,IPT
y

Λ
SOE,IPT
ψ

τM,t. (E.14)

Here CSOE,PPTym , CIPTym , CIPTψm , and CIPTyψ are the corresponding cross coefficients in the second-

order welfare expansion; the coefficient notation is retained from the underlying symbolic welfare

derivation. Equation (E.14) depends only on the exogenous tariff innovation and therefore is the

reference value entering the LOOP-gap square in Eq. (38). The compact main-text coefficient

ΓSOEown is defined as the entire structural coefficient multiplying τM,t on the right-hand side of Eq.

(E.14).

The coefficients Θn, Θ
AS
H , and ΘASM are undetermined coefficients used to eliminate the first-

order terms in the Benigno—Woodford expansion. Table 2 instead reports the resulting wel-

fare weights. For the PPT environment, temporary coefficients Θχ, ΘY , Θn, Θmc,H , and Θ
AS
H

are attached to the corresponding first-order equilibrium restrictions. In the IPT environment,

Θmc,M and ΘASM are additionally attached to the importer marginal-cost identity and the importer

aggregate-supply restriction.

For the SOE welfare expansion, the structural point of expansion must be the original distorted

zero-tariff deterministic steady state. Let Z̄, Ȳ , C̄, and Ξ̄ denote, respectively, the steady levels of

Zt, Yt, Ct, and Pt/PH,t. The original nonlinear equilibrium restrictions give

Ξ̄1−η = (1− υ) + υZ̄1−η, C̄ = Z̄/Ξ̄, Ȳ = (1− υ)Z̄Ξ̄η−1 + υZ̄η, Z̄Ȳ ϕ = L. (E.15)

Thus neither Z̄ = 1 nor Ξ̄ = 1 may be imposed in coefficient calculations. The quantities in

Eq. (E.15) are determined entirely by the original structural parameters, not separately calibrated.

For the first-order reduction of the exact goods-market and risk-sharing conditions, define the

following steady-state structural coefficients:

wF ≡ υZ̄1−η

(1− υ) + υZ̄1−η
, H ≡ (1− υ)Z̄Ξ̄η−1, X ≡ υZ̄η,

p∗ ≡ Ȳ

H [1 + (η − 1)wF ] + ηX
, k∗ ≡ (η − 1)HwF

H [1 + (η − 1)wF ] + ηX
. (E.16)

Here wF is the steady-state expenditure share on imports, H is Home-good absorption, and X is

exports; they are derived steady-state quantities, not new independent private-equilibrium vari-

ables. Implicit differentiation of the original exact restrictions gives zt = p∗yt+k∗(ψt−τM,t) (with

ψt = 0 for PPT).

Use ΘASH and ΘASM for the stationary multipliers on the reset-ex-tariff-price-weighted producer

and importer aggregate-supply restrictions, respectively. Setting the coefficients on the first-order

policy-dependent yt and ψt terms in the augmented welfare contribution to zero yields

ΘASH =
Ȳ 1+ϕ − (1− wF )p∗
(Ȳ /Z̄)(ϕ+ p∗)

,

ΘASM = − (1− wF )k∗ + wF + (Ȳ /Z̄)k∗Θ
AS
H

C̄1−η
, (IPT only). (E.17)

The producer coefficient is the same under PPT and IPT. The associated multiplier on the nt =

yt + log∆H,t identity is

Θn = Ȳ
1+ϕ − ϕ(Ȳ /Z̄)ΘASH . (E.18)

The remaining first-order auxiliary-identity multipliers are fixed by the same stationarity system,

and do not enter the reduced welfare coefficients. In particular, formulas for ΘY , Θχ, and the

aggregate-supply multipliers derived under a unit-normalized steady state do not apply to the

nonunit steady state considered here.
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Reproducible Importer Coefficient Calculation. The following steps specify the second-

order object behind Eq. (E.14); the import tariff continues to be the additive duty in Eq. (20).

With no first-order importer price dispersion the relevant purchaser-price ratio is

eP IPTF,t

PH,t
= Z̄(ezt−ψt + τM,te

zt),

at zero importer-price dispersion. In particular, interactions of the first-order tariff with second-

order importer-price dispersion contribute only from third order. Substituting (1 + τM,t)Z̄e
zt−ψt

would omit the second-order term τM,tψt from its logarithm. The two corresponding exact real

conditions used to eliminate consumption and the border price in the second-order expansion are

Eqs. (26) and (35).

In the discounted importer reset FOC (32), the ex-tariff reset price PF,t is fixed across all future

terms of a given cohort. Multiplying that FOC by this fixed reset price and summing across re-

setting cohorts produces a legitimate present-value aggregate-supply restriction. Multiplication by

the future cum-tariff purchaser price is not legitimate, since that price changes with future statu-

tory tariffs. At zero price dispersion the correct reset-ex-tariff-price-weighted importer restriction,

normalized by the steady-state import share, is proportional toµ
P IPTt

PH,t

¶η−1Ã eP IPTF,t

PH,t

!−η
PF,t

PH,t

τM,t + (εM − 1)(1− e−ψt)
(εM − 1)(e−ψt + τM,t)

.

The ex-tariff price factor is PF,t/PH,t = Z̄ezt−ψt ; it is not the cum-tariff price. To verify the
importer-price-dispersion term independently, the normalization of the ex-tariff CES price index

implies, with log(PF,t(ι)/PF,t) denoting the cohort log-price deviation,Z 1

0

µ
PF,t(ι)

PF,t

¶−εM
dι = 1 +

εM

2

Z 1

0

∙
log

PF,t(ι)

PF,t

¸2
dι+O(3).

Thus the fixed-reset-ex-tariff-price-weighted aggregate restriction has the importer-dispersion co-

efficient εM/2. The Calvo price-index law then converts its discounted dispersion sum into an

importer-inflation-square coefficient involving 1/κM . This yields the import-inflation weight in

Eq. (E.23), without changing the real Hessian. These manipulations are valid for the discounted

reset FOC up to the usual inherited-cohort initial boundary terms.

For completeness, the real augmented second-order expression before differentiation is the fol-

lowing sum of existing household utility (normalized using L as in Eq. (E.3)) and the two reset-

price-weighted aggregate-supply restrictions:

log Z̄ + zt − log P
IPT
t

PH,t
− Ȳ

1+ϕ

1 + ϕ
e(1+ϕ)yt +ΘASH

Ȳ

Z̄
eyt−zt(eϕyt+zt − 1)

+ΘASM

µ
P IPTt

PH,t

¶η−1Ã eP IPTF,t

PH,t

!−η
Z̄ezt−ψt

τM,t + (εM − 1)(1− e−ψt)
(εM − 1)(e−ψt + τM,t)

.

The two exact real identities above first eliminate Ct and then implicitly eliminate zt, including

its second derivatives. The first derivatives in yt and ψt of the resulting augmented expression are

zero at the baseline steady state, providing an independent check on the undetermined coefficients.

Using the stationary multipliers above, evaluate the negative Hessian of this augmented contri-

bution after implicitly eliminating zt to second order from the exact goods-market identity. For the

baseline IPT calibration, the policy-variable block QSOE,IPT and tariff-loading vector BSOE,IPT

are shown in Eq. (E.21) below. The omitted tariff—tariff Hessian entry is independent of Home

policy. In the notation of Eq. (E.14),

ΛSOE,IPTy = 1.6542172374, CIPTyψ = 0.0036494190,
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CIPTym = 0.1358745616, CIPTψm = 0.2128527417,

Λ
SOE,IPT
ψ = 0.5062809752,

ΓSOEown =
0.2128527417

0.5062809752
+
0.0036494190 · 0.1358745616
1.6542172374 · 0.5062809752 ,

ΓSOEown = 0.4204241362 + 0.0005920764 = 0.4210162126.

The direct tariff—LOOP-gap interaction accounts for most of ΓSOEown , while the output-interaction

term contributes the remainder. Both contributions are derived at the original distorted steady

state rather than calibrated independently.

Differentiation of the Reduced SOE Criteria. The following calculation derives the coeffi-

cients of the reduced SOE welfare-cost functions in Eqs. (37)—(38) from the Hessian definitions in

Appendices E.1.1 and E.1.2. At zero importer-price dispersion, Eqs. (20) and (25) implyµ
P IPTt

PH,t

¶1−η
= (1− υ) + υ

£
Z̄(ezt−ψt + τM,te

zt)
¤1−η

,µ
PPPTt

PH,t

¶1−η
= (1− υ) + υ

£
(1 + τM,t)Z̄e

zt
¤1−η

. (E.19)

In either environment, the exact risk-sharing and Home goods-market identities in Sec. 3.1.2 and

its PPT counterpart give

yt = log

"
(1− υ)Z̄ezt

µ
Pt

PH,t

¶η−1
+ υ(Z̄ezt)η

#
− log Ȳ , (E.20)

where Pt = P
PPT
t or P IPTt as appropriate. Equations (E.19)—(E.20) are not additional equilibrium

restrictions: they simply restate the respective original nonlinear price index, risk-sharing, and

goods-market conditions, with consumption eliminated. In particular, the additive-duty IPT price

in Eq. (E.19) differs from (1 + τM,t)Z̄e
zt−ψt .

For the second-order real welfare contribution, differentiate the augmented expression immedi-

ately above with the stationary multipliers from Eqs. (E.18)—(E.17). In the PPT case omit only

the importer aggregate-supply term and use the PPT relative purchaser price in Eq. (E.19). First

eliminate zt implicitly through Eq. (E.20) to second order, and only then take the Hessian in

(yt, τM,t) for PPT or (yt,ψt, τM,t) for IPT. Both the first and second derivatives of the implicitly

determined zt must be retained; using only the log-linear market-clearing identity omits genuine

second-order terms. The actual importer reset price is the fixed ex-tariff price in Eq. (32), as

described above.

Writing the policy-coordinate negative Hessians and tariff loading vectors as Q and B, the

baseline parameterization now gives

QSOE,PPT =
¡
1.6542172374

¢
, BSOE,PPT =

¡
0.0991577246

¢
,

QSOE,IPT =

µ
1.6542172374 −0.0036494190
−0.0036494190 0.5062890263

¶
,

BSOE,IPT =

µ
0.1358745616

0.2128527417

¶
. (E.21)

Here Q is minus the Hessian of the augmented real welfare contribution in policy variables, and B is

its policy-variable—tariff cross-derivative, after the implicit elimination of zt. Both are determined

from the original exact conditions at the true zero-tariff steady state, not from independently

calibrated weights. The PPT completion gives

ΛSOE,PPTy = 1.6542172374, y
w,SOE,PPT
t =

0.0991577246

1.6542172374
τM,t.
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For IPT, square completion with the output term first yields

ΛSOE,IPTy = Q
SOE,IPT
11 ,

Λ
SOE,IPT
ψ = Q

SOE,IPT
22 − (Q

SOE,IPT
12 )2

Q
SOE,IPT
11

,

ΓSOEown =
B
SOE,IPT
2 −QSOE,IPT21 B

SOE,IPT
1 /Q

SOE,IPT
11

Λ
SOE,IPT
ψ

.

This yields Λ
SOE,IPT
ψ = 0.5062809752 and ΓSOEown = 0.4210162126.

The original nonlinear producer-price and importer-price Calvo laws determine the second-order

producer and importer physical dispersion terms. A dispersion increase ∆H,t−1 enters the reduced
augmented welfare contribution with coefficient −Ȳ 1+ϕ + (1 + ϕ)(Ȳ /Z̄)ΘASH . For the importers,

the cohort-level ex-tariff-price-weighted reset FOC and the normalized ex-tariff CES price index

give a dispersion coefficient C̄1−ηΘASM . The standard discounted Calvo dispersion law then implies

Λ
SOE,PPT
π,H = Λ

SOE,IPT
π,H =

ε

κH

£
Ȳ 1+ϕ − (1 + ϕ)(Ȳ /Z̄)ΘASH

¤
,

Λ
SOE,IPT
π,F = − εM

κM
C̄1−ηΘASM . (E.22)

The corresponding baseline values are

ΛSOE,IPTy = 1.6542172374, Λ
SOE,IPT
ψ = 0.5062809752,

Λ
SOE,IPT
π,H = 39.3775970086, Λ

SOE,IPT
π,F = 27.2946757381.

For the high-substitution specification η = 3, holding all other primitive parameters fixed, the

corresponding weights are ΛSOE,IPTy = 0.7493034093, Λ
SOE,IPT
ψ = 1.2406311889, Λ

SOE,IPT
π,H =

19.3033398990, and Λ
SOE,IPT
π,F = 37.2065139728, with ΓSOEown = 0.2927934031.

To verify the reported SOE welfare coefficients, we compute the exact zero-tariff steady state

from Eq. (E.15), eliminate the ex-tariff relative border price zt through implicit differentiation,

and check the resulting Hessian against finite-difference calculations. The standard Calvo inflation-

square factor is separately verified from the nonlinear reset-price index.

The SOE real weights are defined by the real Hessian and sequential completion in Eq. (E.21).

The inflation weights are defined by Eq. (E.22), while ΛSOE,PPTy = Q
SOE,PPT
11 and ΛSOE,IPTy =

Q
SOE,IPT
11 .

Λ
SOE,IPT
ψ ≡ QSOE,IPT22 − (Q

SOE,IPT
12 )2

Q
SOE,IPT
11

. (E.23)

The second-order welfare criteria are expansions around the distorted deterministic steady

state. The linear—quadratic construction follows Benigno and Woodford [7, 8]: first-order equi-

librium restrictions are used to eliminate terms that would otherwise make a naive second-order

utility expansion incorrect around a distorted steady state, and price-dispersion laws generate

the inflation-square terms. The WR variables in Eqs. (37), (38), (49), (50) are obtained by ex-

act sequential completion of squares. They are reference values in the welfare criterion, not new

private-equilibrium variables.

The numerical allocations reported in the main text are not solutions to the quadratic ap-

proximations. They are obtained by solving the nonlinear Ramsey first-order-condition systems in

Dynare using the perfect-foresight solver with its mixed-complementarity algorithm (lmmcp), which

imposes the occasionally binding ZLB directly. No OccBin or piecewise-linear solution method is

used. The loss functions are used to interpret those allocations and to identify which nominal and

real distortions are welfare-relevant.
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E.2 Two-Country Economy

This subsection derives the two real WR variables appearing in Eq. (49), the four real WR variables

appearing in Eq. (50), and every welfare weight in Eqs. (49)—(50) from the structural parameters

in Eq. (E.1). The construction common to the two pass-through environments is stated first;

Appendices E.2.1 and E.2.2 then specialize it. Throughout the first-order representation used to

construct these WR variables, we use log(1 + τM,t) = τM,t and log(1 + τ∗M,t) = τ∗M,t, without

introducing separate tariff variables.

Derivation of Eqs. (49)—(50) from the Structural Parameters. The derivation consists of

the following seven steps.

Step 1: Steady state and notation. At the zero-tariff, zero-inflation deterministic steady state,

Z = Ψ = Ψ∗ = 1, P/PH = P ∗/P ∗F = 1, and C = C∗ = Y = Y ∗ = N = N∗. The producer
reset condition, Eq. (14), gives MCr =M−1 = L, and Eq. (16) then gives N1+ϕ = L. Because

{(1 − ν)/ν}ω∗H = ωF , Home exports absorb the share ωF of Home output and Home households

absorb the share ωH . Lower-case letters denote log deviations from this steady state: ct, c
∗
t ,

yt, nt, zt ≡ logZt, ψt, ψ
∗
t , gt ≡ log(Pt/PH,t), g

∗
t ≡ log(P ∗t /P

∗
F,t), st ≡ log(PF,t/PH,t), and

s∗t ≡ log(P ∗H,t/P
∗
F,t). Here Pt denotes the CPI of the environment under consideration: gt =

log GPPT (τM,t, Zt) under PPT and gt = log GIPTt (·) under IPT.
Step 2: National problem and exact identities. As in Appendix C, the Home planner chooses

the Home allocation, namely ct, gt, yt, nt, the Home producer reset price and, under IPT, also

st and the Home importer reset price, while taking the Foreign plan (c
∗
t , g

∗
t and, under IPT, s

∗
t

and the Foreign importer reset price) as given. Complete international risk sharing, Eq. (B.11), is

substituted before differentiation and is exact in logs:

zt = ct + gt − c∗t − g∗t . (E.24)

Under IPT, the definitions of the two LOOP gaps give the exact identities ψt = zt − st and
ψ∗t = −zt − s∗t . Let epF,t ≡ log( ePF,t/PH,t) and ep∗H,t ≡ log( eP ∗H,t/P ∗F,t) denote the logarithms of the
cum-tariff relative purchaser prices of imports faced by Home and Foreign households, respectively.

Then

PPT: epF,t = zt + τM,t, ep∗H,t = −zt + τ∗M,t,

IPT: epF,t = st + log ¡1 + τM,te
ψt
¢
, ep∗H,t = s∗t + log ³1 + τ∗M,te

ψ∗t
´
+O(3). (E.25)

The IPT line follows from the additive-duty purchaser price in Eq. (20), eP IPTF,t (ι)/PF,t =

PF,t(ι)/PF,t + τM,tΨt, and its Foreign mirror. Because the ex-tariff index and the cum-tariff

index are CES aggregates with the same elasticity εM , cross-sectional importer-price disper-

sion cancels from log( eP IPTF,t /PF,t) up to third order. In particular, the second-order expansionep∗H,t = s∗t + τ∗M,t + τ∗M,tψ
∗
t +O(3) contains the interaction τ

∗
M,tψ

∗
t , which is retained below.

Step 3: Per-period national Lagrangian. Because the steady-state multipliers are constant

from the timeless perspective, the Home Lagrangian of Appendix C can be written, up to terms

independent of policy, as E0
P

t β
tJH,t with

JH,t = ct − L

1 + ϕ
e(1+ϕ)nt +Θχ

∙
gt − 1

1− η
log
n
ωH + ωF e

(1−η)epF,to¸
+ΘY

h
yt − log

n
ωHe

ct+ηgt + ωF e
c∗t−η(ep∗H,t−g∗t ) e∆∗H,toi+ CH,t + CM,t. (E.26)

Here nt = yt + log∆H,t by Eq. (13); the first bracket represents the Home CPI restriction,

Eq. (B.3) or Eq. (B.9); the second represents the Home goods-market-clearing condition, Eq.

(B.8) or Eq. (48), after substituting the bilateral demands in Eqs. (B.4) and (B.10); e∆∗H,t ≡
(1−ν)−1 R 1

ν
( eP ∗H,t(ι)/ eP ∗H,t)−εMdι is the physical-quantity factor in Eq. (48) (e∆∗H,t = 1 under PPT);
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and CH,t and CM,t are the Calvo contributions of Home producers and Home importers derived in

Step 4 (CM,t = 0 under PPT). The multiplier on the Euler equation is zero at a steady state with

i > 0. Expressing the CPI and goods-market restrictions in levels rather than logs, or retaining

zt as a separate variable with a multiplier on Eq. (E.24), yields the same reduced Hessian on the

first-order equilibrium set.

Step 4: Calvo blocks. Consider a reset-price condition of the form Et
P

k≥0(θβ)
kG(ut,k, Xt+k) =

0, where ut,k ≡ log(P t/Pt+k) is the price of a seller that reset at t relative to the index at t + k,
Xt+k collects date-(t + k) variables, and the index satisfies

R
(Pt(j)/Pt)

1−εdj = 1. Attaching the
constant multiplier ΘR and re-indexing by calendar date s = t+ k givesX

t

βtΘREt
X
k

(θβ)kG(ut,k, Xt+k) =
ΘR

1− θ
X
s

βs
Z
G(ρs(j), Xs) dj + t.i.p., (E.27)

where ρs(j) ≡ log(Ps(j)/Ps), because the cohort that last reset at s − k has mass (1 − θ)θk. Let

Vs ≡
R
ρs(j)

2dj. The price-index normalization implies
R
ρs(j)dj = (ε − 1)Vs/2 + O(3). The

dispersion index satisfies log
R
(Ps(j)/Ps)

−εdj = εVs/2 + O(3). Finally, the Calvo law of motion

gives
P

s β
sVs = κ−1

P
s β

sπ2s + t.i.p., where κ = (1 − θ)(1 − βθ)/θ. Since products of
R
ρs(j)dj

with Xs are third order,

ΘR

1− θ
X
s

βs
Z
G(ρs(j), Xs) dj =

ΘR

1− θ
X
s

βs
∙
G(0, Xs) +

1

2
{(ε− 1)Gu +Guu}Vs

¸
+ t.i.p.+O(3).

(E.28)

For Home producers, Eq. (14) is equivalent to the reset condition with

GH(u,Xt) = e
aH,te−εu (eu − emcH,t) , aH,t ≡ yt − ct − gt, mcH,t = ct + ϕnt + gt,

where aH,t = log{YtPH,t/(CtPt)} comes from the household stochastic discount factor andmcH,t ≡
log(MMCrt ) from Eq. (16). Since Gu = 1 and Guu = 1 − 2ε at the steady state, defining
ΘASH ≡ −ΘR,H/(1− θ) gives

CH,t = ΘASH
∙
mcH,t + aH,tmcH,t +

1

2
mc2H,t +

ε

2
VH,t

¸
+ O(3). (E.29)

For Home importers, Eq. (32) with τ = 1/εM is equivalent to the reset condition with

GM (u,Xt) = e
aM,teu

∙
eu + τM,te

ψt

1 + τM,teψt

¸−εM ∙
1− εM e

u − (1− ε−1M )eψt

eu + τM,teψt

¸
,

where aM,t ≡ cF,t + st − ct − gt = log{CF,tPF,t/(CtPt)} and cF,t = ct − η(epF,t − gt) by Eq. (23).
At the steady state Gu = −(εM − 1) and Guu = (εM − 1)(2εM − 1), so defining ΘASM ≡ (εM −
1)ΘR,M/(1− θM ) gives

CM,t = Θ
AS
M

∙
eaM,t

eψt − 1 + τM,te
ψt/(εM − 1)

1 + τM,teψt
+
εM

2
VM,t

¸
+O(3). (E.30)

The linear part of Eq. (E.30) is ΘASM {ψt + τM,t/(εM − 1)}, the driving term of Eq. (34). Finally,e∆∗H,t in Eq. (E.26) is the quantity factor of the Foreign importer block; by the same argument,
log e∆∗H,t = εMV

∗
H,t/2 +O(3) and

P
s β

sV ∗H,s = κ−1M
P

s β
s(π∗H,s)

2 + t.i.p.

Step 5: Steady-state multipliers. The steady-state multipliers are determined by the first-order

stationarity conditions of the Home national Lagrangian JH,t with respect to the Home choice
variables. Equivalently, nt and mcH,t can be kept as separate variables with multipliers Θn on

nt = yt + log∆H,t and Θmc,H on mcH,t = ct + ϕnt + gt; the conditions with respect to nt and

mcH,t are then −L+Θn − ϕΘmc,H = 0 and Θmc,H +ΘASH = 0. Under IPT, Θmc,M is attached in
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the same way to the importer cost ratio ψt = zt − st, so that Θmc,M + ΘASM = 0. The resulting

linear systems are Eq. (E.33) for PPT and the explicit IPT solution in Eq. (E.49).

Step 6: Second-order criterion. Given the multipliers, the policy-dependent second-order Home

welfare contribution is 1
2
x0t∇2JHxt evaluated on the first-order equilibrium set, where xt collects

the log deviations in Step 1 and the two tariffs. Terms linear in the Foreign plan (c∗t , g
∗
t , s
∗
t ) are

independent of the Home planner’s choices and are included in s.o.t.i.p.. The Foreign-plan variables

are expressed as log deviations and enter the remaining second-order terms through the first-order

mapping in Eq. (E.48). The coefficients on VH,t, VM,t and V
∗
H,t give the three sticky-inflation

weights:

Λπ,H =
ε

κH
(Θn −ΘASH ), Λπ,F = − εM

κM
ΘASM , Λπ∗

H
=

εM

κM
ωFΘY , (E.31)

where the last two are present only under IPT. On the first-order equilibrium set nt = yt and

mcH,t = (1 + ϕ)yt + (ct + gt − yt), while Eq. (E.48) shows that ct + gt − yt, the importer terms,
the CPI term, and the goods-market term do not depend on yt. Hence the producer term reduces

to ΘASH [(1 + ϕ)2y2t − (ct + gt − yt)2]/2, output separates from all other coordinates, y
w,·
t = 0, and

in both environments

Λy = (1 + ϕ)L+ (1 + ϕ)2Θmc,H = (1 + ϕ)(Θn −ΘASH ) =
(1 + ϕ)κH

ε
Λπ,H . (E.32)

Step 7: Square completion and numerical evaluation. Writing the real part as 1
2
v0tQvt−v0tBτ t+

s.o.t.i.p. with vt = (yt, zt)
0 under PPT and vt = (yt,ψt, zt,ψ

∗
t )
0 under IPT, the weights and WR

variables follow from the sequential completion in Eqs. (E.5)—(E.6). The calculation was performed

independently using exact rational arithmetic and the nonlinear restrictions in Appendices B and

C. Its restricted Hessian coincides exactly with the explicit polynomials in Eqs. (E.35) and (E.50),

and Eq. (E.28) was checked on exact Calvo cross-sections, with approximation errors shrinking at

the cubic rate.

E.2.1 PPT Environment

Under PPT, ψt = ψ∗t = 0, so st = zt, s
∗
t = −zt, and Eq. (E.25) gives epF,t = zt + τM,t andep∗H,t = τ∗M,t− zt. The Home choice variables are ct, gt, yt, nt, and mcH,t. Attaching ΘPPTχ , ΘPPTY ,

ΘPPTn , ΘPPTmc,H , and Θ
AS,PPT
H to the Home CPI, Home goods-market, labor, producer-marginal-

cost, and producer aggregate-supply restrictions, the absence of first-order terms in ct, gt, yt, nt,

and mcH,t requires

0 = 1− ωFΘPPTχ − (ωH + ηωF )Θ
PPT
Y −ΘPPTmc,H ,

0 = ωHΘ
PPT
χ − ηΘPPTY −ΘPPTmc,H ,

0 = ΘPPTY −ΘPPTn ,

0 = −L+ΘPPTn − ϕΘPPTmc,H ,

0 = ΘPPTmc,H +Θ
AS,PPT
H . (E.33)

Under PPT, ct and gt move zt one-for-one through Eq. (E.24). Therefore ct enters the CPI

restriction with weight ωF and Home exports with weight ηωF , whereas gt enters the CPI restriction

with net weight 1−ωF = ωH and goods-market clearing with weight η(ωH+ωF ) = η. No separate

relative-price multiplier arises, because zt has been eliminated by complete risk sharing exactly as

in the IPT system of E.2.2. Solving Eq. (E.33) gives

ΘPPTY = ΘPPTn =
L+ ϕωH

1 + ϕ [ω2H + η(1− ω2H)]
,

ΘPPTmc,H =
ΘPPTY − L

ϕ
, ΘPPTχ =

ηΘPPTY +ΘPPTmc,H

ωH
,
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Θ
AS,PPT
H = −ΘPPTmc,H . (E.34)

Under the baseline parameterization,

ΘPPTY = ΘPPTn = 0.676499, ΘPPTmc,H = −0.027429,
ΘPPTχ = 1.264173, Θ

AS,PPT
H = 0.027429.

Specializing Eq. (E.26) to PPT and applying Step 6, the policy-dependent real second-order

Home welfare contribution is

W(2),real,PPT

H,t = − (1 + ϕ)L

2
y2t −

ωHωF (1− η)ΘPPTχ

2
(zt + τM,t)

2

−ωHωFΘ
PPT
Y

2

£
(ct + ηgt)− {c∗t − η(τ∗M,t − zt − g∗t )}

¤2
+ΘPPTmc,H

∙
mc

(1)

H,t(ct + gt − yt)−
1

2
(mc

(1)

H,t)
2

¸
+ s.o.t.i.p., (E.35)

with gt = ωF (zt + τM,t), g
∗
t = ω∗H(τ

∗
M,t − zt), ct and c∗t given by Eq. (E.48) at ψt = ψ∗t = 0,

and mc
(1)

H,t = ct + ϕyt + gt. The four terms represent, respectively, the direct utility expansion,

the second-order Home CPI contribution, the Home goods-market-clearing contribution reflecting

Home and Foreign demand for Home goods, and the producer Calvo contribution in Eq. (E.29).

Using ωH − ω∗H = 1− υ and ωH + ω∗F = 2− υ, the first-order equilibrium set implies

ct + gt − yt = −(η − 1)(2− υ)ωF zt − (η − 1)ωHωF τM,t

+(ηω∗F + ω∗H)ωF τ
∗
M,t,

(ct + ηgt)− {c∗t − η(τ∗M,t − zt − g∗t )} = −(η − 1)(1− υ)zt + (η − 1)ωF τM,t

+(ηω∗F + ω∗H)τ
∗
M,t,

mc
(1)

H,t = (1 + ϕ)yt + (ct + gt − yt). (E.36)

Substituting Eq. (E.36) into Eq. (E.35) and writing LPPT,realH,t = 1
2
v0tQ

PPT vt−v0tBPPT (τM,t, τ
∗
M,t)

0

with vt = (yt, zt)
0 gives

QPPT11 = (1 + ϕ)L+ (1 + ϕ)2ΘPPTmc,H , QPPT12 = 0, BPPT11 = BPPT12 = 0,

QPPT22 = (η − 1)ωHωF
£
(η − 1)(1− υ)2ΘPPTY −ΘPPTχ

¤− (η − 1)2(2− υ)2ω2FΘPPTmc,H ,

BPPT21 = (η − 1)ωHωF
£
ΘPPTχ + (η − 1)ωF

©
(1− υ)ΘPPTY + (2− υ)ΘPPTmc,H

ª¤
,

BPPT22 = (η − 1)(ηω∗F + ω∗H)ωF
£
(1− υ)ωHΘPPTY − (2− υ)ωFΘPPTmc,H

¤
. (E.37)

Since QPPT12 = 0, the output—relative-price cross term vanishes. Completing squares yields the WR

variables entering Eq. (49):

y
w,PPT
t = 0, (E.38)

z
w,PPT
t =

BPPT21 τM,t +B
PPT
22 τ∗M,t

ΛPPTz

, (E.39)

and the corresponding PPT weights are

ΛPPTy = QPPT11 = (1 + ϕ)(ΘPPTn −ΘAS,PPTH ), ΛPPTz = QPPT22 ,

ΛPPTπ,H =
ε

κH
(ΘPPTn −ΘAS,PPTH ). (E.40)
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Inserting the structural parameters from Table 1 and ν = 0.27 gives

QPPT =

µ
2.077023 0

0 −0.092987
¶
, BPPT =

µ
0 0

0.112109 0.060738

¶
,

(ΛPPTy ,ΛPPTz ,ΛPPTπ,H ) = (2.077023, −0.092987, 47.432009),
z
w,PPT
t = −1.205647 τM,t − 0.653193 τ∗M,t.

These numerical values agree, up to rounding, with the PPT coefficients reported in Table 3.

Equation (E.39) defines the (logarithmic) WR ex-tariff relative border price of imports. Since

ΛPPTz < 0, the associated completed square is a signed strategic welfare contribution, as discussed

in Sec. 4.4.

E.2.2 IPT Environment

The baseline IPT structural quadratic in this subsection follows from the construction in Steps

1—7 above. Its stationary multipliers are given explicitly in Eq. (E.49), and the second-order real

polynomial is displayed in Eq. (E.50). The interaction term ηωFΘY τ
∗
M,tψ

∗
t between the Foreign

import tariff and the Foreign LOOP gap follows directly from the second-order expansion of the

Foreign purchaser price in Eq. (E.25). Every bCIPTuv is an entry of the structural Hessian or its

tariff-loading columns; none is a free welfare parameter. In particular, if QIPT and BIPT denote

the Hessian and the two tariff-loading columns defined in Eq. (E.51), then all bH· coefficients below
are generated mechanically by Eqs. (E.5)—(E.6). For example,

bHym =
BIPT11

QIPT11

, bHym∗ =
BIPT12

QIPT11

, (E.41)

and the remaining bH· are the corresponding second-, third-, and fourth-step Schur-completion

loadings. We eliminate Foreign output using complete risk sharing and the first-order world equi-

librium. Before collecting the reduced welfare coefficients, we express all local relative-price terms

using zt = log(EtP ∗F,t/PH,t). Using the identity log(PF,t/PH,t) = zt − ψt (Sec. 4.1), we express

the reduced real Home welfare criterion in terms of yt, ψt, zt, and ψ
∗
t . Sequential completion of

squares in the reduced two-country Home welfare criterion yields the following WR variables:

y
w,IPT
t = bHymτM,t + b

H
ym∗τ

∗
M,t, (E.42)

ψ
w,IPT
t = bHψzzt + b

H
ψψ∗ψ

∗
t + b

H
ψmτM,t + b

H
ψm∗τ

∗
M,t, (E.43)

z
w,IPT
t = bHzψ∗ψ

∗
t + b

H
zmτM,t + b

H
zm∗τ

∗
M,t,

ψ
∗,w,IPT
t = bHψ∗mτM,t + b

H
ψ∗m∗τ

∗
M,t. (E.44)

For the compact main-text notation in Eq. (51), define Γz ≡ bHψz, Γown ≡ bHψm, and Γcross ≡
bHψm∗ = −bHψψ∗ . The last equality shows that the Foreign import tariff and the Foreign LOOP gap
enter the Home WR LOOP gap through τ∗M,t−ψ∗t . The starred coefficients in Eq. (52) follow from
the same derivation with Home and Foreign labels interchanged. The corresponding real-weight

definitions are

ΛIPTy ≡ −2 bCIPTyy , ΛIPTψ ≡ −2 bCIPTψψ ,

ΛIPTz ≡ −2 bCIPTzz − (
bCIPTψz )2

ΛIPTψ

,

ΛIPTψ∗ ≡ −2 bCIPTψ∗ψ∗ −
( bCIPTψψ∗ )

2

ΛIPTψ
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− 1

ΛIPTz

" bCIPTzψ∗ +
bCIPTψz

bCIPTψψ∗

ΛIPTψ

#2
. (E.45)

Using the baseline multipliers in Eq. (E.49), the welfare weights on Home PPI inflation, Home

ex-tariff import-price inflation, and Foreign PPI inflation are given by

ΛIPTπ,H =
ε

κH
(Θn −ΘASH ), ΛIPTπ,F = − εM

κM
ΘASM , ΛIPTπ∗

H
=

εM

κM
ΘY ωF . (E.46)

Here the coefficients bCIPTuv are obtained from the reduced second-order Home welfare polynomial

after the relative-price transformation. Sequential completion of squares in the order y,ψ, z,ψ∗

then yields the coefficients bH· as functions of the structural parameters (Eqs. (E.5)—(E.6)). In this
representation, y

w,IPT
t is the (logarithmic) WR output, ψ

w,IPT
t is the (logarithmic) Home WR

LOOP gap, and z
w,IPT
t is the (logarithmic) WR ex-tariff relative border price of imports. The

variable ψ
∗,w,IPT
t is the WR value associated with the Foreign LOOP gap ψ∗t in the Home welfare

cost function, distinct from the Foreign planner’s own WR LOOP gap ψ
w∗,IPT
t . In particular, Eq.

(E.43) makes explicit that the Home WR LOOP gap depends not only on the Home tariff but

also on the endogenous international relative price zt and the Foreign LOOP gap ψ
∗
t . These WR

variables are obtained by completed squares and are not additional private-equilibrium variables.

Explicit Second-Order Home Welfare Polynomial and Coefficients for the Two-

Country IPT Baseline. The following steps make the baseline coefficients in Eqs. (E.45)—

(E.46) reproducible from the primitive parameters. The calculation is for the Home national

welfare criterion; the Foreign national criterion is obtained by interchanging country labels,

replacing ν by 1− ν, and using −zt as the Foreign ex-tariff border-price coordinate.
Begin with the period utility in Eq. (1). Since N1+ϕ = L in the zero-tariff steady state, its

direct second-order expansion, prior to the Benigno—Woodford elimination of policy-dependent

linear terms, is

uH,t − uH = ct − Lyt − (1 + ϕ)L

2
y2t − L log∆H,t +O(3). (E.47)

Here ct ≡ log(Ct/C), yt ≡ log(Yt/Y ), and log∆H,t starts at second order around the zero-inflation

steady state. Equation (E.47) alone is not a valid second-order policy loss around a distorted

steady state. The Benigno—Woodford construction first cancels ct − Lyt using the first-order
equilibrium restrictions and the coefficients in Eq. (E.49). The remaining producer- and importer-

Calvo dispersion terms contribute the inflation weights below.

The real welfare calculation uses the following first-order identities. Here gt and g
∗
t denote the

Home and Foreign CPI—PPI log ratios, logGIPTt (·) and log G∗,IPTt (·), respectively:

gt = ωF (zt − ψt + τM,t),

g∗t = ω∗H(−zt − ψ∗t + τ∗M,t),

ct = yt + ωF (zt − gt + g∗t )− η{ωHgt + ωF (g
∗
t + zt + ψ∗t − τ∗M,t)},

c∗t = ct − zt + gt − g∗t ,
mc

(1)

H,t = ct + ϕyt + gt.

(E.48)

The first two identities follow from a first-order Taylor expansion of the Home and Foreign CPI

indices in Appendix B.2. The third and fourth identities follow by log-linearizing the international

risk-sharing and goods-market-clearing conditions in Appendix B.2. The fifth follows from the

Home household labor-supply condition and the definition of producer real marginal cost. Thus

every expression on the right-hand side of Eq. (E.48) is linear in the four real coordinates and two

tariffs.
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The baseline stationary-multiplier restrictions have the explicit solution

ΘY = Θn =
1 + L/(ωHϕ)

ωH + ηωF + 1/(ωHϕ)
,

Θmc,H =
ΘY − L

ϕ
,

Θχ = ηΘY +
Θmc,H

ωH
,

Θmc,M = ωFΘχ,

ΘASH = −Θmc,H , ΘASM = −Θmc,M .

(E.49)

All right-hand sides are functions of the primitive parameters in Eq. (E.1); in particular, L and

ωH ,ωF are fixed by Eqs. (E.2) and (E.3). The policy-dependent real second-order welfare contri-

bution (the negative of the real welfare loss, before completing squares) is

W(2),real

H,t = − (1 + ϕ)L

2
y2t −

ωHωF (1− η)Θχ
2

(zt − ψt + τM,t)
2

−ωHωFΘY
2

£
(ct + ηgt)− {c∗t − η(−zt − ψ∗t + τ∗M,t − g∗t )}

¤2
+Θmc,H

∙
mc

(1)

H,t(ct + gt − yt)−
1

2
(mc

(1)

H,t)
2

¸
− ωFΘχ

εM − 1

"
{(εM − 1)ψt + τM,t} {−η(zt − ψt + τM,t − gt) + (zt − ψt)− gt}

+
εM − 1
2

ψ2t + τM,tψt − εM + 1

2
τ2M,t

#
+ηωFΘY τ

∗
M,tψ

∗
t + s.o.t.i.p. (E.50)

Each line has a direct structural origin in Eq. (E.26): the first term is the expansion of utility;

the second is the second-order term of the Home CPI aggregator; the third is the second-order

term of Home goods-market clearing; the fourth is the producer Calvo block in Eq. (E.29); and

the fifth is the importer Calvo block in Eq. (E.30), combined with the second-order part τM,tψt ofepF,t in Eq. (E.25) as it enters the CPI restriction. The last term is the second-order part τ∗M,tψ
∗
t of

the Foreign purchaser price ep∗H,t in Eq. (E.25), which enters Home exports with the weight −ηωF
and is priced by ΘY . The interaction between the Foreign import tariff and the Foreign LOOP

gap enters the tariff-loading matrix through B42. It affects the loading of ψ
∗,w,IPT
t on τ∗M,t, while

leaving the Home WR LOOP-gap loading unchanged. In particular, the importer term retains the

additive-duty price structure of Eq. (20); it is not obtained by multiplying ex-tariff sticky import

prices by 1 + τM,t.

Set vt = (yt,ψt, zt,ψ
∗
t )
0 and τ t = (τM,t, τ

∗
M,t)

0. The real loss obtained from Eq. (E.50) is

LrealH,t =
1

2
v0tQvt − v0tBτ t + s.o.t.i.p., Qij = −

∂2W(2),real

H,t

∂vi,t∂vj,t
, Bij =

∂2W(2),real

H,t

∂vi,t∂τ j,t
. (E.51)

Together, Eqs. (E.2), (E.3), (E.49), and (E.48)—(E.51) determine every entry of Q and B from the

structural parameters.

Since Q1j = 0 for j > 1 under the baseline parameterization, sequential Schur completion in
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the order y,ψ, z,ψ∗ yields

ΛIPTy = Q11, ΛIPTψ = Q22,

ΛIPTz = Q33 − Q
2
23

Q22
,

ΛIPTψ∗ = Q44 − Q
2
24

Q22
− (Q34 −Q23Q24/Q22)

2

Q33 −Q223/Q22
,

Γown =
B21

Q22
, Γcross =

B22

Q22
=
Q24

Q22
, Γz = −Q23

Q22
.

(E.52)

The remaining WR variables are obtained from the same matrices:

y
w,IPT
t = 0,

z
w,IPT
t =

1

ΛIPTz

∙µ
B31 − Q23B21

Q22

¶
τM,t +

µ
B32 − Q23B22

Q22

¶
τ∗M,t −

µ
Q34 − Q23Q24

Q22

¶
ψ∗t

¸
,

ψ
∗,w,IPT
t =

1

ΛIPTψ∗

2X
j=1

∙
B4j − Q24B2j

Q22
− (Q34 −Q23Q24/Q22) (B3j −Q23B2j/Q22)

ΛIPTz

¸
τ j,t.

(E.53)

Since Q1j = 0 for j > 1 and B1j = 0 for j = 1, 2, completing squares yields y
w,IPT
t = 0.

Inserting the structural parameters from Table 1 and ν = 0.27 produces the matrices

Q =

⎛⎜⎜⎝
2.860011 0 0 0

0 0.406343 0.006318 0.024430

0 0.006318 −0.097730 0.070886

0 0.024430 0.070886 0.302753

⎞⎟⎟⎠ , B =

⎛⎜⎜⎝
0 0

0.147982 0.024430

0.160665 0.070886

0.024430 0.580243

⎞⎟⎟⎠ . (E.54)
These intermediate matrices permit direct verification of the welfare coefficients reported in Table 3

through sequential completion of squares. The structural pivots are

(ΛIPTy ,ΛIPTψ ,ΛIPTz ,ΛIPTψ∗ ) = (2.860011, 0.406343, −0.097828, 0.352099), (E.55)

and the three Calvo-inflation coefficients, computed from Eq. (E.46), are

(ΛIPTπ,H ,Λ
IPT
π,F ,Λ

IPT
π∗
H
) = (65.312754, 21.282917, 13.518748). (E.56)

The Home WR LOOP-gap coefficients are (Γown,Γcross,Γz) = (0.364180, 0.060123,−0.015548).
The Foreign national mirror uses ν0 = 1 − ν and z0t = −zt; its corresponding values are
(Γ∗own,Γ

∗
cross,Γ

∗
z) = (0.328075, 0.024116, 0.006695), where the last sign has been converted back

to the Home zt coordinate. These values agree, up to rounding, with the coefficients reported in

Sec. 4.4. Equation (E.53) gives the remaining two WR references,

z
w,IPT
t = −1.618801 τM,t − 0.720721 (τ∗M,t − ψ∗t ), ψ

∗,w,IPT
t = 0.368275 τM,t + 1.788101 τ

∗
M,t.

In line with Eq. (E.32), the multipliers Θn = ΘY = 0.844719 and Θ
AS
H = −0.049035 give ΛIPTy =

(1 + ϕ)(Θn −ΘASH ) = 2.860011 and ΛIPTπ,H = (ε/κH)(Θn −ΘASH ) = 65.312754.

The negative ΛIPTz is a signed national strategic contribution. Schur completion does not make

this quadratic positive definite, and is therefore not a positive-definite stabilization penalty.

Welfare Weights for the Baseline and High Substitution Case. The following tables

present the coefficient values for the two-country IPT baseline and its High Substitution Case.
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Table 6: Home welfare weights across IPT calibrations
Variable Baseline High Substitution

yt − ywt 2.860 2.221

ψt − ψwt 0.406 1.206

zt − zwt −0.098 −0.480
ψ∗t − ψ∗,wt 0.352 1.438

πH,t 65.313 50.711

πF,t 21.283 33.686

π∗H,t 13.519 11.320

Note: The IPT superscripts on the WR variables are omitted from the row labels.

Table 7: Loadings of the Home WR LOOP gap across IPT calibrations
Term Baseline High Substitution

τM,t (Γown) 0.364 0.053

τ∗M,t − ψ∗t (Γcross) 0.060 0.122

zt (Γz) −0.016 −0.059
Note: Each entry is the coefficient on the corresponding term in the Home WR LOOP gap; the structural formulas

are given in Appendix E.2.2.

High Substitution Case. The High Substitution Case applies the same welfare-cost derivation

at η = 3; no separate derivation is required. The resulting Home welfare weights are reported in

Table 6.

Baseline Reciprocal Tariff Case. The baseline reciprocal-tariff experiment uses the same two-

country IPT welfare-cost function and structural parameters as the Baseline Case of the unilateral

tariff. Under reciprocal tariffs, both τM,t and τ
∗
M,t are nonzero, while the welfare weights remain

unchanged. Hence no separate welfare-cost derivation is required.

F Proofs of Propositions 1 and 2

F.1 Proof of Proposition 1

Throughout, lower-case price and allocation variables denote log deviations from the zero-tariff

deterministic steady state. For convenience, define c ≡ 1/(εM−1) and xt ≡ (yt,ψt)0. We normalize
p∗F = 0, so that et = ψt + pF,t, and set the pre-shock values pF,−1 = e−1 = ψ−1 = 0.

Step 1: Differentiating the Nonlinear Ramsey Conditions with θ = 0. With θ = 0,

every producer resets its price each period, so ∆H,t = 1 and the producer pricing block reduces to

MCrt =M−1. By Eqs. (16) and (26), MCrt = ZtY
ϕ
t , so the block is ZtY

ϕ
t = L, whose first-order

approximation is zt+ϕyt = 0. Combining it with the first-order relation zt = p∗yt+ k∗(ψt− τM,t)

of Appendix E.1 gives

yt = g(τM,t − ψt), zt = −ϕg(τM,t − ψt), g ≡ k∗
p∗ + ϕ

. (F.1)

The following lemma expresses the linearization of the original nonlinear Ramsey first-order con-

ditions in terms of the Hessian of the Ramsey Lagrangian.

Lemma 2. Write the nonlinear timeless-perspective Ramsey problem under perfect fore-

sight as the maximization of
P

t≥0 β
tU(Xt) subject to F (Wt) = 0 for t ≥ 0, where Wt ≡
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(X 0
t−1, X

0
t, X

0
t+1, τM,t)

0, with Lagrangian R ≡ Pt≥0 β
t[U(Xt) + Λ

0
tF (Wt)] and lagged multipliers

fixed at their steady-state values. Let (X̄, Λ̄) be the zero-tariff steady state of the Ramsey first-order

conditions, and let H denote the Hessian of the period-t term U(Xt) + Λ̄
0F (Wt) with respect to

the stacked vector Wt at that steady state. H therefore contains the intertemporal second deriva-

tives ∂2(Λ̄0F )/∂Xt−1∂Xt, ∂2(Λ̄0F )/∂Xt∂Xt+1, and ∂2(Λ̄0F )/∂Xt−1∂Xt+1. Then the first-order
approximation of the nonlinear Ramsey first-order conditions and constraints, in (dXt, dΛt), is

identical to the system of first-order conditions and constraints of

max
X
t≥0

βt
1

2
dW 0

t H dWt subject to FW dWt = 0, t ≥ 0,

with dΛt as the multipliers and dΛ−1 = 0.

Proof. Xt enters the period-(t − 1), period-t, and period-(t + 1) terms of R. Its nonlinear first-
order condition is ∂R/∂Xt = 0, which collects the derivatives of these three terms. Differentiating
this condition at (X̄, Λ̄) with respect to (dXs)s≥−1, (dΛs)s≥−1, and (dτM,s)s≥0 gives the second
derivatives of the three period terms, evaluated at Λ̄, multiplying dXt−2, . . . , dXt+2 and the tar-
iffs, plus the transposed constraint Jacobians multiplying dΛt−1, dΛt, dΛt+1. Because each period
term is a function of Wt alone, these second derivatives are exactly the blocks of H, including
its intertemporal blocks. The result is the stationarity condition of the displayed quadratic prob-

lem with multipliers dΛt. Differentiating F (Wt) = 0 gives the displayed linear constraints. The

timeless-perspective initial condition fixes the lagged multipliers at Λ̄, so dΛ−1 = 0.

The coefficients Θ in Eqs. (E.17) and (E.18) are determined by the steady-state first-order

conditions of the original Ramsey Lagrangian. In the normalization used in Appendix E.1, they

are the steady-state multipliers Λ̄ on the corresponding constraints, including the reset-price-

weighted aggregate-supply restrictions. Rescaling a constraint rescales its multiplier inversely and

leaves Λ̄0F , and hence H, unchanged. The matrices Q and B in Eq. (E.21) are minus the blocks

of H in the policy coordinates and the policy—tariff cross-derivatives, after the private-equilibrium

identities are used to eliminate Ct and zt. Eliminating variables through equality constraints that

hold exactly does not change the reduced Hessian of the Lagrangian. With θ = 0, intertemporal

second derivatives arise in the importer block: in the Calvo price-index and dispersion laws and in

the importer reset-price condition, which involves future variables. After the private-equilibrium

restrictions are eliminated and the Calvo aggregation in Appendix E.1 is applied, the dynamic

second-order terms that remain are those in import-price inflation, 1
2
Λπ,Fπ

2
F,t in Eq. (E.22), with

πF,t = pF,t − pF,t−1. No producer-inflation term appears, because with θ = 0 there is no producer

price dispersion. By Lemma 2, the differentiated nonlinear Ramsey first-order conditions therefore

form a linear system whose coefficient matrices are those of the quadratic form

Lt = 1

2
x0tQxt − x0tBτM,t +

1

2
Λπ,Fπ

2
F,t,

together with the differentiated private-equilibrium conditions, with the lagged multipliers at zero

deviation. Lt is used here only as a compact notation for the coefficients of the differentiated
original first-order conditions. It is not an objective that is assumed, and it is not the objective

of the policy computations in the paper, which solve the nonlinear Ramsey first-order conditions.

The differentiated private-equilibrium conditions are Eq. (F.1), the importer Phillips curve (34),

the relative-price identity st = st−1 + πF,t − πH,t with st = zt − ψt, and the Euler equation.

Because πH,t carries no welfare weight and is otherwise unrestricted, the relative-price identity only

determines πH,t; the Euler equation only determines it (Lemma 1). Neither restricts (ψt,πF,t). The

differentiated system therefore reduces to the conditions for {ψt,πF,t}t≥0 associated with Eq. (34)
alone.

Step 2: Reduction of the Coefficients. Substituting xt = (g(τM,t − ψt),ψt)0 into Lt gives
1

2
x
0
tQxt − x0tBτM,t =

1

2

¡
Q11g

2 − 2Q12g +Q22
¢
ψ
2
t −

£
B2 − (B1 +Q12)g +Q11g2

¤
ψtτM,t + t.i.p.
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=
1

2
Λ̃ψ

³
ψt − Γ̃ownτM,t

´2
+ t.i.p.,

where t.i.p. collects terms independent of policy. Since Λ̃ψ = v0Qv with v = (−g, 1)0 and Q is

positive definite, Λ̃ψ > 0; also Λπ,F > 0, so ϑ > 0.

Step 3: The Differentiated First-Order Conditions. Let μt denote the deviation of the

original Ramsey multiplier on the importer pricing block, expressed in the normalization of Eq. (34)

written as πF,t − βπF,t+1 − κM (ψt + cτM,t) = 0. By Steps 1 and 2, the differentiated first-order

conditions for ψt and πF,t, t ≥ 0, are

Λ̃ψ

³
ψt − Γ̃ownτM,t

´
− κMμt = 0, Λπ,FπF,t + μt − μt−1 = 0,

where, from the timeless perspective, the lagged multiplier μ−1 is at its steady-state value, which
is zero in deviation form. Define ξt ≡ ψt − Γ̃ownτM,t, so that ξ−1 = κMμ−1/Λ̃ψ = 0. Eliminating
μt gives Λπ,FπF,t = −(Λ̃ψ/κM )(ξt − ξt−1). Summing from date 0 and using pF,−1 = 0 yields

ψt − Γ̃ownτM,t = −ϑpF,t, t ≥ 0. (F.2)

Step 4: The Import Price Path. Substituting Eq. (F.2) into Eq. (34) with πF,t = pF,t−pF,t−1
gives

βpF,t+1 − (1 + β + κMϑ)pF,t + pF,t−1 = −κM
³
Γ̃own + c

´
τM,t. (F.3)

Let f(λ) ≡ βλ2 − (1 + β + κMϑ)λ + 1 = (1 − λ)(1 − βλ) − κMϑλ. Since f(0) = 1 > 0 and

f(1) = −κMϑ < 0, f has one root δ ∈ (0, 1), and its other root is 1/(βδ) > 1. Imposing

boundedness eliminates the explosive root and yields the unique solution

pF,t = δpF,t−1 + δκM

³
Γ̃own + c

´X
k≥0
(βδ)kτM,t+k.

With no further innovations after the date-0 shock, the AR(1) tariff process implies τM,t+k =

ρkτ τM,t, so pF,t = δpF,t−1+AτM,t, where A ≡ δκM (Γ̃own+ c)/(1−βδρτ ) > 0. Hence pF,0 = AτM,0,

pF,1 = (δ + ρτ )AτM,0, and πF,1 = (δ + ρτ − 1)AτM,0.

Step 5: The Impact Interest-Rate Response. From et = ψt + pF,t and Eq. (F.2), et =

Γ̃ownτM,t + (1− ϑ)pF,t. Lemma 1 then gives

ı̂0 = e1 − e0 = −Γ̃own(1− ρτ )τM,0 + (1− ϑ)(δ + ρτ − 1)AτM,0.

Because f(δ) = 0 is equivalent to κMϑδ = (1− δ)(1− βδ),

(1− ϑ)A = 1− ϑ
ϑ

(1− δ)(1− βδ)
1− βδρτ

³
Γ̃own + c

´
,

which yields Eq. (A.2).

Step 6: The Sign. Since τM,0 = ²τ,0 > 0, ρτ < 1, and Γ̃own > 0, the first term of Eq. (A.2)

is strictly negative. In the second term, (1 − δ)(1 − βδ)/(1 − βδρτ ) > 0 and Γ̃own + c > 0, while

(1 − ϑ)(δ + ρτ − 1)/ϑ ≤ 0 under the stated condition. Hence ı̂0 < 0. Finally, f is convex with

f(0) > 0, f(δ) = 0, and f(1) < 0, so for λ ∈ [0, 1], f(λ) ≥ 0 if and only if λ ≤ δ. Applying this

to λ = 1− ρτ , δ + ρτ ≥ 1 if and only if f(1− ρτ ) ≥ 0, that is, ρτ{1− β(1− ρτ )} ≥ κMϑ(1− ρτ ),

which is the stated bound.
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Remarks. The proposition concerns the notional interest rate. In the flexible-producer-price

benchmark, a 20-percentage-point tariff shock implies a notional rate decline exceeding 101.01 basis

points, the distance from the steady-state nominal interest rate to the ZLB. Because the result

is a first-order property, its sign does not depend on the size of ²τ,0; the finite-shock responses in

Sec. 3.5.1 are computed from the nonlinear Ramsey first-order conditions.

F.2 Proof of Proposition 2 and Corollary 1

Step 1: Importer Pricing with θM = 0. With θM = 0, only the k = 0 term of the importer

reset-price condition (32) remains, and every importer resets its price each period. With τ = 1/εM ,

the condition gives, exactly,

PF,t(ι) = PF,t =

µ
1 +

τM,t

εM − 1

¶
EtP ∗F for all ι,

as in Eq. (33). Hence there is no importer price dispersion, and by Eq. (20) every purchaser price

equals PF,t+ τM,tEtP ∗F = (1+ τ̃M,t)EtP ∗F , with τ̃M,t defined in Eq. (A.3). Equation (22) then giveseP IPTF,t = (1 + τ̃M,t)EtP ∗F .

Step 2: Equivalence of the Two Ramsey Problems. Under PPT, ePPPTF,t = (1+ τM,t)EtP ∗F
and the LOOP holds, so St = Zt. By Step 1, the IPT household-facing import price is the PPT

one with τM,t replaced by τ̃M,t; hence P
IPT
t /PH,t = GPPT (τ̃M,t, Zt). Substituting this into the

remaining IPT constraints listed in Sec. 3.2, namely import demand, the intratemporal and Euler

conditions, risk sharing (26), the producer block (13)—(17), goods-market clearing (35), and the

ZLB conditions (36), yields exactly the PPT constraints evaluated at τ̃M,t, with St replaced by

Zt. The importer variables Ψt, ΠF,t, PF,t, PF,t, and eP IPTF,t are explicit functions of (Et, τM,t)

given by Step 1 and appear in no other constraint, so eliminating them leaves the feasible set of

the remaining variables unchanged. Tariff revenue, the importer subsidy, and importer dividends

enter only the lump-sum transfers, which are not Ramsey constraints under complete markets. The

objective (1) is the same in both environments. After eliminating the importer-specific variables,

the IPT Ramsey problem under {τM,t} is equivalent to the PPT Ramsey problem under {τ̃M,t},
including the ZLB constraints and timeless-perspective initial conditions. Consequently, the two

problems yield identical optimal paths for the common allocation and monetary-policy variables.

This proves Proposition 2.

Step 3: First-Order PPT Response. By Proposition 2, ı̂IPT0 ({τM,t}) = ı̂PPT0 ({τ̃M,t}), so it
suffices to derive ı̂PPT0 /τ̃M,0 and multiply by εM/(εM−1). Applying Lemma 2 to the PPT problem,
the differentiated nonlinear Ramsey first-order conditions have the coefficients of the quadratic

form 1
2
QSOE,PPT y2t −BSOE,PPT ytτ̃M,t+

1
2
Λ
SOE,PPT
π,H π2H,t, together with the differentiated private-

equilibrium conditions. Under PPT, ψt = 0, so zt = p∗yt − k∗τ̃M,t and real marginal cost is

mct = zt+ϕyt = (p∗+ϕ)(yt−gτ̃M,t). Writing the producer Phillips curve (18) as πH,t−βπH,t+1−
κH(p∗ + ϕ)(yt − gτ̃M,t) = 0 and letting μt denote the deviation of the original Ramsey multiplier

on the producer pricing block in this normalization, the differentiated first-order conditions for yt
and πH,t, t ≥ 0, are

QSOE,PPT (yt − ωτ̃M,t)− κH(p∗ + ϕ)μt = 0, Λ
SOE,PPT
π,H πH,t + μt − μt−1 = 0,

with μ−1 = 0. The relative-price and Euler conditions only determine it. Eliminating μt and

summing from date 0 with pH,−1 = 0 gives

yt − ωτ̃M,t = −χpH,t, t ≥ 0. (F.4)
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Step 4: The Producer Price Path. Substituting Eq. (F.4) into the Phillips curve with πH,t =

pH,t − pH,t−1 gives

βpH,t+1 − [1 + β + κH(p∗ + ϕ)χ]pH,t + pH,t−1 = −κH(p∗ + ϕ)(ω − g)τ̃M,t.

The characteristic polynomial fH(λ) = (1 − λ)(1 − βλ) − κH(p∗ + ϕ)χλ satisfies fH(0) = 1 > 0

and fH(1) < 0, because χ > 0. It therefore has one root δH ∈ (0, 1), and the other root is
1/(βδH) > 1. As in the proof of Proposition 1, imposing boundedness eliminates the explosive

root and yields pH,t = δHpH,t−1+AH τ̃M,t, where AH ≡ δHκH(p∗+ϕ)(ω− g)/(1−βδHρτ ). Hence
πH,1 = (δH + ρτ − 1)AH τ̃M,0.

Step 5: The Impact Interest-Rate Response. Lemma 1 holds under PPT as well, because

Eq. (12) with St = Zt gives CtP
PPT
t = EtP ∗F . With p∗F = 0, et = zt+pH,t. Using zt = p∗yt−k∗τ̃M,t

and Eq. (F.4), et = (p∗ω − k∗)τ̃M,t + (1− p∗χ)pH,t. Therefore

ı̂PPT0 = e1 − e0 = (k∗ − p∗ω)(1− ρτ )τ̃M,0 + (1− p∗χ)(δH + ρτ − 1)AH τ̃M,0.

Since fH(δH) = 0 is equivalent to κH(p∗ + ϕ)χδH = (1− δH)(1− βδH),

(1− p∗χ)AH = 1− p∗χ
χ

(ω − g) (1− δH)(1− βδH)
1− βδHρτ .

Multiplying by τ̃M,0/τM,0 = εM/(εM −1) yields Eq. (A.4). Under the sufficient condition, the first
term is strictly positive and the second is non-negative, so ı̂IPT0 > 0.

The first-order solution computed directly from the IPT problem converges to Eq. (A.4) as

θM → 0. The resulting values of ı̂IPT0 /τM,0 are 0.014258 for η = 1.5 and 0.006397 for η = 3. These

agree, up to rounding, with εM/(εM − 1) times the corresponding PPT values of 0.010506 and

0.004713, respectively.
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