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Abstract
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1 Introduction

Should a tariff-imposing country tighten or ease monetary policy? A tariff raises the purchaser price
of imports, shifts demand toward domestic goods, and puts upward pressure on domestic inflation,
so the conventional prescription is to tighten. Optimal policy softens this prescription but does
not overturn it. Monacelli [38] shows that CPI inflation targeting has a tightening bias relative
to Ramsey policy, yet with complete pass-through the Ramsey planner still raises the nominal
rate, if only marginally. Under cooperative optimal policy, Bergin and Corsetti [8] find a rate
increase even when exporters set prices in the destination-market currency. Bianchi and Coulibaly
[11] 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.

We establish the source of the cut analytically. Proposition 1 shows that, to first order and
with flexible producer prices, importer price setting alone generates an optimal initial rate cut
under two simple conditions that hold at our calibration; no producer-price rigidity is needed.
Proposition 2 shows that, with flexible import prices, the IPT economy is exactly equivalent in the
fully nonlinear Ramsey problem to PPT with the tariff magnified by the importer’s opportunistic
markup, so that the rate rises at our calibration. The two propositions bracket the IPT economy,
and a grid of fully nonlinear Ramsey solutions over producer and importer price stickiness connects
them: the cut prevails when import prices are sticky and producer prices are either sticky, as in the
benchmark, or nearly flexible. At intermediate producer-price rigidity, PPI stabilization tempers
the importer-driven easing and the initial response becomes hump-shaped; for given producer-price
rigidity, the cut is deepest at intermediate import-price rigidity. These patterns reflect the fact
that the welfare importance of stabilizing each inflation rate is greatest at intermediate rigidity, as
for wage inflation in Galf and Monacelli [31].

The model introduces monopolistically competitive local importers into the SOE framework
and calibration of Monacelli [38], following the local-currency-pricing (LCP) structure of Monacelli
[37]. Home producers use producer-currency pricing (PCP). Local importers purchase goods at
the border and set sticky ezx-tariff selling prices in Home currency, internalizing the effect of the
tariff on their demand. The statutory duty is added to the sticky ez-tariff price, so that tariff
pass-through and exchange-rate pass-through are separated, as the evidence reviewed in Sec. 2
suggests. 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. The Home
Markup Channel (HMC) denotes the planner’s motive to correct excessive local-importer markups
by moving the actual Home law-of-one-price (LOOP) gap toward its Welfare Relevant (WR) level.
Such excess markups can arise as exchange rates change while importers’ ez-tariff prices adjust
sluggishly. A higher tariff additionally reduces the effective elasticity of demand faced by a re-
setting importer, encouraging opportunistic price increases beyond the markup offset by the fixed
steady-state subsidy. This latter effect raises the own-tariff component of the WR LOOP-gap tar-
get; it does not define the HMC in its entirety. The planner has an incentive to exert depreciation
pressure to close the actual-to-WR LOOP-gap deviation, while also stabilizing Home PPI and
import-price inflation. The optimal rate cut is determined by this joint Ramsey trade-off rather
than by the WR target alone.

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, while the importer-markup and WR LOOP-gap objectives favor 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). Foreign households’ de-
mand for Home goods depends on Foreign purchaser prices and the Foreign LOOP gap, so changes
in the international allocation of Home-good consumption also enter the Home WR LOOP gap.
At the benchmark 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 benchmark 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.

Our contribution is threefold. First, we identify a welfare-based reason for a tariff-imposing
central bank to cut its policy rate: the Home Markup Channel created by sticky local-currency
importer prices. Second, we characterize the sign of the optimal response analytically at both
limits of nominal rigidity and confirm it in the fully nonlinear Ramsey problem. Third, we show
that the result survives endogenous Foreign monetary policy, and we quantify how import pricing
shapes the size of accommodation and the incidence of the ZLB in 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. Section 5 studies reciprocal tariffs and ZLB episodes. Section 6 concludes. The Appendix
provides the nonlinear equilibrium, Ramsey-policy, and welfare derivations.

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. 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, Pappada, and
Punzi [34], for example, study optimal monetary policy in the tariff-targeted economy, emphasizing
exporter dynamics and labor reallocation.

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 Bergin and Corsetti [8], Bianchi and Coulibaly [11], and
Monacelli [38]. In contrast to these studies, the Ramsey planner of our tariff-imposing economy
cuts its nominal interest rate under IPT, and we identify the welfare mechanism that generates
the cut.

Bianchi and Coulibaly [11] 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.

Bergin and Corsetti [8] study unilateral and reciprocal tariffs in a model with a richer inter-
national trade structure, including global value chains and firm dynamics, and investigate alter-
native 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),
in contrast to the optimal cut in our IPT environment. The difference lies in who sets the sticky
local-currency price. Under their LCP, exporting firms set prices in the destination-market cur-
rency; under our IPT, importing firms purchase foreign goods and set sticky local-currency selling
prices, internalizing the tariff in their price-setting problem. Within our framework, this importer
block is sufficient to turn the optimal rate increase under PPT into a cut (Proposition 1). 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.

Auray, Devereux, and Eyquem [3] show how monetary regimes alter equilibrium tariffs and
the welfare costs of trade wars; Auray, Devereux, and Eyquem [5] compare the real and welfare
consequences of tariff shocks under producer-, local-, and dollar-currency invoicing; and their
analysis of the optimal design of monetary rules [4] examines how monetary delegation affects
noncooperative tariff choices. Their emphasis is on the trade-policy equilibrium, monetary regimes,
or the real effects of invoice currency. In contrast, we hold the tariff shock exogenous and solve
national nonlinear Ramsey policy problems with endogenous local importers who set sticky ex-tariff
selling prices. Our main question is the direction of the optimal nominal interest-rate response
in the tariff-imposing country under this importer-pricing structure, rather than the equilibrium
choice of tariffs.

Earlier analysis of tariff effects under imperfect exchange-rate pass-through is provided by
Hwang and Turnovsky [35]. The price and welfare effects of the 2018 U.S. tariffs are documented
by Amiti, Redding, and Weinstein [1].

Monacelli [38] 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 complete pass-through the Ramsey planner raises
the nominal rate only marginally. Other related contributions include Werning, Lorenzoni, and
Guerrieri [41], who examine optimal accommodation of tariffs on intermediate inputs. Bergin
and Corsetti [9] 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.
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 Markup 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 by comparing
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.

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 [10] and Devereux and Engel [22] show that local-currency price stickiness
weakens the short-run pass-through of exchange-rate movements. Devereux and Engel [23] 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 [18] 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 [39] also employ LCP in
a small-open-economy policy analysis, although their application concerns fiscal stimulus rather
than tariffs.

The welfare interpretation is closely related to work on international relative prices and de-
viations from the law of one price. De Paoli [21] 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 [24] shows that under LCP, currency misalignments associated with de-
viations from the law of one price are inefficient and enter optimal monetary policy. Fujiwara and
Wang [30] extend this logic to a noncooperative policy game under LCP. In our tariff problem,
the LOOP gap has two related roles: with sticky ex-tariff import prices, exchange-rate move-
ments generate markup adjustments that a planner may wish to offset; a tariff also encourages
opportunistic pricing and shifts the WR LOOP-gap target. A higher actual LOOP gap compresses
the importer markup. The HMC describes the resulting markup-correction incentive, not solely
the tariff-induced shift of the WR target. This mechanism provides a welfare rationale for mon-
etary accommodation under IPT, although the complete Ramsey response also reflects inflation
stabilization and expenditure switching.

The dominant-currency-pricing framework of Gopinath et al. [32] 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 [17] impose the import tax on top of a pre-set
price under LCP, whereas Farhi, Gopinath, and Itskhoki [27] place border taxes within an LCP
price-setting problem. Our baseline follows the former convention: the statutory tariff is separated
from the sticky ezx-tariff import price. This distinction is consistent with the empirical motivation
for separating tariff pass-through from exchange-rate pass-through. Cavallo, Gopinath, Neiman,
and Tang [16] document high tariff pass-through at the border together with more limited retail-
price adjustment, while Gopinath, ITtskhoki, and Rigobon [33] document incomplete exchange-rate
pass-through into U.S. import prices for dollar-priced imports. The retail evidence in Cavallo et
al. also suggests compression of retail margins, which is not direct evidence of the tariff-induced
importer markup increase in our model. Flaaen, Hortagsu, and Tintelnot [28] find substantial
consumer-price effects of washing-machine tariffs, including price changes for complementary and
domestically produced goods; this likewise does not identify our model’s importer markup. These
studies motivate a distinction between border and local selling prices rather than provide a direct
empirical test of the Home Markup Channel.

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 [19] study the international dimensions of optimal monetary policy, while
Bodenstein, Guerrieri, and LaBriola [14] analyze macroeconomic policy games. Faia and Mona-
celli [26] 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 ask whether the Home Markup Channel survives when For-
eign 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. [29], Bodenstein, Erceg, and Guerrieri [13], and Billi and Gal{ [12]. 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.



Import-price rigidity changes the welfare trade-offs and the size of the desired accommodation; the
ZLB analysis examines those implications without claiming that a binding ZLB requires IPT.

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. Consequently, PPT contains no importer-markup distortion
and the Home Markup Channel is absent. Under IPT, local importers are added. They use LCP
and set sticky ez-tariff import prices in Home currency.

3.1 PPT Environment
3.1.1 Households and demand

The Home representative household has lifetime utility

N}te
U= E025 log C: = T4 |- (1)

t=0

Here C; denotes the Home household’s composite consumption and Ny = fo N¢(j)dj denotes hours
of labor. The parameter 5 € (0, 1) is the discount factor and ¢ is the inverse Frisch elasticity.
Composite consumption is

_ _ n/(n—1)
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Here C; and Cg, denote consumption of Home and Foreign goods, respectively, v € (0,1) is the
expenditure weight on Foreign goods, and 7 is the elasticity of substitution between Home and
Foreign goods.

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

Ppy = & Pry. (2)

Here Pr; denotes the ez-tariff Home-currency import price, Pp, denotes the Foreign producer-
price index in Foreign currency, and & is the price of Foreign currency in units of Home currency.
The Home CPI under the PPT environment is

3)

PPT _ 1— ppr\1 7" Y=
PPPT = |(1—v)PL " + (P ) } .

Here PFPT denotes the Home Consumer Price Index (CPI), Py, denotes the Home producer-

price index, Tas+ denotes the Home import-tariff rate, and PP PT = =1+7m t)EtPFt denotes the
cum-tariff import price of Foreign goods under the PPT env1r0nment The CES demand system
gives

Cre = (1—0) [G7FT (tare, Sp)]" Ci, (4)
where the CPI-PPI ratio is
PPPT
GPPT (1014, ;) = . (5)
Py



Here

Pry

Py
Zy

= Ev (6)

St

denotes the ex-tariff relative price of Foreign goods relative to the Home PPI (ez-tariff relative
price of imports, for short), Z; = &Py /P denotes the ez-tariff relative border price of Foreign
goods relative to the Home PPI (ez-tariff relative border price of imports). Following Monacelli
[37], we refer to U, = EtP;i,t/PF,t as the LOOP gap.
Under PPT, Eq. (2) implies ¥; = 1 and hence S; = Z;. Thus the ez-tariff relative price of
imports coincides with the ez-tariff relative border price of imports.
Import demand is
1 -n
Cre=v [g}(DP;— Z-M7t)St )} Ct. (7)

TM,t, St

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

CF,t o v —n
CH)t = 1—o [(1 —+ T]W,t)St] . (8)

which suggests that the relative consumption of imports depends on the ezx-tariff relative price of
imports. In addition, once the import tariff is hiked, the relative consumption of imports depends
on the cum-tariff relative price of imports.

The household’s nominal budget constraint is

PH,tOH,t + (1 + TM,t)gtP;,tCF,t + Z §t7t+1(ht+1|ht)Bt+1(ht+1) = Bt(ht) + WtNt + Dt + Tt.

ht+1

where B;y1(hi*1) is a state-contingent nominal claim purchased at date ¢, & ,1(h*T1|R) is its
date-t state price, W; is the nominal wage, D; denotes nominal dividends from firms, and 73 is
the net lump-sum transfer from the government. The import-expenditure term contains both the
border value EtP;7tCF7t and the statutory customs payment TMytStP;,tCF,t. Hence tariff revenue
is

TR = TM,tgtPF*"tCF,ty T, =TR,

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,

Py +Crys+ (14 TM,t)gtP;,tCF,t = PtPPTCu

so the same budget constraint can equivalently be written as

PPPTC 43 st (B ) By (1) = By(h') + Wi, + Dy + T4, (9)

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

Wi

W = Cth, (10)

and the Euler equation

1 Ci(GFPT (114, St))

— = 8E 11
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Here i; denotes the Home nominal interest rate and Iy, = Pp,./Pu4—1 denotes gross Home
PPI inflation. The Euler equation follows from & ;11 = B(Cy/Cip)(IEET) ™ and (14 4,)~" =
Ei&i 141, where IIPPT = pPPT ) pPET denotes gross CPI inflation. The Foreign household satisfies
the analogous Euler equation. With & ;41 denoting the Home-currency nominal state price, the
Foreign-currency bond satisfies

S {&mg’“‘“] ,

144 &
where i; denotes the Foreign nominal interest rate. We do not impose a separate log-linear UIP

equation in the nonlinear system.
Complete international risk sharing implies

St = C’tQPPT (TM,t7 St) . (12)

3.1.2 Production and pricing behavior

Each Home firm j € [0,1] produces a differentiated good according to Y;(j) = A:Nt(j), where
Ay denotes labor productivity. Let Y; denote aggregate Home output. Demand for variety j is
Yi(5) = [Pu(j)/Pmt) ¢Y:, where € > 1 is the elasticity of substitution across Home producer
varieties. Aggregation gives
ANy
Apy’

Y, (13)
where Ay, = fol [P.4(3)/Pr,]~¢dj denotes producer-price dispersion. We set A, = 1 throughout
the paper.
Home producers face Calvo price rigidity. Following the sequence representation in Monacelli
[38], the producer’s reset-price condition is
Zu

i = ML, (14)

where pyy = Pp/Pu, is the optimal reset price relative to the current Home PPI, 6 is the
producer Calvo non-adjustment probability, MC] = MC,/Py, is Home real marginal cost, and
M =¢/(e — 1) is the desired producer markup. The auxiliary objects are

oo k €
ICH,t = E Zeth,tJrkYt+k (H HH,t+s> s

k:O:oO s=1 . 14e (15)
Zyy = by Z9th7t+kY}+kMCf+k <H HH7t+s> .

k=0 s=1

The household nominal stochastic discount factor from t to ¢ + k, used in both the producer and
importer Calvo pricing problems, is

PPT k -t
Qiirr =p* %16 (Tar.e, 50)) <H HH,t+s) .

Coak(GPPT (Tar t4k, St+k))

s=1
Using Eq. (10), real marginal cost is

MO} = CeNFGPPT (Tare, St) - (16)
The producer Calvo price-index and dispersion laws are

1 = 605, +(1-0)py,,

. 17
Agy = 0I5 Ape1+ (1- a)prt' ()



At first order, Home PPI inflation therefore satisfies
T = BEiTH 41 + kpmey, (18)

where g = loglly e, mc] = log(MCy/MC™), MC" is the deterministic steady-state value of
Home real marginal cost, and kg = (1 — 6)(1 — 36)/6.

3.1.3 Market clearing

Home goods-market clearing is
th = (1 - ’U) (QPPT (7‘]\/[,t7 St))n Ct + ’US;] (19)

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

3.2 IPT 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.

Following Bianchi and Coulibaly [11], we let the statutory tariff enter the household-facing
price of imported consumption goods and rebate the resulting customs revenue lump sum to the
Home household.! 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 [37], 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.

The specification separates statutory tariff pass-through from exchange-rate pass-through. The
relevant evidence and its limits are discussed in Sec. 2; the HMC is a theoretical implication of the
importer-price-setting problem rather than a direct empirical estimate.

3.2.1 Households and cum-tariff import prices

Similar to the PPT environment, households’ utility and optimality conditions have the same form
as Eq. (1) and Eqgs. (10)—(11), with P/PT replacing PFFT wherever the Home CPI appears.
The IPT complete-risk-sharing identity, however, uses the border relative price Z; rather than the
locally set ex-tariff price S¢, as shown below. The household-facing cum-tariff price of Foreign
variety ¢ is
BIPT () — "
Fo (1) = Pri(e) + o€ Proy. (20)

where ]31{5 T(1) denotes the household-facing cum-tariff price of Foreign variety ¢ under the IPT
environment, and P (¢) denotes the ez-tariff Home-currency import price of variety ¢. Eq. (20) is
consistent with the tariff-inclusive household import expenditure and lump-sum-rebate treatment
in Bianchi and Coulibaly [11]. It is also consistent with the border-price evidence of Cavallo et

LChen et al. [17] 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. [27]; Erceg et al. [25] emphasize more generally
that the macroeconomic effects of trade taxes depend on the assumed tax pass-through.



al. [16]. The statutory duty is therefore added to the local importer’s ez-tariff price, rather than
multiplying that price. Conditional demand for variety ¢ is

Cri(t) = (%) Cru, (21)

I1PT
PFt

where )y > 1 is the elasticity of substitution across import varieties and PI{J;T denotes the
aggregate cum-tariff import price index, being the CPI-relevant import-price index under the IPT
environment, defined by

_ 1 1/(1—em)
PLET = [ / pg;’T(L)l—stL}

(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 (147 ¢)Pr, under the imperfect pass-through
environment. Equations (21)—(22) imply

1
| B OCr 0 = P O
0
Home-good demand has the CES form of Eq. (4), with GIFT(-) replacing GFF7T (1pr4, Syp).

Aggregate import demand is
PETTN "
CF,t = (PIPT> Ot~ (23)

The Home CPI under the IPT environment is given by

. 1-q11/(1=n)
pIPT = {(1 — )Py 4o (P};ij) ] . (24)

instead of Eq. (3). We distinguish the two CPI-PPI mappings by writing GFPFT (174, 5;) =
PPPT /Py as in Eq. (5), and GIFT (1) = PIPT /Py 4. The argument (-) for IPT includes the tariff,
the border price, and the complete cross-sectional distribution of local importer prices in Egs. (20)—
(22); GIPT(.) is not, in general, a function of (7ar¢,S;) alone. Under complete international
risk sharing, the relevant Foreign consumption numeraire is the border price. The IPT identity

corresponding to Eq. (12) is therefore
Zy = CG{ T (). (25)

The household Euler equation in the IPT environment has the form of Eq. (11), with G/F7(.)
in place of GFFT ()74, ;) 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 1mp0rt price entering that common CES price aggregator
differs. Under PPT, Pg f T =1 +7y 1)L Py #+> whereas under IPT, PII,J;T is the aggregate index
defined in Eq. (22) from the household- facmg variety prices in Eq. (20)
The household’s budget constraint is:

1
PH,tCH,t +/ [PF,t(L) -+ TM,tgtP]?t] CF’t(L)dL
0

+ > & (PR Brya (b

Rt+1

= Bt(ht) + WtNt + Dt + Tt.



The integral makes the statutory-duty payment explicit on the expenditure side. By Egs. (20)-
(22),

1
/ PR (1)Cp (1) de = PR Cryy  PuyCuy + PRy Cry = PTG
0
Hence the same budget constraint can equivalently be written as

PIPTC 4+ G (W) Beyy (W) = By(h') + WiN, + Dy + Ty,

htt1

which has the same form as Eq. (9), with P/¥7T replacing PFFT | while D; includes local-importer
dividends. The importer of record remits the statutory duty, and customs revenue is

1
TRt = TM’tgtP’Fkv’t/ CF’t(L)dL. (26)
0

The customs revenue in Eq. (26) is exactly the statutory-duty component paid on the left-hand
side of the disaggregated budget constraint and is rebated lump sum through 7;. The government
also pays the time-invariant subsidy 7 on the border acquisition cost, so its net lump-sum transfer
is

1
Tt = TRt - TftP}’t/ CF’t(L)dL.
0

Here 7 denotes the subsidy rate paid to local importers; below we set 7 = 1/e);. The subsidy
receipt 7& P, fol Cp(t)de is included in importer dividends in Dy, while payment of the subsidy

Té’tP;;’t fol Cp,(t)de enters T; 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.

3.2.2 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
be governed by Egs. (13)—(18). In addition, local importers use LCP and face Calvo rigidity. Their
exact nonlinear pricing block is given by Egs. (27)— (31). The ez-tariff import-price index satisfies

fleM

P};EM = QMP};i1¥ + (1= 0m)Pp, ", (27)

Here 6,; denotes the importer Calvo non-adjustment probability and FF,t denotes the ex-tariff
reset price. Because Pp/Py = Z;/ ¥, the ex-tariff relative import price obeys

Zy  Zpo Tgy

Uy Uy Ty

(28)

where Ilp, = Pg,/Pr,—1 denotes gross ez-tariff import inflation.

The importer remits TM,tE'tPEt 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 P to solve

%aXEt Z 9§/IQt,t+k [FF,t -(1- T)5t+ka;,t+k] Cr i+t (29)
Bt k=0

The ex-tariff price-setting formulation in Eq. (29) is the same local-currency-pricing importer
structure as in Monacelli [37], apart from the steady-state subsidy normalization used here. It is
consistent with the low nominal exchange-rate pass-through documented by Gopinath, Itskhoki,
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and Rigobon [33]. Here Cp ;4| denotes demand at date ¢+ k for an import variety whose ex-tariff
price was reset at date ¢t and is given by

—EM

ﬁﬂ + T, k&1 Pr
t t+kCt+kd Ptk CF,t+k:~ (30)

CF,t+k\t =

Pr i1k

The tariff-induced reduction in demand is therefore internalized in the reset-price problem. The
exact first-order condition is

. _
Pri— (1= 1) &4k Ph oy,

Et Y 05QuisxCrogrpe |1 —enr=— e
;;o | Prpy+ TM,t+k5t+kP;‘7t+k

=0. (31)

We set 7 = 1/eps, which removes the steady-state importer markup and implies ¥ = 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 Pp; = Pr,. From Eqgs. (20) and (21), the
effective elasticity of demand with respect to the importer’s own ez-tariff price is

dlogCpy Pry

= —E&M s
810g PF,t PF,t + TM,tgtPF’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 Pg; 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 ezx-tariff price.

For a simple numerical illustration, suppose the border acquisition price is 1 dollar and the
importer’s ez-tariff price is 1.10 dollars. Before the tariff, the purchaser price is therefore 1.10
dollars. A new one-percent tariff adds 0.01 dollar to the purchaser price, raising it to 1.11 dollars.
If the importer then raises its own ex-tariff price by one percent, from 1.10 dollars to 1.111 dollars,
the purchaser price becomes 1.121 dollars. Relative to the post-tariff purchaser price of 1.11
dollars, however, this is an increase of only (1.121 — 1.11)/1.11 ~ 0.99 percent, rather than one
percent. Hence, for a given demand elasticity ;s, the associated demand decline is approximately
0.99¢)s percent rather than ep; 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 Pr; = Pg; in Eq. (31). The
reset-price condition then becomes

PF,t - (1 - T)EtP;‘7t
Pr; + TM,tgtP;it

1—enm =0,

which can be rearranged as
(EM — 1)PF,t = [&‘M(l — ’7') + TM,t]gtPF*‘,r
Using the fixed importer subsidy 7 = 1/e)s gives

TM,t

pt P .
¢ EM—I

&Py

(32)

The inverse LOOP gap ¥, ! corresponds to the importer’s ez-tariff price markup relative to the
border acquisition price; ¥, is the inverse of this markup measure. Equation (32) 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 ez-
tariff markup. The subsidy is calibrated to eliminate the zero-tariff steady-state importer markup,
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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. It is not the full definition of the Home Markup Channel: with Calvo rigidity, exchange-rate
movements can also change the actual ez-tariff importer markup as local import prices adjust
slowly. The planner’s incentive to correct excessive importer markups encompasses both sources;
the WR LOOP-gap target and the realized gap must therefore be distinguished. This mechanism
is closely related to the classic tax-pass-through result under imperfect competition. Delipalla and
Keen [20] compare specific and ad valorem taxation under oligopoly, while Anderson, de Palma, and
Kreider [2] 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 [42] 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 ez-
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 ez-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. (31),
in addition to the producer conditions in Egs. (13)—(18). At first order, Eq. (31) implies

-
Tre = BETr 41 + K (% + EMM_t) ; (33)

where mp = logIlp,, ¢ = log ¥, and Ky = (1 — 0pr)(1 — BOr)/0r. Equation (33) is used for
first-order analytical interpretation, while the nonlinear Ramsey computation retains Eq. (31).
Around the zero-tariff steady state, log(1 + Tar) = Tar + O(TJ%M).

The empirical motivation for separating the statutory duty from the sticky ez-tariff local import
price is discussed in Sec. 2.

Taking logs of Eq. (32) and linearizing around the zero-tariff steady state, the flexible-importer-
price benchmark is

o = -2

EM — 1 '
Hence the expression ¢, + Tas¢/(ear — 1) on the right-hand side of Eq. (33) is the actual LOOP
gap minus its flexible-price benchmark. Import-price inflation depends on this deviation. Thus

the tariff term in Eq. (33) reflects the opportunistic ez-tariff price increase implied by Eq. (32),
not the statutory duty as a net marginal acquisition cost.

3.2.3 Market clearing

Home goods-market clearing under IPT is

IPT

Ytz(l—v)(]; )nCtJrqu. (34)

H t

The first term uses the exact household CPI in Eq. (24); the second uses the ex-tariff border price
Zy 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.

3.3 Ramsey problem

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.

12



In the PPT environment, the choice variables are Ct, Zy, N¢, Yy, Uy, D, Kae, ZHt, Dmts
and 4; for ¢ > 0. The constraints are Eqgs. (5), (10), (11), and (12) with ¥, = 1, Egs. (13)—(17),
Eq. (2), Eq. (19) with ¥; = 1, and the ZLB conditions in Eq. (35).

In the IPT environment, the choice variables are Cy, Zy, Ny, Yy, Uy, Pre, K, Zat, Dmt,
Uy, Uy, Pryt, Pry, ﬁ}fT, and i; for ¢t > 0. The constraints are Eqs. (5) and (23), Egs. (10) and
(11) with the IPT CPI substitution stated after Eq. (25), Eq. (25), Egs. (13)—(17), Eqgs. (29)—(30),
(27), (31), and (28), Eq. (34), and the ZLB condition in Eq. (35).

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

1 > 0, tit > 0, ity = 0. (35)

Here j1;; 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 B; 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 benchmark and high-substitution experi-
ments; the sensitivity analysis over producer and importer price stickiness in Sec. 3.6.3 does not
impose it and reports notional rates. The second-order welfare cost functions below are reporting
and interpretation devices rather than policy objectives.

3.4 Calibration and shocks

The benchmark calibration follows Monacelli [38] wherever the model has a direct counterpart.
Table 1 summarizes the benchmark parameterization.

Table 1: Benchmark calibration
Parameter Value Interpretation

15} 0.99 Discount factor

v 0.3 Openness / Home Bias parameter

%) 2.2 Inverse Frisch elasticity

n 1.5 Home-Foreign substitution elasticity
€ 3.8 Elasticity across producer varieties

0 0.8 Producer Calvo parameter

EM 3.8 Elasticity across importer varieties
On 0.8 Importer Calvo parameter

Pr 0.7 Tariff persistence

The tariff process is
TMt = PrTMt—1 + €t
We set the one-time innovation e, = 0.20, following Monacelli [38], as our benchmark. Thus
the import tariff rises by 20 percentage points on impact. The steady-state tariff is zero. The
deterministic quarterly nominal rate is 1/8 — 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.

3.5 Welfare Cost Function and WR LOOP gap
3.5.1 Welfare Cost Function

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 [6, 7]. In
superscripts, PPT and IPT denote the two pass-through environments, respectively. Let y; =
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log(V;/Y) and 2; = log(Z;/Z), where Y and Z are the original zero-tariff deterministic steady-
state levels defined in Appendix D.1. Suppressing terms that are independent of the Home policy
allocation, under PPT,

[SOE.PPT _ 1 ASOE,PPT ~aw,SOE,PPT
t =35 y (yt - TH,t

2 Y’ ’ )2+

whereas under IPT it can be written as

KSOE,PPT ~w,SOE,PPT\2 ASOE,PPT 2
z (Zt — 2 ) H )

SOE,IPT 1 ASOE,IPT ~w,SOE,IPT\2 ASOE,IPT ,SOE,IPT\2
L S[A5OP T (g — i P2+ RO (- )

~ SOE,IPT\2 SOE IPT__ SOE IPT
+ASOEIPT(, _ zu )2 4 A% Th AL W%,t]

Here the hatted A coefficients are the completed-square welfare weights associated with v, 2,
and, under IPT, ¢; in the expressions above. The corresponding hatted WR reference values are
Uy SOE;: ) 2y SO and 1/)” SOBIPT Gee Appendix D for details on these WR reference values.?

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, ¥, = 1, so the relative-
price externality is carried by the WR ex-tariff relative border price of imports gap ztf’\w SOE,PPT
Under IPT, Pp;/Pr+ = Z;/ ¥, and the welfare criterion contains both the WR ez-tariff relatlve
border price of imports gap 2z; — 2z, SOEIPT and the WR LOOP-gap deviation —@”’SOE’IPT. A
nominal exchange-rate movement can therefore change the ex-tariff relative border price Z; while,
because the local-currency import price Pr: adjusts only gradually, also generating a movement
in the LOOP gap W;. The same relative-price externality is thus manifested jointly through z
and ¢, under IPT. The LOOP-gap movement additionally creates an importer-pricing distortion
transmitted through the importer Calvo block.

Complete international risk sharing together with Home goods-market clearing yield

2t = pals + ku (Ve — Tare),

which follows from log-linearizing Eqgs. (12) and (19) and permits 2, to be eliminated from this same
SOE welfare criterion. Under PPT, W; = 1, so the welfare-relevant movement in z; is absorbed
into the WR output term. The same period welfare cost can therefore be written as

LSOB.PPT = {ASOE PPT(y, _ w.SOBPPT) | ASOE PPTﬁ“ , (36)

whereas under IPT the same elimination of z; leaves the independently moving LOOP gap gener-
ated by sticky local import pricing. The same period welfare cost can be written as

1
ﬂfOE,IPT = 5 [AS'OE,IPT(yt _ y;u,SOE,IPT) ASOE IPT(w ww ,SOE, IPT)
SOE IPT SOE IPT
+A T+ Ay Tl (37)

wSOEPPT and ¢SO IPT are the (logarithmic) WR outputs in the PPT and

The objects y,

IPT environments, respectively, and y; — y;"” SOEPPT and Y — Yy SOEIPT ore the corresponding
WR output gaps. Under the IPT environment, ;" SOBIPT is the (logarithmic) WR LOOP gap.
Accordingly, 1y — ;" SOB, IPT, 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 D for details
on ySOBLPT 1w SOBIPT "o o SOEIPT Thus Bq. (36) contains no separate relative-price
term, while Eq. (37) retalns the WR LOOP-gap deviation and the import-inflation term. These
are the reduced-form traces of the fact that, before the SOE reduction, the relative-price externality

is carried by z; alone under PPT but jointly by z; and ), under IPT.

2The 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,
L+ = 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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3.5.2 WR LOOP gap
For the tariff experiment, the definition of the WR LOOP gap in the SOE is

w,SOE,IPT _ ~SOE
t - Fown TM t) (38)

where I'99F denotes the structural loading of the Home import tariff on the WR LOOP gap in the

own

SOE. See Appendix D for details on I'S9F. Under the benchmark parameterization, I'S9F = 0.421.
Equation (32) shows that a tariff raises the private flexible-price importer markup and lowers the
corresponding LOOP gap. By contrast, Eq. (38) shows that the WR LOOP gap rises with the
tariff: a higher ¢, compresses the importer’s ez-tariff markup.

Equation (38) determines the WR target, not the scope of the HMC. The HMC operates
whenever the planner has an incentive to correct an excessive importer markup by adjusting
the actual LOOP gap toward that target. Under sticky ez-tariff importer prices, exchange-rate
movements can generate such deviations even without opportunistic tariff-induced pricing. The
tariff additionally shifts the WR target through the own-tariff term. The full Ramsey policy must
reconcile this LOOP-gap objective with producer- and import-price inflation stabilization (Fig. 1).

Table 2: SOE welfare weights: benchmark values

Environment WR Variable Weight Value
PPT y — y SO FPT ASOEPPT 1.654
T AZ9EPPT 39.378
IPT e — yzu,SOE,IPT AgOE,IPT 1.654
e — w:},SOE,IPT ASOE,IPT 0.506
TH.t A%%E’IPT 39.378
TE AZGETT 27.295

Note: All entries are rounded evaluations of the structural welfare coefficients derived in Appendix D.1; the
unrounded values are retained in the second-order calculation.
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Home Markup Channel Foreign Allocation Channel
(SOE and two-country economy) (two-country economy only)
Higher Home import tariff Import prices are sticky Higher Foreign tariff Lower Foreign
me T while exchange rates move TI:I . LOOP gap Wt* s

Opportunistic pricing: Actual importer markup (

higher desired ex-tariff laypionflome ; :
level implied by the Higher price of Home goods

i t k
1mporter markup WR LOOP gap faced by Foreign households

v v ) 7

Own-tariff contribution Actual LOOP gap ' .
raises the WR LOOP-gap may depart from the Lower Foreign consumption
target WR target of Home goods

L J L J

[ 3 | r ‘

Home-good consumption shifts

toward Home households
HMC: the planner seeks to move the

actual LOOP gap toward its WR target L
and compress excessive importer markup v

FAC shifts the Home WR LOOP-gap target

B, —

Home WR LOOP-gap objective
Close the deviation of actual y; from WR g,
subject to PPI- and import-price inflation stabilization

Figure 1: Home Markup Channel, Foreign Allocation Channel, and the WR LOOP-gap objective

Note: The HMC 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 [24] 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

Yy = et + Ppy — DPF s
with e; =log &y, ppt = log Ppy, and p}, = log Py ;. Define the WR nominal exchange rate by

(W SOE.IPT _

w,SOE,
: EIPT' (39)

Prt — p;‘,t + 1y
It follows immediately that

" w,SOE,IPT _
; — =

: e — e;U,SOE,IPT. (40)

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.

3.6 Nominal Interest Rate Responses
3.6.1 Benchmark 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, the Home importer markup can depart from its welfare-relevant level when the
exchange rate changes while the ez-tariff import price adjusts sluggishly. The tariff also reduces
the effective demand elasticity faced by resetting importers, creating an additional opportunistic-
pricing incentive. The fixed steady-state subsidy, 7 = 1/e)y, eliminates neither the resulting tariff-
induced increment nor time-varying deviations under price stickiness. Since ¥; = &Pj;yt /Pr.
moves inversely with the importer markup, an increase in the actual LOOP gap compresses that
markup (HMC, Fig. 1). The WR LOOP gap therefore rises with the tariff, as in Eq. (38) and
Panel 10. 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 in Eq. (37). The rate cut reflects the resulting intertemporal welfare trade-off, not the
absence of inflation stabilization objectives. The magnitude of the optimal rate response cannot
be read directly from the WR LOOP-gap target: the actual LOOP-gap path, the deviation from
that target, and producer and import-price inflation all enter the nonlinear committed Ramsey
allocation.

The actual LOOP gap nevertheless falls while its WR target rises (Panels 9 and 10). This does
not mean the planner seeks a negative LOOP gap: both the actual and WR nominal exchange
rates depreciate (Panels 11 and 12). Equation (40) shows that the WR LOOP-gap deviation is
exactly the nominal exchange-rate deviation from its WR value. Additional depreciation would
raise ex-tariff import inflation, so optimal policy does not fully close that deviation.

PPT serves as a comparison. Its import price adjusts with the nominal exchange rate, so
the LOOP holds and the independent importer-pricing objective is absent. 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. (36) and Table 2, the PPT
planner raises the nominal rate (Panel 1). The comparison makes clear why the optimal cut under
IPT is associated with a distinct import-pricing and welfare mechanism.

3.6.2 High Substitution Case

Figure 3 presents the SOE experiment with the substitution elasticity raised to n = 3, holding the
tariff shock and every other parameter fixed. IPT continues to call for an initial interest-rate cut,
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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 actual LOOP gap vanishes and the
WR nominal exchange rate equals the actual nominal exchange rate.
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and the cut is larger than under the benchmark elasticity (Panel 1). Equation (38) remains the
relevant WR LOOP-gap relation. Although the own-tariff loading TS9F falls from 0.421 to 0.293,
the positive WR LOOP-gap target and the competing inflation-stabilization objectives still imply
optimal accommodation. The observed interest-rate response reflects the entire equilibrium and
cannot be inferred from the own-tariff loading in isolation.

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 (n = 3), holding other
parameters and the unilateral Home tariff shock fixed. The panels, units, and PPT/IPT line styles
are as in Fig. 2.
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3.6.3 Two Analytical Benchmarks: Flexible Producer Prices and Flexible Import
Prices

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
subsection 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 sticki-
ness. The first step is an exact property of the nonlinear SOE.

Lemma 1. In the SOE under IPT, with a constant Foreign price Pg and perfect foresight after
the tariff innovation, the nonlinear equilibrium satisfies 1+ iy = B~ 1E11/&;. Hence

o = log(1 +1i9p) —log(1/8) =e1 —eo = (Y1 — o) + Tp 1. (41)

Proof. Since Z; = £ P}/ P+, Eq. (25) gives C; PIFT = £, P}, Substituting this into the IPT Euler
equation yields (1 + i,)~' = BCP/PT /(Coyr PEET) = BE/Er41. The last equality in Eq. (41)
follows from the exact definition ¢y = e; + p% — Pr. O

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 (6 = 0) and the tariff
process Tarr = PrTMi—1 + €rp with pr € [0,1), hit at date 0 by an unanticipated innovation
€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 = QSOFIPT and B = BSOEBIPT be as in Eq. (D.21), Apr =

Ai%E’IPT as in Eq. (D.22), and p. and k. as in Eq. (D.16). Define

ke ~
9= o Ay = Qa2 — 2Q129 + Quig°,
P B (BitQu)g+ Qug’ 9 = fimhAnF
own = ZN\w s = Aw .

and let § € (0,1) be the root of 36% — (1 + B+ kay9)d + 1 = 0 inside the unit circle. Then

o = 1— 9 (1—6)(1—B6)6+pr—1) (= |
:_Fown 1- T 1—‘own .
TM,0 ( p)+ ) 1765[)7- +5M*1

(42)

In particular, the optimal (notional) nominal interest rate falls on impact whenever Lown > 0 and
(¥ —=1)(6+ pr — 1) >0, where

6+p7_21 — HZVI’&SM.

1—p;

The proof is given in Appendix E.1. It differentiates the nonlinear Ramsey first-order conditions
directly; no quadratic welfare criterion is minimized. The coefficients @), B, and A, r 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 D.1.3

Both terms in Eq. (42) originate in importer price setting. The first term captures the tariff-
induced change in the WR LOOP-gap target and its decay. When I'gyy > 0, the tariff raises that
target; because the target decays at rate 1 — p,, the Home currency is expected to appreciate

3As a check, differentiating the nonlinear Ramsey first-order conditions directly at the benchmark calibration
(6 = 0.8) gives dlog(l + i0)/OTar,0 = —0.025904 for n = 1.5 and —0.05884 for n = 3, which coincide with the
solution of the linear—quadratic problem. With 6 = 10~8, the same direct differentiation gives —0.160890975 for
n = 1.5 and —0.087397486 for n = 3, against —0.160890996 and —0.087397488 from Eq. (42).
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after impact, and Lemma 1 translates this expected appreciation into a rate cut. The second
term captures the interaction between correcting the LOOP-gap deviation, which is the HMC,
and stabilizing import-price inflation, a competing objective: under commitment the planner sets
Yy — f‘ownTM’t = —pp,; (Appendix E.1). When ¢ > 1, the planner weighs import-price stability
more heavily than closing the LOOP-gap deviation; when ¢ + p, > 1, the import price level is still
rising at date 1. Together, the two conditions make the second term reinforce the cut. Because
kA = —eyC104° by Eq. (D.22), ¥ does not depend on 6y; importer stickiness enters
only through ks in the persistence condition, which is easier to satisfy when import prices are
stickier. Under PPT with 6 = 0, by contrast, the producer block, risk sharing, and goods-market
clearing pin down y; and z; 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 benchmark calibration, TCown = 0.414, ¢ = 2.79, § = 0.687, and k¥ = 0.145, well
below the bound 1.640; for n = 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 7 = 1.5 and by
8.83 basis points for n = 3.4

The opposite benchmark removes import-price stickiness instead.

Proposition 2. Consider the SOE under IPT with flexible import prices (0p = 0) and the fized
importer subsidy T = 1/epnr. For any tariff path {Tar.}, 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 {Tar:}, where

- _ &M
T™M,t =

= . 43
é‘M—lTM’t (43)

Proposition 2 is exact and does not rely on any approximation; its proof is in Appendix E.2.
With flexible import prices, the importer markup always equals its flexible-price level in Eq. (32),
so monetary policy cannot move the LOOP gap and the HMC is switched off. The opportunistic-
pricing incentive remains, however, and it magnifies the effective tariff by the factor epr/(ear — 1).
If the importer subsidy were instead indexed to the tariff, 7, = (14 7as,¢) /e, the ex-tariff import
price would equal the border price and the IPT economy with 63; = 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 Tars = prTari—1 + €
with pr € [0,1), hit at date 0 by an unanticipated innovation €, > 0 from the zero-tariff steady
state, with perfect foresight thereafter, and consider the first-order approzimation 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

BSOE,PPT kr (ps + (p)Af%E,PPT

w= QSOE.PPT" X= QSOE,PPT g

with Q3CEPPT gng BSOEPPT g5 in Eq. (D.21) and Ai%E’PPT as in Eq. (D.22). Let 6y € (0,1)
be the root of B6% — [1+ B+ kg (ps + ¢)x]6 + 1 = 0 inside the unit circle. Then

iéPT 1—p«x (w—29) (1-9)1—B6g)(0m + pr — 1)
1- /B(SHp’T
The bracket is {5 T /7ar0. The optimal (notional) nominal interest rate under IPT with Oy = 0

therefore rises on impact if and only if the bracket is positive. A sufficient condition is p,w < k.
together with (1 — p.x)(w —¢)(0g + pr — 1) > 0.

EM
= (ke — paw)(1 = pr) +
™o em—1

(44)

4To first order, the change in the net rate is dig = 8~ 'dip, so these values equal 8~ times Eq. (42) evaluated
at T™,0 = 0.01.
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Equation (44) mirrors Eq. (42). Its first term is the decay of the tariff-induced change in the
WR ez-tariff relative border price, 2}’ = (psw — ki)Tare. When pow < ki, 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 target 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, y; —w7a: = —Xxpa,: (Appendix E.2).

At the benchmark calibration, p,w — k., = —0.039, w = 0.060, g = 0.029, x = 3.71, and
6y = 0477 for n = 1.5; for n = 3, the corresponding values are —0.033, 0.397, 0.085, 3.61,
and 0.500. The bracket in Eq. (44) is positive for both elasticities, although the simple sufficient
condition does not hold because dyg + p, > 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
n = 1.5 and by 12.9 basis points for = 3. The exact nonlinear values implied by Proposition 2,
obtained by solving PPT with the effective tariff 7570 = 0.2714, are +21.49 and +1.90 basis points,
respectively. The sign is not universal: for n = 3 and p, = 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 4 and 5 connect these two limits. They report the fully nonlinear Ramsey
responses to a 20-percentage-point tariff with p, = 0.7 on a grid of producer and importer Calvo
parameters, 6 € {0.1,...,0.8} and 63, € {0,0.1,...,0.8}, for n = 1.5 and n = 3. The ZLB is not
imposed, so the figures report the notional rate. For 65, > 0, each node solves the nonlinear IPT
Ramsey problem. For 6y, = 0, each node solves the PPT Ramsey problem with the effective tariff
Tao = (3.8/2.8) x 0.20 = 0.2714, which is exactly equivalent by Proposition 2. All 144 nodes
converge, with maximum residuals below 2 x 1072, At 10 of the 144 nodes (4 for n = 1.5 and 6
for n = 3, all with # < 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.
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Figure 4: Small open economy under IPT: optimal nominal interest-rate response to a 20-
percentage-point Home import tariff across producer and importer price stickiness (p, = 0.7,
ZLB not imposed). Top row: initial response, 10,000(ip — is5), in basis points. Bottom row: cu-
mulative response over the first 20 quarters, in basis-point-quarters. Left: n = 1.5; right: n = 3.
Dots mark the 144 solved parameter combinations; colors and the black zero contours are bilinear
interpolations between them. The row 63, = 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 benchmark (6,80),) = (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.

23



Proposition 2: exact PPT-equivalent boundary vs. sticky-importer IPT
SOE | no ZLB | original tariff 20pp; PPT effective tariff 27.1429pp | p, = 0.7
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Figure 5: Initial nominal interest-rate response along three rows of Fig. 4: 6y, = 0 (Proposition 2,
solved as PPT with the effective tariff 0.2714), 85, = 0.1, and the benchmark importer stickiness
0y = 0.8. Twenty-percentage-point Home import tariff, p, = 0.7, ZLB not imposed.

Three features stand out. First, the two edges behave as the propositions predict. At = 0.1
and the benchmark importer stickiness 63, = 0.8, the optimal rate is cut by 61.7 basis points for
n = 1.5 and by 150.5 basis points for n = 3, in line with Proposition 1. Along 63; = 0, the rate
rises for every 6, by between 21.5 and 34.7 basis points for n = 1.5 and between 1.9 and 60.2 basis
points for n = 3, in line with Proposition 2 and Corollary 1. Convergence toward the 6); = 0 edge
is slow when producer prices are sticky: for n = 3 and 6 > 0.6, the response at 63, = 0.1 is still a
cut, so the sign change occurs between 6, = 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 benchmark: it
is negative at 44 of the 48 nodes with 8y > 0.3 for n = 1.5 and at 43 of 48 for n = 3. Along
the benchmark importer stickiness, however, the response is hump-shaped (inverted-U-shaped) in
6 (Fig. 5). Starting from the benchmark § = 0.8, lower producer-price stickiness first raises the
response and turns the cut into a small increase at intermediate 6, peaking at 27.7 basis points
(n=1.5,0 = 0.3) and 22.2 basis points (n = 3, § = 0.4); the response then falls again, and the cut
returns as 6 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 6); = 0, where Proposition 2 applies, the initial
response is monotonic in 6: it falls from +34.7 to +21.5 basis points as 6 rises from 0.1 to 0.8
for n = 1.5, and from +60.2 to +1.9 for n = 3. By contrast, with 3, = 0.8 the response peaks
at intermediate 6, as noted above. The difference between these two rows, which measures the
easing attributable to importer price setting, is largest at 6 = 0.1, closest to zero at § = 0.3 for
n = 1.5 and at # = 0.5 for n = 3, and larger again at § = 0.8. This comparison highlights how the
importer-pricing structure modifies the producer-price stabilization trade-off; it is not a separate
causal decomposition of the Ramsey first-order conditions, and the 63, = 0 row uses the effective
PPT tariff specified in Proposition 2.

One economic interpretation follows from the structure of the inflation weights in Eq. (D.22).
Each weight is inversely proportional to the slope of the corresponding Phillips curve, so that
nHAf%E’IPT and HMAfOFE’IPT depend on neither 6 nor 6j;. For a given path of the rele-
vant Phillips—curve drivirig term—real marginal cost for producer inflation (Eq. (18)) and v; +
T/ (enm — 1) for import-price inflation (Eq. (33))—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
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zero—mcjy = 0 for producers in the limit of Proposition 1 and ¢, = —7a¢/(ear — 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-
inflation term in Gali and Monacelli [31], 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 two stabilization motives move the policy rate in opposite directions. Import-price stabi-
lization, interacting with the HMC, calls for a cut (Proposition 1); PPI stabilization tempers that
accommodation. Accordingly, when import prices are sticky, the initial response is hump-shaped
in #: at intermediate 6 the PPI-stabilization motive offsets most of the easing, and at 6); = 0.8
enough of it to produce a small increase. Conversely, for given 6 the cut is deepest at intermediate
importer stickiness—at #); between 0.4 and 0.7 for every 6 on the grid and both elasticities—
and the response rises again toward 6y; = 0.8. Along 8;; = 0, where the import-price motive is
absent, there is no hump: producer-price stickiness still affects the optimal response through the
producer-pricing block, but its effect is monotonic in 6 on the grid.

The parallel with Gali and Monacelli [31] has limits. In their model the exchange-rate orien-
tation of policy is imposed by the monetary regime, and their non-monotonicity persists under
complete import-price pass-through (their Fig. 12); here the motive to moderate exchange-rate
movements arises endogenously from local-currency import pricing in the Ramsey problem and
disappears at 63, = 0. Their object is welfare under given monetary regimes; ours is the opti-
mal interest-rate path. The argument above interprets the fully nonlinear Ramsey solutions; it is
not a decomposition of the Ramsey first-order conditions, and the weights in Eq. (D.22) are not
substituted for the original utility objective. The first-order solutions also display a hump along
0 = 0.8 but remain negative throughout that row; the small positive peaks at intermediate 6 in
Fig. 5 arise in the fully nonlinear 20-percentage-point experiment.

Third, the cumulative responses in the bottom row distinguish two kinds of rate increase. At
0pr = 0.8, the cumulative 20-quarter response is negative for every 6, between —471 and —29 basis-
point-quarters for n = 1.5 and between —513 and —105 for n = 3. At intermediate 6, the initial
increase is therefore followed by rate cuts large enough to make the cumulative response negative.
Near 65, = 0, by contrast, both the initial and the cumulative responses are positive (between 108
and 130 basis-point-quarters at 8y, = 0 for n = 1.5 and between 136 and 232 for n = 3): with
flexible import prices the HMC is absent and policy tightens, as under PPT. The zero contour of
the cumulative response rises with 6 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 (0,05) = (0.4,0.5) for n = 1.5 and —44.6 at (0.8,0.6) for n = 3. At the benchmark, the initial
cut is followed by later increases, so the cumulative response is small (—33 basis-point-quarters for
n = 1.5 and —107 for n = 3).

Higher tariff persistence strengthens the initial increase at intermediate producer-price stick-
iness. At (0,05) = (0.4,0.8), raising p, from 0.7 to 0.9 raises the initial response from 22.1 to
46.59 basis points for n = 1.5 and from 22.2 to 73.33 basis points for 7 = 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 benchmark, or nearly flexible, as in Proposition 1; it disappears when
import prices are nearly flexible, as in Proposition 2; and at intermediate producer-price stickiness,
where PPI stabilization matters most, the PPI-stabilization motive can offset the easing called for
by import-price stabilization enough to produce an initial increase followed by rate cuts.

25



4 Unilateral Tariff

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 € [0,7) in country
H and h € [v,1] in country F. Because steady-state per-capita output is common across the two
countries, v 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 ¢ € [0,v) and Foreign importer
varieties by ¢ € [v,1]. Importer CES integrals are normalized by the corresponding country mass,
v or 1 —v. 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

(Nt
=Eg Zﬁt (logC 1+<P> .

Here C} and N; 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. Home and Foreign have separate monetary authorities
with nominal interest rates ¢; and i}, respectively, and Home and Foreign governments may levy
import tariffs 7a7, and 7y, ,, 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 v. Given the country sizes above, the Home and Foreign
expenditure weights are wp = v(l —v), wyg = 1 — wp, wj; = vv, and wh = 1 — wj. Here
wp is Home’s expenditure weight on Foreign goods and wpgy is Home’s expenditure weight on
Home goods. Likewise, wj; is Foreign’s expenditure weight on Home goods and wj is Foreign’s
expenditure weight on Foreign goods. Thus wr and wj; are the bilateral import weights, whereas
wy and wy are the domestic-good weights. For v < 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:

)

_ _ n/(n—1)
C, = {wjlq/ncgv)t D/ Wllr/ncgjt 1)/77}

n/(n—1) (45)
= [(w})l/"(CE Y=D/m (o )1/n(CHt)(n—1)/n} .
where CF; and Cj;, 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

*
Py = &Py,
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where Pp; , denotes the Home-goods price in Foreign currency. Define the Foreign LOOP gap by

«_ P/
vy = i ,
Hit

; = log Uy,

Using Sy = Pr/Pu ¢, the Home ez-tariff relative price of imports can therefore be written as

_ Ppy 1
&Py, U}

t

where Pp./(£Pjr,) 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
¥, = U} = 1. Under the IPT environment, local importers using LCP operate in both countries,
so ¥, and U} are determined endogenously. Home importers retain the flexible-price markup
condition in Eq. (32) and the first-order importer Phillips curve in Eq. (33). Since Foreign
importers of Home goods face the corresponding monopolistically competitive pricing problem,
their flexible-price condition is

P* 7_*
L e 46
S ST (46)

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

* * * TIT/I»
e = BBl o1 + K (wt + Mt ) . (47)
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where 73y, = log(Pfy,/Pjr ;). Thus the same tariff-induced opportunistic price increase can arise
in either importing country. We denote the Foreign CPI by Pt*’PPT in the PPT environment and

by Pt*’IPT in the IPT environment. Under PPT, the Home relative consumption of imports is

determined by

CFt wWg —n
—=—|(1+ . 4
Crt (1 + 7ar,6) St] (48)

The bilateral goods-market conditions follow directly from variety-level clearing. For a Home
producer variety j, domestic and export demand imply

. P AN\ —€ 1 1 .
1) = (2) e+ [ cioal (19)
H,t v v
Aggregating Eq. (49) with the producer CES index gives the exact bilateral goods-market condi-
tions
= —EM
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where C}‘{’t(L) denotes Foreign-country demand for Home goods sold by local importer variety ¢,

Yy

and ﬁl’flt(L) is the Foreign mirror of the variety-level cum-tariff purchaser price in Eq. (20). The
corresponding aggregate cum-tariff import-price index is

~* . 1 1 ~* 1—51&1
Py, = [1 — /V (PH’t(L)> d
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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. (50) 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 policy under commitment

The baseline two-country policy game follows the national Ramsey approach of Faia and Monacelli
[26]. 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 Cy,
GPPT (1ap4, Z4/Wy), Nyy Yy, Uy, Ay, and iy, subject to the producer reset-price map and all
remaining private-equilibrium restrictions. In the IPT environment, S; and IIz; 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 Eqgs. (20)—(31); it is
not replaced by an aggregate multiplicative-tariff shortcut. In particular, Z; 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 ez-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 i; and ¢} 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.? The national Ramsey Lagrangians and first-order conditions, including the ZLB Kuhn—
Tucker conditions, are reported in Appendix B. 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.

5The 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 benchmark parameterization in Table 1
and set the Home economic-size share to v = 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 [36]. Together with v = 0.30, this implies Home’s import expenditure weight
wr = v(1 —v) = 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 [40]. These
values are used in the two-country welfare weights and in the benchmark-parameterization IRF's
reported below.

4.4 Welfare Cost Function and WR LOOP gap
4.4.1 Welfare Cost Function

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

LT = 3 [ADPT (e — g PPTY 4 ADPT (o — s PFTY 4 DY ) (51)
whereas in the IPT environment it is
1
£1PT = §|:AIPT( _y;u,IPT)z_i_AiPT(wt_ zu,IPT)2_~_A£PT( Py IPT)

*w,IPT
+A1PT(¢ -y v )2 + AfrPHTWH ¢ T AgrPFTﬂ-I%'t

+ARET ()2 (52)

In Egs. (51)-(52), y;” is the (logarithmic) WR output and y; — ;" is the WR output gap.
Likewise, 2, is the (logarithmic) WR ez-tariff relative border price of imports and z; — 2, is
the WR ez-tariff relative border price of imports gap. In the IPT environment, ;" IPT s the
(logarithmic) Home WR LOOP gap and ; — ;" IPT is the Home WR LOOP- -gap deviation. The
object ;""" TPT i the WR reference value attached to the Foreign LOOP gap v} in the Home
welfare cost function. It is therefore distinct from the Foreign planner’s own WR LOOP gap,
denoted below by v, APT , which is obtained from the exact Home—Foreign mirror of the national

welfare criterion. See Appendlces D.2.1 and D.2.2 for details on y;"” T ) 2 et (T " ::UJPT,

2 IPT ond o IPT

Under PPT, the LOOP holds and Home welfare contains no LOOP-gap term. Under IPT,
sticky local import prices allow changes in the exchange rate to move the actual importer markup
away from its welfare-relevant level. A Home tariff additionally encourages opportunistic increases
in importers’ ex-tariff prices, as in the SOE. The steady-state subsidy corrects the markup in the
zero-tariff steady state but neither responds to the tariff nor eliminates markup deviations induced
by importer-price rigidity. Because ¥; moves inversely with the Home importer markup, the Home
planner has an incentive to move the actual LOOP gap toward its WR reference value. In the
two-country equilibrium, that reference value also depends on the international relative price and
the Foreign LOOP gap, as shown in Eq. (53).

The distinction from the SOE is representational as well as economic. In the SOE, complete
international risk sharing and Home goods-market clearing permit z; to be eliminated from the
reduced welfare representation. In the two-country economy, z; remains explicit, and movements
in Home relative demand feed back into Foreign demand and the common two-country equilib-
rium. Table 3 reports the corresponding benchmark Home welfare weights in the two-country
economy. The negative coefficients on the WR, ex-tariff relative border price of imports gap term,
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APPT = —0.0930 and AZFT = —0.0978, reflect the same strategic relative-price 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 con-
tribution 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: benchmark values

Environment WR Variable Weight Value
PPT ye —yTFT APPT 2.077
2 — 2 PP APPT -0.093

TH APET 47.432

IPT ye —y o TET ALPT 2.860
P — T ET ALPT 0.406

2 — 2017 ALPT -0.098

¥yt BT ALET 0.352

TH AZP}? 65.313

TE ALPT 21.283

T ALPT 13.519

Note: Coefficients are calculated from the structural-parameter expressions in Appendix D.2 and rounded to three
decimals. Negative relative-price weights are signed strategic terms, not positive stabilization penalties.

The numerical weights in Table 3 are evaluations of the exact symbolic welfare coefficients. See
Appendices D.2.1 and D.2.2.

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

wIPT _

t ownTM,t T+ Teross (T]TLt - 1/’?) + I, 2. (53)

Here T'owy is the structural loading of the Home tariff, I'c,oss is the structural loading of the
Foreign purchaser-price combination 7y, , — 97, and I, is the structural loading of the international
relative price z;. See Appendix D.2.2 for details on I'oyn, Ieross, and I',. Under the benchmark
parameterization, Iy = 0.364, Teposs = 0.060, and I', = —0.016. The positive Home-tariff
coefficient captures the same shift of the WR target as in the SOE. Equation (32) shows that a
tariff raises the ez-tariff markup desired by a flexible-price Home importer; the fixed steady-state
subsidy does not remove this opportunistic-pricing incentive. This coefficient is not the entirety of
the HMC. Even for a given WR target, sticky local import prices and exchange-rate movements
can generate an excessive actual importer markup. The HMC is the Home planner’s incentive to
correct such markup deviations by bringing the actual LOOP gap toward its WR target (Fig. 1).

An increase in the Foreign import tariff 73, , raises the price of Home goods faced by Foreign
households and lowers their consumption of Home 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 price of Home goods relative to Foreign goods from the
perspective of Foreign households and thereby raises their consumption of Home goods. The
Home planner therefore calls for a higher Home WR LOOP gap to mitigate the resulting inefficient
overconsumption of Home goods in country H (FAC, Fig. 1).

A decline in the Foreign LOOP gap ¢; works in the same direction. It raises the price of
Home goods faced by Foreign households, reduces their consumption of Home goods, and shifts
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the consumption of Home goods toward Home households. This ineflicient overconsumption of
Home goods in country H again calls for a higher Home WR LOOP gap. Hence, the Home WR
LOOP gap is positively related to the Foreign import tariff and negatively related to the Foreign
LOOP gap, as shown in Eq. (53) (FAC, Fig. 1). This expression describes the direction of the
structural channel, not the sign of its contribution in every equilibrium. With a unilateral Home
tariff, 73, , = 0, so the FAC term equals —I'c;0s5?; . In the unilateral equilibria reported below, the
Foreign LOOP gap rises on impact, making this contribution negative; under reciprocal tariffs a
declining Foreign LOOP gap instead reinforces the Home WR, LOOP-gap target.

Opportunistic import pricing also arises in Foreign. Equation (46) shows that a higher Foreign
import tariff raises the ex-tariff markup charged by Foreign importers of Home goods, just as a
Home tariff does for Home importers.

Accordingly, the Foreign planner has an incentive to raise the Foreign WR LOOP gap to
mitigate that additional markup. The exact starred national-welfare mirror, expressed in the same
Home international-relative-price coordinate z;, can be written compactly as

ZU*,IPT = F(twnTJT/[,t + F:ross(TM,t - wt) + Fzzt (54)
where the starred I' coefficients are the exact Home—Foreign mirrors of the corresponding Home
loadings in Eq. (53). Under the benchmark parameterization, I'}, . = 0.328, T’} = 0.024,

and I'Y = 0.007. Thus the positive own-tariff term has the same opportunistic-importer-pricing
interpretation as in the Home problem. The Home tariff and Home LOOP gap enter the Foreign
planner’s reference value through the corresponding cross-country consumption-allocation effects:
a higher Home tariff reduces Home consumption of Foreign goods and raises the Foreign WR
LOOP gap, whereas a higher Home LOOP gap raises Home consumption of Foreign goods and
lowers that reference value. The two national WR LOOP values, and hence e}’ and e}’ in Eq.
(55), therefore generally differ.

Equation (53) also shows that the Foreign import tariff Tir, and the Foreign LOOP gap ¢}
enter the Home WR LOOP gap with coefficients of equal absolute value and opposite signs. This
equality follows because, in the reduced first-order representation, the two variables enter the
Foreign household-facing purchaser-price combination as 7, , — ¢;. Hence a one-unit increase in
the Foreign import tariff and a one-unit decline in the Foreign LOOP gap have the same marginal
effect on the Home 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. 3.5. For the Home economy, Egs.
(39) and (40) continue to apply. Analogously, define the Foreign WR nominal exchange rate by

e =pay — i, — 0T (55)
The log-linearized definition of the Foreign LOOP gap, ¢y = pn,+ — €t — pjy,, then implies
v =T = (e - ). (56)

Thus the same bilateral nominal exchange rate e; is compared with two country-specific WR
nominal exchange rates. Holding the other welfare-relevant margins fixed, the Home WR LOOP-
gap deviation is reduced as e; moves toward e}’, whereas the Foreign WR LOOP-gap deviation is
reduced as e; moves toward e;”*. In general, e}’ and e}’* do not coincide because the Home and
Foreign planners face different national welfare trade-offs. Under PPT, both LOOP gaps vanish
identically, so the corresponding WR nominal exchange rates coincide with the actual nominal

exchange rate.

4.5 Nominal Interest Rate Responses
4.5.1 Benchmark Case

Figure 6(a) compares the Home responses to a unilateral tariff increase in the two-country economy,
and Fig. 6(b) reports the Foreign responses. The solid blue lines represent IPT and the dotted
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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 Markup Channel remains operative. Under IPT, sticky import prices can leave
the actual importer markup above its welfare-relevant level, and the tariff additionally shifts the
WR LOOP-gap target through opportunistic pricing. The planner therefore has an incentive to
narrow the actual-to-WR LOOP-gap deviation; see Eq. (53), Panel 10 of Fig. 6(a), and the HMC in
Fig. 1. The Foreign Allocation Channel (FAC) is an additional welfare consideration absent from
the SOE, but its realized contribution in this unilateral equilibrium has the opposite sign from the
case of a declining Foreign LOOP gap. Because the Foreign tariff is zero and the Foreign LOOP
gap rises (Panel 4 of Fig. 6(b)), the FAC component I'cross(737, — 97) is negative on impact. It
therefore partly offsets the positive Home-tariff contribution to the WR LOOP-gap target, rather
than reinforcing it. The optimal Home rate cut under IPT emerges from the full committed Ramsey
trade-off between the WR, LOOP-gap deviation, Home PPI inflation, and ex-tariff import-price
inflation in Eq. (52); it cannot be quantitatively attributed to the FAC or to the initial WR target
alone. In particular, the tariff-induced increase in the WR target is an incentive to raise the actual
LOOP gap, not a separate accounting contribution to the equilibrium policy-rate cut. The relative
magnitude of the actual LOOP gap and its WR target over the entire anticipated path 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. With immediate pass-through to Home purchaser
prices, Eq. (48) implies strong tariff-induced substitution from Foreign to Home goods. Under the
benchmark substitution elasticity, the ensuing upward pressure on Home marginal cost and Home
PPI inflation induces a rate increase (Panel 1, Fig. 6(a)). Hence, in this benchmark 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 7(a) and 7(b) report the unilateral tariff experiment when 7 = 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 I'own in Eq. (53) declines
from 0.364 to 0.053 (Panel 10). At the same time, the FAC loading on the Foreign purchaser-
price combination rises, and the welfare weight on the Home WR LOOP-gap deviation increases.
However, the Foreign LOOP gap is positive in this unilateral equilibrium (Panel 4 of Fig. 7(b));
the higher FAC loading thus magnifies a negative contribution to the Home WR target rather
than supplying an additional easing motive. The planner’s interest-rate choice depends on the
deviation of the actual LOOP gap from its target, its anticipated path, and Home and import-
price inflation. The smaller own-tariff coefficient, the larger welfare weight, or the FAC loading
alone cannot predict the size of the policy-rate response. In particular, the WR target is much
smaller on impact here than in the benchmark, despite a larger initial rate cut. This is not a
mechanical mapping from the target to the policy instrument: producer inflation, import inflation,
the actual-to-target LOOP-gap deviation, and their expected paths all enter the Ramsey trade-off.
PPT has no independent importer-markup distortion and hence no HMC, whereas IPT introduces
that channel. The IPT-PPT comparison therefore contrasts environments without and with the
HMC.

The comparative PPT result is different from the benchmark. 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,
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Figure 6: 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 6: 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.

inducing a sharp reduction in the Foreign policy rate. Foreign reaches the ZLB on impact (Panel
1, Fig. 7), and the Home currency appreciates strongly (Panel 11, Fig. 7). Because pass-through
is complete, that appreciation immediately changes purchaser relative prices and induces opposing
expenditure switching, which 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, local-currency import-price rigidity greatly attenuates expenditure switching in-
duced by exchange-rate movements. The importer-markup distortion and the associated WR
LOOP-gap objective provide a welfare-based motive for accommodation, although the positive
Foreign LOOP gap offsets part of the Home WR target in this unilateral case. Foreign also cuts its
nominal rate but does not reach the ZLB, and Home-currency appreciation is smaller than under
PPT. 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. Under the timeless-perspective commitment solution, the impact cut is one part of
the entire anticipated policy path. 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. The negative inflation quarters do not, by themselves, establish complete
reversal of the initial price-level increase. This intertemporal pattern makes the initial policy re-
sponse economically meaningful but does not imply that IPT entails a larger rate cut than PPT
in every subsequent quarter.
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Figure 7: Two-country unilateral tariffs, High Substitution Case (n = 3): (a) Home PPT and IPT
responses. Panel definitions and units match Fig. 6.
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Figure 7: Two-country unilateral tariffs, High Substitution Case (n = 3): (b) Foreign PPT and
IPT responses. Panel definitions and units match Fig. 6.

5 Reciprocal Tariff

This section asks how the optimal IPT accommodation changes when both countries levy reciprocal
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 mas ¢ and
Thr.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. In particular,
the nonlinear equilibrium and the national Ramsey objectives remain unchanged between the
benchmark and the sensitivity experiments.

5.1 Benchmark Case

Figure 8(a) and Fig. 8(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 external demand gives both
planners an incentive to accommodate, in addition to the IPT-specific WR LOOP-gap objectives.
This incentive is stronger for Home, whose production is more dependent on exports than Foreign
production under the benchmark country-size calibration. Accordingly, the Home planner eases
more strongly than the Foreign planner in both pricing environments (Panel 1 of Fig. 8(a) and
Panel 1 of Fig. 8(b)). The resulting equilibrium features Home currency depreciation under both
PPT and IPT (Panel 11 of Fig. 8(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, the local-
currency import prices respond only gradually to exchange-rate changes, so monetary depreciation
produces relatively little additional expenditure switching at the border-facing purchaser-price mar-
gin. Under PPT, by contrast, exchange-rate movements are promptly reflected in relative import
prices. 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
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trading partner’s tariff. Accordingly, the associated additional expenditure switching, and the
benefit of depreciation in restoring demand for domestically produced goods, is weaker under IPT.
This distinction concerns the expenditure switching induced by exchange-rate adjustment, not the
direct expenditure-switching effect of the tariffs themselves. Consistent with this mechanism, the
optimal monetary easing 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 S; (Panel 4 of Fig. 8(a))
illustrates the difference in pass-through. Under PPT, S; responds strongly on impact and then
declines, whereas its response under IPT is more gradual. Despite Home currency depreciation in
both cases, the pricing environment therefore produces different paths for relative import prices
and expenditure switching. Under IPT, the initial depreciation also raises the actual Home LOOP
gap 1; (Panel 9), while the Home WR LOOP gap rises in response to the tariffs and the Foreign
allocation, as described by Eq. (53) (Panel 10). The corresponding Foreign WR LOOP gap is given
by Eq. (54). Under PPT, the LOOP holds identically, so the actual LOOP gaps vanish. These
IPT-specific welfare considerations continue to enter the planner’s policy choice, although the loss
of export demand makes easing optimal in either pricing environment. The fact that the observed
IPT rate cut is smaller than the PPT cut in the reciprocal-tariff experiment does not contradict
the unilateral-tariff finding: the underlying shocks and international policy trade-offs differ.

At the benchmark 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 notional rates reveal a difference in optimal accommodation
that the observed ZLB rates conceal. The tariff-rate sensitivity of this result is examined in
Sec. 5.3; Table 4 reports the corresponding notional rates and Home ZLB durations for all four
benchmark-elasticity tariff magnitudes.

Table 4: Reciprocal tariffs at 7 = 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 8: 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 benchmark 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 8: Two-country reciprocal tariffs: (b) Foreign optimal PPT and IPT responses to the
benchmark 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.

5.2 High Substitution Case

We retain the reciprocal tariff shocks of Sec. 5.1 and raise only the Home-Foreign substitution
elasticity from the benchmark value n = 1.5 to 7 = 3, the High Substitution Case considered by
Monacelli [38]. The experiment isolates the role of stronger expenditure switching with the national
Ramsey objectives, the other structural parameters, and the tariff paths held unchanged. Figures
9(a) and 9(b) compare optimal PPT and IPT responses at n = 3; the corresponding benchmark
paths are reported in Figs. 8(a) and 8(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 benchmark, whereas the Foreign IPT nominal
rate remains positive (Panel 1 of Figs. 9(a) and 9(b)). The explanations for this policy choice
involve both the Home WR LOOP-gap objective and the external-demand effects of reciprocal
tariffs; neither channel alone provides a complete decomposition of the equilibrium response.

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 accommodation: with perfect pass-through, nominal depreciation
lowers the relative price of Home goods to Foreign purchasers and supports demand for Home pro-
duction. 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 never-
theless a sufficiently large rate cut for the Home nominal interest rate to reach the ZLB for four
quarters, compared with one quarter in the benchmark (Panel 1 of Fig. 9(a)). Foreign also cuts
its nominal rate to the ZLB for one quarter, whereas its rate remains positive in the benchmark
(Panel 1 of Fig. 9(b)). The Home currency depreciates on impact under PPT (Panel 11). Thus
the stronger expenditure-switching response does not necessarily call for monetary tightening in a
two-country tariff war: endogenous Foreign demand and policy responses alter the optimal Home
trade-off.

Under IPT, the Home welfare cost function remains the two-country criterion in Eq. (52),
with its coefficients and welfare-relevant (WR) reference values re-evaluated at 7 = 3. Table 6
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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. (53), the coefficient on
the Foreign purchaser-price combination 7, , — 97 rises from 0.060 in the benchmark to 0.122 at
n = 3. This combination raises the relative price of Home goods faced by Foreign households.
Greater substitutability amplifies the resulting reduction in Foreign consumption of Home goods
and the inefficient shift of Home-good consumption toward Home households. The Home planner
consequently places greater weight on the Foreign-side adjustment when determining its WR LOOP
gap (FAC, Fig. 1). In this reciprocal-tariff experiment, the Foreign LOOP gap falls on impact
under both elasticities (Panel 4 of Fig. 9(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 I'oy, declines from 0.364 to 0.053. Consequently, the
total initial increase in the Home WR LOOP gap is smaller at n = 3 than under the benchmark,
even though the Foreign-side contribution is larger (Panel 10 of Fig. 9(a)). This distinction is
important: a stronger FAC does not by itself imply a larger total WR target. The welfare weight on
the Home WR LOOP-gap deviation, Ay, 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 n = 3 than in the benchmark, while the Home currency depreciates (Panels 9
and 11 of Fig. 9(a)). The longer IPT ZLB episode is consistent with both the strengthened
Foreign-side welfare consideration and the amplified reciprocal-tariff expenditure-switching effects;
it should not be attributed to the FAC alone. Foreign monetary policy also eases under IPT, but
its nominal rate remains positive, unlike under PPT. Thus, at n = 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 IPT has an independent importer-markup/WR
LOOP-gap welfare consideration. The result confirms the benchmark reciprocal-tariff ranking
rather than reversing it at higher substitutability.

Table 5: Reciprocal tariffs at 7 = 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 benchmark persistence 0.7.
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Figure 9: Two-country reciprocal tariffs, High Substitution Case (n = 3): (a) Home PPT and IPT
responses. Panel definitions and units match Fig. 8.
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Figure 9: Two-country reciprocal tariffs, High Substitution Case (n = 3): (b) Foreign PPT and
IPT responses. Panel definitions and units match Fig. 8.

5.3 Sensitivity Analysis

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. The distinction matters because an observed rate at zero does not
reveal how far below zero the unconstrained optimum would fall. 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.

An increase in import tariffs inducing a ZLB episode might at first seem counterintuitive.
The sensitivity results, however, show that a binding ZLB is not an implication of every tariff
increase, even under optimal monetary policy. In particular, the 10-percentage-point experiment
does not generate a ZLB episode under either PPT or IPT (Table 4). This threshold is relevant
when comparing the benchmark experiment with the recent U.S. experience. The Budget Lab
at Yale [15] 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
benchmark shock. These estimates concern effective tariff levels, whereas our experiments specify
increases in the tariff rate; that distinction must be respected in making the comparison. 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-
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scribed by our model, a reciprocal-tariff shock of roughly 10 percentage points would not have
generated a ZLB episode under either pricing environment. This is a conditional implication of
the model, not a claim that the recent U.S. tariff measures were an exactly symmetric reciprocal
shock. Actual retaliation was uneven, and other features of U.S. policy and the international en-
vironment 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.

6 Conclusion

This paper asks whether an economy imposing an import tariff should raise or cut its nominal
interest rate when import prices exhibit imperfect exchange-rate pass-through. Our central finding
is that monetary easing is optimal under Imperfect Pass-Through (IPT) following a unilateral
tariff increase. The rate cut arises in both the small open economy and the two-country economy
and persists when Home—Foreign goods become more substitutable, whereas the same Ramsey
planner raises its rate under perfect pass-through in the small open economy. In the SOE with
flexible producer prices, Proposition 1 establishes to first order, under its sufficient conditions, that
importer price setting alone generates the optimal initial rate cut. With flexible import prices, by
contrast, the IPT economy is exactly equivalent to PPT with a magnified tariff (Proposition 2),
and the optimal rate rises at our calibration. The fully nonlinear Ramsey map over producer
and importer price stickiness confirms these contrasting responses to a finite tariff shock and links
the two analytical limits. As an additional result, the initial response can be hump-shaped at
intermediate producer-price rigidity, with a temporary rate increase followed by cuts large enough
to yield a negative cumulative response. For given producer-price rigidity, the cut is deepest
at intermediate import-price rigidity. Both patterns are consistent with the welfare importance
of stabilizing each inflation rate being greatest at intermediate rigidity, as for wage inflation in
Gali and Monacelli [31], with PPI stabilization tempering the easing called for by import-price
stabilization; the hump disappears at the flexible-import-price boundary, where the import-price
motive is absent. Unlike in Gali and Monacelli, whose result concerns welfare under given monetary
regimes and persists under complete pass-through, the exchange-rate-stabilization motive here
arises endogenously from local-currency import pricing.

The welfare mechanism gives the result its economic content. Local importers set sticky ez-
tariff prices in Home currency while taking the tariff into account in their price-setting decisions.
Exchange-rate changes under import-price stickiness can generate excessive importer markups; a
tariff additionally encourages opportunistic importer pricing. The Home Markup Channel is the
planner’s motive to compress such markups by adjusting the actual Home law-of-one-price (LOOP)
gap toward its welfare-relevant (WR) level. The tariff raises the own-tariff component of the WR
target, but this shift alone neither defines the HMC nor determines the interest-rate response. The
optimal rate cut balances the LOOP-gap objective against stabilization of Home PPI inflation and
ex-tariff import-price inflation as part of the full committed Ramsey trade-off.

In the two-country economy, the Foreign Allocation Channel adds a welfare consideration re-
lated to how Foreign households adjust their consumption of Home goods. Because the For-
eign monetary policy is also endogenous, the Home currency can appreciate in equilibrium de-
spite an optimal Home rate cut. Under high substitutability the Foreign monetary response and
Home-currency appreciation are sufficiently pronounced that PPT also produces a Home rate cut:
the exchange-rate-induced expenditure switching under PPT partly counteracts the direct tariff-
induced shift toward Home goods. This result clarifies the role of PPT as a comparison. The
benchmark PPT-IPT difference in the sign of the policy response is informative but not univer-
sal; the optimal Home rate cut under IPT is the robust finding across the unilateral experiments
considered.

Reciprocal tariffs generate an additional external-demand motive for monetary easing in both
countries, under either pass-through environment. Sticky import prices weaken the expenditure
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switching induced by nominal exchange-rate movements and thereby alter the optimal size of
accommodation. When reciprocal tariff shocks are sufficiently large, the zero lower bound can
constrain Home policy; higher substitutability also changes the duration and international incidence
of ZLB episodes. Import pricing thus shapes how much accommodation each country needs and
when the ZLB binds in a tariff war.

The broader lesson is that the optimal monetary response to a tariff depends critically on
who sets import prices and how they adjust. When local importers set sticky prices in domestic
currency, a tariff-imposing central bank should ease rather than tighten, and the Home Markup
Channel provides the welfare-based reason.

Appendix

A 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 v and country F has household mass 1 —v. The expenditure
weights are those in Sec. 4.1, namely wp = v(1 —v), wyg =1 —wp, wi; = v, and Wi =1 — w};.

A.1 PPT Environment

The Home and Foreign representative households have the preferences stated in Sec. 4.1. Their
consumption baskets are given by Eq. (45). Under the PPT environment, Eq. (2) and

Py 4
P, =—= Al
H,t gt ( )
are applicable. Hence the two LOOP gaps are equal to one in levels,
gtPI::t Py t/gt
v, = ~ =1, U = . =1. A2
=e =T *2

Accordingly, with the logarithmic definitions used in the welfare analysis, ¥y = log¥; = 0 and
; = log U} = 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

B 1/(1=n)
prPT = [WHP;I,!] +wr{(1+ TM,t)gtP}t,t}lin} ’
«, PPT 1 P\ " v
P = W;‘(P;‘,t) T+ w}} {(1 + TIT/I’t) 5157 } ' (A.3)

The two-country GFPT (14, Z;/V;) uses the Home expenditure weights wy and wp in Eq. (A.3),
rather than the SOE weights; under PPT, ¥, = 1. The associated bilateral demand system is
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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 Eqgs. (10) and (11), with
U, = 1; the Foreign household satisfies the exact starred counterparts. In particular,

1 Cr (P PEy)
T ey oy p— (A.5)
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Complete international risk sharing gives
C PPT A
Z, + G (Tar,es 2t/ t), U, =1, (A.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

Ny

Y =
t AH7t’

MC] = C:NEGEPT (1ar s, Z: ) 0y), (A7)

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
1—-v

Y, = Cpe + ( ) Cire  Y7F=Chi+ < Y > Cra. (A.8)

1—v

Equation (45) and Egs. (A.1)- (A.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.

A.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
A.1. The difference is that Home and Foreign local importers set sticky ez-tariff prices in the cur-
rency of the importing country. Thus Pr; and P, are endogenous local importer-price indices.
The Home LOOP gap is ¥; = EtPI?’t/PF’t as defined in Sec. 3.2; its exact Foreign mirror is
Uy = (Pu/&)/ P 4 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 Egs. (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

) 1)
PIPT = onPi +wr(PET )
- 1/(1-n)
«IPT « (P \1— . B 1
PRI = Jwp(Pp ) e (P ) (A.9)
Here G/PT() = PIFT /Py, and its Foreign counterpart Gi*'"7(.) = Pt*’IPT/P;;)t denote the

CPI-PPI ratios constructed from the corresponding exact cum-tariff importer-price indices; see
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Egs. (20)—(22). The aggregate bilateral demands are
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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/F7C; and Pt*’IPTC't* ex-
penditure by CES duality. The statutory duties are remitted on border customs value and rebated
lump sum exactly as in Eq. (26) and its Foreign mirror.

The Home intratemporal and Euler equations retain the forms of Egs. (10) and (11), with
the IPT CPI and G/¥7(-) replacing the PPT CPI and GFPT (754, S;), respectively. The Foreign
equations are their exact starred counterparts, and complete international risk sharing remains

Ce  G{""()
Zy cr Pt*’IPT/P;;’t. (A.11)
The producer blocks remain Eqgs. (13)— (17) and their starred counterparts.

Home local importers use the exact nonlinear pricing problem in Egs. (29)—(31). Their ez-tariff
price index satisfies Eq. (27), and the local relative import price obeys Eq. (28). Foreign local
importers solve the exact Home-Foreign mirror problem. In particular, no multiplicative identity
of the form P}f: T = (1 + 7ar.4) Pryt 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. (50). 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.

B 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 D; they are not minimized
to obtain the policy paths.

B.1 Small Open Economy

B.1.1 PPT Environment

In the PPT environment, the social planner maximizes U subject to Egs. (10), (11), (12), (13),
(14)—-(17), (2), (19) with ¥, = 1, and (35). After Eqs. (14)—(15) have been substituted, the
Lagrangian is

oo 1
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Here Ay ¢, Aat, Aty Ayt Art, and Ae ¢ are the multipliers on the price-index, price-dispersion,
production, goods-market, risk-sharing, and Euler conditions shown in the same order in Eq. (B.1).
The multiplier y; ¢ is the ZLB multiplier defined after Eq. (35).

B.1.2 IPT Environment

In the IPT environment the SOE planner maximizes the same household utility as in Appendix
B.1.1, subject to the household and producer conditions of the SOE, the IPT risk-sharing condition
(25), and the IPT goods-market condition (34), together with the exact additive-duty importer
block in Eqs. (20)—(31), the importer Calvo price-index law in Eq. (27), the relative-import-price
law in Eq. (28), 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. 3.3.
The statutory duty is imposed on border customs value and is not replaced by a multiplicative
tariff on the sticky ex-tariff import price.

B.2 Two-country Economy
B.2.1 PPT Environment

We now write the two national problems explicitly. Complete international risk sharing in
Eq. (A.11) is imposed before either national planner differentiates. It is used to eliminate Z;
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. (A.11) has been substituted, the Home CPI-PPI relation is
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The Home planner takes the complete Foreign contingent plan as given. After the Home reset-
price relation has been substituted, its national Lagrangian is
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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
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B.2.2 IPT Environment

The two national commitment problems use the exact Two-country private equilibrium in A.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. (31)

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

oo Ntle
max E Bt [ logCy — , B.2
{Ce,GIFPT(),N¢, Yy, Oy 1 ,Am,¢,Pr,t /Pr ¢ ,p it be>0 0 ; &t 1+¢ ( )

subject to the Home household Euler equation, the complete-markets condition in Eq. (A.11), the
Home producer technology and Calvo block, the exact additive-duty importer block in Egs. (20)—
(31), the local import-price law in Eq. (28), the exact bilateral resource constraints in Eq. (50),

and
7y > 0. (B.3)

48



The notation G/FT(-) in the planner’s choice set stands for the CPI-PPI ratio constrained by
the exact purchaser-price index in Egs. (20)—(24), not the PPT formula GFP¥T (7ps 4, Z,/W,). The
complete cross-sectional distributions {Pr(¢)} and {Pf;,(¢)} entering the purchaser-price indices
and physical- quantity integrals evolve according to the same Calvo reset/non-reset rule as in A.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 B.2.1, and adding )\AH/[p’t

for the Home importer price-index law and Ag{t for the local relative import-price law, we have
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All occurrences of Z; and &; inside the purchaser-price and reset-price objects in Eq. (B.4) are
eliminated with the complete-markets condition before differentiation. In particular, Pr /P is
the reset-price ratio implied by the exact private importer FOC (31); 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

o0 *\1+¢
max Eo Zﬁt <log Cr — (Nt)> , (B.5)
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subject to the starred A.2 equilibrium restrictions and i} > 0. Its Lagrangian is the exact Home-
Foreign mirror of Eq. (B.4). The two national commitment problems and the common private
equilibrium are solved jointly at their mutual best response.
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C FONC'’s for Social Planner

C.1 Small Open Economy
C.1.1 PPT Environment

As on pp. 74-75 of Monacelli [38], it is useful only for taking derivatives to write
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This is derivative notation for the reset price already defined in Eqgs. (14)—(15); it introduces no
new economic variable.
The first-order condition for C; is
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Finally, the interest-rate condition and the ZLB conditions are

A . .
—ﬁ + Hit = O, ¢ Z O7 Hi ¢ Z O, Hi gty = 0.

C.1.2 IPT Environment

In the IPT environment, the producer block is unchanged and the planner additionally imposes the customs-duty
importer block in Egs. (20)—(22) and Egs. (29)—(31), together with the local relative-import-price law in Eq. (28).
The household budget constraint remains the one stated in Sec. 3, with consumption expenditure P;CY, and tariff
revenue is given by Eq. (26). 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. (33).
The ZLB condition remains
)\e,t

————— +t it =0, it > 0, it >0, it4t = 0.
(1 +it)2 Mt t = Hit = Mttt

C.2 Two-country Economy
C.2.1 PPT Environment
For the Home reset price the derivative notation is that in Eq. (C.1). The Foreign reset price uses the exact starred
counterpart,
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The Home first-order condition for C is
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The Home first-order condition for GPFT (TM’t, Zt/\I!t) is
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The remaining Home conditions in the PPT environment are
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The Home ZLB conditions are
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The Foreign first-order conditions in the PPT environment are written explicitly as
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C.2.2 1IPT Environment

We differentiate the exact intertemporal Lagrangian (B.4) after complete risk sharing and the two private reset-
price conditions have been substituted. A prime on ppy; or on ﬁp’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
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The FOC for the Home CPI-PPI ratio is
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Here Py ,(GITT) and (Pp,./Pp,) (GITT) mean total derivatives with respect to the displayed CPI-PPI ratio, not
derlvatlves with respect to a newly defined variable.

The labor and output FOCs are
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For the local ex-tariff import-price ratio,
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The two inflation FOCs are
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The producer-dispersion and nominal-rate conditions are
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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 A.2 is retained directly. The Foreign FOCs are obtained from Egs. (C.2)—(C.10) by
the exact Home—Foreign mirror transformation and satisfy
F
_ et +uf, =0 x>0, uf, >0, uFir=0 (C.11)
(1_}_1.:)2 My =Y, w2V M 2 U Kyt = U .

Together with the common A.2 private equilibrium, these conditions are the two national best-response systems
used in the IPT simulations.

D 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 B and C, 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 ezisting 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 inter-
actions 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 Egs. (D.5)—
(D.6). The following steps document the structural restrictions, differentiation, and coefficient
calculations for the benchmark 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:
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Environment First-order elimination and second- Final coefficients and checks
order source

SOE PPT B.I.I, C.1.1; Eq. (D.18) Eqs. (D.12), (D.23); D.1 derivation
SOE IPT B.1.2, C.1.2; Egs. (D.17), (31) Egs. (D.14), (D.23); D.1 derivation
Two-country PPT  B.2.1, C.2.1; Egs. (D.33), (D.35) Egs. (D.37), (D.40)
Two-country IPT ~ B.2.2, C.2.2; Eqgs. (D.49), (D.50) Eqgs. (D.52), (D.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 O, denotes the
stationary multiplier on the CPI identity.

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 benchmark
SOE and Two-country economies these are

57 ©, m, g, EM, 07 9]\/13 v, v, (Dl)

Their meanings are collected here; none is an independently calibrated welfare coefficient:

Symbol  Definition

153 Household discount factor.

%) Inverse Frisch elasticity in household labor disutility.

n Substitution elasticity between Home and Foreign consumption goods.

€, EM Substitution elasticities across producer varieties and importer varieties, respec-
tively.

0, On Calvo non-reset probabilities of Home producers and Home importers, respectively.

v Openness/Home-bias parameter entering bilateral expenditure shares.

v Home share of the two-country household mass (not needed for the SOE).

The bilateral expenditure weights are not additional parameters:

wp=v(l-v), wyp=l-wp, wi=uvr, wp=1-wj. (D.2)
Likewise,
M= pemr=ct o 20=00-80) (L= 0)( = F0m)
e—1 e 0
(D.3)

The steady-state importer subsidy is not an additional structural parameter: throughout the
IPT environment it is fixed at 7 = 1/eps, as in Sec. 3.1. The tariff rates 7ps, and Tht 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 © coefficient below is determined by the displayed Benigno—Woodford
first-order coeflicient-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 A is obtained by the displayed sequential Schur completion. Thus no welfare weight or WR
reference-value coefficient is an independently calibrated parameter.

Here © denotes a stationary multiplier on an existing first-order restriction, C and C are
pre-reduction and reduced second-order welfare coefficients, @ and B are negative-Hessian and
tariff-loading matrices, A is a completed-square coefficient, and b and I' denote coefficients in the
welfare-relevant reference values. None is an independently calibrated structural parameter. The
SOE shares dy and Aj; are defined where first used below. The exogenous tariff persistence p.
does not enter a per-period welfare weight.
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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
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then at step k the completed-square reference value is
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For j,1 > k, the remaining coefficients are updated according to

(h-1)
AR AG-D) [Cy; 1
G
ol I)O(k 1)
® _ ok Gk
Cii = Ci +W’
k
h(k—l)c(k 1)
k k—1
h = wlE o (D.6)

(k— 1) ’
Ay,
These are algebraic completion formulas only; they do not introduce additional private-equilibrium
variables.
D.1 Small Open Economy

Representation with the ex-tariff relative border price retained. The two unnumbered
welfare representations at the beginning of Sec. 3.5 retain the WR Faz-tariff Relative Border Price
of Imports Gap explicitly. The period welfare cost itself remains Ets OF,

D.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

SOE,PPT _ 1 SOE PPT, 2 ASOE,PPT 22 ASOE,PPT
t,real - 5 |: 20 Yt 20 | — Cyz Yt 2t
ASOE,PPT ~ASOE,PPT .
—Cym Yyt — Copn 2Ty +s.0.t8.1.p., (D.7)

where s.0.t.i.p. denotes terms independent of the endogenous allocation to the order considered.
The coefficients C5OFPPT CSOEPPT  CSOBPPT  CSOEPPT ang CSOPPPT are the literal
coefficients on the correspondmg quadratlc or tariff- mteractlon terms in this welfare polynomial.
They are not free coeflicients. 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 B.1.1 constraints and the stationary multipliers in Eq. (D.18). Since the
constraints and those multipliers are functions only of Egs. (D.1)— (D.3), each hatted coefficient is
a structural function of the primitive parameters.

The first-order approximations of Eqs. (12) and (19) imply

Yt = [pgl] zt + k*/p* (TM,t - "/}t) . (D8)
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Under PPT, ¢, = 0. Using Eq. (D.8) to remove z; from the output-relative-price cross term before
completing squares gives
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D«
~w,SOE,PPT  _ 1 (iSOE,PPT _ ks /s (SOE.PPT |
Y = RSOEPPT |“ym -1 “yz Mits
Y D
ASOE.PPT — _9@SOE.PPT,
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¢ = ASOE.PPT Mt .
z

Thus the WR output appearing in the first unnumbered welfare representation in Sec. 3.5 contains
no 2.

D.1.2 1IPT Environment

For IPT, the corresponding real polynomial is

soe,gpr 1 ASOE,IPT, 2 ASOE,IPT, 2 ~SOE,IPT 2
Lo 5 |[F2CE0BIPTYE — 2C50BIPT i — 2CS0RIPT
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~SOE,IPT ~NSOE,IPT ASOE,IPT .
—Cym Yerm — Cm Vet — Con 24Tat + 8.0.6.1.p(D.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
B.1.2 and the stationary multipliers in Egs. (D.18)—(D.17). They are therefore structural functions
rather than additional parameters. Applying Eq. (D.8) to the y;2; term before sequentially
completing the y;, ¥, and z; squares gives
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The WR output in Eq. (D.11) therefore depends on the tariff and the LOOP gap, but not on z;.

Representation after eliminating the ex-tariff relative border price. The WR variables
used in the numbered SOE welfare-cost equations in Sec. 3.5 are defined here. Around the zero-
tariff steady state, the first-order relation log(1 + 7as¢) = Tar,+ applies. We therefore use the tariff
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rate Tar; directly and introduce no auxiliary tariff variable. In the present SOE experiments there
is no export-tariff disturbance. After the first-order elimination of z;, the unhatted coefficients
C?fyOE’PPT, Cng’PPT, 075571 C;f;T, Cé,iT, CiiT, and CIPT 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

('SOE,PPT
w,SOE,PPT __ ym D.12
Yt = \SOE.PPT TM,t (D.12)
v
CIPT CIPT
w,SOE,IPT  _ ym yy
Y = SoEIPT "Mt ¥ ~SoRIPT (% (D.13)
Ay Ay

After completing the output square, collecting the remaining terms in v; gives the WR LOOP gap
directly as

[PT I PT
CIPT | Ty Tym
SOE,IPT " AR OB
w, , _ Y
t = SOE.IPT TM7t. (D.14)
Aw ’

Here C’ys,g E,PPT C’;,};T, C’Q{}fnT, and C’yIf; T are the corresponding cross coefficients in the second-
order welfare expansion; the coefficient notation is retained from the underlying symbolic welfare
derivation. Equation (D.14) depends only on the exogenous tariff innovation and therefore is the
reference value entering the LOOP-gap square in Eq. (37). The compact main-text coefficient
I'SOF is defined as the entire structural coefficient multiplying Tam,¢ on the right-hand side of Eq.
(D.14).

The coefficients ©,,, ©4°, and ©47 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 ©,, Oy, O, Oy m, and @gs
are attached to the corresponding first-order equilibrium restrictions. In the IPT environment,
O, and @;\4/[5 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 Z, Y, C, and Z denote, respectively, the steady levels of
Zy, Yy, Ct, and P,/ Py . The original nonlinear equilibrium restrictions give

Sl (1-v) 402, C=2Z/5, Y =(1-v)Z5 102",  ZV¥=L. (D.15)

Thus neither Z = 1 nor = = 1 may be imposed in coefficient calculations. The quantities in
Eq. (D.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:

Zl—n _ _
wp = (1fz)+vZ1*n’ H=(1-v)Zz", X =vZ",
Y —1)H
Dy = . = (1 ) Hwr (D.16)

H[1+ (n—Dwg] +nX’ H[1+ (n—1Nwp]+nX"

Here wp 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 z; = p.y; + ki (Ve — Tar,) (with
¥y = 0 for PPT).

Use @gs and 93\445 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 y; and ; terms in the augmented welfare contribution to zero yields

045 — YH_@ - (1 —wp)p«
Y/Z)(p+p)
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1 —wp)ks +wr + Y Zk*@AS
o4 = ( ) él_n( [2)k. O , (IPT only). (D.17)

The producer coefficient is the same under PPT and IPT. The associated multiplier on the n; =
Yt + log A g, identity is ~ o
0, =Y — (Y /2)04°. (D.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, the old unit-level formulas for Oy,
©,, and the aggregate-supply multipliers are not applicable at the nonunit steady state.

Reproducible importer coefficient calculation. The following steps specify the second-order
object behind Eq. (D.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

IPT
Ft

—_— = Z(ezﬁwt + TM,teZt)’
Py

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 + Tas;)Ze =¥
would omit the second-order term 7y +1; from its logarithm. The two corresponding exact real
conditions used to eliminate consumption and the border price in the second-order expansion are
Egs. (25) and (34).

In the discounted importer reset FOC (31), the ez-tariff reset price P 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 to

-1 = -n
(Pt’PT)n PEYTN T Pry g + (e — (1 — e %)
Py Py Pyt (em —1)(e¥ + Tare)

The ex-tarift price factor is Pr:/Pr: = Ze* ¥t 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(Pp,.(t)/Pr,) denoting the cohort log-price deviation,

1 —EM 1 2
Pm(L)) En [ PFt(L)]
: di=1+ — lo : dv+ O(3).
/0 ( Ppy 2 Jo |8 Pry ®)

Thus the fixed-reset-ex-tariff-price-weighted aggregate restriction has the importer-dispersion co-
efficient £p7/2. The Calvo price-index law then converts its discounted dispersion sum into an
importer-inflation-square coefficient involving 1/kys. This yields the import-inflation weight in
Eq. (D.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. (D.3)) and the two reset-
price-weighted aggregate-supply restrictions:

F _ Qe(lﬂa)yt + @ﬁszeyt—zt (e¥¥etz 1)
Py 1+ Z

5

175 -
Lo4s <PtIPT>n PpyT Zemi—tn TM.t F (e =1 —e™¥)
M Py, Py (em — 1)(e™¥t + Tare)

log Z + 2 — log
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The two exact real identities above first eliminate C; and then implicitly eliminate z;, including its
second derivatives. The first derivatives in y; and 1 of the resulting augmented expression are zero
at the benchmark steady state, providing an independent check on the undetermined coefficients.

Using the stationary multipliers above, evaluate the negative Hessian of this augmented con-
tribution after implicitly eliminating z; to second order from the exact goods-market identity.
For the benchmark IPT calibration, the policy-variable block QSCF-IPT and tariff-loading vector
BSOEIPT are shown in Eq. (D.21) below. The omitted tariff-tariff Hessian entry is independent
of Home policy. In the notation of Eq. (D.14),

AJOBIPT — 16542172374,  CLI" = 0.0036494190,
CpiT = 0.1358745616, CLIPT — (.2128527417,

ASOPTPT = 05062809752,

psor _ 0-2128527417 N 0.0036494190 - 0.1358745616
own T 0.5062809752  1.6542172374 - 0.5062809752°

'SOF — (0.4204241362 4 0.0005920764 = 0.4210162126.

own

The Direct term accounts for most of the own-tariff loading, with the output-interaction term
contributing the remainder. Both terms are calculated at the original distorted steady state; they
are not additional calibrated parameters.

Differentiation of the reduced SOE criteria. The following calculation closes the gap be-
tween the Hessian definitions in D.1.1-D.1.2 and the reduced coefficients used in Egs. (36)—(37). It
uses only quantities already defined in the SOE model. At zero importer-price dispersion, Egs. (20)
and (24) imply

pIPTN\ 177 B -
( 2 ) = -0+ [ZE "t rage)] T
H,t

pPrT I=n
( P ¢ >
In either environment, the exact risk-sharing and Home goods-market identities in Sec. 3.2 and its
PPT counterpart give

(1—v)+o[(1+70)Ze™] " (D.19)

15

Py

n—1
yr = log l(l —v)Ze* < ) +v(Ze*)T| —logV, (D.20)

where P, = PPPT or PIPT as appropriate. Equations (D.19)—(D.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. (D.19) differs from (1 + 7pz,¢) Ze ¥,

For the second-order real welfare contribution, differentiate the augmented expression immedi-
ately above with the stationary multipliers from Eqs. (D.18)—(D.17). In the PPT case omit only
the importer aggregate-supply term and use the PPT relative purchaser price in Eq. (D.19). First
eliminate z; implicitly through Eq. (D.20) to second order, and only then take the Hessian in
(yt, Tare) for PPT or (yi, ¢, Tar,e) for IPT. Both the first and second derivatives of the implicitly
determined z; 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. (31), as
described above.

Writing the policy-coordinate negative Hessians and tariff loading vectors as @ and B, the
benchmark parameterization now gives

QSOEPPT = (1.6542172374), BS9EPPT = (0.0991577246)
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gsorapr _ (16542172374 —0.0036494190
—0.0036494190  0.5062890263 )’

sopapr _ (0.1358745616
B B (0.2128527417 ' (D.21)

Here @ 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 z;. Both are determined
from the original exact conditions at the true zero-tariff steady state, not from independently
calibrated weights. The PPT completion gives

w.sopppr _ 0.0991577246
Y T 1.6542172374

AJOEPPT = 16542172374, TM -

For IPT, square completion with the output term first yields

ASOEIPT  _ SOE,IPT
Yy 11 ’
SOE,IPT\2
ASOE,IPT o QSOE,IPT_( 12 )
P - 22 QSOE,IPT )
11
SOE,IPT SOE,IPT nSOE,IPT ; ~ASOE,IPT
[SOE  _ B; — W21 B /Qu
own T SOE,IPT
Aw

This yields A7 """ = 0.5062809752 and T'SOF = 0.4210162126.

own
The original nonlinear producer-price and importer-price Calvo laws determine the second-order
producer and importer physical dispersion terms. A dispersion increase A+ —1 enters the reduced
augmented welfare contribution with coefficient —Y 1% + (1 + ¢)(Y/Z)©4°. For the importers,
the cohort-level ex-tariff-price-weighted reset FOC and the normalized ex-tariff CES price index
give a dispersion coefficient C 1*"6);\4/13 . The standard discounted Calvo dispersion law then implies

SOE,PPT SOE,IPT € o Sy
Al H = AMu = [V — (1+¢)(Y/2)0%°]
AFGPIPT = o egy (D.22)

The corresponding benchmark values are

AJOBIPT = 16542172374, ASCPPT = 0.5062809752,
ASOPIPT = 39.3775970086,  ASGPITT = 27.2046757381.

For the high-substitution specification = 3, holding all other primitive parameters fixed, the
corresponding weights are AJ9FIPT = 0.7493034093, AiOE’IPT = 1.2406311889, Af%E’IPT =

193033398990, and A7 = 37.2065139728, with TS9P = 0.2927934031.

The underlying coefficient reproduction computes the exact zero-tariff steady state from
Eq. (D.15), removes the original border price through exact implicit differentiation, and checks
the resulting Hessian against finite differences. The standard Calvo inflation-square factor is
separately verified from the nonlinear reset-price index. The numerical allocations remain those
of the original nonlinear Dynare Ramsey model and are not solutions of the quadratic welfare
criterion.

The SOE real weights are defined by the real Hessian and sequential completion in Eq. (D.21).

The inflation weights are defined by Eq. (D.22), while AgOE’PPT = floE’PPT and AfOE’IPT =
SOE,IPT
Q1 :
SOE,IPT sopapr Qs 1T
Aw ’ E Q22 ’ - W. (D.23)

11
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The second-order welfare criteria are expansions around the distorted deterministic steady
state. The linear—quadratic construction follows Benigno and Woodford [6, 7]: 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 Egs. (36), (37), (51), (52) 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 (1lmmcp), 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.

D.2 Two-country Economy

This subsection derives the two real WR variables appearing in Eq. (51), the four real WR variables
appearing in Eq. (52), and every welfare weight in Eqgs. (51)—(52) from the structural parameters
in Eq. (D.1). The construction common to the two pass-through environments is stated first;
Appendices D.2.1 and D.2.2 then specialize it. Throughout the first-order representation used to
construct these WR variables, we use log(1 + 7art) = 7are and log(1l + 73,,) = 7, without
introducing separate tariff variables.

Derivation of Eqgs. (51)—(52) from the structural parameters. The derivation consists
of the following seven steps. No step uses a welfare weight, a WR loading, or any other number
reported in the main text as an input.

Step 1: Steady state and notation. At the zero-tariff, zero-inflation deterministic steady state,
Z =V =V*=1, P/IPy =P*/P}, =1,and C = C* =Y =Y* = N = N*. The producer
reset condition, Eq. (14), gives MC™ = M~ = L, and Eq. (16) then gives N'*¥ = L. Because
{(1 = v)/v}w} = wp, Home exports absorb the share wp of Home output and Home households
absorb the share wy. Lower-case letters denote log deviations from this steady state: ¢, cf,
Ye, e, 20 = log Zy, e, Vf, g0 = log(Pi/Pry), 97 = log(Pt*/P;‘,t)’ sy = log(Pr¢/Pu), and
sy = log(Pf,/Pg,). Here P, denotes the CPI of the environment under consideration: g, =
log GPPT (1014, Z;) under PPT and g; = log G/F7(-) under IPT.

Step 2: National problem and ezact identities. As in Appendix B, the Home planner chooses
the Home allocation, namely ¢, g¢, y:, n¢, the Home producer reset price and, under IPT, also
st and the Home importer reset price, while taking the Foreign plan (¢}, ¢g; and, under IPT, s}
and the Foreign importer reset price) as given. Complete international risk sharing, Eq. (A.11), is
substituted before differentiation and is exact in logs:

2 =cCi+ g — ¢ —gf- (D.24)

Under IPT, the definitions of the two LOOP gaps give the exact identities vy = 2; — s; and
f = —z — ;. Let ppy = log(Ppy/Pyy) and p Py = log(PHt/PFt) denote the log household-
facing cum-tariff relative prices of imports in the two countries. Then

PPT:  pr¢ =2+ Targ, Dt = —2t+ Tare

IPT: Pre = s +log (14 1pre"), Pt = s +1log (1+7Mte ) +0(3). (D.25)
The IPT line follows from the additive-duty purchaser price in Eq. (20), I{ﬂfT( )/Pr: =
Pr(t)/Prt + o+ Ve, and its Foreign mirror. Because the ez-tariff index and the cum-tariff
index are CES aggregates with the same elasticity eps, cross-sectional importer-price disper-

sion cancels from log(PIP T/Pr4) up to third order. In particular, the second-order expansion
Dire = 8¢ + Tare + Tar b7 + O(3) contains the interaction 73, ,3;, which is retained below.
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Step 3: Per-period national Lagrangian. Because the steady-state multipliers are constant
from the timeless perspective, the Home Lagrangian of Appendix B can be written, up to terms
independent of policy, as Eg Zt Bt Tw + with

Ty = ¢~ 1+ eteln Lo, [

+@Y |:yt _ log {wHect,"rTIgt + erc: —n(ﬁz,t—gf)ﬁ’h)t}} + CH,t + CM,t- (DZG)

1 _
log {wH + wpell~mPre }}
-n

Here ny = y; +log A+ by Eq. (13); the first bracket is the Home CPI, Eq. (A.3) or Eq. (A.9);
the second bracket is Home goods-market clearing, Eq. (A.8) or Eq. (50), after substituting the
bilateral demands in Eqs. (A.4) and (A.10); A*Ht =(1-v)! fVl (]5;;7t(L)/]3;Lt)*€M du is the physical-
quantity factor in Eq. (50) (K*Ht =1 under PPT); and Cy; and Cyy,; are the Calvo contributions
of Home producers and Home importers derived in Step 4 (Cas; = 0 under PPT). The multiplier
on the Euler equation is zero at a steady state with ¢ > 0. Writing the CPI and goods-market
restrictions in levels rather than logs, or keeping z; as a separate variable with a multiplier on
Eq. (D.24), leaves every result below unchanged, because such rescalings do not alter the Hessian
on the first-order equilibrium set.

Step 4: Calvo blocks. Consider a reset-price condition of the form E; >, < (08)* G (ut g, Xitx) =

0, where u; ;. = log(P;/Py4) is the price of a seller that reset at t relative to the index at t + k,
Xi1p, collects date-(t 4 k) variables, and the index satisfies [(P;(j)/P;)'~°dj = 1. Attaching the
constant multiplier ©p and re-indexing by calendar date s =t + k gives

@
> BORE D (08) G (upk, Xisk) = —— Zﬂs / G(ps(j), Xs) dj + tip., (D.27)
t k

where p;(j) = log( .(7)/Ps), because the cohort that last reset at s — k has mass (1 — 0)6".
Let Vs = [ ps(5)3dj. The index condition implies [ ps(j)dj = (¢ — 1)Vs/2 + O(3), the dispersion
index satisfies logf (4)/Ps)=dj = €Vs/2+ O(3), and the Calvo law of motion gives > 3°Vy =

Ly BsmE 4+ tip, Wlth k= (1-0)(1—p6)/60. Since products of [ ps(j)dj with X, are third
order

%gﬁs/G(ps(.ﬁ s)dj =

{ )+ %{(g —1)Gy + Guu}Vi| +tip. +0(3).

(D.28)
For Home producers, Eq. (14) is equivalent to the reset condition with

a —Eu u mc J—
Gu(u, X)) = e*Hte (" —ememt), agt =Yt — Ct — Gt, mcgs = ¢ + png + g,

where agy; = log{Y; Py ./(C¢P;)} comes from the household stochastic discount factor and meg,; =
log(MMCY) from Eq. (16). Since G, = 1 and G,, = 1 — 2¢ at the steady state, defining
OA% = —Op /(1 —0) gives

1 €
§mc%[,t + 2VH,t} +0(3). (D.29)

AS
Cu,; = Oy |:mCH,t +apimecH,; +

For Home importers, Eq. (31) with 7 = 1/e) is equivalent to the reset condition with

e+ et ] ) e — (1 —ey et
-_— —€
1+ Tar €% M eu g T e

Gr(u, Xy) = ete® {

where ap . = cpy + s — ¢ — g = log{CrPp/(CyP,)} and cpy = ¢o — n1(Dre — g1) by Eq. (23).
At the steady state Gy, = —(epr — 1) and Gy = (epr — 1)(2e — 1), so defining ©4° = (epr —
1)Op m/(1 — 0Oar) gives

e _ 1 Pt -1
CM,t _ @&S |:ea]M’t € + TM,t€ /(EM ) + EJWVM’{| + 0(3) (DSO)

1+ TN17t€¢t 2
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The linear part of Eq. (D.30) is ©47 {¢; + 7ar,¢/(ear — 1)}, the driving term of Eq. (33). Finally,

A}, in Eq. (D.26) is the quantity factor of the Foreign importer block; by the same argument,

log Ay, = en Vi /2+0(3) and Y-, B*Vy = ryt 0, B%(myy )% + t.ip.

Step 5: Steady-state multipliers. The multipliers are pinned down by the requirement that Ju
contain no first-order term in any Home choice variable. Equivalently, n; and mcg + can be kept as
separate variables with multipliers ©,, on n; = y; +log Ag and Oy, g o0 MeH: = ¢ + PNy + gy
the conditions with respect to n; and mcg 4+ are then —L+0,, —¢O,,. g = 0 and @mc,H+®}f}S =0.
Under IPT, Oy, a is attached in the same way to the importer cost ratio ¥, = z; — s¢, so that
Omenr + 047 = 0. The resulting linear systems are Eq. (D.33) for PPT and the explicit IPT
solution in Eq. (D.49).

Step 6: Second-order criterion. Given the multipliers, the policy-dependent second-order Home
welfare contribution is %xgvzj mx; evaluated on the first-order equilibrium set, where z; collects
the log deviations in Step 1 and the two tariffs. Terms linear in the Foreign plan (cf,gf, s7)
are independent of the Home planner’s choices and are included in s.o.t.i.p.; accordingly, the
Foreign-plan variables are measured as log deviations and enter only through the first-order map
in Eq. (D.48). The coefficients on Vi +, Vir,+ and Vj7, give the three sticky-inflation weights:

3

O, —08%),  Apr=—20%5,  An = w6y, (D.31)

Aﬂ',H =
RH KM KM

where the last two are present only under IPT. On the first-order equilibrium set n; = y; and
mems = (1+ @)y + (¢t + g« — yi), while Eq. (D.48) shows that ¢; + g; — v, the importer terms,
the CPI term, and the goods-market term do not depend on y;. Hence the producer term reduces
to ©45[(1 4+ ¢)2y? — (ct + g¢ — y¢)?]/2, output separates from all other coordinates, y," = 0, and
in both environments

(1+9)km

Ay =1+ )L+ (14 ¢)Omer = (14¢)(On = O77) = —

A (D.32)

Step 7: Square completion and numerical evaluation. Writing the real part as %ngvt — v, BT+
s.o.t.ip. with vy = (ys,2¢)" under PPT and vy = (yi, ¢r, 2, %) under IPT, the weights and
WR variables follow from the sequential completion in Egs. (D.5)—-(D.6). The construction was
implemented independently in exact rational arithmetic directly from the nonlinear restrictions in
Appendices A and B, without using any polynomial displayed in this appendix as an input. Its
restricted Hessian coincides exactly with the explicit polynomials in Egs. (D.35) and (D.50), and
Eq. (D.28) was checked on exact Calvo cross-sections, with approximation errors shrinking at the
cubic rate.

D.2.1 PPT Environment

Under PPT, ¢, = ¢f = 0, so s, = 2, s; = —z, and Eq. (D.25) gives pry = 2 + Tar,e and
]’5’}17t = 7';\‘/[,75 — 2. The Home choice variables are c;, g¢, ¥, nt, and mep,. No coefficient from

the IPT environment is reused. Attaching OFFPT, PP, ©FFPT ©PPT and 057" to the

Home CPI, Home goods-market, labor, producer-marginal-cost, and producer aggregate-supply
restrictions, the absence of first-order terms in ¢, g¢, ¢, n¢, and mep; requires

0 = 1-— wF@f:PT — (wg + UwF)@{;PT - @Ziga

0 = wyO T - 6.,

0 — OLFT _@FPT

0 = —L+O0/"T—pellh,

0 = errT QAS.PPT, (D.33)

Under PPT, ¢; and g; move z; one-for-one through Eq. (D.24). Therefore ¢; enters the CPI
restriction with weight wp and Home exports with weight nwp, whereas g; enters the CPI restriction
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with net weight 1 —wp = wgy and goods-market clearing with weight n(wy +wp) = 7. No separate
relative-price multiplier arises, because z; has been eliminated by complete risk sharing exactly as
in the IPT system of D.2.2. Solving Eq. (D.33) gives

QLPT — @PPT  _ L+ ¢wn
" L+ o w +n(1 = wh)]
PPT |, PPT
orrT oy — L’ QPPT _ Oy " + @mc,H’
me, 0 b% Wi
o T = —ellt. (D.34)

Every object in Egs. (D.33)— (D.34) is therefore an explicit function of v,v,n, ¢, and & through
wg, wr, and L. Under the benchmark parameterization,

olrT — oPPT = 0.676499, oL = —0.027429,
OFFT = 1.264173, Qa5 PPT — 0.027429.

Specializing Eq. (D.26) to PPT and applying Step 6, the policy-dependent real second-order
Home welfare contribution is

W(z) real,PPT (14+¢)L , wpwe(l—nOLT

= - D) Yy — 5 R (2t +TM,t)2

wpr@PPT 2
— SR [+ mge) — {ei = n(Tie, — 20— 90))]

1 .
@71;1037;1 mcg)t(ct +9r—yr) — i(mc(bll,)ty + s.0.t.i.p., (D.35)
with g = wr(ze + Tae), 97 = Wi (Thy, — 2t), ¢ and ¢f given by Eq. (D.48) at ¢y =y = 0, and

mcg,)t = ¢t + Yyt + g+ The first term is the direct 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, which compares Home and Foreign demand for Home goods; and the last is the producer
Calvo block in Eq. (D.29). Using wy —wj; = 1—v and wy +wj = 2—v, the first-order equilibrium
set implies

cetgr—y = —m—1)2—-vwrz — (n— DwrWFrTA:
(Wi + WE)WFTA 4
—(
(

(ct +mge) —{c; =t — 2 —9)} = —m—1DA-v)ze+ (n—DwrTars

+(wr + Wi T
mcg)t = (A +e)yt+ (ct + 9t — yt)- (D.36)
Substituting Eq. (D.36) into Eq. (D.35) and writing EPPT real _ s0QTFT vy — v BPPT (mpp 4,73 ,)
with vy = (y¢, 2¢)" gives
o= 4oL+ (1+e)?enth, 1 =0, B{""=B"T=0,
b T = (n—Dwgwr [(n— 11 —v)?0y™ -0 — (n - 1)*(2 - v)’wr0n ],
BPPT _ (,’7 )WHWF [@PPT ( o 1 WF{ @PPT +( )@PICDTI;}]
B{;PT = (n—1)(nwy +wi)wr [(1 — U)wH®$PT —(2- U)WFGZZZIH . (D.37)

Because QTFT = 0, the output-relative-price cross term vanishes identically, as explained in Step
6, and the completion is immediate. The final WR variables entering Eq. (51) are

y T =0, (D.38)
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PPT PPT _»
Lw,PPT _ Boy" e + Bag C Thry

and the corresponding PPT weights are
AiPT _ ﬁPT =1+ (p)(GTIjPT _ GES,PPT)’ AfPT _ 2132PT7
€ AS,PPT
A = 5(65 T —ey ) (D.40)

Inserting the structural parameters from Table 1 and v = 0.27 gives

opPT _ (2077023 0 BPPT _ 0 0
0 —0.092987 ) * 0.112109 0.060738 )’

(APPT APPT \PPT) (2.077023, —0.092987, 47.432009),
Z0PPT 1905647 7ar, — 065319375, .

These are the unrounded values behind Table 3. Equation (D.38) states that the WR output is
zero in this representation, so the WR output gap is y; itself; Eq. (D.39) defines the (logarithmic)
WR ez-tariff relative border price of imports. Since APPT < 0, the associated completed square
is a signed strategic welfare contribution, as discussed in Sec. 4.4. For the unilateral Home-tariff
experiment, 7y, , = 0.

D.2.2 1IPT Environment

The benchmark IPT structural quadratic in this subsection follows from the construction in Steps
1-7 above. Its stationary multipliers are given explicitly in Eq. (D.49), and the second-order real
polynomial is displayed in Eq. (D.50). The Foreign purchaser-price term nwp®y71’(/[7t¢f follows

directly from Eq. (D.25). Every @{f T is an entry of the structural Hessian or its tariff-loading
columns; none is a free welfare parameter. In particular, if @Q'F7 and B'FT denote the Hessian and
the two tariff-loading columns defined in Eq. (D.51), then all b coefficients below are generated
mechanically by Egs. (D.5)—(D.6). For example,
BIPT BIPT
H _ bii o _ Dia
by = by = (D.41)

IPT”> I1PT>
11 11

and the remaining b are the corresponding second-, third-, and fourth-step Schur-completion load-
ings. They are therefore structural functions, not additional calibrated parameters. Use complete
risk sharing and the first-order world equilibrium to eliminate Foreign output. Before collecting
the reduced welfare coefficients, express all local-relative-price terms in the manuscript coordinate
z = log(StPli’t/PH7t). In particular, the identity stated in Sec. 4.1, log(Pp:/Pu:) = 2 — ¢,
is imposed before the real quadratic form is completed. The resulting real Home coordinates
are therefore y;, 1, 2z:, and ¥;. The exact sequential completion of this manuscript-coordinate
two-country Home-welfare criterion gives

gl PT b are 4+ 0 Th s (D.42)
PP — bl 2+ by 4 b Tare 4 b T4 (D.43)
2P = H g b g, 0T LT

Y IPT bEL g + O T (D.44)

For the compact main-text notation in Eq. (53), define I', = bgz, Town = bgm, and I'¢ross = b{p{m* =
—bgw*. The last equality collects the Foreign tariff and Foreign LOOP gap into the purchaser-price
combination 7y, , — 97 already implied by the first-order Foreign relative price. The corresponding
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starred I loadings in Eq. (54) are obtained by the exact Home-Foreign mirror of this construction.
The corresponding real-weight definitions are

IPT _ AIPT IPT — _oAIPT
AIPTY2
APT — _9@IPT _ (sz )
z - zz A]PT )
¥
ATPT\2
AP = _o0lPT _ (wa*)
P> = prap* AQI/)PT
A1PT AIPT T2
— 1 AIPT + sz wa* (D 45)
AIPT zY* ALPT :
z W
Using the benchmark multipliers in Eq. (D.49), the three sticky-inflation weights are
€ EM EM
ML= —0,-03"), AT =—-—057, AT = —06yuwr. (D.46)

KH Km Ky

Here the hatted C coeflicients are the literal coefficients of the reduced second-order Home-welfare
polynomial after the preceding coordinate transformation; the sequential completion is performed
in the order y, ¥, z,9* using Egs. (D.5)—(D.6). The coefficients b are the exact completed-square
coefficients obtained from that same manuscript-coordinate polynomial and are functions only of
the structural parameters. In this representation, v;’ IPT g the (logarithmic) WR output, ;" APT
is the (logarithmic) Home WR LOOP gap, and z"'F" is the (logarithmic) WR Ez-tariff Relative
Border Price of Imports; 1; W IPT 5o the corresponding Foreign WR LOOP gap. Their associated
differences in Eq. (52) use the Gap/Deviation terminology defined in Sec. 4.4. For the unilateral
Home-tariff experiment, 7;,, = 0. In particular, Eq. (D.43) makes explicit that the Home WR
LOOP gap depends not only on the Home tariff but also on the endogenous international relative
price z; and the Foreign LOOP gap ;. 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 benchmark. The following steps make the benchmark coefficients in Eqs. (D.45)— (D.46)
reproducible from the primitive parameters. No independently chosen welfare weights or WR
targets are introduced. The calculation is for the Home national welfare criterion; the Foreign
national criterion is obtained by interchanging country labels, replacing v by 1 — v, and using —z;
as the Foreign ex-tariff border-price coordinate.

Begin with the period utility in Eq. (1). Since N'*% = L in the zero-tariff steady state, its
direct second-order expansion, prior to the Benigno—Woodford elimination of policy-dependent
linear terms, is
(1+¢)L

2

Here ¢, = log(Cy/C), y¢ =1log(Y:/Y), and log Apr, starts at second order around the zero-inflation
steady state. Equation (D.47) alone is not a valid second-order policy loss around a distorted
steady state. The Benigno—Woodford construction first cancels ¢; — Ly; using the first-order
equilibrium restrictions and the coefficients in Eq. (D.49). The remaining producer- and importer-
Calvo dispersion terms contribute the inflation weights below.

To display the real calculation without hiding any coefficients, use the following first-order
identities. The notation g; and g; is shorthand for the existing CPI-PPI log ratios log G/ ¥ (-) and

upgs —ug = c; — Ly — y? — LlogAp +O(3). (D.47)
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log G; APT () respectively; neither is an additional economic variable:

gt = wr (2t — Yt + Tare),

9t = wh (=20 = U7 + Tary),

e =y +wr(ze — gt +97) —m{wnge +wr(gf + 2+ 97 — 13,0}, (D.48)

G =c—z+g—9,

mcg?t = Ct + QY + Gs-
The first two identities are precisely the first-order Home and Foreign CPI-PPI ratios from the
first-order Taylor expansion of the CPI indices in Appendix A.2. The next two follow from the
exact two-country risk-sharing and goods-market equations in Appendix A.2; the final identity
follows from Home household labor supply and producer real marginal cost. Thus every expression
on the right-hand side of Eq. (D.48) is linear in the four real coordinates and two tariffs.
The benchmark stationary-multiplier restrictions have the explicit solution

o 1+ L/(wup)
Oy =0, = )
wh +nwr + 1/(wre)
—L
@mC,H = ®Y73
A (D.49)
mce,H
O, = 1Oy + —,
WH

Gmc,M = WF@)(v
91}418 = _@qua G)]I?/[S = _G)mc,M~
All right-hand sides are functions of the primitive parameters in Eq. (D.1); in particular, L and

wp,wr are fixed by Egs. (D.2) and (D.3). The policy-dependent real second-order welfare contri-
bution (the negative of the real welfare loss, before completing squares) is

real 1+ @)L wrwr(l —n)O©
w@yreal _( 290) W2 - (2 1)Ox
wHWrOy * * * * 2

OOV (0 4mgy) = {ei — nl—21— v +7ige —57))]

(2 — Yy + TM,t)2

1
+®mc,H [mcg?t(ct + 9t — yt) - (mcg?t)2:|

2
wF@X
_5M 1 {(EM - 1)'¢t + TM,t} {—T](Zt — 1% + TM,t — gt) + (Zt — wt) — gt}
em—1 em+1
+-4 wt2+TM7twt_7M T2
2 2 '
+NwrOy Ty F +5.0.t.1.p. (D.50)

Each line has a direct structural origin in Eq. (D.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. (D.29); and the fifth
is the importer Calvo block in Eq. (D.30), combined with the second-order part 7as,,1; of pr, in
Eq. (D.25) as it enters the CPI restriction. The last term is the second-order part 75,4} of the
Foreign purchaser price pj; , in Eq. (D.25), which enters Home exports with the weight —nwp and
is priced by Oy . The Foreign purchaser-price contribution enters the tariff-loading matrix through
Bys below. It affects the loading of 1] W IPT on Tire» 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 + Taz,;.
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Set vy = (Y, Yr, 2¢, ;)" and T = (7are, Tyr ;)" The real loss obtained from Eq. (D.50) is

,real (2),real
reat _ 1 . Wi, Wi
Lyl = ingvt —vyBTi +s.0tip., Qi = —W7 Bij = W@Z’t (D.51)
3,005, i,t 0T,

Equations (D.2), (D.3), (D.49), and (D.48)— (D.51) are an explicit finite algebraic procedure from
structural parameters to every entry of @) and B.

For this benchmark, @1; = 0 for j > 1, so sequential Schur completion in the order y,, z, 9"
gives the particularly transparent formulas

AT =Qu, AT = Qa,

2
ATPT — 0,y — 923
z Q33 sz
ALPT — Quq — @3 (Qsa— Q23Q24/Qo2)’ (D.52)
' Qv Qu-Q3/Qn
Ba1 Baz _ Q2 Q23
Fownzi, Fcrosszi == FZ:77'
Q22 Q22 Q22 Qas

For completeness, the other WR references can be computed from the same matrices without
introducing further welfare parameters:

w,IPT
yt = 07
w,IPT 1 Q23821 Q23B22\ Q23024 .
2y = ALPT Bsy — O Mt + | Baz — Om Tare — | @34 — O vi s
2
Y PT 1 Z [34_ _ QuBy (@31 — Q23Q24/Q22) (Bs; — Q23B2j/Q22)} _
t = AIPT J IPT it
Aw* = Q22 AL
(D.53)
Here the equality y;’ IPT — 0 is a property of the benchmark quadratic in the coordinates used

here; it follows from the zero first row of B, not from an imposed output stabilization target.
Inserting the structural parameters from Table 1 and v = 0.27 produces the matrices

2.860011 0 0 0 0 0
0= 0 0.406343 0.006318  0.024430 B 0.147982 0.024430 (D.54)
0 0.006318 —0.097730 0.070886 |’ 0.160665 0.070886 | '
0 0.024430 0.070886  0.302753 0.024430 0.580243

These intermediate matrices are printed so that the numerical coefficients in Table 3 can be checked
before square completion rather than simply inferred from that table. The structural pivots are

(AT ALPT ALPT ALRT) = (2.860011, 0.406343, —0.097828, 0.352099), (D.55)
and the three Calvo-inflation coefficients, computed from Eq. (D.46), are
(AR AR AZET) = (65.312754, 21.282917, 13.518748). (D.56)

The Home WR LOOP-gap coefficients are (I'own, cross; I'z) = (0.364180,0.060123, —0.015548).
The Foreign national mirror uses v/ = 1 — v and z; = —z; its corresponding values are
(Tfwms Thoss, I'5) = (0.328075,0.024116, 0.006695), where the last sign has been converted back
to the Home z; coordinate. These values check the published rounded values in Sec. 4.4.2.

Equation (D.53) gives the remaining two WR references,

2P = —1.618801 Tary — 0.720721 (137, — 7). ¢ = 0.368275 mar, + 1.788101 75,
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In line with Eq. (D.32), the multipliers ©,, = Oy = 0.844719 and ©° = —0.049035 give AT =
(14¢)(0,—0%°) = 2.860011 and AL = (¢/ky) (0, —0O4) = 65.312754. The High Substitution
Case below is the same construction evaluated at n = 3.

The negative ALPT is a signed national strategic contribution. Schur completion does not
make this quadratic positive definite, and is therefore not a positive-definite stabilization penalty.
All numerical identities in this paragraph are algebraic identities for the stationary second-order
Home or Foreign criterion. They do not assert that the second-order criterion was used to solve
the nonlinear Ramsey equilibrium.

Welfare weights for the benchmark and High Substitution Case. The following tables
present the coefficient values for the two-country IPT benchmark and its High Substitution Case.
The latter uses the same structural expressions evaluated at n = 3, as in Sec. 5.2.

Table 6: Home welfare weights across IPT calibrations
Variable Benchmark  High Substitution

ve — y? 2.860 2.221
T 0.406 1.206
2 — 2 —0.098 —0.480
vr — 0.352 1.438
TH.: 65.313 50.711
TRy 21.283 33.686
T 13.519 11.320

Note: Specification superscripts on WR reference values are suppressed in the row labels.

Table 7: Loadings of the Home WR LOOP gap across IPT calibrations

Term Benchmark High Substitution
7.t (Down) 0.364 0.053
Tt — i (Deross) 0.060 0.122
z (T'2) —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 D.2.2.

High Substitution Case. The High Substitution Case has exactly the same welfare cost func-
tion as the two-country IPT environment above, evaluated at 7 = 3. No separate derivation is
required. Numerically, the Home welfare weights are A?(f’) = 2.221, Afi) = 1.206, A,(ZS) = —0.480,

AP =1.438, A, =50.711, ALY}, = 33.686, and ALY =11.320.
s ’ H

Benchmark Reciprocal Tariff Case. The Benchmark Reciprocal Tariff Case also has exactly
the same welfare cost function as the two-country IPT environment above. The structural param-
eters and welfare weights are unchanged; reciprocity only makes both tariff paths, 757; and TM.t>
nonzero in the same WR variables. Hence no separate welfare cost function derivation is required.

E Proofs of Propositions 1 and 2

E.1 Proof of Proposition 1

Throughout, lower-case letters denote log deviations from the zero-tariff deterministic steady state,
c=1/(emq — 1), and z; = (ys,¢)’. We normalize p}, = 0, so that e, = ¥, + pry, and set the
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pre-shock values pr_1 =e_1 =9%_1 =0.

Step 1: the first-order Ramsey problem with § = 0. With § = 0, every producer resets
its price each period, so Ay ; = 1 and the producer pricing block reduces to MC] = M~1. By
Egs. (16) and (25), MC] = Z,Y,?, so the block is Z;Y,” = L, whose first-order approximation is
z + ¢y = 0. Combining it with the first-order relation z; = p.y: + ks« (¢r — Tas¢) of Appendix D.1
gives

j— k*

N Px + (P'
We now differentiate the nonlinear Ramsey first-order conditions. The following lemma states
what that differentiation produces; it is an identity of calculus and does not involve any welfare
approximation.

Yt = g(TM,t - 1/&), zZt = *SDQ(TM,t - wt)v g (El)

Lemma 2. Write the nonlinear timeless-perspective Ramsey problem wunder perfect fore-
sight as the mazimization of Y, B'U(Xy) subject to F(W,) = 0 for t > 0, where Wy =
(X)_1, X}, Xjo1, Tare)s with Lagrangian R = Y, BHU(X:) + ALF(W,)] and lagged multipliers
fived at their steady-state values. Let (X, A) be the zero-tariff steady state of the Ramsey first-order
conditions, and let H denote the Hessian of the period-t term U(X;) + N F(W;) with respect to
the stacked vector Wy at that steady state. H therefore contains the intertemporal second deriva-
tives O*(N'F)/0X;_10Xs, 0*(N'F)/0X10X¢41, and O*(AN'F)/0X;_10X411. Then the first-order
approximation of the nonlinear Ramsey first-order conditions and constraints, in (dXy,dA\;), is
identical to the system of first-order conditions and constraints of

1
max E B = dW] HdW, subject to Fy dW; =0, t>0,
2 t ]
+>0

with dA; as the multipliers and dA_1 = 0.

Proof. X, enters the period-(¢ — 1), period-t, and period-(t 4+ 1) terms of R. Its nonlinear first-
order condition is 9R/0X; = 0, which collects the derivatives of these three terms. Differentiating
this condition at (X, A) with respect to (dXs)s>—1, (dAs)s>—1, and (d7ass)s>0 gives the second
derivatives of the three period terms, evaluated at A, multiplying dX;_o,...,dX;,» and the tar-
iffs, plus the transposed constraint Jacobians multiplying dA;_1, dAs, dA++1. Because each period
term is a function of Wy 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 dA;. Differentiating F(W;) = 0 gives the displayed linear constraints. The
timeless-perspective initial condition fixes the lagged multipliers at A, so dA_; = 0. O

The undetermined coefficients © in Eqgs. (D.17) and (D.18) are obtained by setting the first
derivatives of the augmented expression to zero at the steady state, which is the steady-state
Ramsey stationarity condition. They are therefore the steady-state multipliers A attached to
the constraints in the normalization used in Appendix D.1, for example the reset-price-weighted
aggregate-supply restrictions. Rescaling a constraint rescales its multiplier inversely and leaves
AN'F, and hence H, unchanged. The matrices Q and B in Eq. (D.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 C; and z;. Eliminating variables through equality constraints that
hold exactly does not change the reduced Hessian of the Lagrangian. With 6 = 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 D.1 is applied, the dynamic
second-order terms that remain are those in import-price inflation, 1A, FW%,t in Eq. (D.22), with
Tt = Drt — Prt—1. No producer-inflation term appears, because with 6 = 0 there is no producer
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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

L= %x%@mt — xy BT + %Aﬂ-’Fﬂ'%’t’
together with the differentiated private-equilibrium conditions, with the lagged multipliers at zero
deviation. L; is used here only as a compact notation for the coeflicients 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. (E.1), the importer Phillips curve (33),
the relative-price identity s; = s,—1 + mp¢ — g, with s; = 2z — 4, and the Euler equation.
Because 7 ¢ carries no welfare weight and is otherwise unrestricted, the relative-price identity only
determines 7 +; the Euler equation only determines 4; (Lemma 1). Neither restricts (¢, 7p¢). The
differentiated system therefore reduces to the conditions for {1, 7r+}+>0 associated with Eq. (33)
alone.

Step 2: reduction of the coefficients. Substituting x; = (g(7ar,c — Y1), %) into L, gives

! /
-2 Qry — i BTmy =

5 (Q1192 —2Q129 + Q22) ¥ — [B2 — (B1 + Q12)g + Q119°] ¥i7are + t.ip.

w\»—tw\»a

('¢'t ownTM t) +t1p,

where t.i.p. collects terms independent of policy. Since A, = v'Qu with v = (—g,1)" and Q is
positive definite, Ay, > 0; also Az p > 0, so ¥ > 0.

Step 3: the differentiated first-order conditions. Let u; denote the deviation of the original
Ramsey multiplier on the importer pricing block, expressed in the normalization of Eq. (33) written
as mpy — Brpet1 — k(e + ctar) = 0. By Steps 1 and 2, the differentiated first-order conditions
for ¢, and wpy, t > 0, are

Aw (wt ownTM t) — kppe =0, A pmpe + pe — pe—1 =0,

where, from the timeless perspective, the lagged multiplier p_ is at its steady-state value, which
is zero in deviation form. Define & = ¢ — I'ownTar,t, s0 that £_1 = kprp— 1/A¢, = 0. Eliminating
pe gives Ap pipy = (Aw//-eM)(ft &—1). Summing from date 0 and using pp _1 = 0 yields

Py — ownTMt = —ppy, t > 0. (E.2)

Step 4: the import price path. Substituting Eq. (E.2) into Eq. (33) with 7g¢ = prt — Dri—1
gives

Brri41 — (L4 B+ kp)pry + Pri—1 = —Kum (fown + C) M, t- (E.3)

Let f(A) = BN — 1+ B+ ky)A+1 = (1—-X)(1—BA) — rpyd\ Since f(0) =1 > 0 and
f(1) = —kp¥ < 0, f has one root ¢ € (0,1), and its other root is 1/(8d) > 1. Solving the stable
root backward and the unstable root forward, the unique bounded solution is

DPrt = OPFt—1 + 0K\ ( own + C) Z(ﬁ5)k7'zv1,t+k~
k>0

Under perfect foresight, 7as1+x = pE7ars, 80 pry = 0pri—1 + ATary with A = 5/1M( own +¢)/(1—
Bdpr) > 0. Hence pro = ATar0, pr1 = (0 + pr)ATaro, and 71 = (6 + pr — 1) ATaz0.
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Step 5: the impact interest-rate response. From e; = ¥, + pp; and Eq. (E.2), e, =

LownTa, + (1 —9)pp,. Lemma 1 then gives

lp=e€e1 —ey= —Fown(l — PT)TM,O + (1 — 19)(5 + pr — 1)ATM70.

Because f(d) = 0 is equivalent to k99 = (1 —0)(1 — 39),

C1—9 (1-8)(1—B9) /-
(=A== S e (Pt ).

which yields Eq. (42).

Step 6: the sign. Since T30 = €;0 > 0, p < 1, and Cown > 0, the first term of Eq. (42) is
strictly negative. In the second term, (1 — 8)(1 — 36)/(1 — Bdp;) > 0 and Lown + ¢ > 0, while
(1 —9)(8 4+ pr —1)/9 < 0 under the stated condition. Hence iy < 0. Finally, f is convex with
f(0) >0, f(6) =0, and f(1) < 0, so for A € [0,1], f(A) > 0 if and only if A < 4. Applying this
toA=1—p;, 6+ p, > 1if and only if f(1 — p,) > 0, that is, p,{1 — B(1 — p;)} > kpI(1 — p;),
which is the stated bound. O

Remarks. The proposition concerns the notional rate: in the flexible-producer-price benchmark,
a 20-percentage-point tariff would lower the notional rate by more than the 101.01 basis points
that place the actual rate at the ZLB. Because the result is a first-order property, its sign does not
depend on the size of €, o; the finite-shock responses in Sec. 3.6.1 are computed from the nonlinear
Ramsey first-order conditions.

E.2 Proof of Proposition 2 and Corollary 1

Step 1: importer pricing with 6,; = 0. With 03, = 0, only the £ = 0 term of the importer
reset-price condition (31) remains, and every importer resets its price each period. With 7 = 1/eyy,
the condition gives, exactly,

TM,t

P, =Pr:,=|(1
we (L) Fit (+€M_1

) &P for all ¢,

as in Eq. (32). Hence there is no importer price dispersion, and by Eq. (20) every purchaser price
equals Ppy + Tar,:E Pl = (1 + Tas e )L Py, with T, defined in Eq. (43). Equation (22) then gives
P}?T = (1 + 7~'M7t)(€tpj;k~.

Step 2: equivalence of the two Ramsey problems. Under PPT, ﬁ}f’fT = (1 + 7ar,) &1 Pgs
and the LOOP holds, so S; = Z;. By Step 1, the IPT household-facing import price is the PPT
one with 75, replaced by 7as¢; hence PIPT /Py, = GPPT ()4, Z;). Substituting this into the
remaining IPT constraints listed in Sec. 3.3, namely import demand, the intratemporal and Euler
conditions, risk sharing (25), the producer block (13)—(17), goods-market clearing (34), and the
ZLB conditions (35), yields exactly the PPT constraints evaluated at 7as,;, with S; replaced by
Zy. The importer variables Wy, Ilp,, PFJ? Pr;, and ]Bng are explicit functions of (&, Tar)
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. The two Ramsey problems, including the
ZLB conditions and the timeless-perspective initial conditions, are therefore identical, and so are
their solutions. This proves Proposition 2.
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Step 3: first-order PPT response. By Proposition 2, {77 ({7as4}) = iFT ({Fare}), so it
suffices to derive iy 7 /75,0 and multiply by ea7/(eam —1). Applying Lemma 2 to the PPT problem,
the differentiated nonlinear Ramsey first-order conditions have the coefficients of the quadratic
form 1QSOEPPTy2 _ BSOEPPTy 7\, + %Af%E’PPTW%M, together with the differentiated private-
equilibrium conditions. Under PPT, i, = 0, so 2 = p.y: — k«Tam+ and real marginal cost is
mey = ze+ oy = (P« +9) (Ye — 9Tam,e). Writing the producer Phillips curve (18) as my, — Bmp 141 —
ki (ps + ) (ye — 97mre) = 0 and letting p; denote the deviation of the original Ramsey multiplier
on the producer pricing block in this normalization, the differentiated first-order conditions for

and mg,, t > 0, are

SOE,PPT SOE,PPT
Q ( A7T H

Yt — wTnt) — K (ps + @)pe = 0, T+ e — pg—1 = 0,

with p_; = 0. The relative-price and Euler conditions only determine i;. Eliminating u; and
summing from date 0 with pg 1 = 0 gives

Y¢ — WTM,t = —XPH,t t > 0. (E.4)

Step 4: the producer price path. Substituting Eq. (E.4) into the Phillips curve with mg, =
PH,t — PH,t—1 gives

Brai+1 — 1+ B+ ka(pe + @)X Pt +PH -1 = —KHD + ©) (W — 9)Tar,-

The characteristic polynomial fr(A) = (1 — A)(1 — BA) — kg (ps + @)X satisfies fr(0) =1 >0
and fg(1) < 0, because x > 0. It therefore has one root g € (0,1), and the other root is
1/(B0g) > 1. As in Step 4 of Appendix E.1, the unique bounded solution under perfect foresight
is put = dupmi—1 + AaTam with Ay = dpku(ps + @) (w — 9)/(1 — Bdup;). Hence my1 =
(0 + pr —1)AuaTuo-

Step 5: the impact interest-rate response. Lemma 1 holds under PPT as well, because
Eq. (12) with Sy = Z, gives C; PPPT = &P With pl, =0, e = 2z +prs. Using 2 = poys — ko Tary
and Eq. (E4), e; = (psw — ki)Tare + (1 — pax)pa,¢- Therefore

i =e1 —eg = (ke — pw)(1 — pr)Faro + (1= pX)(6a + pr — 1) Ao
Since fr(dm) = 0 is equivalent to kg (p« + @)x0p = (1 —dg)(1 — Bdm),

Ll 5 G (1 —dm)(1 — Bon)

1—p. Apg =

( X) 1- ﬁéHPT
Multiplying by Tas,0/7am,0 = em/(enm — 1) yields Eq. (44). Under the sufficient condition, the first
term is strictly positive and the second is non-negative, so i{F7 > 0. O

As a check, the first-order solution with #); — 0 computed directly from the IPT problem
converges to Eq. (44): at the benchmark, 3877 /7310 = 0.014258 for = 1.5 and 0.006397 for
n = 3, which equal €57 /(eps — 1) times the PPT values 0.010506 and 0.004713.
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