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Abstract

This paper studies how imperfect nominal exchange-rate pass-through changes the welfare-
maximizing monetary response of a tariff-imposing economy. Under Perfect Pass-Through, an
import-tariff increase calls for monetary tightening. Under Imperfect Pass-Through, local
importers are monopolistically competitive, set sticky local-currency ez-tariff prices, and use
their pricing power to raise their ex-tariff price when the tariff reduces the effective elasticity
of demand. This tariff-induced opportunistic price increase raises the importer markup above
the level offset by the steady-state subsidy. The resulting inefficiency raises the Home Welfare
Relevant (WR) law-of-one-price (LOOP) gap. The Ramsey planner therefore seeks to raise
the actual Home LOOP gap toward its higher welfare-relevant value, which requires monetary
easing in the small open economy. We refer to this mechanism as the Home Markup Channel.

The same mechanism operates in a two-country economy with endogenous Foreign demand
and monetary policy. In addition, a lower Foreign LOOP gap reduces Foreign consumption
of Home goods and shifts their allocation inefficiently toward Home households. This Foreign
Allocation Channel raises the Home WR LOOP gap further and reinforces the incentive for
Home monetary easing, even when the Home currency appreciates in equilibrium because
Foreign monetary policy eases more strongly. Reciprocal tariffs strengthen these forces and
can make the required accommodation large enough for the Home nominal interest rate to
reach the zero lower bound. This result survives under higher substitutability and external
habit, while roundabout production reaches the zero lower bound through a stronger incentive
to stabilize Home Producer Price Index inflation. No exogenous natural-rate shock is required
to generate the ZLB episode.
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1 Introduction

Should a tariff-imposing country adopt monetary tightening or easing? We show that the an-
swer depends critically on the nominal exchange-rate pass-through environment. Under Perfect
Pass-Through (PPT), the Ramsey social planner raises the nominal interest rate after an import-
tariff increase. Under Imperfect Pass-Through (IPT), the optimal response is instead monetary
easing. The difference arises because monopolistically competitive local importers with sticky
local-currency prices create an importer-pricing channel that is absent under PPT.

We introduce such local importers into the small-open-economy (SOE) model of Monacelli
[39], following the local-currency-pricing (LCP) structure of Monacelli [38]. Home producers use
producer-currency pricing (PCP) in both environments. In the IPT environment, local importers
set sticky ex-tariff prices in Home currency. Their market power allows the import tariff to affect
not only the purchaser price paid by households but also the importers’ own optimal ex-tariff price.
Because the tariff reduces the effective elasticity of demand with respect to that price, it creates
an opportunity for an opportunistic price increase. The tariff therefore raises the importer markup
above the level that is neutralized by the steady-state importer subsidy.

Such strategic price adjustment following tariffs has empirical precedent. Amiti, Redding, and
Weinstein [1], Flaaen, Hortagsu, and Tintelnot [28], and Cavallo, Gopinath, Neiman, and Tang
[15] show that recent U.S. tariff episodes enabled domestic producers to raise prices and markups
and also raised prices for some closely related goods that were not themselves subject to the tariff,
although the evidence for retail margins is more mixed. Thus, a parsimonious and empirically
motivated departure from the PPT benchmark—sticky local-currency pricing by monopolistically
competitive local importers—is sufficient to generate a distinct monetary-transmission mechanism
for tariff shocks.

This tariff-induced increase in the importer markup is inefficient. The Home Welfare Relevant
(WR) LOOP Gap consequently rises: a higher Home LOOP gap compresses the importer’s ez-tariff
markup and mitigates the tariff-induced markup distortion. We refer to this mechanism as the
Home Markup Channel (HMC). The social planner therefore seeks to raise the actual Home LOOP
gap toward its higher welfare-relevant value. In the SOE, doing so requires a nominal depreciation,
which is induced by lowering the nominal interest rate. Hence an increase in the import tariff calls
for monetary easing under IPT.

The same HMC operates in the two-country economy, but an additional Foreign Allocation
Channel (FAC) emerges because Foreign households endogenously allocate expenditure between
Home and Foreign goods according to their relative price. Home monetary easing puts depreciation
pressure on the Home currency and, relative to a less accommodative Home policy path, lowers
the Foreign LOOP gap. A lower Foreign LOOP gap raises the price of Home goods faced by
Foreign households, reduces their consumption of Home goods, and shifts the consumption of
Home goods inefficiently toward Home households. The Home WR LOOP gap therefore rises
further to reduce this inefficient underconsumption of Home goods by Foreign households and
the associated inefficient over-allocation of Home goods to Home households. The Home planner
consequently has an additional reason to raise the actual Home LOOP gap, so monetary easing
remains optimal in the two-country IPT environment even when the equilibrium Home currency
appreciates because Foreign monetary policy eases more strongly.

Reciprocal tariffs strengthen this logic. A Foreign import-tariff increase raises the price of Home
goods faced by Foreign households and increases the Home WR LOOP gap through the FAC. The
case of a high elasticity of substitution between Home and Foreign goods (High Elasticity Case)
strengthens this channel because Foreign demand reacts more strongly to the relevant relative-price
movement. External habit raises the Home WR, LOOP gap through the inherited-consumption
terms in the welfare-relevant target. Roundabout production works through a different mechanism:
it increases the importance of stabilizing Home Producer Price Index (PPI) inflation. Across these
specifications, the required monetary accommodation is large enough for the Home nominal interest
rate to reach the zero lower bound (ZLB) under reciprocal tariffs, without adding an exogenous
natural-rate shock. In this sense, reciprocal tariff shocks work as an adverse natural-rate shock.



The rest of the paper is organized as follows. Section 2 relates the analysis to the literature
on tariffs and optimal monetary policy, pass-through and pricing behavior, international policy
interaction, and the ZLB. Section 3 presents the small-open-economy PPT and IPT environments
and their Ramsey problems. Section 4 endogenizes the Foreign economy and studies the two-
country national-Ramsey game. Section 5 studies reciprocal tariffs and the associated ZLB episodes
under the benchmark, High Elasticity, external habit, and roundabout production specifications.
Section 6 concludes. The Appendix reports the pricing definitions, Ramsey first-order conditions,
and the Benigno—Woodford welfare objects used in the text.

2 Related Literature

2.1 Tariffs and Monetary Policy

The literature on tariffs and optimal monetary policy can be organized by the side of the tariff shock
on which the monetary-policy problem is centered. One group studies the economy whose exports
are hit by a foreign tariff. A foreign tariff weakens external demand for that economy’s goods, so
the relevant central bank faces a contractionary foreign-demand disturbance. Bergin and Corsetti
[8], for example, show in their asymmetric-tariff analysis that cooperative monetary policy calls for
expansion in the country whose exports are targeted by the foreign tariff. Hamano, Pappada, and
Punzi [33] likewise study optimal monetary policy after foreign tariff shocks, emphasizing exporter
dynamics and labor reallocation. This perspective is important for understanding the monetary
response of the country on which a tariff is imposed.

A second, smaller group centers the policy problem on the tariff-imposing economy itself. Mona-
celli [39] studies import and export tariffs in a small-open-economy New Keynesian model and
shows that the effects of import tariffs depend critically on the monetary-policy regime. Bianchi
and Coulibaly [11] focus directly on the optimal monetary response of the tariff-imposing country
and obtain an expansionary response over a broad set of tariff experiments. Werning, Lorenzoni,
and Guerrieri [43] study tariffs on imported intermediate inputs as cost-push shocks and show that
optimal policy partially accommodates them. Bergin and Corsetti [9] analyze the exchange-rate
stabilization of unilateral Home tariffs and show that the optimal Home monetary response de-
pends on trade elasticities and price flexibility. The present paper belongs to this second group:
its central question is how the monetary authority in the tariff-imposing economy should respond
to its own import-tariff increase.

An important difference between the present paper and the studies in this second group con-
cerns the treatment of import-price pass-through. Monacelli [39], Bianchi and Coulibaly [11], and
Werning, Lorenzoni, and Guerrieri [43] do not focus on imperfect pass-through and instead ab-
stract from the local-importer pricing friction emphasized here. Bergin and Corsetti [9] are closer
to the present paper in allowing for local-currency pricing and also consider retaliatory and sym-
metric tariff-war scenarios. However, they do not introduce monopolistically competitive local
importers whose pricing response to tariffs generates an endogenous importer-markup distortion.
Thus, the present paper introduces a parsimonious, empirically motivated departure from the
PPT benchmark—sticky local-currency pricing by monopolistically competitive local importers—
and shows that this pricing friction itself generates a distinct monetary-transmission mechanism.
Tariff-induced opportunistic pricing raises the importer markup and the Home WR LOOP gap,
thereby creating an endogenous motive for monetary accommodation that is absent from the ex-
isting analyses reviewed above.

This modeling difference also has an important policy implication. Under IPT, an import-
tariff increase induces opportunistic pricing by local importers, raises the importer markup, and
increases the Home WR LOOP gap. This creates scope for reducing welfare costs by raising
the actual LOOP gap, which requires monetary accommodation. The conclusion that a more
accommodative monetary stance can be desirable is not necessarily inconsistent with the existing
studies reviewed above. Even though Monacelli [39] does not argue that an import-tariff shock calls



for outright monetary easing, his finding that CPI inflation targeting exhibits a tightening bias
is not necessarily inconsistent with our result. Bergin and Corsetti [9] also find an expansionary
optimal monetary stance in their tariff-war analysis, but through a different mechanism. What is
distinctive in the present paper is that the welfare cost generated by tariff-induced opportunistic
pricing can require substantial monetary accommodation already under a unilateral tariff, and
that reciprocal tariffs reinforce this mechanism through the Foreign side of the economy. In a U.S.-
size tariff-imposing economy, this reinforcement can make the required accommodation sufficiently
strong for the ZLB to bind. Thus, the distinctive policy implication is not simply that monetary
accommodation can be desirable under tariffs, but that imperfect pass-through can make the ZLB
an endogenous constraint on the optimal monetary 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 [21] show that local-currency price stickiness
weakens the short-run pass-through of exchange-rate movements. Devereux and Engel [22] 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 [17] emphasize that optimal monetary policy
depends on the degree of exchange-rate pass-through into import prices. These results motivate
our comparison of PPT and IPT environments. Okano and Eguchi [40] also employ LCP in
a small-open-economy policy analysis, although their application concerns fiscal stimulus rather
than tariffs.

The welfare interpretation is closely related to work on international relative prices and de-
viations from the law of one price. De Paoli [20] 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 [23] 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 [29] extend this logic to a noncooperative policy game under LCP. In our tariff problem, the
LOQOP gap acquires a particularly direct role: a tariff-induced opportunistic increase in the local
importer’s ex-tariff price raises its markup, while a higher LOOP gap compresses that markup.
This is the HMC underlying the optimal monetary easing in the IPT environment.

The treatment of the statutory tariff relative to nominal import-price rigidity is also relevant.
Chen, Devereux, Shi, and Xu [16] impose the import tax on top of a pre-set price under LCP,
whereas Farhi, Gopinath, and Itskhoki [26] place border taxes within an LCP price-setting problem.
Our baseline follows the former convention: the statutory tariff is separated from the sticky ez-
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 [15]
document high tariff pass-through at the border together with more limited retail-price adjustment,
while Gopinath, Itskhoki, and Rigobon [32] document incomplete exchange-rate pass-through into
U.S. import prices for dollar-priced imports. These findings motivate the pass-through distinction,
although they are not direct evidence for the specific local-importer structure used here.

2.3 International policy interaction and the ZLB

The two-country analysis is related to the literature on international monetary-policy games. Faia
and Monacelli [25] 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 Foreign demand and Foreign monetary policy are jointly endogenous. The two-country
extension adds the FAC, through which movements in the Foreign LOOP gap and Foreign tariffs
alter the international allocation of Home goods and therefore the Home WR, LOOP gap.
Finally, the paper is related to the ZLB literature on international monetary transmission,
including Fujiwara et al. [27], Bodenstein, Erceg, and Guerrieri [13], and Billi and Gali [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, imperfect pass-through makes the welfare-maximizing response to tariffs
sufficiently accommodative that reciprocal tariffs can exhaust conventional monetary-policy space.
The High Elasticity Case strengthens the FAC, external habit raises the WR LOOP gap through
inherited consumption, and roundabout production increases the importance of stabilizing Home
PPI inflation. The ZLB analysis therefore follows directly from the same mechanisms that generate
optimal monetary easing in the tariff-imposing economy.

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
LOOQOP holds for the ez-tariff import price. 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

t NH_QP
U= E025 1og0—1+(p (1)
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Here C; denotes the Home household’s composite consumption and Ny = fo N¢(j)dj denotes hours
of labor. The parameter 3 € (0, 1) is the discount factor and ¢ is the inverse Frisch elasticity.
Composite consumption is

- _ n/(n-1)
C, = [(1 — U)l/ncgt D/n Ul/nCz(«:?t 1)/77} .

Here Cy 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

PF,t == StP;‘7t' (2)

Here Pr; denotes the ez-tariff Home-currency import price, P, 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

1—n 1/ (=m)
PPPT = |(1—v)PY + v (PPPT) } . (3)

Here PPPT denotes the Home Consumer Price Index (CPI) Pp 4 denotes the Home producer-

price index, Ty denotes the Home import-tariff rate, and PP PT = (14 1y )& Pp ;. denotes the
cum-tariff import price of Foreign goods under the PPT env1ronment The CES demand system
gives

Crut=(1—0)[G (Tare, Se)|" Ce, (4)



where the CPI-PPI ratio is

pPPT
g(TM,tast)E th (5)
H,t
where:
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denotes the ex-tariff relative price of Foreign goods relative to the Home PPI (ez-tariff relative
price of imports, for short), Z; = &, Pf, /Py, denotes the ez-tariff relative border price of Foreign
goods relative to the Home PPI (ez-tariff relative border price of imports). Following Monacelli
[38], we refer to Uy = &, Py, /Pr, 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 +TM,t)St -
Cri=v [7g (Ta1.02.S0) } Cy. (7)

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

Crpt v —n
Cri ~1-v (T4 7are)Se] (8)

which suggests that the relative consumption of imports depends on the ez-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+l|ht)Bt+1(ht+l) = Bt(ht) + WtNt + Dt + Tt.

Rt+1

where B;i1(h'*1) is a state-contingent nominal claim purchased at date ¢, & ;1(h'T1|h) 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
porder value gtP;,tCF,t and the statutory customs payment TM’tftijﬂ,tCF,t. Hence tariff revenue
is

TR; = TM,tgtPEtCF,t, 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,

PH’tCH’t + (1 + TM,t)gtP;‘,tCF,t = PtPPTCt,
so the same budget constraint can equivalently be written as

PPFTC, + Z o1 (RTHAY) By (RTTY) = By(RY) + Wi N; + Dy + Ty (9)

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

Wi

W = Cy\NY, (10)



and the Euler equation

1 — BE Ct(g(TM,hSt))
1+ ¢ Ce41(G (Tast41, St41) ) i 141

(11)

Here i; denotes the Home nominal interest rate and IIg,; = Pp,:/Pu -1 denotes gross Home
PPI inflation. The Euler equation follows from & ¢+1 = B(Cy/Cryr)(IEHT) ™! and (1 +4,) 7! =
Ei&i 141, where IIPPT = pPPT /pPIT 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

1 i1
:E —_—
147 ¢ {gt’t“ s, ]

where if 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

Sy = CvG (Tart, St) - (12)

3.1.2 Production and pricing behavior

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

AN

Y, =
i AH,t )

(13)

where Ay, = f01 [Pr,+(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
[39], the producer’s reset-price condition is
ZHt

5H,t = M’CH’t ) (14)

where py: = FHﬂf /P 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

o k €
Kt B, Zath,t+kYt+k (H HH,t+s> ,

ko:OO s=1 . l4e (15)
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The household nominal stochastic discount factor from t to ¢t + k, used in both the producer and
importer Calvo pricing problems, is

. -1
Quisr = " Ci(G (Tart, St)) y <H HH7t+S> :
s=1

Ct+k (g (TM,t—Hm St+k

Using Eq. (10), real marginal cost is
MC: = Cthg (TMJ, St) . (16)



The producer Calvo price-index and dispersion laws are

1 = 615, +(1-0)py;, an
AH,t = QH%,tAH,t—l +(1- a)ﬁl_fst
At first order, Home PPI inflation therefore satisfies
TH = BEtTH 11 + kpmcy, (18)

where 7 = logIly,, mc] = log(MC]/MC™), MC" is the deterministic steady-state value of
Home real marginal cost, and kg = (1 — 6)(1 — 56)/6.

3.1.3 Market clearing
Home goods-market clearing is
Y;g = (1 — ’U) (g (’7']\4’757 St))n Ct + /USZI (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 [38], we introduce monopolistically competitive local importers that pur-
chase Foreign goods at the border and resell differentiated import varieties to Home households at
a markup. These importers set prices in Home currency under Calvo pricing. Consequently, the
local-currency import price need not move one-for-one with the border price, and the law of one
price (LOOP) no longer holds.

Our setting is consistent with empirical evidence. Cavallo et al. [15] find that the 2018-19 U.S.
import tariffs were almost fully passed through into the total prices paid by importers at the border,
while the response of import prices to exchange rates was much more muted; the effect on retail
prices was also more limited, consistent with adjustment in downstream retail margins. Gopinath,
Itskhoki, and Rigobon [32] find that the pass-through of nominal exchange-rate movements into
U.S. import prices is about 25 percent for dollar-priced imports, even conditional on a price change.
Thus, our setting also allows nominal exchange-rate pass-through to be determined independently
of tariff pass-through, which is consistent with the evidence in both studies.

3.2.1 Households and cum-tariff import prices

Similar to the PPT environment, households’ utility and optimality conditions have the same form
as Egs. (1) and (10)—(12), with P/FT replacing PFFT wherever the Home CPI appears. The
household-facing cum-tariff price of Foreign variety ¢ is

PINT (1) = Ppa(1) + TaraEcPpy. (20)

LChen et al. [16] 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. [26]; Erceg et al. [24] emphasize more generally
that the macroeconomic effects of trade taxes depend on the assumed tax pass-through.




where ﬁlfﬂf T(1) denotes the household-facing cum-tariff price of Foreign variety « under the IPT
environment, and Pg(t) 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
al. [15]. The statutory duty is therefore added to the local importer’s ez-tariff price, rather than
multiplying that price. Conditional demand for variety ¢ is

CF,t(L) = (@) CF,t; (21)

DIPT
P F,t

where €p7 > 1 is the elasticity of substitution across import varieties and ﬁé’]ZT denotes the
aggregate cum-tariff import price index, being the CPI-relevant import-price index under the IPT
environment, defined by

]1/(1—6M)
(22)

1
BIET = { | B

Note that the purchaser price is defined variety by variety in Eq. (20), so the aggregate cum-tariff
import-price index cannot in general be written as (1+7as,) Pp¢ under the imperfect pass-through
environment. Equations (21)—(22) imply

1
| BT @Cri0d = BT Cr.
0
Home-good demand remains Eq. (4). Aggregate import demand is
oo (FET)
Ft =7 IPT Ct. (23)
P

The Home CPI under the IPT environment is given by

/A
PIPT = {(1 —0)PL + v (P;;ij) ] . (24)

instead of Eq. (3). The CES consumption aggregator, its expenditure weights, and its elasticity
of substitution are identical across the two pass-through environments; only the household-facing
cum-tariff import price entering that common CES price aggregator differs. Under PPT, Pﬁ f T =

(1 + 7rm,¢) € Pry, whereas under IPT, ]SII,{;T is the aggregate index defined in Eq. (22) from the
household-facing variety prices in Eq. (20).
The household’s budget constraint is:

1
Py .Chy + / [PF,t(L) + TM,tgtP;,t] Cry(t)de + Z ft,t+1(ht+1‘ht)BHl(hH_l) = By(h') + W,N, + D; + T;.

0 ht+1
The integral makes the statutory-duty payment explicit on the expenditure side. By Egs. (20)-
(22),

1 ~ ~ ~
/ PR ()Cp()de = PR Cry,  PuiCuy+ PEi" Cry = PIPTC.
0

Hence the same budget constraint can equivalently be written as

PtIPTCt + Z ft,t+1(ht+1|ht)Bt+1(ht+1) = Bt(ht) + WiNy + Dy + Ty,

htt+1



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;"t/ CF’t(L)dL. (25)
0

The customs revenue in Eq. (25) 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
T, =TR: — TStP;i’t/ Cr(v)de.
0

Here 7 denotes the subsidy rate paid to local importers; below we set 7 = 1/e5;. The subsidy
receipt 7E P, fol Cr(t)de is included in importer dividends in Dy, while payment of the subsidy
&L, 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 Eqgs. (13)—(18), i.e., Egs. (7)—(12). In addition, local importers use LCP and
face Calvo rigidity. Their exact nonlinear pricing block is given by Eqgs. (21)—(25). The ex-tariff
import-price index satisfies

—l—EM

PFI',;sM = GMPIIT‘;i]\{[ + (1 - QM)PF,t s (26)
Here 6y, denotes the importer Calvo non-adjustment probability and Pg, denotes the ez-tariff

reset price. Because Pp;/Pr; = Z;/ ¥y, the ex-tariff relative import price obeys

Zi _ Zia gy
U, U, g,

(27)

where IIp; = Pr,/Pr,—1 denotes gross ez-tariff import inflation.

The importer remits 7as,:&,Pf,, 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 Pr; to solve

(oo}
I%laX E, Z 9§4Qt,t+k [FF,t —(1- T)5t+kP;‘7t+k] OF,t+k|ta (28)
Bt k=0

The ez-tariff price-setting formulation in Eq. (28) is the same local-currency-pricing importer
structure as in Monacelli [38], apart from the steady-state subsidy normalization used here. It is
consistent with the low nominal exchange-rate pass-through documented by Gopinath, Itskhoki,
and Rigobon [32]. Here Cf ;4| denotes demand at date ¢4k for an import variety whose ez-tariff
price was reset at date ¢ and is given by

p— —EM
Pry+ TM,t+k5t+kP;,t+k

CF,t+k\t = CF,t+k~ (29)
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The tariff-induced reduction in demand is therefore internalized in the reset-price problem. The
exact first-order condition is

= Prpy— (1 =7)EuPpy
E; 0% Qtt++:Critkp |1 —epm=— R =0, (30)
,;] M | Pri+ a4 k€e4uPryy i

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 Pr; = Pr,. From Eqgs. (20) and (21), the
effective elasticity of demand with respect to the importer’s own ez-tariff price is

0logCry Pry

= —E&€M b
Olog P Ppy + &Py

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 ez-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¢ ), percent rather than €); 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 Fp,t = Pp; in Eq. (30). The
reset-price condition then becomes

PF,t - (]. - T)gtP}*«"’t

1- EM =Y
Ppy+ &Py

which can be rearranged as
(EM — 1)PF7,¢ = [61\/[(1 — T) + TM,t]gtPF*‘,r

Using the fixed importer subsidy 7 = 1/eps gives

Ppy TM ¢

Ut = 1 )
¢ gtpﬁt’t +€M—1

(31)

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 (31) 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, but it does not adjust with the tariff and therefore does not eliminate the tariff-induced
increase in the importer markup. This mechanism is closely related to the classic tax-pass-through
result under imperfect competition. Delipalla and Keen [19] 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 [44] provide
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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 ex-tariff import price is nevertheless consistent with this imperfect-
competition tax-pass-through literature.

Thus the IPT environment is subject to the exact importer reset-price condition in Eq. (30),
in addition to the producer conditions in Egs. (13)—(18). At first order, Eq. (30) implies

Trt = BEp i1 + K (1/% + ﬂ) ) (32)
EM — 1

where mp; = logIlp,, ¢ = log ¥, and kyr = (1 — 0pr)(1 — B0rr)/0r. Equation (32) is used for
first-order analytical interpretation, while the nonlinear Ramsey computation retains Eq. (30).
Around the zero-tariff steady state, log(1 4 7ar+) = Tare + O(73,)-

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. (31) and linearizing around the zero-tariff steady state, the flexible-importer-
price benchmark is

TM,t
P = -
EM — 1

Hence the expression ¢; + Tar,/(ear — 1) on the right-hand side of Eq. (32) is the actual LOOP
gap minus its flexible-price benchmark. Import-price inflation depends on this deviation. Thus
the tariff term in Eq. (32) reflects the opportunistic ez-tariff price increase implied by Eq. (31),
not the statutory duty as a net marginal acquisition cost.

3.2.3 Market clearing

Home goods-market clearing remains Eq. (19). The difference from PPT enters through the
CPI-PPI ratio in Eq. (5) and the endogenous LOOP gap ;.

3.3 Ramsey problem

For each pass-through environment, the monetary authority is a social planner that commits at
date zero to a complete contingent plan. In either environment, the planner maximizes Eq. (1).

In the PPT environment, the choice variables are Cy, Zy, N¢, Yy, Uy, Dre, Katy, Zre, 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. (33).

In the IPT environment, the choice variables are Cy, Zy, Ny, Y, Uy, Pue, Kats Zat, Dmt,
U, Ups, Pry, Pry, 13§5T, and i; for ¢ > 0. The constraints are Eqgs. (5) and (23), Egs. (10)
and (11), Eq. (12), Egs. (13)—(17), Egs. (28)—(29), (26), (30), and (27), Eq. (19), and the ZLB
condition in Eq. (33).

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

1 > 0, pie > 0, Hitig = 0. (33)

Here pi;; denotes the Kuhn-Tucker multiplier on the ZLB constraint. The tariff process is ex-
ogenous and tariff revenue is rebated lump sum. The Lagrangians and first-order conditions for
the two pass-through environments are reported in On-line 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. The second-order welfare cost functions below are reporting
and interpretation devices rather than policy objectives.
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3.4 Calibration and shocks

The benchmark calibration follows Monacelli [39] wherever the model has a direct counterpart.
Table 1 summarizes the benchmark parameterization.

Table 1: Benchmark calibration
Parameter Value Interpretation

I} 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
O 0.8 Importer Calvo parameter

Pr 0.7 Tariff persistence

The tariff process is

TMt = PrTMt—1 + €rt.

We set the one-time innovation e, ¢ = 0.20, following Monacelli [39], 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; =
log(Y;/Y) and z; = log Z;. Suppressing terms that are independent of the Home policy allocation,
under PPT,

SOE,PPT ~w,SOE,PPT " i
c; ORI 4 REOBPPT(

N =

ASOE,PPT ~w,SOE,PPT\2 SOE,PPT _2
{Ay ( 2y ) +A7r,H T :|

Yt — 2t — H,t

whereas under IPT it can be written as

soe,1pr  _  l[rsoE1pr ~w,SOE,IPT\2 | *SOE,IPT ~w,SOE,IPT\2
L = 3 |:Ay (y+ — U )"+ Aw (P — ¥y )
~SOE,IPT ~w,SOE,IPT\2 SOE,IPT _2 SOE,IPT _2
+A7 (2t — 2 )+ Ay T+ AL F,t} .

Here the hatted A coefficients are the completed-square welfare weights associated with y;, 2,
and, under IPT, ¢ in the expressions above. The corresponding hatted WR reference values are
guo0E.: Zw.SOE: ynd ¢ S9FIPT See Appendix D for details on these WR reference values.?

2The welfare cost function is normalized by steady-state marginal utility of consumption times steady-state
consumption, Uz (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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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- tamff relative border price of imports gap z;—2; SOE,PPT
Under IPT, Pr:/Py: = Z;/¥,, and the welfare criterion contains both the WR ex—tam[f relatlve
border price of imports gap 2z; — 7z, SOEIPT 41d the WR LOOP- -gap deviation v —1/}“’ SOEIPT = A
nominal exchange-rate movement can therefore change the ex-tariff relative border price Z; Whlle,
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 1y 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

1 R St (U s VI e St [ B
Y s 1Y) sy e [T Ly e (I

which follows from log-linearizing Eqgs. (12) and (19) and permits z; to be eliminated from this same
SOE welfare criterion. Under PPT, ¥; = 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

1/%7

zZt =

sog,ppr _ 1 .SOE,PPT SOE,PPT
o == [Ai‘OE,PPT(y Yy )2+ Ay wfﬁ} , (34)

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
SOE,IPT _ R ,SOE,IPT SOE,IPT ,SOE,IPT
£; =§pf“”@—ﬁ P2+ AZOPIET (g — s &
+ASOE‘ IPT 2 + ASOE IPT %‘t . (35)

w,SOE,PPT w,SOE,IPT
and y,

The objects y; are the (logarithmic) WR outputs in the PPT and

IPT environments, respectively, and y; — v, SOE.PPT and Y — Yy SOEIPT are the corresponding
WR output gaps. Under the IPT environment, ;" SOBIPT i the (logarithmic) WR LOOP gap.
Accordingly, ¥ — 1" SOE, 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
w,SOE,PPT _w,SOE, IPT w,SOE,IPT
on y, y Ys and v, Thus Eq. (34) contains no separate relative-price
term, while Eq. (35) 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 v, under IPT.

3.5.2 WR LOOP gap
For the tariff experiment, the definition of the WR LOOP gap in the SOE is

,SOE,IPT _ 1-SOE
MU - Fown TM,t» (36)

where I'Y9F denotes the structural loading of the Home import tariff on the WR LOOP gap in the

own

SOE. See Appendix D for details on T'>9F. Under the benchmark parameterization, I'SOF = 0.418.
Equation (31) shows that a tariff raises the private flexible-price importer markup and lowers the
corresponding LOOP gap. By contrast, Eq. (36) shows that the WR LOOP gap rises with the
tariff: a higher v¢; compresses the importer’s ez-tariff markup.

Why does the tariff shift the WR LOOP gap? In the zero-tariff steady state, the subsidy
7 = 1/eps removes the importer markup that would otherwise arise from monopolistic competition
and implies ¥ = 1. As discussed in Sec. 3.2.2, however, an increase in the import tariff lowers
the effective elasticity of demand with respect to the importer’s own ez-tariff price. The tariff
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therefore creates an opportunity for an opportunistic increase in that price and generates a new
tariff-induced importer markup. Since the subsidy remains fixed at its steady-state value rather
than adjusting with the tariff, it does not eliminate the tariff-induced increase in the importer
markup. Although the resulting importer profits are rebated lump sum to the household, the
rebate does not remove the marginal distortion created by the markup. Since ¥; = & Pp, /Pr
moves inversely with the importer’s ez-tariff price relative to the border acquisition price, raising
W, compresses the tariff-induced markup. The planner therefore has an incentive to raise the WR,
LOOP gap when the tariff increases, as Eq. (36) shows (HMC, Fig. 1).

Table 2: SOE welfare weights: benchmark values

Environment WR Variable Weight Value
PPT e — yoSOBTPT ASOEPPT 1678
T AZ9EPPT 39.873
IPT Y — yzu,bOE,IPT AgOE,IPT 1.678
by — YU SOBIPT ASOE.IPT 0.497
TH A%%E’IPT 39.873
TE AT 26.568
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The Home Markup Channel operates in both the SOE and the two-country economy, whereas the Foreign Allocation

Channel arises only in the two-country economy.

Figure 1: Determinants of the Home WR LOOP gap

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

two-country economy.




Engel [23] 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 — DFts
with e; =log &, prt = log Ppt, and p}, = log Pr. ;. Define the WR nominal exchange rate by

QW SOEIPT _

Y w,SOE,IPT (37)

PFt — Pry + Yy

It follows immediately that

,SOE,IPT ,SOE,IPT
L =e —e; . (38)
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

Figure 2(a) shows the IRFs following a 20-percentage-point increase in the import tariff. The
blue solid lines report the IRF's under the IPT environment, whereas the green dotted lines report
those under the PPT environment. On impact, the relative consumption of imports falls from
its steady-state value, v/(1 —v) = 0.3/0.7 ~ 0.43, under both pass-through environments (Panel
8). Under PPT, Eq. (8) shows that the tariff raises the cum-tariff relative price of imports and
induces expenditure switching toward Home goods. The resulting increase in demand for Home
goods raises real marginal cost and thereby puts upward pressure on Home PPI inflation. As
Table 2 shows, Home PPI inflation carries the largest quadratic welfare weight. The social planner
therefore raises the nominal interest rate under PPT (Panel 1); that is, monetary tightening is
optimal in this environment.

Under IPT, stabilizing Home PPI inflation remains important, as Table 2 shows. The planner,
however, also faces a tariff-induced importer-markup distortion. As discussed in Secs. 3.1 and
3.5, an increase in the import tariff lowers the effective elasticity of demand with respect to the
importer’s own ex-tariff price, thereby creating an opportunity for an opportunistic price increase.
The steady-state importer subsidy, 7 = 1/eps, eliminates the importer-markup distortion in the
zero-tariff steady state, but, because it does not adjust with the tariff, it does not eliminate the
tariff-induced increase in the importer markup. Because ¥; = 5tP;“,t /Pr,; moves inversely with
this ez-tariff importer markup, mitigating the tariff-induced markup requires a higher LOOP gap
(HMC, Fig. 1). Accordingly, Eq. (36) implies that the WR LOOP gap rises with the import tariff
(Panel 10). When the local-currency import price adjusts only gradually, nominal depreciation
raises the actual LOOP gap. The planner therefore lowers the nominal interest rate to induce
depreciation and move the LOOP gap toward its welfare-relevant value (Panel 1). Thus monetary
accommodation is chosen under IPT.

At first sight, Panels 9 and 10 of Fig. 2(a) may appear inconsistent: the WR LOOP gap
rises, whereas the actual LOOP gap falls. Figure 2(b) resolves this apparent inconsistency by
comparing the optimal IPT IRFs with a counterfactual in which the PPT nominal-interest-rate
path is imposed on the IPT private equilibrium. The blue solid lines are the optimal IPT IRFs,
identical to the blue solid lines in Fig. 2(a), whereas the orange dashed lines are the counterfactual
IRFs. Hence the orange dashed line in Panel 1 of Fig. 2(b) is identical to the green dotted line in
Panel 1 of Fig. 2(a). The LOOP gap under the optimal IPT policy lies above the counterfactual
LOOP gap. Thus monetary accommodation raises the LOOP gap relative to the path that would
prevail under PPT monetary policy; it only partially offsets the tariff-induced decline in the LOOP
gap rather than reversing it.

The remaining large gap between the actual and WR LOOP gaps reflects the importance of
stabilizing Home PPI inflation even under IPT. Further monetary accommodation would induce
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Figure 2: SOE: (a) optimal PPT and IPT responses. The blue solid line reports the optimal IPT
allocation and the green dotted line the optimal PPT allocation. Panel 1 reports the deviation
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because the LOOP holds identically, so the green dotted paths in Panels 11 and 12 coincide.
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Figure 2: SOE: (b) optimal IPT response and the IPT counterfactual under the PPT nominal-
interest-rate path. The blue solid line reports the optimal IPT allocation and the orange dashed
line the IPT allocation when the nominal-interest-rate path is fixed at the optimal PPT path.
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additional nominal depreciation and raise the LOOP gap, thereby reducing the WR LOOP-gap
deviation. At the same time, however, it would put upward pressure on real marginal cost and
Home PPI inflation. Given the large welfare weight on Home PPI inflation in Table 2, the planner
stops short of eliminating the WR LOOP-gap deviation. Consequently, the actual LOOP gap
remains negative even under the optimal IPT policy.

Table 3 evaluates each component of Eq. (35) along the optimal allocation and the nonlinear
counterfactual allocation. It also reports the exact total welfare cost obtained by evaluating the
original nonlinear lifetime utility in Eq. (1) directly along the same allocations. The entries are
discounted sums over the 60-quarter reporting horizon; extending the sum further has a negligible
effect because the tariff and the endogenous responses have essentially returned to steady state.

Table 3: SOE IPT environment: discounted welfare-cost components under the optimal and coun-
terfactual PPT interest-rate paths.

WR Variable PPT-rate CF Optimal IPT Difference
ye — gy OBIrT 0.0007 0.0063  +0.0056
Yy — prSOEIPT 0.5053 0.4520 —0.0533
TH,t 0.0065 0.0220  +0.0155
TF,t 0.0583 0.0637  +0.0054
Quadratic total 0.5708 0.5440 —0.0268
Exact total welfare cost 25.7213 25.7015 —0.0198

Note: All entries are in percent of steady-state consumption. The component rows and “Quadratic total”
are discounted sums from the second-order welfare cost function in Eq. (35). “Exact total welfare cost”
evaluates the original nonlinear utility in Eq. (1) directly along each allocation, relative to the deterministic
steady-state utility path. Because the second-order criterion suppresses terms independent of the endogenous
policy allocation, its level is not directly comparable with the exact total welfare-cost level; the relevant
comparison is the difference between the optimal and counterfactual allocations. Exact nonlinear welfare has
no source-by-source decomposition corresponding to the completed-square rows.

The counterfactual confirms the mechanism. The reduction in the WR LOOP-gap deviation
component, 0.0533% in welfare-cost units, is larger than the net reduction in the quadratic wel-
fare criterion because the optimal easing raises the WR output gap and the two sticky-inflation
contributions. Even after these offsetting costs, the quadratic welfare criterion falls by 0.0268% of
steady-state consumption. The last row of Table 3 shows the exact total welfare cost. While there
is a gap between the exact and quadratic total welfare costs, both welfare costs are lower under
the optimal IPT allocation than under the counterfactual. Therefore, it can be said that monetary
easing reduces welfare costs.

4 Two-Country Model

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 A € [0,v) 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
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the Foreign representative household has lifetime utility

& (V7)1
u* EEOZ,Bt (long -
t=0 I+o

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 i; and i}, respectively, and Home and Foreign governments may levy
import tariffs 7as+ and 75, ,, 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, wl; = vy, and W} = 1 — wj. Here
wr is Home’s expenditure weight on Foreign goods and wy is Home’s expenditure weight on
Home goods. Likewise, wj; is Foreign’s expenditure weight on Home goods and wy is Foreign’s
expenditure weight on Foreign goods. Thus wr and wj; are the bilateral import weights, whereas
wg and wj 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) (39)
C; = [(ww/"(c;,t)w-”/" + <wz>1/”<czt |

)

)(77—1)/77

where Cf, and CHt denote Foreign consumption of Foreign and Home goods, respectively. Bi-
lateral goods- market clearing therefore replaces the SOE assumption that Foreign demand can be
treated as an external object.

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

*
PH,t = StPH’m

where Pj;, denotes the Home-goods price in Foreign currency. Define the Foreign LOOP gap by
U= — ¥y =log Uy.

Using Sy = Prt/Pn+, the Home ez-tariff relative price of imports can therefore be written as

Pry 1

St =
t — St Ht\Ij*a

where Pp./ (&Pj}yt) 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
¥, = ¥y = 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. (31) and the first-order importer Phillips curve in Eq. (32). Since Foreign
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importers of Home goods face the corresponding monopolistically competitive pricing problem,
their flexible-price condition is

*

P} T
)= =1 40
( t) PH7t/gt + €M_17 ( )

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

*
* _ E * * TMvt
T = BEeTgepq + 60 (Y7 + o —1)

where 7y, = log(Pfy /Py, 1). 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

L= 2 mare) ST (42)

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

v = (242) ew+ 1 [ cga]. (13)

Aggregating Eq. (43) with the producer CES index gives the exact bilateral goods-market condi-

tions
1—v 1 Py w\ "
Y, = Cu:+ (—) Cj'élt—/ “He de,
v "l1—-vJ, P,

_ L
v L (Pt ()

Cr Cri— —— de. 44
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where C}“_I’t(a) denotes Foreign-country demand for Home goods sold by local importer variety ¢,

}/t*

and ﬁ;;t(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

_ L[ e MO
Py, = [1_’// (PH’t(L)> dL:| .

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. (44) 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.
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4.2 National Ramsey policy under commitment

The baseline two-country policy game follows the national Ramsey approach of Faia and Monacelli
[25]. Complete international risk sharing and the relevant goods-market relations are imposed
before the national first-order conditions are formed. Hence the international relative price is
eliminated before national differentiation and is not a choice variable of either national planner.

For the Ramsey differentiation we substitute the private producer reset-price condition and,
in the IPT environment, the exact importer reset-price condition before taking national first-
order conditions. In the PPT environment, the Home planner therefore chooses the paths of
Ct, G(Tare, Zt/ %), Ny, Vi, gy, Ay, and 4, 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 Egs. (20)—(30); 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 ¢; and i; are choice variables and are subject to the ZLB in Home and
Foreign, respectively.

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 On-line 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.

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
wp = v(l —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 [42]. These
values are used in the two-country welfare weights and in the benchmark-parameterization IRFs
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
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the nominal-interest-rate responses. In the PPT environment, the Home period welfare cost is

CPPT =3 [APPT(yt _ ywPPTY2 | A\PPT(, _ ,w,PPTy2 APH 2 t} , (45)

whereas in the IPT environment it is

1 w w w,
EIPT = §[AIPT( T 7IPT) _|_AIPT(1/) : ,IPT)Q +A£PT( 2 — 2 IPT)
+AIPT(¢ - 7/’:’w’IPT) + Afr, 7TH ¢+ AI F 7TFt
IPT 2
+ALET ()2 (46)

In Egs. (45)—(46), 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; — 2,7 is
the WR ez-tariff relative border price of imports gap. In the IPT environment, ;" IPT is the
(logarithmic) Home WR LOOP gap and v, — ;" TPT i the Home WR LOOP- -gap deviation. The
object ;""" IPT is 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 ;" 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 g 75T, g0 PPT w BT - yw IPT

w,I PT *,w,IPT
2 and v, .

Under PPT, the LOOP holds and Home welfare contains no LOOP-gap term. Under IPT, the
Home tariff creates the same additional importer-markup distortion as in the SOE: it provides an
opportunity for an opportunistic increase in importers’ ez-tariff prices. The subsidy eliminates
the importer-markup distortion in the zero-tariff steady state but does not adjust with the tariff,
so the tariff-induced increase in the importer markup remains. Because ¥; moves inversely with
the Home importer markup, the Home planner has an incentive to raise the WR LOOP gap to
mitigate this additional distortion. In the two-country equilibrium, its exact reference value also
depends on the international relative price and the Foreign LOOP gap, as shown in Eq. (47).

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 equilibrium.
Nevertheless, the LOOP-gap terms have a useful nominal-exchange-rate representation.

Table 4 reports the corresponding benchmark Home welfare weights in the two-country econ-
omy. The negative coefficients on the WR. ez-tariff relative border price of imports gap term,
APPT = —0.0920 and AZPT = —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.

The numerical weights in Table 4 are evaluations of the exact symbolic welfare coeflicients. 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_F

t ownTM,t + Fcross(T]T/Lt - 1/):) + Fzzt~ (47)
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Table 4: Two-country Home welfare weights: benchmark values

Environment WR Variable Weight Value
PPT yi — yi”’;’:: APPT 2.094
w, PPT

2t — 2 Aj -0.092

TH APET 47.810

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

z — 2017 ALPT -0.098

¥ — I PT ALET 0.352

THt Ang 65.313

TEy Ag}i 21.283

T ALY 13.519

Here T'ywy 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 'y, Ieross, and I',. Under the benchmark
parameterization, Iown = 0.364, Teposs = 0.060, and I', = —0.016. The positive Home-tariff
coefficient has the same importer-pricing origin as in the SOE. Equation (31) shows that the Home
tariff raises the ez-tariff markup that a flexible-price Home importer would charge. The subsidy
eliminates the importer-markup distortion in the zero-tariff steady state but, because it does not
adjust with the tariff, does not eliminate the additional markup generated by opportunistic pricing.
As in Eq. (36), the Home planner therefore has an incentive to raise its own WR LOOP gap to
compress the Home importer markup (HMC, 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
the consumption of Home goods toward Home households. This inefficient 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. (47) (FAC, Fig. 1).

Opportunistic import pricing also arises in Foreign. Equation (40) 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

;U*’IPT = F;wnTXd,t + F:ross(TM,t - ¢t) + Fz’zt (48)
where the starred I' coeflicients are the exact Home-Foreign mirrors of the corresponding Home
loadings in Eq. (47). Under the benchmark parameterization, I'}, = 0.328, I'}, . = 0.024,
and I'; = 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 ey’ in Eq.
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(49), therefore generally differ.

Equation (47) also shows that the Foreign import tariff Ty and the Foreign LOOP gap o
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 Thrs — ¥i- 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.
(37) and (38) continue to apply. Analogously, define the Foreign WR nominal exchange rate by

wk * wx*, I PT
€t =DPHt —PH:t— V¢ : (49)

The log-linearized definition of the Foreign LOOP gap, ¢ = pm,+ — €t — py;,, then implies

OF =T = (e — ).

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

Figure 3(a) compares the two-country Home responses across the two pass-through environments.
The blue solid lines are the IRFs under the IPT environment and the green dotted lines are the
IRFs under the PPT environment.

The mechanism under the PPT environment is the same as in the SOE in Sec. 3.6. The Home
tariff raises the cum-tariff relative price of imports and shifts Home expenditure toward Home
goods, as Eq. (42) shows. The resulting rise in Home real marginal cost puts upward pressure
on Home PPI inflation g . Because stabilizing mp; carries a large welfare weight, as shown in
Table 4, the Home planner raises the nominal interest rate (Panel 1, Fig. 3(a)). Thus monetary
tightening is optimal under PPT.

Under IPT, by contrast, the Home planner lowers the nominal interest rate to raise the Home
LOOP gap ¢, (Panel 1, Fig. 3(a)). Indeed, the Home WR LOOP gap increases (Panel 10, Fig.
3(a)). As in the SOE, the Home tariff induces an opportunistic increase in Home importers’ ez-
tariff markups. The subsidy eliminates the importer-markup distortion in the zero-tariff steady
state but, because it does not adjust with the tariff, does not eliminate this tariff-induced increase
in the importer markup. Because the LOOP gap moves inversely with this markup, a higher
Home LOOP gap mitigates the additional tariff-induced markup (the HMC in Fig. 1). Nominal
depreciation also lowers the Foreign LOOP gap. The resulting increase in the price of Home
goods faced by Foreign households reduces their consumption of Home goods, shifting too much
consumption of Home goods toward Home households. A higher Home LOOP gap is therefore
required: by lowering the relative ex-tariff price of imports faced by Home households, it reduces
Home consumption of Home goods and mitigates this inefficient reallocation (the FAC in Fig. 1).
This channel therefore calls for an additional reduction in the nominal interest rate to raise the
Home LOOP gap further. As shown in Table 4, stabilizing Home PPI inflation remains important.
However, following the 20% increase in the Home import tariff, the planner also seeks to reduce
the Home WR LOOP-gap deviation, although its weight on the welfare cost function is just 0.406.
The planner therefore accepts higher Home PPI inflation under IPT than under PPT (Panel 6,

Fig. 3(a)).
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Figure 3: Two-country benchmark parameterization: (a) Home responses under the optimal PPT
and IPT allocations. The solid line reports the optimal IPT allocation and the dotted line the
optimal PPT allocation. Panel 1 reports deviations of the nominal interest rate from its determin-
istic steady state in basis points. Under PPT the two WR nominal exchange rates coincide with
€t.
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Figure 3: Two-country benchmark parameterization: (c¢) Home optimal IPT response and the IPT
counterfactual under the Home PPT nominal-interest-rate path. The blue solid line reports the
optimal IPT allocation and the orange dashed line the counterfactual. In the counterfactual, the
Foreign IPT contingent plan is held fixed and the remaining Home private-equilibrium variables
are recomputed.
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Figure 3: Two-country benchmark parameterization: (b) Foreign responses corresponding to the
optimal allocations in Panel (a). The blue solid line reports the Foreign responses associated with
the optimal Home IPT allocation and the green dotted line those associated with the optimal PPT

allocation.
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Figure 3: Two-country benchmark parameterization: (d) Foreign responses corresponding to the

optimal and counterfactual Home allocations in Panel (c).

The blue solid line reports the IPT

allocation and the orange dashed line the counterfactual under the Home PPT nominal-interest-
rate path. The Foreign contingent plan is held at its IPT path.
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In equilibrium, however, the Home currency still appreciates and the Home LOOP gap remains
negative (Panels 9 and 11, Fig. 3(a)). The Home tariff lowers Foreign demand and puts downward
pressure on Foreign PPI inflation, so the Foreign planner reduces its nominal interest rate even more
(Panel 1, Fig. 3(b)). Figure 3(c) identifies the effect of Home monetary accommodation relative to
the counterfactual that imposes the Home PPT interest-rate path. Under the optimal IPT policy,
the Home nominal exchange rate and the Home LOOP gap lie above their counterfactual paths
(Panels 9 and 11, Fig. 3(c)). This counterfactual experiment shows that the Home social planner
uses monetary accommodation to raise the Home LOOP gap and reduce the WR LOOP-gap
deviation, while placing depreciation pressure on the nominal exchange rate. The equilibrium Home
currency nevertheless appreciates because Foreign monetary accommodation is stronger. The Home
import tariff also reduces Home demand for imports, so substantial monetary accommodation is
required to support Foreign PPI inflation.

Table 5 evaluates the Home welfare cost function in Eq. (46) along the optimal and counter-
factual allocations over the 40-quarter reporting horizon. It also reports exact Home total welfare
cost obtained by evaluating the original nonlinear lifetime utility in Eq. (1) directly along the
same allocations. As discussed in Sec. 4.4, the relative-price row is a signed strategic welfare
contribution because its completed-square weight is negative.

Table 5: Two-country IPT environment: discounted Home welfare-cost components under the
optimal and counterfactual Home PPT interest-rate paths.

WR Variable PPT-rate CF Optimal IPT Difference
yr —y T 0.0335 0.0422  +0.0088
g — I PT 0.4041 0.3931  —0.0110
2 — 2107 —0.7977 —0.8116  —0.0139

T ET 0.1115 0.1172  +0.0056
TH. 0.0114 0.0153  +0.0039
TRt 0.0272 0.0275  +0.0003
T, 0.0045 0.0045 0.0000
Quadratic total —0.2054 —0.2117 —0.0063
Exact total welfare cost 19.3727 19.3154 —0.0573

Note: All entries are in percent of steady-state consumption. The component rows and “Quadratic total”
are discounted sums from the second-order Home welfare cost function in Eq. (46). “Exact total welfare
cost” evaluates the original nonlinear Home utility in Eq. (1) directly along each allocation, relative to the
deterministic steady-state utility path. Because the second-order criterion suppresses terms independent of
the endogenous Home policy allocation, its level is not directly comparable with the exact total welfare-cost
level; the relevant comparison is the difference between the optimal and counterfactual allocations. Exact
nonlinear welfare has no source-by-source decomposition corresponding to the completed-square rows.

The counterfactual confirms the LOOP-gap mechanism. Optimal Home easing reduces the
Home WR LOOP-gap deviation component by 0.0110% of steady-state consumption and lowers
the full signed second-order Home welfare criterion by 0.0063% of steady-state consumption, despite
higher costs from some other welfare-relevant components. The last row of Table 5 shows the exact
total welfare cost. While there is a gap between the exact and quadratic total welfare costs, both
welfare costs are lower under the optimal IPT allocation than under the counterfactual. Therefore,
it can be said that monetary easing reduces welfare costs, as in the SOE model.

5 Reciprocal Tariffs: The Return of the ZLB

This section studies reciprocal tariffs throughout. The Home import tariff 75, and the Foreign
import tariff 7, both receive a 20-percentage-point innovation, and both tariff processes have
persistence 0.7. The two-country IPT environment, country-size parameter v = 0.27, pricing
structure, fiscal closure, and national Nash—-Ramsey policy game are otherwise those in Sec. 4. We
first report the benchmark reciprocal-tariff allocation. We then compare that same reciprocal-tariff
experiment with three alternative specifications: Monacelli’s [39] High Elasticity Case, external
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habit, and roundabout production. Thus Secs. 5.2, 5.3, and 5.4 use the benchmark reciprocal-
tariff allocation in Sec. 5.1 as their reference case.

Tables 6 and 7 collect, respectively, the Home welfare weights and the loadings of the Home
WR LOOP gap for the four specifications considered below. The benchmark column corresponds
to the benchmark two-country IPT environment in Sec. 4; the remaining columns change only the
feature indicated in the column heading.

Table 6: Home welfare weights across reciprocal-tariff specifications

Variable Benchmark High Elasticity External habit Roundabout production
T T 2.860 2.221 18.593 0.962
vy — vy 0.406 1.206 0.569 0.650
zt — 2§’ —0.098 —0.480 0.883 0.087
i — " 0.352 1.438 0.158 0.199
ct—1— ¢ 1 - - 0.720 -
i1 —c - - —0.323 -
TH,t 65.313 50.711 73.105 109.286
TRt 21.283 33.686 25.707 34.081
TH .. 13.519 11.320 23.714 15.647

Note: Specification superscripts on the WR reference values are suppressed in the row labels. The
inherited-consumption terms are present only under external habit. Here c; = log(Ct/C) and ¢} =log(C[/C*); ¢!
and c: " denote the Home and Foreign WR consumption reference values, respectively, defined in Appendix D.2.3.

Table 7: Loadings of the Home WR LOOP gap across reciprocal-tariff specifications

Term Benchmark High Elasticity External habit Roundabout production
TM,t (Town) 0.364 0.053 0.657 0.453
Tare — Wi (Deross) 0.060 0.122 —0.202 0.093
zt (T2) —0.016 —0.059 0.506 0.140
c-1 (I'e) - - 0.801 -
i1 (Te) - - 0.159 -

Note: Each entry is the coefficient on the term shown in the first column in the corresponding Home WR LOOP
gap. Exact symbolic expressions are reported in Appendix D.2.2-D.2.4.
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Table 8: ZLB duration, minimum notional nominal interest rate, and main mechanism

Specification ZLB du- Minimum Home Further Increase in the Increase in the Weight
ration notional nominal Home WR LOOP gap  for Stabilizing PPI Infla-
(quarters) rate deviation (basis tion

points)

Benchmark 1 —210.62 O

High Elasticity 3 —230.95 O

external habit 2 —162.21 O

roundabout pro- 2 —106.95 O

duction

Note: The notional nominal interest rate is the unconstrained Home policy rate and is reported as a deviation
from its deterministic steady-state value in basis points. ZLB duration counts the quarters in which the actual
Home nominal interest rate is at zero.

5.1 Benchmark Parameterization

An increase in the Foreign import tariff raises the price of Home goods paid by Foreign households
and lowers their consumption of Home goods. As discussed in Sec. 4.4.2, a higher Home LOOP
gap mitigates the resulting inefficient allocation of Home goods between the two countries. The
required adjustment puts depreciation pressure on the Home currency, making Home goods cheaper
for Foreign households and supporting their demand (FAC, Fig. 1).

Figures 4(a) and 4(b) report the exact nonlinear impulse responses. The unilateral allocation
remains in these figures only as a diagnostic comparison; the solid reciprocal-tariff allocation is the
benchmark for the remaining subsections of this section.
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Figure 4: Two-country IPT environment with reciprocal tariff shocks under the benchmark pa-
rameterization: (a) Home responses. The solid line reports reciprocal tariffs and the dashed line
the unilateral Home tariff allocation. The dotted horizontal line in Panel 1 is the ZLB. Under

reciprocal tariffs the Home nominal interest rate is at the ZLB on impact and is positive in the
following quarter.
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Figure 4: Two-country IPT environment with reciprocal tariff shocks under the benchmark pa-
rameterization: (b) Foreign responses. The solid line reports reciprocal tariffs and the dashed line
the unilateral Home tariff allocation.

The stronger Home accommodation under reciprocal tariffs follows directly from the Foreign-
side mechanism described above. The Foreign tariff raises the Foreign household-facing relative
price of Home goods and reduces Foreign demand for Home goods. Consistent with this channel,
Home output falls on impact under reciprocal tariffs, whereas it rises under the unilateral tariff
(Panel 2, Fig. 4(a)), and Home PPI inflation is lower (Panel 6). At the same time, the Foreign

tariff raises the Home WR LOOP gap through Thr,+» While the endogenous decline in the Foreign

LOOP gap v} reinforces this increase because vy enters 1;’ TPT with a negative coefficient. The

Home planner therefore has an additional incentive to raise the actual Home LOOP gap toward
its WR value. Home monetary accommodation puts depreciation pressure on the Home currency
and raises the Home LOOP gap relative to a less accommodative Home path (FAC, Fig. 1). Thus
both the contraction in Home export demand and the higher WR LOOP gap call for stronger
Home accommodation. The required rate cut exhausts the conventional-policy space on impact.
A one-quarter Home ZLB episode therefore occurs (Panel 1, Fig. 4(a)) (Tab. 8).

The Foreign nominal interest rate also falls, but remains strictly positive on impact. Numer-
ically, the Home policy rate is 101.01 basis points below its deterministic steady-state value on
impact, exactly exhausting the conventional-policy space, whereas the Foreign rate is 34.40 basis
points below steady state.

5.2 High Elasticity Case

We next retain the reciprocal tariff shocks of Sec. 5.1 and change only the Home—Foreign substi-
tution elasticity from the benchmark value n = 1.5 to n = 3, the High Elasticity Case considered
by Monacelli [39]. This experiment therefore isolates the role of stronger expenditure substitution
in a two-country reciprocal-tariff environment.

The welfare cost function is the same two-country IPT criterion in Eq. (46), with every coeffi-
cient and WR reference value re-evaluated at = 3. Table 6 reports the resulting welfare weights,
and Table 7 reports the corresponding loadings of the Home WR LOOP gap. The central change
for the High Elasticity Case is the stronger Foreign-side effect on the Home WR LOOP gap. The
loading on 75, , — ¢/ rises from 0.060 in the benchmark to 0.122 at n = 3. This increase reflects
the stronger relative-demand response when the substitution elasticity is higher. The Foreign
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purchaser-price combination 7y, , — ¢; raises the relative price of Home goods faced by Foreign
households. When 7 is larger, a given movement in this combination produces a larger decrease
in Foreign consumption of Home goods and therefore a larger inefficient increase in Home-good
consumption in country H. The Home planner consequently adjusts the Home WR LOOP gap
more strongly. Hence a given Foreign tariff increase or decline in the Foreign LOOP gap raises the
Home WR LOOP gap by substantially more (FAC, Fig. 1). In addition, Table 6 shows that A,
rises from 0.406 to 1.206. As the elasticity of substitution increases, demand becomes more sen-
sitive to relative prices and the expenditure-switching effect becomes stronger. The expenditure
switching induced by an import-tariff increase is inefficient. Accordingly, a higher substitution
elasticity raises the welfare cost associated with the Home WR, LOOP-gap deviation and therefore
increases Ay .

Figures 5(a) and 5(b) compare the High Elasticity Case with the benchmark parameterization.
The two lines are identified in the Panel 1 legend and report n = 3 and the benchmark n = 1.5
case. The comparison therefore holds the reciprocal tariff shocks fixed.

0 (1) Nominal Interest Rate (2) Output

High substitution (eta=3)
= = Reciprocal benchmark (eta=1.5)

0 4 8 12 15 0 4 8 12 15
1e (3) Aggregate Consumption _ (4) Ex-tariff Relative Price of Imports

- el

1, =<

8
(5) CPI Inflation

8 4 8 12 15
. (7) Ex—tariff Import Inflation . (8) Relative Consumption of Imports

0 4 8 12 15
(10) Home Welfare Relevant LOOP Gap

Figure 5: Two-country IPT environment with reciprocal tariff shocks: (a) Home responses in the
High Elasticity Case, n = 3, compared with the benchmark parameterization. The two lines are
identified in the Panel 1 legend. The horizontal line at —101.01 basis points in Panel 1 is the ZLB.
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(1) Foreign Nominal Interest Rate (2) Foreign PPI Inflation

High substitution (eta=3)
= = Reciprocal benchmark (eta=15)

(3) Foreign Ex-tariff Import Inflation

Figure 5: Two-country IPT environment with reciprocal tariff shocks: (b) Foreign responses in the
High Elasticity Case, n = 3, compared with the benchmark reciprocal-tariff allocation. The two
lines are identified in the Panel 1 legend.

Figure 5(b) shows that the Foreign LOOP gap falls more under = 3 than under the benchmark.
Together with the larger Foreign-side loading just described, this raises 1, APT more strongly and
calls for a larger increase in the actual Home LOOP gap. The Home planner therefore chooses
stronger accommodation, which puts additional depreciation pressure on the Home currency and
raises ¢, relative to the benchmark path. The larger import-price-inflation weight works against
this adjustment, but does not overturn it. The Home nominal interest rate consequently remains

at the ZLB for three quarters rather than one (Panel 1, Fig. 5(a)) (Tab. 8).

5.3 With External Habit

Finally, we retain the benchmark reciprocal tariff shocks and introduce external habit into both
national household preference specifications. For Home,

N}

UX=Eo) f |log(Cr - xC%) - TH— S|

t=0

(51)

where C;®® denotes aggregate Home consumption and x is the external-habit parameter. The
exact starred counterpart applies to Foreign. Each individual household takes lagged aggregate
consumption as given, whereas each national Ramsey planner internalizes the effect of aggregate
current consumption on its own residents’ future habit benchmark. We set x = 0.71, following
Smets and Wouters [41]. All pricing, tariff, fiscal, and country-size parameters remain at their
benchmark values.

External habit changes the welfare cost function and therefore cannot be interpreted with the
no-habit criterion in Eq. (46). The External-Habit column of Table 6 reports all of the resulting
welfare weights.

The Home WR LOOP gap also acquires loadings on inherited Home and Foreign consumption.
Table 7 reports these loadings together with the tariff, Foreign LOOP-gap, and international
relative-price loadings. Their exact symbolic definitions are given in Appendix D.2.3. The positive
coefficient on ¢;_; in Table 7 can be understood from the cum-tariff relative import price. As

the definition of the relative price of imports in Eq. (6), which can be rewritten as S; = i—i,
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shows, holding Z; and the tariff fixed, a higher ¥; lowers the relative price of imports and thereby
mitigates the tariff-induced reduction in consumption (because the lower cum-tariff import price
reduces the Home CPI and thereby raises the amount of composite consumption attainable from
a given nominal consumption expenditure). With external habit, a higher inherited consumption
level lowers C; — xC;%8 for given current consumption, so more current consumption is required to
attain the same utility level. An increase in ¢;_; therefore calls for an increase in the Home WR
LOOP gap. Appendix D.2.3 gives the symbolic expressions underlying the External-Habit column
of Table 7. On-line Appendix B.2.3 reports the complete two-country Ramsey construction.

Figures 6(a) and 6(b) compare x = 0.71 with the benchmark parameterization. The tariff
innovations and all non-habit structural parameters are identical across the two lines, which are
identified in the Panel 1 legend.

or (1) Nominal Interest Rate 0 (2) Output
~02 P ==
-
-50 04 =
. N
== External habit (h=0.71) 06k ~
z = = Reciprocal benchmark 2 =
-100 -08
0 4 12 15 0 4 12 15
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8
(5) CPI Inflation

(4) Ex-tariff Relative Price of Imports

4 8 12 15
(6) Home PPI Inflation

—
0 4 8 12 15
(7) Ex-tariff Import Inflation

(8) Relative Consumption of Imports

0 4 8 12 15 0 4 8 12 15
(9) Home LOOP Gap (10) Home Welfare Relevant LOOP Gap

12 15
(11) Nominal Exchange Rate

0 4 8 12 15 0 4 8 12 15
(13) Foreign Welfare Relevant Nominal Exchange Rate

Figure 6: Two-country IPT environment with reciprocal tariff shocks: (a) Home responses with
external habit, y = 0.71, compared with the benchmark parameterization. The two lines are
identified in the Panel 1 legend. The horizontal line at —101.01 basis points in Panel 1 is the ZLB.
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Figure 6: Two-country IPT environment with reciprocal tariff shocks: (b) Foreign responses with
external habit, y = 0.71, compared with the benchmark parameterization. The two lines are
identified in the Panel 1 legend.

Due to habit formation, higher inherited consumption raises the amount of current consumption
required to attain a given utility level and, as the positive loading on ¢;_; in Table 7 shows, raises
the Home WR LOOP gap. The stronger accommodation needed to raise the actual Home LOOP
gap and support current consumption therefore keeps the nominal interest rate at the ZLB longer
(Panel 1, Fig. 6(a)) (Tab. 8).

5.4 With Roundabout Production

Finally, we retain the benchmark reciprocal tariff shocks and benchmark preference and pricing
parameters and instead change the production structure. Following Basu [5], Home and Foreign
producers combine labor with an intermediate-input composite in a roundabout technology. For
Home, the aggregate production function is

N, 1-¢ T ¢
e () (2)'

where Z; is the Home intermediate-input composite, { is the intermediate-input share, 1 — ( is
the labor share, and Ay is Home producer-price dispersion. The exact Foreign mirror applies.
Huang and Liu [34] regard an intermediate-input share between 0.5 and 0.7 as a reasonable range,
so we set ¢ = 0.50, the lower bound of that range. We solve the exact nonlinear reciprocal-tariff
allocation under this production structure and compare it with the benchmark reciprocal-tariff
allocation in Sec. 5.1.

The share normalizations in Eq. (52) make the exact unit cost of the roundabout technology
equal to thfc(PtI PT)¢ | with the intermediate-input composite purchased at the Home CPI PFT.
To see this, cost minimization for one unit of the left-hand side of Eq. (52) implies W;N; =
(1 —¢{)MC; and PIPTT, = (MC,. Substituting these factor demands back into Eq. (52) gives

1= (MCy/W)'=$(MCy/PIPT)¢, and therefore MC, = W™ ¢(P/PT)¢. Hence cost minimization,
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together with the household intratemporal condition in Eq. (10), gives

pIPT 1-¢
Mey =1 ( us )

IPT
Py }; (53)
= Q(TM,t, —t> (Cth)1_<~
v,

Eq. (53) is quite different from Eq. (16) because of the power 1 — ¢ on the marginal rate of
substitution. Its log-linearization shows that the consumption—labor component of producer real
marginal cost is multiplied by 1—(, whereas the CPI-PPI ratio continues to enter with unit elastic-
ity. Combining this result with the Home Phillips curve in Eq. (18), and holding consumption, the
CPI-PPI ratio, and expected future Home PPI inflation fixed, the response of current Home PPI
inflation to labor input is kg (1 — ). Thus at ¢ = 0.50 the labor-input response of both producer
marginal cost and Home PPI inflation is one half of that in the benchmark labor-only technology.
Equivalently, through this labor channel, a given deviation of Home PPI inflation corresponds to
approximately twice as large a labor-input deviation as in the benchmark economy.

As Table 6 shows, the Home producer-inflation weight rises from its benchmark value of 65.313
to 109.286 under roundabout production. Hence, the Home planner has a stronger incentive to
offset this disinflationary pressure.

Figures 7(a) and 7(b) report the comparison. The two lines are identified in the Panel 1 legend
and report the roundabout specification and the benchmark parameterization.
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Figure 7: Two-country IPT environment with reciprocal tariff shocks: (a) Home responses
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Figure 7: Two-country IPT environment with reciprocal tariff shocks: (b) Foreign responses with
roundabout production, { = 0.50, compared with the benchmark parameterization. The two lines
are identified in the Panel 1 legend.
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Roundabout production extends ZLB duration. With roundabout production, the required
accommodation becomes more persistent. Reciprocal tariffs weaken demand for Home goods and
put downward pressure on Home PPI inflation. Because the welfare weight on Home PPI inflation
is much larger under roundabout production, 109.286 rather than 65.313, as shown in Table 6,
the Home planner has a stronger incentive to offset this disinflationary pressure. Moreover, the
flatter labor-to-inflation relation implied by Eq. (53) means that doing so requires a larger labor
and output response through this channel. The planner therefore keeps the nominal interest rate
low for longer (Panel 1, Fig. 7(a)): the Home policy rate reaches the ZLB in quarters 2 and 3 and
becomes positive again in quarter 4. Thus the Home ZLB episode lengthens from one quarter under
the benchmark to two quarters under roundabout production, but the binding episode begins one
quarter later (Tab. 8). The Foreign rate also falls by less on impact and remains strictly positive
throughout.

6 Conclusion

This paper studies optimal monetary policy in a tariff-imposing economy when short-run exchange-
rate pass-through into local import prices is imperfect. Monopolistically competitive local im-
porters with sticky local-currency prices create scope for an opportunistic increase in ex-tariff
import prices when the import tariff rises. This opportunistic pricing raises the importer markup
above the level neutralized by the steady-state importer subsidy and therefore creates an addi-
tional welfare-relevant distortion. The central modeling result is therefore that a parsimonious,
empirically motivated departure from the PPT benchmark is sufficient to generate this additional
welfare-relevant distortion and the associated motive for monetary accommodation.

The appropriate monetary response is to mitigate that tariff-induced markup distortion. A
higher LOOP gap compresses the importer’s ez-tariff markup, so the tariff increase raises the WR
LOOP gap through the HMC. The social planner consequently seeks to raise the actual LOOP
gap toward its welfare-relevant value. Monetary easing provides the nominal depreciation pressure
required for this adjustment. This mechanism makes monetary accommodation optimal in the IPT
environment both in the small open economy and in the two-country economy.

The two-country model adds the FAC. Home monetary easing puts depreciation pressure on the
Home currency and lowers the Foreign LOOP gap relative to a less accommodative Home policy
path. The resulting increase in the price of Home goods faced by Foreign households reduces
their consumption of Home goods and shifts Home-good consumption inefficiently toward Home
households. The Home WR LOOP gap therefore rises further, reinforcing the incentive for Home
monetary accommodation. Reciprocal tariffs strengthen this channel because the Foreign tariff
directly reduces Foreign demand for Home goods.

Motivated by recent U.S. tariff policy, we then study reciprocal tariffs in the two-country
economy. The benchmark reciprocal-tariff experiment requires monetary accommodation large
enough to reach the ZLB. The High Elasticity Case strengthens the FAC, while external habit raises
the WR LOOP gap through inherited consumption. Roundabout production operates differently
by increasing the importance of stabilizing Home PPI inflation. Despite these different propagation
mechanisms, each case requires monetary easing sufficiently strong for the Home policy rate to reach
the ZLB. Thus imperfect pass-through can make the optimal monetary response to tariff increases
not merely expansionary but large enough for the lower bound on nominal interest rates to become
a central policy constraint.
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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), wg =1 —wp, wi; = vy, 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. (39). Under the PPT environment, Eq. (2) and

Ph, === (A1)

are applicable. Hence the two LOOP gaps are equal to one in levels,

&Py
U, = = =1,
K Pr,

Uy == =1. (A.2)

Accordingly, with the logarithmic definitions used in the welfare analysis, ¥; = 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

1/(1-n)
PEPT = [onPhy +or{l(l+ mu)&Pr )0

Py 1= V/0)
POPTT = b (P iy {1 i) ] | o

The associated bilateral demand system is

Cu:r = wn

(1+ Tare)Ec P, ) - .

Cre = wF( PpPPT
t

* . *
OF,t = Wrp

1475 )PudEN\
(L + 7are) Pt/ t) . (A.4)

* - *
Chut = wi - PPT
t

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
W, = 1; the Foreign household satisfies the exact starred counterparts. In particular,

1 ) C;(Pt*7PPT/PI§,t)

<% t *x, PPT :
1+ Of+1(Pt+1 /P;‘,t+1)H*F,t+1

(A.5)
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Complete international risk sharing gives

Ct g(TM ty Zt/‘I’t)

Zy =
t— C* Pt* PPT/})}(,.:H5

5 \IJt = 17 (AG)
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 AH,t )

MC] = CeNEG(Tam g, Z4 ) V), (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; = CH,t + ( » ) C;I,t’ CFt + (1 )CFt (AS)

Equation (39) 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 Py, are endogenous local importer-price indices.
The Home LOOP gap is ¥; = &P, /Pr. as defined in Sec. 3. 2; its exact Foreign mirror is
Uy = (Pp/E)/Pf ;. 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/(1—=n)
PIPT = lonP wp(PET) 0]
~ 1/(1-n)
«,I1PT ¥ (P \1— ¥ Dk \1—
PP = wp(Pr )+ wn (P ) (A.9)
and aggregate bilateral demands are
Py \ "
CH,t = WH <PtIPT> Ct?
P\
Crt = wr (PtfPT Ct,
* * P;t - *
CF,t = Wp (Pt*,IPT> G
~ -n
* * P;‘} t *
CH,t - WH (P*J})T> Ct . (A].O)
t



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*’IPTCt* ex-
penditure by CES duality. The statutory duties are remitted on border customs value and rebated
lump sum exactly as in Eq. (25) and its Foreign mirror.

The Home intratemporal and Euler equations remain Egs. (10) and (11), now with endogenous
U,. The Foreign equations are their exact starred counterparts, and complete international risk

sharing remains

Z, = Cr G(Tare, Zi/¥y)
Ct Pt*JPT/PIf“,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. (28)—(30). Their ez-tariff
price index satisfies Eq. (26), and the local relative import price obeys Eq. (27). Foreign local
importers solve the exact Home-Foreign mirror problem. In particular, no multiplicative identity
of the form Pz{“,li T = (14 7a1,4) Pr, 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. (44). 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.

A.3 External Habit (IPT Environment Only)

External habit changes only the household preference and the equations that contain marginal
utility of consumption; the pricing convention, additive customs-duty treatment, bilateral goods-
market clearing, and importer blocks are those in Appendix A.2. Home preference is given by Eq.
(51), while Foreign preference is given by:

(Vi)

A.12
1+¢ ( )

Ux=Eyy ' [log(CE‘ — XCLF®) -

t=0

Each household treats lagged aggregate consumption as external when deriving its private condi-
tions; after symmetry is imposed, C;® = C; and C;**®® = C}. Hence

W,
PI—;T (Cy — xCy—1)NY,
t
MCZ"h = (Ct — Xthl)NtLpg(TM’t, Zt/\IJt) (Al?))

with the exact starred counterpart. Complete international risk sharing is

_ Cy — xCi—1 g(TM,t, Zt/‘I’t)

Zt * * *
Ci —xCiy PPy,

: (A.14)

and the Home Euler equation is

1 (Ct — xC4—1)G(Tama, Ze [ ¥y)

- =G ,
144 ﬂ K (Ct+1 - Xct)g(TM,t+17Zt+1/‘1’t+1)HH,t+1

(A.15)

with the exact Foreign mirror. These equations, together with the unchanged producer and im-
porter blocks and the bilateral market-clearing conditions in Appendix A.2, define the External-
Habit private equilibrium.

44



A.4 Roundabout Production (IPT Environment Only)

The roundabout-production experiment retains the household, complete-markets, additive-duty,
PCP producer-price, and LCP importer-price blocks in Appendix A.2. It changes the production
technology by introducing the intermediate-input composite Z; with share (. The Home production
function is given in Eq. (52), with the exact Foreign mirror. The price of the intermediate-
input composite is the same Home CPI P/¥T used for final consumption, so the Home factor-cost
conditions imply

MCYY A,
N = (1- . : ,
! (1-¢) CyNPG(Tam e, Zi ) ¥y)
MCTY, A
7, = CM (A.16)

G(Tae, 2t/ ¥y)’

while Home producer real marginal cost is given in Eq. (53). These expressions are the exact
nonlinear counterparts of the first-order factor-demand relations reported in Appendix D.2.4.

The intermediate-input composite has the same Home-Bias CES composition and faces the
same purchaser prices as final consumption. Therefore the bilateral resource constraints in Eq. (44)
continue to apply with each country’s final-consumption absorption replaced by the corresponding
total absorption C; +Z; and C} +Z;. No new relative-price or tariff object is introduced. Together
with the exact Foreign mirror of Egs. (52)— (53), this closes the nonlinear Two-country roundabout-
production 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 (33). After Egs. (14)—(15) have been substituted, the
Lagrangian is

e} 1
[SOEPPT  _ g Zﬁt log Cy — N, +
P 14+

A L= 0TI — (1= 0B |

+Aat |:AH,t — 0% Ag 1 — (1 — g)ﬁﬁﬂ
Fnt [Ny — YiAp 4]

+>\y,t [K — (]. — U)g(Zt,Tth)nCt — ’UZ;U]
Mt [Ze — CG(Zy, Taa )]

1 Ctg(Zt,TM t) } .
— — 2 + L 4ty o B.1
144 PE: Ce41G(Zig1, tvap+1) I H 141 Hatte (B-1)

o

Here Ap i, 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 p; ¢ is the ZLB multiplier defined after Eq. (33).
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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, producer, risk-sharing, and goods-market conditions of the SOE
together with the exact additive-duty importer block in Egs. (20)—(30), the importer Calvo price-
index law in Eq. (26), the relative-import-price law in Eq. (27), 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 ez-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

1-n
C: G (TM,t7 Zt/‘I’t)
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and Home goods-market clearing is
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The Foreign counterparts, used in the Foreign national problem, are
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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 A.3, a superscript H or F' on a multiplier identifies the national planner, while the subscript M

identifies that planner’s local importer LCP local importer-price block.
The Foreign planner takes the complete Home contingent plan as given. Its national Lagrangian
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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. (30)

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 Ntl_Hp
max E “logCy — , B.2
{Ct,G(Ta1,6,2¢/¥¢), N, Ye,l1g ¢ ,Am ¢, Pryt / Pr e JIR 45t e >0 0 Z ﬁ &t 1+ [} ( )

t=0

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 Eqs. (20)—
(30), the local import-price law in Eq. (27), the exact bilateral resource constraints in Eq. (44),
and

ir > 0. (B.3)

The complete cross-sectional distributions {Pg(¢)} 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/IW

for the Home importer price-index law and /\é{t for the local relative import-price law, we have

o0 N1+<p
[’IPT - E t 1 C, — t
H 0 ; B4 log Cy T+o
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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, ﬁF,t/ Pr; is
the reset-price ratio implied by the exact private importer FOC (30); 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

> (N1
. max Eo Y 6" (logCf — ). (B.5)
{¢r.p /PF*‘,ﬁNt*’Yt*’H;‘,t’A;‘,ﬁP;I,t/P;‘,t’H;I,t7i:}t20 t=0 + ¥

subject to the starred A.2 equilibrium restrictions and if > 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.

B.2.3 External Habit (IPT Environment Only)

The external-habit planners have the same price-setting and market-clearing constraints as in B.2.2,
but the household objective, risk sharing, Fuler equations, and the stochastic discount factors in
the producer and importer reset-price maps are those in A.3. The Home problem is therefore

N1+‘P

Eo Y B |log(Cy — xCi—1) — 1t+go ;

t=0

max (B.6)
{C:,G(Tm,t,Z¢/¥¢),Ne, Yo,k ¢,AH t,Pr ¢/ Pr ¢, JIE t it ft>0

subject to Egs. (A.13)— (A.15), the exact producer and additive-duty importer blocks of A.2,
Eq. (44), and 4; > 0. The planner internalizes the effect of current aggregate consumption on next
period’s habit benchmark, although the private household treats lagged aggregate consumption as
external.

After the habit-specific reset-price maps are substituted, the Home Lagrangian is

IPT,h - t Ntl_Hp
Ly ™" = Eo)_ B log(Cy — xCi1) —
= 1+¢
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The Foreign planner takes the complete contingent Home plan as given and solves

()

max Eq Z Ik [log(Ct* —xC;_ 1) — 110

NS O o B oo Pl / Pro Wi it Y20 150

| @9

{CZ’P:,IPT/P;‘J’
subject to the exact starred A.3 private-equilibrium restrictions and ¢} > 0. Its Lagrangian is the
exact starred counterpart of Eq. (B.7); in particular, the Foreign planner internalizes the effect of
C} on the date-t + 1 aggregate Foreign habit benchmark.

B.2.4 Roundabout Production (IPT Environment Only)

The roundabout-production planners retain the no-habit utilities and the additive-duty IPT price-
setting system in B.2.2. Total absorption is now C; + Z; at Home and C} + Z; abroad, and the
production side is the exact A.4 technology and factor-demand system. The Home planner solves

s} N1+<P
max Eg Z B logCy — = ,  (B.9)
{C4,G(Tnm,t,Z¢/¥¢),Ne, Lt Ye, MCJ I ¢ ,An ¢, PRt/ Pr ¢ J1R ¢ it fe>0 =0 1+

subject to the A.2 household, complete-markets, producer-price, additive-duty importer-price, and
ZLB restrictions, the A.4 production and factor-demand restrictions, and the A.4 bilateral resource
constraints with total absorption.

After the producer and importer reset-price maps are substituted, a complete Home Lagrangian
is
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The explicit marginal-cost identity in Eq. (53) is implied by the technology and two factor-demand
restrictions in this Lagrangian and therefore is not imposed a second time. The Foreign planner
takes the complete contingent Home plan as given and solves

max Eg iﬂt (10g C; — w) , (B.11)

* * IPT * * * * ok * * * * * -k
{C; P PT Py NPT Y MO Iy Ag  Pr /P T ii beso 19 I+¢

subject to the exact starred A.2 and A.4 restrictions and ¢f > 0. Its Lagrangian is obtained from
Eq. (B.10) by the exact Home-Foreign mirror transformation, including the Foreign technology
and both Foreign factor-demand restrictions. The two national Roundabout commitment problems
and the common private equilibrium are solved at their mutual best response.

C FONC'’s for Social Planner

C.1 Small Open Economy
C.1.1 PPT Environment

As on pp. 74-75 of Monacelli [39], it is useful only for taking derivatives to write

/ aICH, —7 ’ 8ZH7 —q
ICH,t—j(l‘t) = TZJ’ ZH,t—j(xt) = Tﬁj’
OPH,t—j Zho—j@)Kai— — Ky () Zm,—;
Prij(z) = —8331 I - M (/CJHt_j)Qt J = (C.1)

This is derivative notation for the reset price already defined in Egs. (14)—(15); it introduces no
new economic variable.
The first-order condition for C; is

1
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The first-order condition for N; is
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The first-order condition for Y; is
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The first-order condition for Z; is
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The first-order condition for Il g ; is
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The first-order condition for Ay, is
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Finally, the interest-rate condition and the ZLB conditions are
>\e t
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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 Eqs. (28)—(30), together with the local
relative-import-price law in Eq. (27). The household budget constraint remains the one stated in
Sec. 3, with consumption expenditure P;C}, and tariff revenue is given by Eq. (25). 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. (32).
The ZLB condition remains

et

L =0, i > 0, it >0, 10t = 0.
(l—i—z) + Wit iy > Wit = i 0t

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 remaining Home conditions in the PPT environment are
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The Home ZLB conditions are
>0, ph>o0,  plii=o0.

The Foreign first-order conditions in the PPT environment are written explicitly as
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The Foreign ZLB conditions are
it >0,  pi, >0, plir=0.

C.2.2 IPT 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 pg; or on ﬁpi /Pr, 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 5}“(9) and (Pr/Pr;)'(G) mean total derivatives with respect to the displayed CPI-PPI
ratio, not derivatives with respect to a newly defined variable.

The labor and output FOCs are
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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
>‘e,t

S (1+ip)?
Together with the common A.2 private equilibrium, these conditions are the two national best-
response systems used in the IPT simulations.

+ufy=0, 7 >0, pf, >0, plii=0. (C.11)

C.2.3 External Habit (IPT Environment Only)

The FOCs in this subsection are obtained by differentiating the explicit habit Lagrangian in
Eq. (B.7). The producer and importer reset-price maps are the A.3 habit-specific maps, so every
total derivative of p + and ?F,t /P, below contains the habit-adjusted stochastic discount factor.
In addition, the Home planner internalizes the effect of current aggregate consumption on next
period’s habit benchmark. Thus the private Euler equation remains Eq. (A.15), while the planner’s
direct utility derivative contains both the current- and future-habit terms.

The Home habit consumption FOC is
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The Home CPI-PPI-ratio FOC is
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Here py4(G) and (Prt/Pry)' (G) mean total derivatives with respect to the displayed CPI-PPI

ratio, not derivatives with respect to a newly defined variable.
The Home labor and output FOCs are
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For the Home local ex-tariff import-price ratio,
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The Home producer- and importer-price inflation FOCs are

0 = —0(c— DAL — 0N T Ay

o8



—-(1-0)(1-¢) )‘fthp;IEtth M) "‘Z/B J)‘pih]ﬁlft JPHt j(HHt)
j=1

+(1—0)e )‘A?ﬁ_ 3 th(HHt +Z/6 ]>‘At jﬁ;IEt 1ngt (M e)
Jj=1

_(1_0 )(1_6 ) /\Hh FF,t e FF,t H +Z/8 ])\ FF,t*J' M
M M2t \ P Pp i) Mp’t I\ Ppy—j

wnPri lpy A (Cr—1 — XCr—2)G(Trr,4—1, Zy— 1/‘I’t 1)
ot PH,t—1H%” “t=b (O — xCi—1)G(Tar s, Zt ) U112 e

0 = —Om(en — DAG P2

+A

—(1—=0m)(1—en) MR (ﬁF’t>_€M (ﬁF’t) (I, +Zﬂ izH <_P—F’t_j>_sM <—
Mpt\ Pry Ppy ' Mipi- I\ Pryj

The Home producer-dispersion and nominal-rate conditions are

0 = AZ,’? - )‘f,’thyt - BGAK ?+1H§{ t+19 (C.19)
H.h
0 = ety plth i >0, pftth >0, pfhi =o. (C.20)
(1 + it)Q ,t = it = 1,t

There is again no separate importer-dispersion FOC: the exact purchaser-price cross section is
retained as in A.2. The Foreign FOCs are the exact starred mirror of Egs. (C.12)- (C.20), with
1/(Cf = xCt_y) — Bx/(Crq — xCF) as the direct Foreign planner utility derivative and with the
Foreign habit-adjusted reset-price maps. The Foreign rate satisfies

F,h
it Fh _ - F.h Fhox _
_(1_:—2?)2 +pp =0, iy 20, iy 20, pyiy=0. (C.21)
Hence C.2.3 lists the FOCs of the Social Planner’s Problem in B.2.3 rather than inferring them
from the quadratic welfare criterion.

C.2.4 Roundabout Production (IPT Environment Only)

The FOCs below are obtained directly from the Roundabout Lagrangian (B.10). Relative to C.2.2,
Home and Foreign goods demand use total absorption Cy+Z; and C; +Z;, and the production block
consists of the A.4 technology and two factor-demand restrictions. The producer and importer
reset-price maps remain the exact A.2 maps, with producer real marginal cost determined jointly
with the Roundabout factor demands.

The Home consumption FOC is
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Here p; ,(G) and (Pp./Ppy)' (G) mean total derivatives with respect to the displayed CPI-PPI

ratio, not derivatives with respect to a newly defined variable.
The Home labor, intermediate-input, producer-real-marginal-cost, and output FOCs are
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The Home producer- and importer-price inflation FOCs are
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There is no separate importer-dispersion FOC in C.2.4. The Foreign FOCs are the exact starred
mirror of the displayed Home system, with Z;, MCJ*, and the Foreign technology and factor-
demand multipliers, and with

F,RA

et F.RA _

-k F,RA F,RA .« __
m Ty =0, 1y >0, Hi g >0, Hip = 0. (C.33)

Thus C.2.4 contains the FOCs of the Social Planner’s Problem in B.2.4 rather than a reference to
the benchmark problem alone.

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.

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

ﬂa e, 1N & &M, 97 0M> v, Vv (Dl)

with x added only in D.2.3 and ¢ added only in D.2.4. The bilateral expenditure weights are not
additional parameters:

wr =v(l—v), wg =1-—wp, wi = vy, wp=1-wj. (D.2)
Likewise,
Mo _E ’ L:M*:E—l, HH:(l—G)(l—,BG)’ nM:(l_aM)(l_/BgM).
e—1 € 0 Onr
(D.3)

The steady-state importer subsidy is not an additional structural parameter: throughout the
IPT environment it is fixed at 7 = 1/e)y, as in Sec. 3.1. The tariff rates 757 and TKM 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 coefficient-matching system; every real quadratic coefficient is an entry of the Hessian
and tariff-loading matrices of the corresponding second-order augmented welfare polynomial; and
every A is obtained by the displayed sequential Schur completion. Thus no welfare weight or WR
reference-value coefficient is an independently calibrated parameter.

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

SoAP = Oz = > bz +s0tip, (D-4)
h—1 k<j k=1

L, =

N =

62

(C.32)



then at step k£ the completed-square reference value is
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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 Ef 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

E,PPT
ESO s

2 NSOE,PPT 2 NSOE,PPT
t,real t 2Cj,z,z 2| — Oyz

Y

1 ~
5 [_QC;JOE,PPT Yeze

ASOE,PPT ASOE,PPT .
—Cym yerme — Con Z4Tam,e + s.0.8.1.p., (D.7)

where s.0.t.1.p. denotes terms independent of the endogenous allocation to the order considered.
The coefficients C5OF-FPT  CSOEPPT - CSOEPPT - CSOEPPT and C39E-PPT are the literal
coefficients on the corresponding quadratic or tariff-interaction terms in this welfare polynomial.
They are not free coefficients. Equivalently, they are the corresponding Hessian and tariff-loading
derivatives of the negative Benigno—Woodford augmented second-order real welfare contribution
generated by the exact B.1.1 constraints and the stationary multipliers in Eq. (D.15). 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

ye=[n+ 1= -v)*] 2+ vl —v)(n 1) (Tare — ve). (D-8)

Under PPT, ¢, = 0. Using Eq. (D.8) to remove z; from the output-relative-price cross term before
completing squares gives

ASOE,PPT
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g w (- - )
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Thus the WR output appearing in the first unnumbered welfare representation in Sec. 3.5 contains
no z;.

D.1.2 1IPT Environment

For IPT, the corresponding real polynomial is

sopgpr _ 1 ASOE,IPT, 2 ASOE,IPT 2 ASOE,IPT 2
t,real 5 [_2ny Yt — 2C¢¢ Yy — 207, Z
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ANSOE,IPT ~NSOE,IPT ASOE,IPT .
—Cym Yetme — Cym Vet — Con 24Tt + 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 Eqgs. (D.15)—(D.16). 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.

% <65m0E,IPT _ v(l-v)(n—1) C‘SOE,IPT) ] }TM,t.

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¢) = 7ar,+ 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, C’ySgE’PPT, .CyI;T, C’;f;?, CyIf:L?F, CéiT, and C#ZT are the corresp(?nding 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

CSOE,PPT

w,SOE,PPT __ ym
Yt = \SOE.PPT ™.t (D-12)
Yy
IPT IPT
w,SOE,IPT — Cym - + Cyw w (D 13)
3 = ASOEIPT Mt ASOE.IPT t- :
y Yy

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

IPT ~IPT
cipr , OO
w,SOE,IPT _ o A§OE,IPT (D 14)
t = ASOE.IPT T™M,t- .
P

SOE,PPT IPT ~IPT IPT . . .
Here C » Cym® s Cym > and €77 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. (35). The compact main-text coefficient
'S9P is defined as the entire structural coefficient multiplying 727 on the right-hand side of Eq.
(D.14).

The coefficients ©,,, ©4°, and ©4 in Table 2 are the undetermined coefficients used to elim-
inate the first-order terms in the Benigno—Woodford expansion. For the PPT environment, tem-
porary coefficients ©,, Oy, ©,, On¢ m, and @fls are attached to the corresponding first-order
equilibrium restrictions. In the IPT environment, O, and ©47 are additionally attached to
the importer marginal-cost identity and the importer aggregate-supply restriction.

For the SOE steady state used in the welfare expansion, dg = 1—v, Ay = v, L = M™!, where
M=¢/(e—1), and

Ds =1+n¢+dup(n—1)(Am — 1).

Coeflicient matching gives

_ L+ o(1 = Ay)
Oy =0, = Ds )
o, - Ldam-D+np+1
X DS ’
o (= 2y)—Ln—Ldg(n—1)Am —1)
mec,H — )
Ds
04" = —Omen. (D.15)

The producer coefficients are unchanged in the IPT environment. The importer coefficients satisfy
Omet =IOy,  O4F = —Au6,. (D.16)

Thus the three coefficients entering the SOE inflation weights are defined by Egs. (D.15) and
(D.16). The exact SOE weight definitions are

SOE,PPT _ SOE,PPT SOE,PPT __ € AS
A3 = —205¢ A = — (0, - 07°),

)
KH
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SOE,IPT _ IPT SOE,IPT _ IPT yib
Ay = _Qny ’ Aw = _2wa - ASOE.IPT’
Y
SOE,jPT _ € AS SOE,JPT _ €M ~AS
AZ = —(0,-037), AT =-——097. (D.17)
, Ky ’ KM

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 Eqgs. (34), (35), (45), (46) 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 approx-
imations. They are obtained from the nonlinear Ramsey first-order-condition systems; OccBin is
used only to implement the occasionally binding ZLB in the numerical solution. The loss func-
tions are used to interpret those allocations and to identify which nominal and real distortions are
welfare-relevant.

D.2 Two-country Economy

For completeness, this subsection records the two real WR variables appearing in Eq. (45) and
the four real WR variables appearing in Eq. (46). Throughout the first-order representation used
to construct these WR variables, we use log(1 + 7ar,¢) = 7ar,e and log(1 + 73, ,) = Ty, without
introducing separate tariff variables.

D.2.1 PPT Environment

The PPT undetermined coefficients are obtained from the AS-inclusive Benigno—Woodford co-
efficient matching for the national Home planner. No coefficient from the IPT environment
is reused. Attaching ©EFT, @PFT @LPT ©FPPT ©PPT and 037" to the first-order
international-relative-price, Home CPI, Home goods-market, labor, producer-marginal-cost, and

producer aggregate-supply restrictions gives

0 = 1— (1_U>(77_1>®§PT_(

, wi +nwr)0y T — 050,
0 = o —ney’’ —epnly,
0 = OLFT _efFT,
0 — _1@§PT +@$PT _ @TILDPT,
0 = —L+0.7T —polly,
0 = ebrh +e>rrr. (D.18)

Solving this system gives

QPPT  _ l+yontwn(n—1)L 7
' 1+ EE0 00| (1) -t = D + o)
1+ 0D sty
OFFT  — n 7
1+ 2000 o on) = = (o + wor /)
@gPT _ ng)I?PT’

66



QPPT _ @§PT _ w_FePPT
n X ’
OnLh = et - yepr.
AS,PPT _
oy = noytt —elfT. (D.19)

Every object in Egs. (D.18)— (D.19) is therefore an explicit function of v, v, 1, ¢, and € through wy,
wp, and L. Under the benchmark calibration, inserting these coefficients into the inflation-weight
formula below reproduces AL = 47.81085 before rounding.

The PCP WR variables can be obtained directly from the reduced second-order Home-welfare
polynomial. Let C?f,f T Cf,f*T, C;fnT, and C;iﬁ?; denote, consistently with the coefficient notation
in Sec. 4.4, the literal coefficients multiplying y:7art, Y+7hs s, Yi7am e, and Yi Thr,e Tespectively.
These coefficients, and C;;P T C’f{;?, and nylf T below, are the Hessian and tariff-loading entries
of the Benigno—Woodford augmented welfare constructed from B.2.1 and C.2.1 at the stationary
distorted steady state. Thus the CTFT coefficients are structural functions of Egs. (D.1)- (D.3),
not additional parameters. Before eliminating Foreign output, the real quadratic terms in the

Home period loss are
1 * *
5{ - QCZZPT%Q - 2051;?(% )2 - QCZZI:Tytyt

PPT PPT_x
—2(Cym Tt + Oy TM’t)yt

—2(Czﬁ}:nTTM,t + Cyrii?; TX“)y;‘} +s.0.t.i.p.. (D.20)

where s.0.t.1.p. collects terms independent of the endogenous allocation to the order considered.
The first-order world goods-market conditions and complete international risk sharing imply, with
Ds=n+(1-n)(1-v)?

Dszy = y—yf — U[an —(1-v)(1- l/)]TM’t
+v [nw}'} -(1- v)y} Tt (D.21)

Substitution of Eq. (D.21) into Eq. (D.20) gives an output-relative-price cross term proportional
to —2DS[—2C5§*T — C?i/IfT]ytzt. The symbolic Benigno—Woodford coefficients satisfy

PPT _ PPT

Cpp =200,
so this cross term cancels exactly. Completing the remaining y; and z; squares yields the final WR
variables entering Eq. (45):

chPT 4 oFpPT chPr 4 oFPL
w,PPT __ m m m m *
i =Y APPTy T + Y APPTy TA Lt (D.22)
Y Y
ppr _ 1 Cyim
P = D_S —U{an—(l—U)(l—z/)}+ 2C€F1P*T TM
vy (D.23)
PPT
+ [v{nwi — (1 —v)v} + ZC?'/W TM’t}.
yry*
The corresponding PPT weight definitions are
_ _ _ € AS,PPT
AP = —=2(CpPT — oyt ADPT = —2DieltT, ADE = E(@SPT -0y ).
(D.24)

Equation (D.22) defines the (logarithmic) WR output, while Eq. (D.23) defines the (logarithmic)
WR ex-tariff relative border price of imports. These are the final, rather than intermediate, PCP
WR variables. For the unilateral Home-tariff experiment, 75, , = 0.
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D.2.2 1IPT Environment

The benchmark no-habit structural quadratic in this subsection is obtained exactly by setting
X = 0 in the fully explicit D.2.3 construction, deleting the two lagged-consumption coordinates,
and using Egs. (D.34) and (D.39). Consequently every CI PT used below is an entry of that explicit
structural Hessian or its tariff-loading columns; none is a free welfare parameter. In particular, if
QTPT and B'PT denote the first four rows and columns, and the corresponding two tariff-loading
columns, of Q" and B" in Eq. (D.40) evaluated at xy = 0, then all b” coefficients below are
generated mechanically by Egs. (D.5)—(D.6). For example,

I1PT I1PT

b = il i, = Dt

m QIPT’ ym* IPT’
11 11

(D.25)

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
2z = log(EtP;i’t/PH,t). In particular, the identity stated in Sec. 4.1, log(Pg:/Pu.) = 2zt — ¢,
is imposed before the real quadratic form is completed. The resulting real Home coordinates
are therefore y;, 1, z:, and ¥;. The exact sequential completion of this manuscript-coordinate
two-country Home-welfare criterion gives

yzu,IPT _ bfmTM,t +b£{m*TX4,t’ (D.26)
wAIPT bgzzt + bgw*l/}f + bfZImTM t+ bﬁm*ﬁ&,m (D-27)

ZZU IPT  _ zw*¢t + bzmTM ++ bzm*TM s

s dPT bw*mTM,t n bq/;*m*TM,t' (D.28)

For the compact main-text notation in Eq. (47), define I, = bgz, T'own = bgm, and Igposs = bgm* =

bww*. The last equality collects the Foreign tariff and Foreign LOOP gap into the purchaser-price
combination 7y, , — ¢} already implied by the first-order Foreign relative price. The corresponding
starred " loadmgs in Eq. (48) are obtained by the exact Home—Foreign mirror of this construction.
The corresponding real-weight definitions are

IPT ANIPT IPT _ ANIPT
A = —2C0FT,  APT = —2C[T,
N OIPT)2
IPT _ IPT ( bz
Az = —2sz - Wa
AIPTY2
AIPT = _9o0lPT _(wa*)
- Pr* ALPT
P
AIPTAIPT 2
CIPT sz wa* (D 29)
AIPT zP* AprT :

Evaluating Eq. (D.34) at x = 0 and suppressing the superscript h, the three sticky-inflation weights
are

€ €

M = —(0a-0f), A=Y, AT = Mevur (D-30)
Here the hatted C coefficients 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,, s,79* using Egs. (D.5)—(D.6). The coefficients b are the exact completed-square
coeflicients obtained from that same manuscript—coordlnate polynomial and are functions only of
the structural parameters. In this representation, yf’ APT is the (logarithmic) WR output, ;" APT
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is the (logarithmic) Home WR LOOP gap, and z;" IPT s the (logarithmic) WR Ez-tariff Relative
Border Price of Imports; ;""" IPT g the corresponding Foreign WR LOOP gap. Their associated
differences in Eq. (46) use the Gap/Deviation terminology defined in Sec. 4.4. For the unilateral
Home-tariff experiment, 7y, , = 0. In particular, Eq. (D.27) 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 v¢;. These WR variables are obtained by completed squares
and are not additional private-equilibrium variables.

High Elasticity Case. The High Elasticity Case has exactly the same welfare cost function as
the two-country IPT environment above, evaluated at n = 3. No separate derivation is required.

Numerically, the Home welfare weights are A( = 2.221, A(3) 1.206, AY = —o. 480, A(3 = 1.438,

AP, = 50711, AY), = 33.686, and ALY = 11.320.

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 Tht>
nonzero in the same WR variables. Hence no separate welfare cost function derivation is required.

D.2.3 External Habit (IPT Environment Only)

Let ¢; = log(C:/C) and ¢; = log(Cy/C*). At the zero-tariff, zero-inflation deterministic steady
state,

, LEM_lzg_l’ Nite — L

€ 1—x

1 1/(1+¢)
} (D.31)

{m

where, throughout Appendices D.2.3 and D.2.4, a variable without a time subscript denotes its
deterministic steady-state value. The direct second-order expansion of the habit term is

2 2
— XCt—1 Ct — XC¢—1

log(Ct — xCi-1) = log[(1—x)C] + 1—vy 2(1 —x)
Ct — XCt—1 2
oo, o

with the exact starred counterpart. Hence inherited consumption is an endogenous component of
the second-order criterion and cannot be assigned to s.o.t.i.p. after the impact period.

Following Benigno and Woodford [6, 7], the policy-dependent first-order terms are eliminated
before the quadratic criterion is interpreted. Discounted summation of the linear habit term makes
the coefficient on current consumption equal to (1—8x)/(1—x). Attaching the same undetermined
coeflicients as in the benchmark two-country IPT environment gives the habit-specific coeflicient-
matching system

1_
0 = 1_ﬂXX(1—®ch Oenr) — wHOY
0 = @Z_UWH@Y @chH emcM’

L
0 = _T_F@h <P®mch
0 = ey-op,
0 = —wpO?+0OL,
ASh

0 = @@C,M+@f45h. (D.33)
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Solving Eq. (D.33) by the method of undetermined coefficients gives

1-— L
ﬂ <1 + —)
h_oh _ _L1—X (I - x)wne
0y =0, = ,
" 1-—pBx 1
wg + Wpn + ——
1—x WHY
ol —L/(1-x) o i
onr = ¥ A A o" = pel + 2ot
me,H © ’ X n Y+ Wi
emcM = wF@Z’ @f]&h - emc H> @ﬁ&h - Gmc M- (D34)

These expressions reduce exactly to the benchmark two-country coeflicients when x = 0.
For the reduction to the manuscript coordinates, the first-order CPI-PPI deviations are

log G(Tae, St) = wr(ze — U + Tare)s log G* (TXM, S’t) =wh(—z — ¢ + T]T/[’t). (D.35)

The first-order risk-sharing and two-country goods-market conditions then give

¢ = Ytwr [(1 — X) (2t —log G(7are, St) +log G* (1314, S¢)) + x(ce—1 — szl):|
—n[wr 0g G(rar, 1) + wr(log G (i ) + 2+ 7 — Tin)|. (D.36)
g = a—1—x)(z—logG(Tams, St) + logG* (TX/[’t, St)) —x(et—1 — ¢f_q). (D.37)

Thus ¢; and ¢} are explicit linear functions of (y:, ¥, 2¢, V], Ct_l,C:_l,TM7t,TXd7t). The first-order
Home producer real marginal cost is
— XCt—
mCZ(tl) = %;1 + oy +1og G(7ar,t, St) - (D.38)
After substituting Eq. (D.34) into the second-order equilibrium restrictions, forward-integrating
the producer and importer Calvo aggregate-supply blocks, and using Egs. (D.35)—(D.38), the
policy-dependent real part of the Benigno—Woodford augmented Home welfare contribution is

Wh,(2),real o _X(l - GZLC,H _erh)(C 2 XWFG)Z (C* —c* )2
i - 2(1 - x)? o 21—

1+g0 L 5 wHwF(l ) h 2
- - o
RN 5 (2t = e+ 7Tre)
WHWE

2
S0l [ (e +nlog G(rare, 51)) — e = n(—2¢ = ¥} + iz, — 108 G" (Tigr S1))}]

Ct— 1
+®mc H [mcH(tl) (%;1 +log G(Tar,e, St) — yt) - §(mc}}{(§))2}

h
wF@X

SM—l

{(ens = Dby + 7as}

X {Ct —n(ze — Yo + T —log G(Tare, St)) + (2 — ) — % —log G(Tas e, St)}

€ +1
+—F M ¢t +7'Mt1/)t M2 :

+s.0.t.i.p. (D.39)

The three Calvo dispersion contributions are added separately below. Equation (D.39) contains
only model variables and the solved coefficients in Eq. (D.34), so the reduced quadratic coefficients
can be reproduced directly from it.

Order the real coordinates as

ho_ ho_ ho_ R ho_ ho_ o
21t = Yts Z2,t—7/’t» 23t = “t Z4,t—1/’ta 5t — Ct—1, Rt = Ct_1-

)
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Define the entries of the reduced real Hessian and the two tariff-loading columns directly from Eq.
(D.39) by

92W h (2 ),real

o .
Y= —7, i,7=1,...,6,
Y 0z},0z20,
2y 9h,(2),real 2y11h,(2),real
Bl = L, Bh = L. (D.40)
8zi7t87'M,t 8zi7t87'M,t
Hence, up to pure tariff terms,
1 " .
E’;fzeal = §(zf)'thf — (Z?)/Bh(TM7t,TM7t)/ +s.0.t.ip. (D.41)

and Q" is symmetric.

The six real coefficients reported for the External-Habit specification in Table 6 are the succes-
sive Schur pivots of Q" in the order y,, s, ¢*,c™,c*~. If Qi‘zk’l:k denotes the leading k x k block,
their exact symbolic values are

Ay = Ql,
AZJ _ detQZ;z,lzz’
Q1
Ah - det Q?:&I:B
? detQ?a,m’
AZ}* _ det Q£:4,1:4 7
detQ1:3,1:3
A detQ}IL:5,1:5
¢ det Q}1L:4,1:4 ’
Ah_ = %. (D.42)
1:5,1:5

Equivalently, these are obtained by applying the sequential updates in Egs. (D.5)—(D.6) with
n = 6. In particular, after completing the output square, the exact symbolic Home WR LOOP

gap is

w h Bh h Bh
o b — <B§1 _ th 11> Tare + <B§2 _ Q21h 12) Thie
¥ 11 11
Q5 Q" Q% Q
- (Q’ﬁg -5 a (@ - 5 ) o
11 h
h Ok h )h
— (Qg5 _ Q21}?15) Ci_1 — <Q36 _ QQI}?IG) CI_1‘| . (D43)
11 11
For the loadings reported in Table 7, T2, T2 Th T and I'’. are defined as the structural

coefficients on Tar,¢, Ths — Vf, 2ty -1, and ¢;_y, respectlvely, in Eq. (D.43). The remaining five
WR reference values follow from the same six-step completion and therefore require no additional
equilibrium definitions.

The sticky-inflation coefficients are

€ € €
AL g =—(O8 — 057", AL e = ——2037", AZ;, = Lo} wp. (D.44)
KH Km KM



Evaluating the symbolic expressions at x = 0.71 and the benchmark parameters in Table 1,
with v = 0.27, gives

ey = o)

1481777, O,y =—0481390, O =1.606290,
0.351778,  ©4%" =0.481390, O = —0.351778, (D.45)

LY
and
(Al AL A
(B AL AL
(A% o A% s AT )

(18.593099, 0.569299, 0.882957),
(0.158126, 0.719937, —0.323476),
(73.105259, 25.706820, 23.714139). (D.46)

Equation (D.43) then gives

" = 0.505604 2, + 0.2016549; + 0.800624 ¢,_1 + 0.159227 c;_; + 0.656684 737, — 0.201654 73,
(D.47)

which gives the unrounded loadings corresponding to the External-Habit column of Table 7. As
a nesting check, setting x = 0 removes the two inherited-consumption rows and columns and
reproduces (AZI/PT,AbeT,Ang,Apr:T) = (2.860011,0.406343, —0.097828, 0.352099) and Eq. (47).
Thus the habit-specific coefficients reported in Table 6 are obtained from the same Benigno—
Woodford construction as the benchmark criterion rather than from a primitive utility Hessian.

The resulting Home period loss combines these completed-square real terms with the three
sticky-inflation terms; its numerical weights are reported in Table 6. The complete nonlinear
national Ramsey construction is reported in On-line Appendix B.2.3.

D.2.4 Roundabout Production (IPT Environment Only)

Benigno—Woodford coefficient matching. The roundabout-production experiment retains
the two-country IPT environment and changes only the Home and Foreign production structure
by introducing the intermediate-input share . Let

e—1 C T

LEM_lz s UcE—:l—CL, UIEY

- - = (I, (D.48)

where 7Z; is the intermediate-input composite and o + o7 = 1. The steady-state labor-disutility
coefficient is

1-¢)L
Dpa=N'te = (7. D.49
R Y (D.49)
The first-order factor-demand relations are
— 1-— 1
ny = Yt CCt, J = (1= Qe+ ( +<P)yt’ (D.50)
1+ Cp 1+ ¢y

with the exact Foreign mirror. Here ¢! is the log deviation of the existing intermediate-input
composite Z;.
Attach the Benigno—Woodford undetermined coefficients @f?A, O)@A, @ﬁA, @?A, okA

me,H»
@ﬁf’ Mo @gS’RA, and @ﬁS’RA to the first-order CPI, gross-output, labor-demand, intermediate-
input-demand, producer-marginal-cost, importer-marginal-cost, and two aggregate-supply restric-
tions. Matching the policy-dependent first-order terms gives

0 = 1-wyocO + (R — (1- )0 — (1-()ef4, ek,
0 = o —puyeft-efi, —ef,,
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= —Dra+ (14 {p)OF" — (1 - 07" — (1 - )p0i 4,

_ @514 _ @ﬁA _ @?A

—wHO']@RA + @RA,

= —wpefttefit,

= OfA, +e>M  o=08, +ei7 (D.51)

© o o o o
Il

Solving Eq. (D.51) gives the closed-form coefficients

14 1 —<+wF/wHDRA
@}I?A _ (1 — C)QD
1—C4wp/w ’
(1= (L) = ¢~ wpn —wi(L — é_—cip/’{{l +Cp—wnCL(1+ @)}

oA _ {14 Cp —wuCL(1+ ¢)}0%* — Dga

meH (1= ’

@RA _ n@RA + @ﬁé7H

X Y Wi )

oft = ypcreft,  efA =(1-wycL)ef4

oft,, = wpof4 oy = et e;‘f Rd = o4, (D.52)

No calibrated structural value is used in Eqgs. (D.51)—(D.52).

First-order two-country reduction. For the manuscript price coordinates define the first-
order purchaser-relative price deviations already implied by the model as

THit = 2t — Ve + T, Tpy = —2 — P; + TITl,t’ (D.53)

and therefore

log G(Ta,t, St) = WrTH i, log G* (714, St) = whTpy, ¢t — ¢ =zt — 108 G(Tare, St) + 108 G* (15145 St) -

(D.54)
Using Eq. (D.50), the first-order log deviation of gross absorption is
1-¢ 1+¢
dd = + —} +o , D.55
= et o] et i (D:59)

with the exact Foreign mirror. Here d{! is only the log deviation of the existing gross-absorption
object Cy + Z;.
The two first-order goods-market conditions and Eq. (D.54) give

{U(J‘FUI 1-¢ ] ct +wroy s Yr
1+ Cp 1+ ¢
= (1 —wHUIH—QD> Y + wp |:0'C + o7 —¢ ] (z¢ — log G(Tare, St) +log G* (7514, St))
1+ (yp 1+ Cp ’ ’

"
—NWHWFTH ¢ + NWFWETFE L,

1-¢ 1+¢
- > _ 1 _ * - *
{Jc+011+<¢] Ct ( wF011+C<p> Yp
— * * * 1 +
ﬁ} (2t — log G(Tar,t, St) + log G (TM’t, St)) —WHOIY n Cfo
FNWHWHTHE — MWEWHTE (D.56)

= wp [Uc+01 Yt
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with

i =c —

Equations (D.53)—(D.57) therefore express cy,c},y;,ne,n;, i, and o*
(Yt, Ve, 2, V5, Trts TXM). At ¢ = 0.50 the Home-consumption equation implied by this system is

ct = 0.609756 y; — 0.308423 z; 4 0.336727 9/

Second-order augmented welfare and reduced Hessian.

gross absorption is

and the first-order Home producer real marginal cost is

After substituting Eq.

integrating the producer and importer Calvo aggregate-supply blocks,
(D.53)—(D.57), the policy-dependent real part of the Benigno—Woodford augmented Home welfare

contribution is

Ce+ I 1
log Ct'+It dd + 20001(015 —H2+0(3),
megiy ) = (1= O)es +ome) +10g G (rars, 1)
(D.52) into the full second-order equilibrium restrictions,

(2t —log G(Tar e, St) + log G (T]T/[,m St) )-

— 03324779} — 0.336727 Tar,y + 0.332477 77,
(D.58)

1 1—
Wg:‘h@)weal _ '; SOD wHwF; n) @gAI%J,t

wWHW " 2
— Lo [d;“+nlogg(TM,t,St) {d2* — n(zps — logG* (TM,t,St))}}

0f5co . .
g [wa (e — i) (e — )]

1

+OR A [melf e+ 108G, ) — 1) - e Y]

wF@RA
sy _Xl {(ear = Ve + 7’M,t}{alf1 =z, —log G(Tare, S¢)) + (24

e —1 +1
M2 ¢152+TM,t¢t— M2 TMt + s.o0.t.i.p.

All objects on the right-hand side of Eq.

therefore be reproduced directly from this equation.
Order the real coordinates as

RA

21t

= Yt

A _ RA
Z3p =i, 23t

= Zt,

(D.61) are either structural parameters or variables
already defined by the model and the first-order reduction above. The quadratic coefficients can

RA
R4t = UM

Define the reduced real Hessian and the two tariff-loading columns by

RA

ij

BiA

aQWRA ,(2),real

azRAazRA ’

aQWRA (2),real

BzftAaTM,t ’

74

iji=1,...

RA _

12

74’

aQWRA ,(2),real

’—. D.62
BzftAaTMJ ( )

(D.57)

as linear functions of

The second-order expansion of

(D.59)

(D.60)

forward-
and imposing Egs.

—d’t) —Ct

—log G(Ta,t, St)

(D.61



Thus, up to pure tariff terms,

1 .
Cipy" " = 5 QR — (Y BF (rars, 7)) + 5040, (D.63)
and Q4 is symmetric.

The four real coefficients reported for roundabout production in Table 6 are the successive
Schur pivots of @74 in the order y, 1, s,¢*. Hence

RA RA
Ay = 11 »
ARA _ detQ{%:éﬁl,lﬁ
P - RA )
11
A
pra _ detQrdig
= —,
: detQﬁzJ:z
det QA
RA
Aw* = — (D.64)

det Qﬁél:fﬁ .

After completing the output square, the exact symbolic Home WR LOOP gap is

w,RA 1 pa _ Q8B pa _ Q3B
¢ = ARA (le —W> ™t + (Bzz —W) M.t
P 11 11
ra _ QFQHY! ra _ QFQNY
—<23_ RA )zt_<24_ RA )1/1f (D-65)
11 11
For the loadings reported in Table 7, [EA 'TEA “and T'24 are defined as the structural coefficients

on Tare, Thre — Yi, and 2, respectively, in Eq. (D.65). The remaining three WR reference values
follow from the same four-step sequential completion.
The sticky-inflation coefficients are

RA _
ATr,H -

Z(OBAyORA ), AR =M Al pRA M, QR4 (D.66)
KH ’ ’ KM H KM

Evaluating the symbolic expressions at ( = 0.50 and the benchmark parameters in Table 1,
with v = 0.27, gives
Of4 =0.977681,  ©F1, =0517809,  ©F4 =2.129530. (D.67)

C,
The reduced Hessian and tariff-loading matrix are then

0.961881 —0.005532  0.092926  0.129069
—0.005532  0.650135 —0.091517 0.059579

RA _
@ = 0092026 —0.091517 0.108569 0.023443 | (D-68)
0.129069  0.059579  0.023443  0.226085

—0.252528  0.129069

rA | 0.296242  0.059579
B =1 0100845 0.023443 | - (D-69)

0.000510  0.226085

Equations (D.64) and (D.66) therefore give
(AJAAFA AR AT = (0.961881, 0.650103, 0.086858, 0.198829),

(A9 ARG ARY) = (109.285839, 34.080668, 15.646664). (D.70)
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Equation (D.65) gives
wRA — 0.139951 2, — 0.092787 ¢} + 0.453450 71 4 + 0.092787 7}/ ;- (D.71)

which gives the unrounded loadings corresponding to the roundabout-production column of Table
7. As a nesting check, setting ( = 0 eliminates the intermediate-input terms and reproduces

(AJFTALFT ALPT ALRT) = (2.860011, 0.406343, —0.097828, 0.352099),

together with Eq. (47). Thus the roundabout-production criterion is obtained from the same
Benigno—Woodford construction as the benchmark two-country criterion.

The resulting Home period loss combines these completed-square real terms with the three
sticky-inflation terms; its numerical weights are reported in Table 6.

Parameter-closure audit. The preceding definitions exhaust the coeflicient symbols used in
D.1-D.2.4. Section by section, D.1.1 depends only on (8, p,n,&,60,v); D.1.2 adds only (e, Opr);
D.2.1 and D.2.2 additionally require the country- size parameter v; D.2.3 adds only the external-
habit parameter x; and D.2.4 adds only the Roundabout share (. Thus the only primitive structural
parameters entering the per-period welfare cost functions are those in Eq. (D.1), together with x
in D.2.3 and ¢ in D.2.4. The expenditure shares, desired markup, Calvo slopes, steady-state
Roundabout shares, and importer subsidy are all explicit functions of those primitives. The ©
coefficients are solved from displayed linear systems; the @, B, C, and C coefficients are Hessian
or tariff-loading entries of explicit augmented second-order welfare expressions; and the A and
b coefficients are Schur-completion transforms of those entries. The tariff innovations and shock
persistence determine conditioning paths only. Thus no welfare weight, WR reference-value loading,
or auxiliary coefficient in D is an independently calibrated parameter.
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