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1 Introduction

What is the optimal macroeconomic tariff when trade is imbalanced? Can a tariff be used

to permanently close an aggregate trade imbalance? We start with a standard two-country

balanced-trade model, and study these questions in a sequence of its extensions to various

environments that feature aggregate imbalances, valuation effects and convenience yields on

gross foreign asset positions, and bilateral trade deficits in a multi-country model.

On the methodological side, we extend the approach in Johnson (1950) and adopt a pri-

mal approach to the optimal policy problem (Lucas and Stokey 1983, Costinot, Lorenzoni, and

Werning 2014). In particular, in Section 2, we introduce an implementability constraint for the

home planner in the space of import and export quantities, characterizing the “trade possibili-

ties frontier” for the country (TPF). This TPF combines the trade balance condition — or, more

generally, the country budget constraint — with the optimal consumption and production de-

cisions in the rest of the world. The optimal tariff corresponds to the elasticity of TPF, which

combines import demand and export supply elasticities of the rest of the world. We use this

approach in Section 3 to derive the standard optimal tariff formula in a two-country model

under balanced trade, as well as extend the analysis to various alternative objectives of the

planner — namely, maximization of tariff revenues or of manufacturing employment. We also

use TPF for home and the rest of the world to characterize the Nash equilibrium in a tariff war.

∗
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Our main focus, however, is on models with trade imbalances — we study aggregate im-

balances in static and dynamic environments in Section 4 and bilateral imbalances in a multi-

country environment in Section 5. We extent the concept of TPF to these generalized envi-

ronments and use it to derive the welfare-maximizing tariff, as well as study when a tariff can

close trade imbalances.

Aggregate trade imbalances emerge when a country hold an imbalanced net foreign asset

position, and the long-run trade deficit is shaped by the financial position of the country via its

budget constraint. Unless a tariff affects the financial position of a country via valuation effects

on gross foreign assets, it cannot change the long-run trade imbalance of a country. Nonethe-

less, tariffs do generally have valuation effects, and therefore can be used to close an aggregate

trade imbalance. The relevant criteria for this are neither trade share, nor trade elasticities, but

rather the financial valuation effects of the tariff. In particular, under home currency debt, it is

the currency appreciation induced by the tariff — as opposed to a depreciation — that allows

to rebalance a trade deficit.

Furthermore, an import tariff and an export tax are, generally, no longer perfect substitutes

— violating Lerner (1936) symmetry — in the presence of gross foreign asset positions. As a

result, their combination may be used to engineer a pure transfer from the rest of the world

by means of the associated valuation effects, and the planner would generally want to max

out on the use of such tariffs.

Restricting focus to a single instrument, the planner now needs to balance the conven-

tional optimal terms of trade manipulation in the goods market with the associated valuation

effect in the asset market. An import tariff generally results in an exchange rate appreciation

and, hence, a negative valuation effect for a country with gross international home-currency

liabilities, which is the case for the US. As a result, the optimal tariff for such country is lower

relative to the case of balanced trade under financial autarky. This also implies that holding

foreign-currency assets agains a major trade partner is a hedge against a trade war, as it both

increases the cost of the war and reduces the size of the optimal tariff for the trade partner.

A peculiar feature of the “Liberation day” tariff announcement was a sharp devaluation

of the dollar, unlike in the previous episodes of the tariff war. We argue that this can be

only consistent with a model that feature convenience yields on the US liabilities which are

eroded as a result of the tariff war. In such dynamic models, the on-impact valuation effects

of gross international assets are combined with future excess returns that reflect “exorbitant

privilege” for a lender that enjoys convenience yields on its issued assets. Such convenience

yields and future expected excess returns may allow the country to run a persistent trade

deficit even under circumstances of a negative net foreign asset position, as is arguably the

case for the US. We show that, taking convenience yield as exogenous, results in a larger

optimal tariff. In contrast, the possibility of erosion of convenience yield from a trade war

reduces the incentives to impose a tariff in the first place.
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Our work builds on the classic trade literature, including Lerner (1936), Johnson (1950,

1953), Gros (1987), Jones (1967), and Razin and Svensson (1983). Caliendo and Parro (2022) pro-

vides a recent survey of the optimal tariff literature. Other related work includes Lashkaripour

and Lugovskyy (2023), Lloyd and Marin (2023), Auray, Devereux, and Eyquem (2024). There

is an exposition of work on tariffs in the last weeks since the imposition of tariffs. The clos-

est papers to ours in terms of the analysis of imbalances are Pujolas and Rossbach (2024) and

Aguiar, Amador, and Fitzgerald (2025). We cite many of the related papers in the text of this

draft below, and our reference list is to be completed.

2 Baseline Model with Balanced Trade

We begin our analysis using a static two-country exchange economy between home and the

rest of theworld. We then extend themodel to feature productionwith labor allocated between

tradable and non-tradable sectors. The key property of this setup is balanced trade between

home and the rest of the world, which immediately implies that trade policies have no effect

on the home’s current account or trade deficit in the absence of foreign asset positions. The

following sections extend the analysis to a multi-country setting with bilateral imbalances

and to a dynamic model with international valuation effects and endogenous current account

(im)balance at the country level.

2.1 Setup

We consider a two-country (or two-region) world consisting of the home economy (the U.S.)

and the rest of the world (a unified foreign economy). Home is contemplating to impose tariffs

on imports and exports against the rest of the world. We then generalize the analysis to foreign

retaliation and the trade war equilibrium.

Each region has an exogenous endowment of its own good that can be consumed locally

or exported to the other economy:

Y = CH + C∗
H and Y ∗ = CF + C∗

F . (1)

The preferences of households in two economies are given respectively by u(CH , CF ) and

u∗(C∗
H , C

∗
F ). For concreteness, we focus on CES utility, but allow for different elasticities of

substitution and arbitrary home bias parameters:
1

u =
[
(1− γ)

1
θC

θ−1
θ

H + γ
1
θC

θ−1
θ

F

] θ
θ−1

and u∗ =

[
γ∗ 1

ηC
∗ η−1

η

H + (1− γ∗)
1
ηC

∗ η−1
η

F

] η
η−1

,

1
Our main results extend to arbitrary separable preferences and the method can be applied to derive results

for even more general utility functions.
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where γ, γ∗ ∈ [0, 1) are openness parameters, and θ, η are the elasticities of substitution, and

we assume η > 1 to ensure that optimal tariffs are finite. Trade costs are not modeled explicitly

and are implicitly captured by the home bias in preferences (when γ∗ < 1− γ).

2.2 Competitive equilibrium

For given trade policy chosen by a planner, the equilibrium prices and allocations are deter-

mined as follows. The ad valorem tariffs τ I , τE create deviations from the law of one price

across markets:

PF = τ IP ∗
F and P ∗

H = τEPH , (2)

where PH , PF denote consumer prices in the home economy and P ∗
H , P

∗
F are prices in the

foreign economy. All prices are expressed in dollars and the law of one price holds for sellers

even though consumer prices might be different across countries due to tariffs.
2

Home households choose consumption that solves

max
CH ,CF

u(CH , CF )

s.t. PHCH + PFCF = PHY + T,

where a lump-sum transfer from the government reflects the revenue collected from tariffs

T = (τ I − 1)P ∗
FCF + (τE − 1)PHC

∗
H .

The household optimality condition is given by:

uF

uH

=
PF

PH

, (3)

where ui denotes a partial derivative, i.e., the marginal utility of good i. The problem of foreign

households is symmetric and their demand for goods satisfies:

u∗
F

u∗
H

=
P ∗
F

P ∗
H

. (4)

The balanced trade condition follows from the foreign budget constraint and, by Walras law,

can also be derived from the home budget constraint, fiscal balance, and market clearing con-

2
We assume flexible prices and can adopt the normalization PH = 1 taking the home good in the home

market as numeraire. This also corresponds to an equilibrium in a monetary model in which the home monetary

authority fully stabilizes the home good’s prices PH = 1, the foreign monetary authority fully stabilizes the

foreign currency price of the foreign good P ∗
F /E = 1, thus letting the nominal exchange rate E track the relative

price of the two goods in the two markets, E = P ∗
F /PH .
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ditions:

P ∗
HC

∗
H = P ∗

FCF . (5)

In sum, given home tariffs (τ I , τE), the prices (PH , PF , P
∗
H , P

∗
F ) and consumption allocations

(CH , CF , C
∗
H , C

∗
F ) are determined by equilibrium conditions (1)-(5). Notice that there are

seven equations and eight variables as only relative prices matter and we are free to choose a

numeraire, e.g., PH = 1. For brevity, it is also convenient to denote consumption aggregates

(utility) in two countries with C , C∗
and the corresponding ideal price indices with P , P ∗

.

2.3 Primal approach: trade possibilities frontier

The next section dicusses alternative Ramsey problems where the planner chooses tariffs to

maximize different objectives subject to equilibrium conditions (1)-(5). Following the primal

approach, the problem can be significantly simplified by eliminating some endogenous vari-

ables and constraints.

In particular, for any chosen allocation, household optimality conditions (3)-(4) determine

relative prices in the two economies. Given their values, the side equation (2) pins down tariffs

required to support this equilibrium.

τ IτE =
PF/PH

P ∗
F/P

∗
H

. (6)

The two trade instruments do not appear in any other equilibrium conditions and therefore, are

isomorphic and can implement the same allocations, consistent with Lerner (1936) symmetry.

Lemma 1 Lerner symmetry applies in this setting and the same allocations can be implemented
with an import tariff τ I or an export tax τE .

Given this observation, we focus without loss of generality on a single tariff τ ≡ τ IτE for the

remainder of this section. However, the symmetry relies on the assumption that the tariffs are

uniform across all imported and exported goods and does not extend to environments with

multiple countries or international asset positions as we discuss below.

Substitute (4) into the balanced-trade condition (5) to get rid of prices in the remaining

equilibrium conditions. This leaves only one constraint in addition to market clearing condi-

tions (1):

Lemma 2 The planner can choose any combination of imports CF and exports C∗
H that satisfies

the implementability condition C∗
H = g(CF ) implicitly defined by

u∗
H(C

∗
H , Y

∗ − CF )C
∗
H = u∗

F (C
∗
H , Y

∗ − CF )CF . (7)

Under CES preferences, the function g(·) is strictly increasing and strictly convex.
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The implementability condition (7) defines a mapping G(C∗
H , CF ) = 0, which character-

izes the feasible set of international allocations in terms of export and import quantities faced

by the home planner. In contrast to the early literature following Johnson (1950), we call this

mapping neither “foreign export supply”, nor “foreign import demand” as it depends on for-

eign preferences u∗
, foreign endowment Y ∗

, and more generally foreign production structure,

and hence reflects both demand and supply sides of the foreign economy, as disciplined by the

trade balance. Therefore, we refer to this mapping G, equivalently represented with g(·) in
Lemma (7), as the trade possibilities frontier from the perspective of the home economy. We

illustrate it with the red curve going through the endowment point E in the Edgeworth box

in Figure 1 below.

Given the strict monotonicity of g(·), it is possible to define its inverse, CF = g−1(C∗
H),

which summarizes how many units of foreign good can be exchanged for C∗
H units of home

goods. This can be interpreted as the trade “production function” from the perspective of

the home planner (see Diamond and Mirrlees 1971). However, in some applications below —

specifically, when CF is a vector of import quantities from different source countries — it is

more convenient to work with the original function C∗
H = g(CF ) that summarizes the costs

of obtaining CF units of foreign good in terms of the home good.

In sum, the planner’s problem boils down to maximizing its objective subject to the do-

mestic resource constraint Y = CH + C∗
H and the implementability constraint C∗

H = g(CF )

given by (7), which fully encodes all information about the rest of the world that is relevant for

the optimal policy. This characterization applies for any objective of the planner provided that

the policy instrument is a tariff. We make use of this trade possibilities frontier function g(·)
in all our applications below, including the ones featuring trade imbalances.

3 The Optimal Tariff under Balanced Trade
This section characterizes the optimal tariff under alternative assumptions about the aims of

the government policy.

3.1 Welfare

Start with a classical problem of a benevolent local planner maximizing welfare of home

households u(CH , CF ) subject to local resource constraint (1) and the implementability con-

straint (7), which can be written in compact form as:
3

max
CF

u
(
Y − g(CF ), CF

)
.

3
This note provides an alternative derivation without using the primal approach where the optimal tariff τ is

chosen subject to the full set of decentralized equilibrium conditions (1)-(5).
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The first-order optimality condition for this problem is uH · g′ = uF , and we rewrite it as:

uF

uH

=
g′(CF ) · CF

g(CF )
· C

∗
H

CF

. (8)

From the household demand condition (3), the ratio on the left-hand side is equal to the home

relative price PF/PH , while the balanced trade condition (5) implies that the latter ratio on the

right-hand side is equal to the foreign relative price P ∗
F/P

∗
H . Combining these observations

with equation (2), we get the Johnson (1950) formula:

τW = ε, where ε ≡ d logC∗
H

d logCF

=
g′(CF ) · CF

g(CF )
. (9)

Note that ε is the elasticity of the feasibility constraint faced by the planner which equals the

percentage increase in export quantityC∗
H required to obtained an extra one percent of import

quantity CF . This elasticity reflects both foreign import demand, foreign export supply and

the requirement of trade balance. Thus, even though the mapping from model’s parameters to

optimal tariff can be quite complicated, the elasticity of the g(·) function is a sufficient statistic

and no other information about home or foreign economies is required for the optimal tariff.

The optimal tariff characterization in (8) and (9) has the following immediate corollary. If a

country is small in bothmarkets and faces exogenous international relative pricesS ≡ P ∗
F/P

∗
H ,

then the g(·) function is simply C∗
H = S · CF and features a unitary elasticity, ε = 1. Indeed,

this is the case when the country is a price taker and optimizes with respect to the country

budget constraint with a given slope S , which is the exogenous terms of trade of the country.

As a result, the country cannot benefit from a tariff, and the optimal trade policy is laissez-faire

with τW = 1.

Note that the laissez-faire allocation is characterized by uH · g = uF · CF instead of the

optimal tariff condition uH ·g′ = uF . That is, instead of (8), the laissez-faire allocation features:

uF

uH

=
C∗

H

CF

, (10)

which is the result of the relative price equalization,
PF

PH
=

P ∗
F

P ∗
H
, and the trade balance (5) re-

quirement that
P ∗
F

P ∗
H
=

C∗
H

CF
. Whenever the planner faces non-constant relative prices of imports

and exports, there is a motive for the optimal trade policy, as we illustrate in Figure 1. The

figure plots the home planner’s implementability constraint, CH + g(CF ) = Y (red curve),

which crosses the contract curve (in solid blue) at the laissez-faire equilibrium point, and it

illustrates the optimal tariff τW = εwhen ε > 1. The optimal tariff lies on a distorted contract

curve (dashed blue) along which the relative prices feature a wedge τW , namely
PF

PH
= τW

P ∗
F

P ∗
H

(see Aguiar, Itskhoki, and Mukhin 2025).

Further progress can be made in characterizing the optimal tariff if we leverage — for the

first time in our analysis — the assumption of CES preferences in foreign economy.
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Figure 1: Laissez faire allocation and the optimal tariff

Note: The figure plots the Edgeworth box for the home economy and the rest of the world with E = (Y, 0) de-

noting the endowment point of the home. The blue curve is the contract curve, i.e., all points such that
uH

uF
=

u∗
H

u∗
F
.

The red curve corresponds to the implementability constraint for the home planner, i.e., CH + g(CF ) = Y . The

dotted black line is the budget constraint without tariffs, and the black dashed lines are the indifference curves.

Blue dot F denotes the free-trade equilibrium, and red dot is the allocation under the optimal home unilateral

tariff τW = ε > 1.

Proposition 1 The optimal tariff is positive and equal to:

τW = ε = 1 +
1

η − 1

1

Λ∗ > 1, (11)

where Λ∗ ≡ C∗
F

Y ∗ =
P ∗
FC∗

F

P ∗C∗ is the foreign expenditure share on local goods, that is, an inverse
measure of openness of the rest of the world to the home economy.

Thus, it is generically optimal for home to impose a tariff to exploit the terms-of-trade

externality and extract rents from the rest of the world, as illustrated in Figure 1. Formula (11)

shows that the size of the optimal tariff depends on two sufficient statistics determining the

elasticity of foreign demand and hence, the market power of the home economy. In particular,

the optimal tariff is higher when the goods are less substitutable from the point of view of

foreign consumers (η is low). This motive applies even when home country is small, i.e., Λ∗ =

1, in which case the expression reduces to a standard markup formula τW = η
η−1

.
4
The optimal

tariff is also higher when the home market accounts for a larger fraction of foreign sales,

Λ∗ < 1, giving the planner additional monopoly power. Notably, the latter sufficient statistic

in a two-country model with trade balance is the same as the one that appears in the gains-

4
Note that the planner would impose this tariff even if domestic firms set markups both in the home and the

foreign markets, as it aims to distort the relative price between the two markets according to (6).
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from-trade formula of Arkolakis, Costinot, and Rodríguez-Clare (2012).
5

We take the result in Proposition 1 as the baseline starting point for our analysis of the

optimal tariff under alternative objectives and with bilateral and aggregate trade imbalances.

3.2 Fiscal revenues

An alternative goal of trade policy that has been frequently mentioned in recent debates is

to raise additional fiscal revenues for the government. Although the standard Diamond and

Mirrlees (1971) argument implies that it is suboptimal to tax differentially home and foreign

producers to collect fiscal revenues, it might still be instructive to solve for the peak of the

Laffer curve for tariffs.

To this end, suppose that the goal of the policy is to maximize fiscal revenues (in units of lo-

cal goods). As Lerner symmetry applies not only to allocations, but also government revenues,

it is without loss of generality to focus on import tariffs and maximize (PF −P ∗
F )CF/PH .

6
Us-

ing domestic demand (3) and balanced trade (5), the planner’s problem can be expressed as

max
CF

uF (Y − g(CF ), CF )

uH(Y − g(CF ), CF )
CF − g(CF ),

where we have substituted in the resource and implementability constraints. For separable

home preferences, the optimality condition can be written in terms of elasticities as

uF

uH

(
1 +

uFFCF

uF

+
uHHCH

uH

g′CF

g

C∗
H

CH

)
=

g′CF

g

P ∗
F

P ∗
H

.

Noticing that the implied import tariff can be inferred as τR = uF /uH

P ∗
F /P ∗

H
and applying the formula

to CES preferences from above, we get the following result:

Proposition 2 The revenue-maximizing tariff is given by

τR =
θε

θ − 1− ε1−Λ
Λ

, (12)

where ε = 1+ 1
η−1

1
Λ∗ is the foreign elasticity as in (11) and Λ ≡ CH

Y
is the domestic output share.

5
See Gros (1987) for the optimal tariff in the Krugman model, Alvarez and Lucas (2007) in the Eaton-Kortum

model, and Demidova and Rodríguez-Clare (2009) and Felbermayr, Jung, and Larch (2013) for the optimal tariff in

the Melitz model. Caliendo and Parro (2022) provide a survey of these and other related results in the literature.

6
Indeed, using the balanced trade condition, government revenues from import tariffs can be expressed as

(PF − P ∗
F )CF

PH
= (τ I − 1)

P ∗
FCF

PH
= (τ I − 1)

P ∗
HC∗

H

PH
= (τ I − 1)C∗

H .

At the same time, fiscal revenues from export tariffs are given by
(P∗

H−PH)C∗
H

PH
= (τE − 1)C∗

H . Given that the

allocation does not depend on the choice of the instrument, it follows that taxes collected are the same in two

cases when τ I = τE (cf. Itskhoki and Mukhin 2022).
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In contrast to a benevolent planner from the previous section, a planner that aims to collect

maximum fiscal revenues puts zero weight on the distortionary effects of tariffs. Instead, the

trade-off and the bounded solution arises from a standard Laffer-curve logic: a higher tariff

decreases gross trade flows and therefore, diminishes the tax base. A higher home elasticity —

determined by θ and Λ — means that households switch more easily to domestic goods when

import prices go up due to tariffs and therefore, lower the optimal τR.7

Comparing formulae (11) and (12), it is clear that the tariff that maximizes fiscal revenues is

in general higher than the optimal one from the welfare perspective, i.e. τR > τW . Intuitively,

this is because the planner aims to extract rents from both home and foreign households in the

former case and only from foreign households in the latter case.
8
In particular, when η → ∞

and it becomes impossible to get rents from the term-of-trade manipulation, a benevolent

planner does not use any tariffs τW = 1, while the revenue-maximizing planner still extracts

rents from home households by setting τR → θ
θ−1/Λ

> 1 when θ > 1/Λ and τR → ∞
otherwise. Symmetrically, when domestic elasticity between home and foreign goods goes up

θ → ∞ and it becomes impossible to extract rents from local households, the optimal fiscal

tariff converges to the welfare-maximizing one and depends only on foreign elasticity τR → ε.

Corollary 1 (a) When home and foreign goods are perfect substitutes for home households,
θ → ∞, the same optimal tariff maximizes welfare and fiscal revenues τW , τR → ε, extract-
ing surplus from foreigners. (b) When the foreign country features a perfectly elastic demand
for the home good, η → ∞, the welfare-maximizing home tariff is zero, τW = ε = 1, while the
revenues maximizing tariff is positive, τR = θ

θ−1/Λ
> 1, and finite when θ > 1/Λ ≥ 1, extracting

surplus from domestic households.

3.3 Manufacturing jobs

Another often discussed objective of trade policy is to bring home manufacturing jobs that

have been outsourced to countries with lower labor costs. The argument is based on political

reasons, security concerns and growth externalities (see e.g. Rodrik 1998, Benigno, Fornaro,

and Wolf 2025). What is the optimal tariff in this case?

To address this question, we consider an extension of the baseline model with endogenous

production and an endowment of labor that is endogenously allocated between tradable and

7
Notice that in contrast to Λ∗

, the home analog cannot be interpreted as a spending share from Arkolakis,

Costinot, and Rodríguez-Clare (2012) as Λ =
P∗

HCH

P∗
HY ̸= PHCH

PC due to tariffs.

8
Mathematically, the difference between welfare and revenue maximization problems can be seen by lever-

aging properties of homothetic preferences and rewriting the planner’s problem in two cases respectively as

max
CF

uH(Y − g(CF )) + uFCF vs. max
CF

uH(Y − g(CF )) + uFCF

uH
− Y.
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non-tradable sectors:

CN = YN = FN(LN), Y = FT (LT ), LN + LT = L,

where production functions exhibit decreasing returns to scale and satisfy the Inada condition.

The tradable output is allocated between domestic consumption and exports in line with the

market clearing condition (1). Households preferences are described by a nested CES utility:

u =
ρ

ρ− 1

(
κC

ρ−1
ρ

N + C
ρ−1
ρ

T

)
, CT =

[
(1− γ)

1
θC

θ−1
θ

H + γ
1
θC

θ−1
θ

F

] θ
θ−1

, ρ ≤ θ,

where the separability between tradables and non-tradables is without loss of generality and

the elasticity across tradables is higher than between tradables and non-tradables. Given sym-

metric structure for the foreign economy, one can still derive the trade possibility frontier

C∗
H = g(CF ) from the implementability constraint (7).

9

The main difference from the baseline model is the endogenous allocation of labor across

the two sectors. The most efficient way of addressing this margin would be to use a sector-

specific labor tax, but if such policy tool is not available to the planner, he can use trade tariffs

as a second-best instrument to reallocate workers to tradable sector subject to an additional

implementability constraint. In particular, a free worker mobility equalizes wages across sec-

tors, and firms’ optimality conditions determine the allocation of labor as a function of relative

prices of final goods:

PH

PN

=
W/F ′

T

W/F ′
N

=
F ′
N(L− LT )

F ′
T (LT )

. (13)

This condition can be interpreted as the relative supply of goods condition, and it shows that

to maximize employment in the tradable sector, the planner needs to increase the relative price

of the tradable good p ≡ PH/PN . Since F
′
j(·) are both monotonic, we can invert this condition

to express tradable employment as an increasing function of the this relative price,LT = fS(p)

such that f ′
S(·) > 0. This home relative price is a sufficient statistic for LT in the sense that

trade policy does not shift the fS(·) schedule directly, only via its effect on equilibrium p.

The household optimization provides a corresponding relative demand curve:

PH

PN

=
uH

uN

=
uH

(
FT (LT )− g(CF ), CF

)
uN

(
FN(L− LT )

) , (14)

where the latter equality uses the separability of preferences to express uH and uN as func-

tions of only tradable and non-tradable consumption, respectively, and substitutes in the trade

possibility frontier for C∗
H = g(CF ). Given the monotonicity of marginal utilities, we can in-

9
With foreign output endogenously produced according to Y ∗ = F ∗

T (L
∗
T ) and Y ∗

N = F ∗
N (L∗ − L∗

T ), the
elasticity of TPF g(·) depends not only on u∗

j s, but also on F ∗′
T and F ∗′

N .
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Figure 2: Tradable-sector employment

Note: The figure plots the relative supply (13) and relative demand (14) curves determining the equilibrium

tradable-sector employment LT and the relative price of home tradables p = PH/PN . Trade policy shifts import

quantities CF , which changes the relative demand for home tradables. Both a “China shock” (Y ∗ ↑) that shifts
down C∗

H = g(CF ;Y
∗) and the tariff τ that reduces (C∗

H , CF ) along a given C∗
H = g(CF ) result in lower

tradable-sector employment.

vert this condition to express tradable employment as a decreasing function of p = PH/PN ,

LT = fD(p;CF ) such that
∂
∂p
fD < 0 and ∂

∂CF
fD > 0, and hence this schedule depends on the

trade equilibrium directly as we emphasize with its dependence on CF .
10

The equilibrium relative price p ensures equality of relative supply and relative demand

given trade policy, fS(p) = fD(p;CF ), such that equilibrium p is an increasing function ofCF .

As a result, the equilibrium tradable employment is also an increasing function of imported

quantity CF , as we illustrate in Figure 2. Greater imports CF require greater exports accord-

ing C∗
H = g(CF ), and hence reduce the quantity of home tradables available for home con-

sumption, increasing their price relative to non-tradables p, drawing more labor towards the

tradable sector and away from non-tradable sector.

As we showmore formally below, it follows that the planner’s problem of using a tariff τ to

maximize manufacturing employment LT is equivalent to maximizing the quantity of imports

CF , or also the quantity of exports C
∗
H = g(CF ). This argument takes account of the fact that

tradable employment is used both for import substitution and for exports, and shows that the

latter effect generally dominates when the policy instrument is a uniform tariff. Intuitively,

tradable employment is increasing in the size of the tradable sector, which is achieved by

subsidizing total trade, whether via import subsidy or export subsidy that are equivalent under

Lerner symmetry. A trade subsidy expands tradable consumption around the world, and hence

tradable employment, while a trade tax lowers it.

10
More generally, this schedule depends on both the point CF and the trade possibility frontier g(·), such that

an increase in foreign endowment Y ∗
also shifts this curve, as we discuss below.
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Proposition 3 Holding fixed foreign preferences and productivity, the equilibrium tradable-
sector employment LT is monotonically increasing in the quantity of gross imports CF and
correspondingly gross exports C∗

H = g(CF ). Therefore, an (additional) objective of increasing
tradable-sector employment is achieved with a trade subsidy, τL < 1 (or a lower trade tax).

If the full objective ismax{u+λLT}, where λ is the planner’s weight on tradable employ-

ment, then the optimal tariff τL maximizing this objective is strictly lower than the welfare

maximizing tariff τW = argmaxu. This statement is true for any external objective: adding

a weight on tradable employment reduces the optimal tariff. Furthermore, in the limiting

case where the manufacturing employment LT is the sole objective (i.e., when λ → ∞), this

goal is achieved with an infinite trade subsidy, τL → 0, which results in CN = CH = 0,

C∗
H = Y = FT (L) and CF = g−1(Y ). In words, the planner shifts all employment into the

tradable sector by means of maximizing export (and hence import) quantities. To conclude, it

is counterproductive to impose an import tariff if the goal is increasing tradable manufacturing

employment.

Importantly, this does not mean that the model is inconsistent with the evidence on the ef-

fects of “China shock” (Autor, Dorn, and Hanson 2013) as a positive foreign productivity shock

that increases Y ∗
and shifts down the trade possibility frontier function C∗

H = g(CF ;Y
∗),

which pushes labor away from tradable and towards the non-tradable sector. Proposition 3

shows that trade policy that aims to preserve tradable employment does not try to undo the

shock by raising prices of imported goods, but instead subsidizes trade (export and/or imports).

3.4 Retaliation

While the baseline model abstracts from foreign trade policy, our main results extend to a

setting whether both countries choose optimal tariffs. To see this, allow for foreign import

and export tariffs τ I∗ and τE∗
. The pricing equation (2) is then replaced with

PF = τ IτE∗P ∗
F and P ∗

H = τEτ I∗PH , (2
′
)

while the market clearing (1) and household demand (3)-(4) remain unchanged. It follows that

the relative prices in two countries are distorted by both home and foreign tariffs

PF

PH

= (τ IτE)(τ I∗τE∗)
P ∗
F

P ∗
H

.

Note that this tax wedges can also represent markup wedges and other sources of law of one

price deviations.

Combining household and government budget constraints with new prices (2
′
), the bal-

13



Figure 3: Free trade allocation and the tariff war Nash equilibrium

Note: see notes to Figure 1. The dashed red curve is the trade possibility frontier from the perspective of the

foreign country when home tariff τ = 0, i.e., CF = g∗(C∗
H ; τ = 0), while the solid red curve is still C∗

H =

g(CF ; τ
∗ = 0). The intersection of these two red curves is the free trade equilibrium F . The corresponding

purple curves plot CF = g∗(C∗
H ; τ = ε) and C∗

H = g(CF ; τ
∗ = ε∗), and their intersections corresponds to the

trade war Nash equilibrium N , as discussed in the text. Point U corresponds to the unilateral home tariff.

anced trade condition can be expressed as

P ∗
HC

∗
H = (τ I∗τE∗)P ∗

FCF . (5
′
)

We consider a Nash equilibrium with each country setting its trade policy taking tariffs in the

other economy as given.

Because tariffs only appear in the latter two equilibrium conditions and import and export

taxes enter symmetriclaly, Lerner symmtry still holds in this setting and it is sufficient to

focus on τ = τ IτE and τ ∗ = τ I∗τE∗
. Furthermore, as before, equations (4) and (5

′
) result in

the implementability constraint C∗
H = g(CF , τ

∗) for the home planner:

u∗
H(C

∗
H , Y

∗ − CF )C
∗
H = τ ∗u∗

F (C
∗
H , Y

∗ − CF )CF .

Since τ ∗ only affects home planner’s problem through g(·), foreign elasticity ε remains a suf-

ficient statistic for the optimal tariff best response, as shown by Johnson (1953). Furthermore,

once expressed in terms of sufficient statistics, the formula for optimal tariff remains exactly

the same as before and, combined with a symmetric argument for the foreign economy, results

14



in the following Nash equilibrium:

τ = ε = 1 +
1

η − 1

1

Λ
and τ ∗ = 1 +

1

θ − 1

1

Λ∗ .

Of course, the equilibrium allocation and the values of tariffs are different when the foreign

country also imposes a tariff. A positive foreign tariff implies that both economies become

more closed, i.e., Λ, Λ∗
increase, and the optimal tariff for home is lower. Thus, the best

response functions in the space of tariffs are negatively slopped and the optimal tariffs in two

countries are strategic substitutes.

We illustrate the trade war equilibrium in Figure 3 and summarize the results as follows:

Proposition 4 The Nash equilibrium tariffs (τ, τ ∗) have the same structure as the unilateral
optimal tariffs characterized in Proposition 1, with τ = ε the elasticity of g(·) and τ ∗ = ε∗ the
elasticity of g∗(·), and additionally satisfy the fixed point:

C∗
H = g(CF , τ

∗) and CF = g∗(C∗
H , τ),

where g∗(·) is the foreign trade possibility frontier given home tariff τ . Under CES utility, these
tariffs are smaller than the optimal unilateral tariffs, τ ≤ τW and τ ∗ ≤ τW∗ (with strict inequal-
ities when both countries are large, Λ,Λ∗ < 1), but the combined distortion is larger.

4 Global Imbalances

We return to the two-region framework (with home and the rest of the world), and consider

the case with an aggregate trade imbalance. In particular, we first ask if and when a trade

tariff can have an effect on the external balance. We then solve for the optimal long-run tariff

in a model with trade imbalances, as well as characterize trade policy that closes the long-run

trade deficit.

4.1 Long-run trade imbalance

We derive in this section a general restriction on the long-run trade (im)balance that must be

satisfied in this model and is a consequence of the country budget constraint. We use this

restriction as a guiding principle for the more specific analysis that follows.
11

We focus on the home economy in a fully dynamic environment with a general portfolio

choice. In any period t, home starts with vector of asset holdings Bj
t−1 for j ∈ Jt−1 inherited

from period t − 1, where Bj
t−1 < 0 means a liability. At t, asset j pays dividends Dj

t and its

post-dividend price is denotedQj
t . Therefore,R

j
t ≡ (Qj

t +Dj
t )/Q

j
t−1 is the realized one-period

11
This section is based on our note “Can a tariff be used to close a long-run trade deficit?” (posted 04/10/2025).
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return on asset j ∈ Jt−1 at t. We denote with R̄t the risk-free interest rate between periods

t and t + 1 (and known at t, hence the subscript). All asset returns, pay-outs and prices are

quoted in the home currency (dollar) for concreteness, but the underlying assets can pay fixed

income in foreign currency as well.

The new asset positions at time t are denoted with Bj
t for j ∈ Jt, and Bt ≡

∑
j∈Jt Q

j
tB

j
t

denotes the new net foreign asset position that is carried from period t into period t+1. We also

write the pay-out on the entire net foreign asset position asRtBt−1 ≡
∑

j∈Jt−1
(Qj

t+Dj
t )B

j
t−1,

where Rt can be thought as the realized rate of return on the entire NFA position.
12

In general, the return Rt is different from the risk-free rate R̄t−1 both ex ante in expecta-

tion and ex post realization-by-realization. However, if there exists no arbitrage that can be

constructed using available returns {Rj
t+1}j∈Jt , then the following result linksRt+1 and R̄t:

13

Lemma 3 If there is no arbitrage for asset returns in Jt, then the pay out on the international
asset portfolioRt+1 satisfies:

Et{Θt+1(Rt+1 − R̄t)} = 0, (15)

where Θt+1 is any stochastic discount factor that prices all assets j ∈ Jt.

This lemma shows that — in expectation and appropriately adjusted for risk — the return on

the NFA position Rt+1 is still linked to the risk-free rate R̄t, unless portfolio returns offer

arbitrage opportunity. Of course, the latter possibility must not be excluded for a country like

the United States which arguably enjoys an “exorbitant privilege” on its international portfolio

(Gourinchas and Rey 2014).

With the general notation introduced above, the balance of payments requires that:

Bt −RtBt−1 = NXt, (16)

where NXt is the dollar value of the country’s trade balance, that is, the value of home ex-

ports minus the value of home imports in period t net of domestic tariffs (i.e., calculated using

the rest-of-the world trade prices). Aggregating this flow country budget constraints and dis-

counting using the risk-free interest rate, we obtain the intertemporal budget constraint that

must hold along any future path of histories:

RtBt−1 +
∑∞

s=t
qt,sNXs +

∑∞

s=t
qt,s+1

(
Rs+1 − R̄s

)
Bs − lim

s→∞
qt,sBs = 0, (17)

12
Note thatRt is well-defined from the value ofRtBt−1 whenever Bt−1 ̸= 0, and otherwise we work directly

with RtBt−1 which is always well-defined and can generally be non-zero even when Bt−1 = 0.
13
No arbitrage means that there exists no real vector {αjt}j∈Jt

such that vart(
∑

j αjtR
j
t+1) = 0 and

Et

∑
j αjtR

j
t+1 > 0. Then there exists a stochastic discount factor Θt+1 that prices all assets j ∈ Jt such

that Et{Θt+1R
j
t+1} = 1. In particular, the risk-free rate satisfies R̄t = 1/EtΘt+1, where this is either a result if

the risk-free rate is available at t (i.e., part of set Jt) or otherwise the definition of the shadow risk-free rate. See,

for example, Campbell (2017).
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where qt,t ≡ 1 and qt,s ≡
(∏s−1

ℓ=t R̄ℓ

)−1
for s ≥ t + 1 is the risk-free discount factor based

on linked one-period risk-free rates R̄t. If the risk-free rate is constant over time, R̄s = 1/β

for all s, then qt,s = βs−t
is geometric discounting. The last term lims→∞ qt,sBs = 0 by the

no-bubble condition on the international asset position (non-explosive NFA).
14

We can rewrite the intertemporal budget constraint (17) resulting in:

Proposition 5 The long-run trade deficit (more generally, imbalance) is fully determined by the
financial position of a country:

−
∑∞

s=t
qt,sNXs︸ ︷︷ ︸

long-run trade deficit

= R̄t−1Bt−1︸ ︷︷ ︸
exogenous
initial NFA

+ (Rt − R̄t−1)Bt−1︸ ︷︷ ︸
on-impact

valuation effect

+
∑∞

s=t+1
qt,s
(
Rs − R̄s−1

)
Bs−1︸ ︷︷ ︸

future realized excess returns

, (18)

that is, it does not change in response to a policy unless the policy results in a valuation effect on
the existing net foreign asset position or a change in the future excess returns on the international
portfolio of the country.

This is the sense in which the long run trade deficit is entirely determined by the financial po-

sition of the country — a combination of existing net foreign assets and the stream of valuation

effects and excess returns on the gross assets and liabilities.

A corollary of equation (18) is that the long-run trade deficit can change only as a result of

either the valuation effect on impactRt on the pre-determined initial NFA position Bt−1, or as

a result of changes in future excess returns reflected in the terms

(
Rs − R̄s−1

)
Bs−1 for s > t.

Equation (18) further simplifies when all assets j are priced by the same stochastic discount

factor, as in Lemma 3, in which case the last term in (18) must be zero in expectation using

this discount factor as there can be no expected risk-adjusted excess returns. As a result, the

only change in the expected long-run trade deficit can come as a result of a surprise valuation

effect on impact of the policy announcement at t.

Corollary 2 If there is no arbitrage and all assets j ∈ Js can be priced by Θs+1 for s ≥ t, then:

−
∑∞

s=t
Et{Θt,sNXs}︸ ︷︷ ︸

expected long-run trade deficit

= R̄t−1Bt−1 + (Rt − R̄t−1)Bt−1, (19)

where Θt,t ≡ 1 and Θt,s ≡
∏s−1

ℓ=t Θℓ,ℓ+1 for all s ≥ t + 1, hence EtΘt,s = qt,s. Therefore, the
change in the expected long-run trade deficit at t equals the on-impact valuation effect dRtBt−1.

Proposition 5 and Corollary 2 establish our claim that the long-run trade deficit is pinned

down by the financial position of the country, not by relative prices in the goods market. As a

result, unless the financial position of the country is affected by the tariff policy, the tariff has

14
Somemodelsmay violate the no-bubble condition and then these deviation should be included in the financial

position as part of the excess returns.
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no effect on the long-run trade deficit.
15

Equations (18) and (19) describe the set of possible

outcomes: the financial position of the country can change as a result of the valuation effect

on the initial NFA position or the change in the future path of excess returns on international

assets and liabilities. In models where there are no arbitrage opportunities, this latter channel

is closed, and the expected long-run trade deficit only responds to on-impact valuation effects.

If such valuation effects are absent, dRtBt−1 = 0, the long-run trade deficit is exogenous to

the policy altogether.
16

Tariffs do, in general, result in valuation effects on a country’s international portfolio.

These effects are, however, often independent from the goods market elasticities and terms of

trade effects. In what follows, we study various environments where tariffs have such valua-

tions effects, and characterize both the optimal tariff under such circumstances, as well as the

possibility of using the tariff to close the long-run trade deficit.

4.2 Net foreign assets and valuation effects

Given the results of the previous section, we now consider a long-run (one-period) model with

two countries and a given international asset position. In thismodel, we identify circumstances

when tariffs have valuation effects on the international portfolio, and thus when they can

be used to affect the equilibrium (long-run) trade imbalance. The static nature of the model

implies that the valuation effect of a tariff must be on impact, and it excludes the possibility

of the effect via future excess returns, to which we return in the following section.

We extend the baseline model from Section 2.1 by assuming that the home country holds

an international portfolio (−B,B∗)with total net value of P ∗
FB

∗−PHB in dollar terms. This

permits two possible interpretations. First, note that the local value of home and foreign output

is given by PHY and P ∗
FY

∗
, respectively. Therefore, B∗

can be interpreted as home holdings

of foreign equity, and B as foreign holdings of home equity. Second, assuming that monetary

policy in each economy stabilizes prices of local goods, B and B∗
can represent positions in

nominal bonds denominated in home and foreign currency, respectively.
17
We allow the asset

positions to take negative values, and we abstract from defaults and expropriations.

The equilibrium conditions remain largely unchanged, including market clearing (1), the

15
With the unchanged long-run trade imbalance (as we define it), the dynamic path of period-by-period trade

deficits (and surpluses) can be affected by static or dynamic trade policies, as greater trade frictions reduce the

magnitudes of equilibrium imbalances other things equal (Obstfeld and Rogoff 2001, Costinot andWerning 2025).

See also Cuñat and Zymek (2024) on the effects of trade barriers on the bilateral and aggregate trade imbalances

in the long run.

16
This, of course, does not mean that trade policy is inconsequential: the optimal tariff holding trade

(im)balance constant (e.g., under balanced trade as studied in Section 3) optimizes over the terms of exchange of

exports for imports in quantity terms with the unchanged net value of these flows.

17
In this case, PH = 1 is the home monetary target, while P ∗

F = E equals the value of the floating nominal

exchange rate (in units of home currency per one unit of foreign currency), while the foreign monetary authority

stabilizes the foreign-currency price of the foreign good, P ∗
F /E = 1.
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pricing block (2), and household optimization (3) and (4). However, the balanced-trade con-

dition (5) needs to be replaced with a country budget constraint that takes into account its

financial position:

P ∗
HC

∗
H − P ∗

FCF︸ ︷︷ ︸
NX

+P ∗
FB

∗ − PHB︸ ︷︷ ︸
NFA

= 0. (20)

In our static setup, this condition is a counterpart to the dynamic equation (19), where the

NFA term combines together the value of the initial net foreign asset position and the on-

impact valuation effect from trade policy. Equation (20) then shows that a country can run a

(long-run) trade deficit NX < 0 if it has a positive net foreign asset position or pays less on

its foreign debt than it earns on its foreign assets, both of which result in NFA > 0.

In contrast to the balanced-trade model with B = B∗ = 0, the main observation from

equation (20) is that the terms of trade S ≡ P ∗
F/P

∗
H are no longer a sufficient relative price

for trade policy, and now the real exchange rate Q ≡ P ∗
F/PH also matters, with the export

tax τE being the wedge between the two according to (2).
18
Using the foreign consumer opti-

mization (4), we generalize Lemma 1 and the home planner’s implementability constraint in:

Lemma 4 The planner can choose any combination of imports CF and exports C∗
H that satisfies

the implementability condition C∗
H = g(CF ;B/τE, B∗) implicitly defined by

u∗
H(C

∗
H , Y

∗ − CF ) ·
(
C∗

H − 1

τE
B

)
= u∗

F (C
∗
H , Y

∗ − CF ) ·
(
CF −B∗). (21)

When B ̸= 0, the export tax τE does not drop out from the country’s budget constraint

conditional on the terms of trade, P ∗
F/P

∗
H = u∗

F/u
∗
H . As a result, Lerner symmetry does not

extend to a model with net foreign assets. While export and import tariffs can deliver the same

terms of trade P ∗
F/P

∗
H and allocations under Lerner symmetry, the real exchange rate P ∗

F/PH

appreciates in response to an import tariff and depreciates under an export tax. The latter

difference is inconsequential per se when B = B∗ = 0, but results in very different valuation

effects and has far reaching consequences when countries hold foreign assets.
19

In particular, whenB ̸= 0 and the country has access to both an import tariff and an export

tax, it can combine them to engineer a pure transfer from the rest of the world. For example,

when B > 0, home can “depreciate away” its local-currency debt B by imposing an export

tariff τE > 1 and an import subsidy τ I < 1, without constraining the overall trade wedge

τ = τEτ I or the resulting terms of trade P ∗
F/P

∗
H . In fact, as is clear from the implementability

18
Note that Q ≡ P ∗

F /PH can be viewed as the producer-price real exchange rate, while the conventional

CPI-based real exchange rate can be approximated asQC ≡ (P∗
F )1−γ∗

(P∗
H)γ

∗

P 1−γ
H Pγ

F

= (P ∗
F /PH)1−γ−γ∗

(τ I)γ(τE)γ
∗
=

(P ∗
F /P

∗
H)1−γ−γ∗

(τ I)γ(τE)1−γ
(Itskhoki 2021). Irrespective of the definition used, tariffs (and, in particular, the

export tax τE when γ is small) drive a wedge between the terms of trade S ≡ P ∗
F /P

∗
H and the real exchange rate.

19
See related analysis of such valuation effects in Farhi, Gopinath, and Itskhoki (2014) and Barbiero, Farhi,

Gopinath, and Itskhoki (2019).
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constraint (21), it is optimal to take τE → ∞ and thus fully eliminate all local-currency debt

by means of a valuation effect. Conversely, a country with a positive asset position in its own

currency B < 0 can appreciate its value with a combination of an export subsidy τE < 1

and an import tariff τ I > 1. In fact, in this case, as τE → 0 and τ I → ∞, it is is possible to

generate an unbounded transfer from the rest of the world and immiserate it.

Notice that in both cases, it is only home assets that can be used to generate valuation

effects as the price of foreign assets is linked to the price of foreign goods, and hence their

international purchasing power does not change with tariff-induced valuations. Indeed, it

is the ability of tariffs to change the purchasing power of home-currency assets B in terms

of foreign goods that allows for international transfers, as captured by the implementability

constraint (21). We summarize this discussion in:

Proposition 6 Lerner symmetry between import and export tariffs holds under imbalanced trade
if and only if the net foreign asset position is in terms of foreign assets B∗ and not in home bonds
or equity,B = 0. Otherwise, whenB > 0, a combination of an unbounded export tax and import
subsidy, or vice versa when B < 0, engineers a capital levy on the foreign asset position resulting
in a maximum transfer from the rest of the world to home.

4.2.1 The optimal import tariff

We now analyze the optimal import tariff τ = τ I in the absence of an export tax, that is,

restricting τE = 1. This is because Proposition 6 shows that either Lerner symmetry holds

(when B = 0) and hence τE is redundant as in Section 3, or it fails (when B ̸= 0) and the

optimal policy involves unbounded trade taxes and subsidies if both instruments are available.

With τE = 1, the implementability constraint (21) derived in Lemma 4 no longer depends

on policy instruments, as was the case in earlier sections. As B and B∗
are taken as given

(along with endowments and preferences), we can write the trade possibility frontier simply

as before, C∗
H = g(CF ), and reproduce here the condition (21) that implicitly defines it as:

u∗
H · (C∗

H −B) = u∗
F · (CF −B∗). (22)

As before, the planner can choose any allocation that satisfies this condition together with

resource constraints in (1).

Expressed in terms of function g(·), the home planner’s problem remains the same as be-

fore,maxCF
u
(
Y −g(CF ), CF

)
. While the optimality condition, uH ·g′ = uF , does not change

and the optimal tariff is still related to the elasticity ε of the trade possibilities frontier g(·),
the Johnson formula needs to account for the trade imbalance now:

τ = ε · EX

IM
, (23)
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where EX = P ∗
HC

∗
H and IM = P ∗

FCF are home export and import values (in terms of

their international purchasing power).
20

It may appear from (23) that the optimal tariff is

decreasing in the trade deficit measured as IM/EX , but, of course, the value of elasticity ε is

also endogenous to the trade balance.

Solving for the elasticity ε using (22) under CES demand, the next proposition generalizes

equation (11) from our baseline model and provides a simple characterization of the optimal

tariff in terms of measurable sufficient statistics in the presence of imbalances. As before, the

tariff is higher when the foreign elasticity of substitution η is low and the foreign economy is

more open asmeasured by the inverse spending share 1/Λ∗
. However, in contrast to the earlier

analysis, the optimal trade policy now also depends on foreign asset positions. In particular:

Proposition 7 The optimal import tariff is given by:

τ = 1 +
1

η
(
1 + B̄

EX−B̄

)
− 1

· 1

Λ∗ , (24)

where B̄ ≡ P ∗
HB is the value of dollar debt and Λ∗ ≡ P ∗

FC∗
F

P ∗C∗ is the foreign local spending share.

To what extent do trade deficits rationalize high import tariffs? Formula (24) sheds new

light on the question at the heart of the policy debate. To build economic intuition, we next

focus on three important limiting cases. Suppose, first, that only home assets are used in

international transactions and, hence, there is no home investment in foregn bonds or equity,

B∗ = 0. The country’s budget constraint then simplifies to EX = IM + B̄ and the optimal

tariff is given by τ − 1 = 1

η
(
1+NX

IM

)
−1

1
Λ∗ . In this special case, trade imbalances are indeed

relevant for trade policy and the optimal tariff is increasing in trade deficits. In fact, assuming

that the US market accounts for a small fraction of foreign sales Λ∗ ≈ 1 and taking the first-

order approximation around EX/IM = 1, we get

τ − 1 ≈ 1

η − 1
+

η

η − 1

IM − EX

IM
,

an expression that closely resembles the (in)famous formula∆τ = max
{
10%, 1

φ(η−1)
IM−EX

IM

}
used by the Trump administration to rationalize the “Liberation day” tariffs. While our model

does not have incomplete pass-through calibrated by the administration to φ ≈ 1
η−1

, the co-

efficient in front of trade imbalances is close to one when η is high.

This and other minor discrepancies notwithstanding, the formula has two major limita-

tions. First, it is derived for a uniform tariff, not country-specific tariffs — a point we come

back in a multi-country setting below. Second, the result relies on a counterfactual assumption

20
Note that with a trade imbalance, it is no longer the case that we can use the last equality in CF /g(CF ) =

CF /C
∗
H = P ∗

H/P ∗
F to derive τ = ε, as in the baseline Proposition 1. Appendix A provides a detailed derivation.
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that B∗ = 0 and does not generalize to other structures of asset markets as we next show. On

the one hand, it is possible to have imbalances that do not affect optimal tariffs. Indeed, in

the opposite limiting case when U.S. bonds and equity are traded only locally, B = 0, and all

international positions are taken in foreign assets, the expression for optimal tariffs reduces

to τ − 1 = 1
η−1

1
Λ∗ , just as in the baseline model with balanced trade. Thus, conditional on Λ∗

,

the optimal tariff is completely independent of whether the country runs a trade deficit or a

trade surplus. On the other hand, it is possible to have no imbalances and yet, the optimal

tariff that depends on international portfolios. This happens when countries have significant

gross positions B,B∗ ̸= 0, but the equilibrium NFA is zero, P ∗
FB

∗ − P ∗
HB = 0. Although

there are no “imbalances” in the usual sense, the fact that B̄ ̸= 0 implies that the optimal tariff

will deviate from the baseline formula (11).

Corollary 3 If only home assets are held internationally, B∗ = 0, the optimal import tariff is
increasing in trade deficits IM/EX . More generally, conditional on Λ∗, trade imbalances are
neither necessary nor sufficient for international asset positions to affect the optimal tariff.

The reason imbalances have such different implications for optimal tariffs is that it is not

the trade balance per se that determines the optimal policy, but the additional valuation effects

associated with gross asset positions. While the import tariff improves the terms of trade in

the goods market (making foreign exports less valuable relative to foreign imports), it also in-

creases the purchasing power of home assets held by foreigners (in terms of foreign exports).

In other words, when B > 0, the favorable terms-of-trade effect in the goods market is par-

tially offset by an unfavorable valuation effect on its foreign liabilities, and the optimal tariff

from the perspective of the home economy is lower. This effect is absent for foreign assets

B∗
as their purchasing power in terms of foreign goods is independent of home tariffs. This

asymmetry between home and foreign assets explains why there is no one-to-one mapping

between imbalances and optimal tariffs in general. Empirically, both U.S. equity held by for-

eigners and dollar-denominated debt contribute to a large currency mismatch along with a

negative NFA position, that is B > B∗ > 0 (see e.g. Gourinchas and Rey 2014). Thus, despite

negative trade balance, the optimal tariff is lower relative to the balanced-trade case with no

gross foreign assets and liabilities.
21

Corollary 4 Given the empirical structure of U.S. balance sheet, B > B∗ > 0, the optimal
import tariff is lower than under financial autarky. The U.S. trade partners have incentives to
accumulate U.S. assets B as a hedge against trade wars.

Interestingly, the insight above about the effects of foreign positions on the optimal import

tariff suggests that accumulating the assets of the major trade partner also acts as a hedge

21
This conclusion constrasts with the results of Pujolas and Rossbach (2024) who focus on the special case of

B∗ = 0 and assume that B < 0 to reproduce U.S. trade deficit.
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against a potential trade war and reduces the optimal import tariff in case of such war, as well

as incentives to start it. In particular, this is the case when the rest of the world accumulates

NFA vis-à-vis home in terms of home bonds, providing a rationale for FX reserves (cf. Dooley,
Folkerts-Landau, and Garber 2004).

4.2.2 Closing the imbalance

Although our results above show that the optimal tariff is in general not directly linked to

trade deficits, we nonetheless ask what trade policy, if any, can close the trade imbalance. We

address this question in a context of our two-country two-asset model with the planner using

only trade policy to close the imbalances.
22

Consider the planner’s problem of minimizing trade imbalances subject to the country’s

budget constraint andmarket clearing conditions,min(NX)2 subject to (1)–(4) and (20), where

NX ≡ P ∗
HC

∗
H −P ∗

FCF . Of course, the most direct way of closing the imbalances would be to

use international transfers to eliminate the net foreign asset position, NFA ≡ P ∗
FB

∗ −PHB.

Instead, we assume that such policy instrument is not available and the planner can only use

trade tariffs.

The key observation that underlies this analysis is that to close trade imbalances,NX = 0,

the planner needs to zero out the net valuation effects as well, NFA = 0. From (20), the

former requires adjusting the terms of trade (ToT, S) to equalize the value of imports and

exports, while the latter is achieved by aligning the value of country’s assets and liabilities

via changes in the (PPI-based) real exchange rate (RER, Q). By definition of NX and NFA

in (20), we have:

Lemma 5 Given the international asset position (−B,B∗), a necessary and sufficient condition
to close the equilibrium trade deficit, NX = 0, is that terms of trade and the real exchange rate
take the following values:

S ≡ P ∗
F

P ∗
H

=
C∗

H

CF

and Q ≡ P ∗
F

PH

=
B

B∗ . (25)

The latter condition in (25) immediately implies that a zero financial position can only be

achieved if B/B∗ ≥ 0, or with strict inequality if the real exchange rate must remain finite.

Recall that B corresponds to “home-currency” liabilities and B∗
to “foreign-currency” assets

of the home economy. If the economy is a net borrower or a net saver again the other country

in both currencies, no movements in relative prices of the two assets can bring the country’s

22
The analysis of this section is closely related to the contemporaneous work of Aguiar, Amador, and Fitzgerald

(2025) who study trade balances implementable with import tariffs in the two countries. In contrast, we focus

on unilateral policies and show that the effects of import and export tariffs are quite different in the presence of

gross international positions.

23



net asset position to zero, and additional policy tools — such as defaults andmonetary inflation

— are required to generate valuation effects to ensure NFA = 0.

Since it is highly unusual for economies to hold less than 0% and more than 100% of their

own assets, we next restrict our analysis to the case when countries’ portfolios are inside the

Edgeworth box:

Assumption 1 0 ≤ B ≤ Y , 0 ≤ B∗ ≤ Y ∗, that is countries take long position in foreign assets
and do not short home output.

We consider first the case when the planner can use both trade instruments and, therefore,

according to Lemma 6, can generate substantial international valuation effects. In this case,

the planner can implement any international allocation (C∗
H , CF ) such that NX = 0 with

P ∗
F/P

∗
H = u∗

F/u
∗
H ; in otherwords, any allocationwhich satisfiesC

∗
H = g(CF ) from Lemma 2:

23

Lemma 6 Suppose A1 holds and both import and export tariffs are available. Then the planner
can unilaterally implement any balanced-trade equilibrium, including trade autarky.

Intuitively, even when Lerner symmetry holds, but also more generally (with arbitrary

international asset positions), import and export tariffs have the same effects on country’s

terms of trade, but the opposite effects on its real exchange rate. As a result, the two trade

instruments are sufficient to separately target the two prices in (25). Importantly, while there

is a unique real exchange rate consistent with NFA = 0, namely Q = B/B∗
for given

B and B∗
, there are many terms of trade satisfying NX = 0, namely S = C∗

H/CF with

the endogenous trade quantities C∗
H and CF . As a result, the planner can pick any of the

continuum of allocations consistent with C∗
H = g(CF ) and market clearing conditions which

ensure NX = 0. This includes a trade autarky equilibrium CF , C
∗
H → 0 as a special case

when home imposes infinite tariffs τ I , τE → ∞. The real exchange rate must remain finite

and satisfyQ = P ∗
F/PH = B/B∗

in this case, while the terms of trade S = Q/τE go to zero.
24

Arguably, a more interesting and policy-relevant question is whether a balanced trade can

be achieved with import tariffs alone. While the multiplicity of equilibria implementable with

two instruments suggests a positive answer, it is less obvious how the resulting prices and

allocations look like. Analytically, conditions (25) under τE = 1 and hence PH = P ∗
H imply

that, if such policy exists, the balanced-trade equilibrium should satisfy:

S = Q =
P ∗
F

P ∗
H

=
B

B∗ =
C∗

H

CF

=
u∗
F (C

∗
H , Y

∗ − CF )

u∗
H(C

∗
H , Y

∗ − CF )
, (26)

23Proof: Given the foreign household demand (4), the first equation in (25) is isomorphic to the balanced-

trade implementability constraint (7) and describes the set of possibilitiesC∗
H = g(CF ). For any value of imports

CF and exports C∗
H consistent with this condition, which ensures NX = 0, one can compute a corresponding

export tariff τE ≡ P∗
H

PH
=

P∗
F

PH
· P∗

H

P∗
F

= B
B∗ · CF

C∗
H
, which ensures that the second equation in (25) also holds. By

Lemma 5, this is sufficient to ensure that NX = 0. ■
24
The proposition remains true in the limiting cases when only one asset is traded internationally, i.e. B = 0

or B∗ = 0, although the implementation involves infinite tariffs and subsidies.
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where the last equality is the result of foreign household optimization (4). We start with the

empirically relevant case when home (the U.S.) runs a trade deficit and contrast it with the

case of trade surpluses at the end of the section (for proof, see Lemma 7 below).

Proposition 8 Suppose A1 holds and home runs a trade deficit NX < 0 under free trade, that
is NFA/PH = (P ∗

F/PH) · B∗ − B > 0 under the free trade real exchange Q = P ∗
F/PH given

the international portfolio (−B,B∗). Then there is always a unique balanced-trade equilibrium
that the planner can implement with an import tariff, τ I > 1.

The results can perhaps best be understood using the Edgeworth box shown in Figure 4.

As before, the blue curve is the contract curve with marginal rates of substitution equalized

across countries, uF/uH = u∗
F/u

∗
H , and the red curve corresponds to the trade possibilities

frontier under balanced-trade, C∗
H = g(C∗

F ). Point E denotes countries’ initial endowments

and P corresponds to their portfolios represented as claims on foreign goods. Under financial

autarky, B = B∗ = 0, and these points coincide (P = E), with the corresponding free-trade

equilibrium in point A given by the intersection of the contract and balanced-trade curves.

Line EA′
corresponds then to the country’s budget constraint and its slope (against a vertical

line) is equal to the real exchange rate P ∗
F/PH , which coincides with the terms of trade P ∗

F/P
∗
H

under laissez faire. Notice that any portfolio P that lies above (below) the EA′
line results in

a free-trade equilibrium F on a contract curve above (below) point A and therefore, implies

that home runs a trade deficit (surplus) in the absence of government interventions. Thus, we

can restrict our attention to P to the northeast fromEA′
with home country having relatively

small liabilities B and large foreign assets B∗
to enjoy NFA > 0 and NX < 0.

Suppose next that the planner aims to close imbalances in both goods and asset markets.

Graphically, the new equilibriumD can be found as the intersection of the balanced trade curve

and the ray EP that shows the set of points that satisfy the equality C∗
H/CF = B/B∗

in (26).

According to Lemma 2, the red line is strictly monotonic, convex and goes through point E,

which guarantees that a zero-imbalance equilibrium always exists and is unique (more on why

point E is not an equilibrium below). The move from a free-trade equilibrium to a balanced

trade is achieved by imposing large enough import tariffs that shift the contract curve to go

through point D. Because the new equilibrium lies to the southeast from point A, the tariff

required to close imbalances is unambiguously positive, i.e. τ I > 1.

The real exchange rate plays the crucial role in the transmission of trade policy and has

several surprising features. In particular, the imbalances can only be closed if the real ex-

change rate appreciates. Indeed, a positive initital net foreign asset position implies that

P ∗
F/PH > B/B∗

in a free-trade equilibrium and thus, P ∗
F/PH needs to go down (correspond-

ing to an appreciation) to close the financial imbalance. Graphically, the initial real exchange

rate, P ∗
F/PH = P ∗

F/P
∗
H , is given by the slope of PF (against the vertical axis), which is always

higher than the slope of ED — the real exchange rate after tariffs are imposed. This obser-
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Figure 4: Closing imbalances with import tariffs

Note: PointE = (Y, 0) is endowment, while point P = (Y −B,B∗) is endowment combined with international

portfolio. The blue curve is the frictionless contract curve and the red curve is the balanced trade frontier C∗
H =

g(CF ), as in Figure 1. A is the free-trade equilibrium when B = B∗ = 0 and F is the free trade equilibrium for

the portfolio in P . D is the only balanced trade equilibrium feasible under an import tariff.

vation goes very much against a standard expenditure-switching logic that a depreciation of

the exchange rate is required to improve trade balance.
25
This partial equilibrium intuition ig-

nores the general equilibrium budget constraint and the fact that it is not possible to increase

net exports without generating negative valuation effects. The latter means that the value of

home liabilities need to go up relative to the value of home foreign assets.

Morevoer, this effect is completely independent of any trade shares or trade elasticities —

including whether the Marhsall-Lerner condition holds — and is fully determined by inter-

national asset positions. Indeed, given the standard structure of international portfolios A1,

this corresponds to an increase in PH relative to P ∗
F with the new equilibrium real exchange

rate equal to B/B∗
. This suggests that the exchange rate might provide a more robust target

for policymakers aiming at closing the imbalances than the level of the optimal tariff, which

depends on structural parameters of the models and might be hard to compute.

Corollary 5 When initial NFA > 0, the real exchange rate needs to appreciate to close the
trade deficit, and its new level is determined solely by financial positions, Q = B/B∗, not trade
shares or trade elasticities.

25
Note that without the export tax, τE = 1, the terms of trade moves in lockstep with the real exchange

rate, S ≡ P ∗
F /P

∗
H = P ∗

F /PH ≡ Q, and both appreciate (go down). This compels the foreigners to buy less of

the home good C∗
H relative to their local good C∗

F , ensuring u∗
F /u

∗
H = P ∗

F /P
∗
H . The import tariff, τ I > 1, in

turn ensures that home households face a higher relative prices, PF /PH > P ∗
F /P

∗
H , and hence shift away from

consumingCF relative toCH , to satisfy uF /uH = PF /PH . Thus, both countries become more home biased due

to the trade distortion. Nonetheless, CF /C
∗
H increases (since EP is steeper than EF ), but by less than P ∗

F /P
∗
H

declines, to ensure NX = P ∗
HC∗

H − P ∗
FCF = 0 under the tariff.
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Of course, in practice there are many asset prices other than the exchange rate that can

generate a negative valuation effect. In particular, a fall in U.S. stock prices and a rise in

treasury yields decrease the value of home assets held by foreign investors, and additional

valuation effects are generated by changes in future returns and interest rates. In other words,

in a dynamic setting, the value of the B,B∗
position can adjust through other mechanisms

and generate international transfers without an appreciation, as we discuss in the next section.

What our analysis shows, however, is that it would be wrong to cite the observed depreciation

of the dollar — gradual since the beginning of 2025 and sharp after the “Liberation Day” — as

evidence of trade policies achieving their goal of closing the trade deficit.
26

Alternative implementations The limitations of the partial equilibrium and balanced-

trade intuition are even more evident when considering the implementation of closing the

imbalances. As mentioned above, a positive import tariff that increases C∗
F and lowers u∗

F/u
∗
H

is required to appreciate the real exchange rate and achieve NFA = 0. A standard Lerner

symmetry argument that the same outcome can be achieved with export taxes, however, does

not apply when B ̸= 0 (recall Lemma 6). Indeed, imposing τE > 1 lowers home exports,

increases CH and depreciates the real exchange rate Q = P ∗
F/PH = PF/PH = uF/uH . This

further increases country’s net asset position P ∗
FB

∗−PHB and deteriorates the trade balance.

It follows that an export subsidy, not a tax, is required to close the imbalances.

Intuitively, Lerner symmetry under balanced trade relies on import tariffs and export taxes

resulting in the same terms of trade, S = P ∗
F/P

∗
H , which is a sufficient statistic for allocations.

The trade is balanced and the real exchange rateQ is largely irrelevant in this case, as it moves

in opposite directions under the two trade policies. Instead, in a model with international

asset positions, the real exchange rate is a sufficient statistic for trade imbalances. This turns

Lerner symmetry on its head, making import tariffs similar to export subsidies in terms of

their implications for trade deficits.

Corollary 6 In contrast to Lerner symmetry of an import tariff and an export subsidy under
balanced trade, closing trade deficits requires an import tariff τ I > 1 or an export subsidy τE < 1.

Of course, the terms of trade are still relevant for the allocation and the two trade policies

result in different equilibria on the balanced-trade curve. Figure 5 illustrates this point showing

allocations implementable with import tariffs C∗
H = gI(CF ) and allocations implementable

with export taxes C∗
H = gE(CF ).

27
Under financial autarky B = B∗ = 0, the two sets

coincide with the balanced-trade curve, gI = gE = g. Furthermore, as follows from Lemma 6,

B = 0 is sufficient for Lerner symmetry to hold, and the two instruments are equivalent

26
Indeed, empirical evidence from Gourinchas and Rey (2007) shows that the depreciation of the dollar gener-

ates positive valuation effects for the U.S. economy.

27
Note that C∗

H = gI(CF ) is defined implicitly by equation (22), while C∗
H = gE(CF ) is derived from (21) by

substituting
1
τE =

u∗
F /u∗

H

uH/uF
yielding u∗

HC∗
H = u∗

F

(
CF −B∗ + uH

uF
B
)
, where ujs are evaluated at (Y −C∗

H , CF ).

27



Figure 5: Effects of import and export tariffs under imbalances

Note: The blue curve is the contract curve and the red curve is C∗
H = g(CF ), the set of implementable allocation

under balanced trade whenB = B∗ = 0 (see Figure 4). The portfolio point P in the left and right panels features

portfolio (B,B∗) such that NFA ≷ 0, respectively. Purple (green) curve corresponds to gI (gE), i.e., the set of

implementable allocations for a given portfolio (B,B∗) using an import tariff (export tax). See Lemma 7.

(i.e., gI = gE) when home assets are not traded internationally for any value of B∗
(shifting

from the balanced trade curve g up for B∗ > 0 and down for B∗ < 0).

More generally, however, import and export tariffs result in very different allocations and

the implied equilibria coincide only under free trade τ I = τE = 1 (in point F). While the two

tariffs result in the same shift of the contract curve (recall (6)), τE drives a wedge between

the real exchange rate and the terms of trade, generating additional valuation effects in (20).
28

Therefore, as can be seen from the intersections of function g with gI and gE , respectively, the

balanced-trade equilibrium implemented with an import tariff τ I > 1 featurs lower exports

C∗
H and importsCF than the balanced-trade allocation achievedwith an export subsidy τE < 1

(cf. point G and point D, which are on opposite sides of point A along the g curve in the left

panel of Figure 5).
29

Interestingly, an infinite tariff fails to eliminate trade imbalance, as in general it fails to

achieve financial balance, that is, NX,NFA ̸→ 0 as either τ I or τE tend to∞ or zero. When

a prohibitive import tariff is imposed, τ I → ∞, the resulting equilibrium features zero imports

CF = 0, but positive exports C∗
H > 0. The appreciation of the exchange rate beyond point

D results in NFA < 0, which has to be supported by NX > 0. In contrast, an infinite

export tax τE → ∞ depreciates the real exchange rate and increases NFA > 0 resulting in

zero exports C∗
H = 0 and positive imports CF > 0. The following lemma provides a formal

28
In particular, this explains why point P with consumption of each good equal to corresponding dividends

can be implemented as an equilibrium outcome with import tariffs, but not export tariffs. Indeed, while the

implementability condition under the import tariff in (22) always permits allocation C∗
H = B∗

and CF = B, this

is not the case under the export tariff which results in P ∗
F /P

∗
H ̸= P ∗

F /PH in (20).

29
In contrast, the optimal tariff from Proposition 7 implements allocation where the home indifference curve

is tangent to gI . Similarly, the optimal export tax ensures that the home indifference curve is tangent to gE .
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characterization of all the limiting cases, illustrated in Figure 5, with the proof contained in

the appendix (which also implies the result in Proposition 8):

Lemma 7 (a) Export and import quantities, C∗
H and CF , are decreasing in the import tariff τ I

and converge to C∗
H ∈ (0, B), CF = 0 such that NX > 0 when τ I → ∞, and to C∗

H = Y ∗,
CF ∈ (B∗, Y ∗) such that NX < 0 when τ I → 0. (b) In contrast, if B > 0, export and import
quantities converge to C∗

H = Y ∗, CF = 0 such that NX < 0 when the export tax τE → ∞, and
to C∗

H = Y ∗, CF ∈ (B∗, Y ∗) such thatNX > 0 when τE → τE , where τE ∈ (0, 1) is the export
subsidy that results in complete home immiserization (due to a negative valuation effect).

Motivated by the U.S. experience, the previous analysis focuses on the case of initial trade

deficit (the left panel of Figure 5). Yet, symmetric results apply to countries running a trade

surplus and aiming to close it with a tariff. For any initial portfolio belowEA′
and aboveEA′′

in Figure 4, an import subsidy or an export tax can be used to depreciate the real exchange rate

and generate positive valuation effects to close the imbalances. Interestingly, if the initial asset

position is below the EA′′
, i.e., the country’s external liabilities significantly exceed its assets

(B ≫ B∗
), an import subsidy cannot close the imbalance, and any feasible equilibrium features

NX > 0, as depicted in the right panel of Figure 5. Indeed, even as τ I → 0, the exchange

rate depreciation is not sufficiently large, so that even in this limit NFA < 0 and NX > 0.30

In contrast, an export tax that results in a sufficiently large exchange rate depreciation can

always eliminate the imbalances in this case (point G).

Corollary 7 A country running a trade surplus, NX > 0 under initial NFA < 0, can always
achieve a balanced trade using an export tariff, τE > 1. Only if the initial imbalances are not too
large, there also exists an import subsidy, τ I < 1, that can close the imbalances.

4.3 Dynamic model with convenience yield

The important limitation of the static model discussed above is that it cannot distinguish stocks

from flows and, as a result, does not separate on-impact valuation effects and future excess

returns emphasized in equation (18). As we discuss below, it also struggles to make sense of

the depreciation of the dollar and the rise in U.S. interest rates in response to trade tariffs in-

troduced on the “Liberation Day” (see Jiang, Krishnamurthy, Lustig, Richmond, and Xu 2025).

30
Formally, Figure 4 provides the partition of the space of initial portfolios (−B,B∗) for which trade balance

is implementable with an import tariff, or an import subsidy, or not at all. Specifically, line EA′
is the locus of

initial portfolios that result inNX = NFA = 0 under free trade (pointA on this line). Any portfolio above this

line features NFA > 0 and NX < 0 under free trade, and NFA = NX = 0 is implementable with an import

tariff, τ I > 1, resulting in points below A on the trade balance curve. All portfolios that lie between EA′
and

EA′′
feature NFA < 0 and NX > 0 under free trade, and NFA = NX = 0 is implementable with an import

subsidy, τ I < 1, resulting in points aboveA on the trade balance curve. All portfolios belowEA′′
feature a larger

NFA < 0 under free trade, and there exists no import subsidy (or tariff) that can implement NFA = NX = 0
from such initial conditions (line EA′′

itself corresponds to the locus of portfolios that require infinite subsidy,

τ I = 0, to achieve NFA = NX = 0 in point A′′
).
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To address these issues, this section offers a simple dynamic model that can match the salient

properties of the U.S. external imbalance: a negative NFA position, persistent trade deficit,

and positive valuation effects. We argue that only one type of shocks can explain the dollar

depreciation in response to import tariffs — namely, a (partial) loss of convenience yield on

the US assets. We also show, depending on the types of assets traded, when the model and the

implied optimal tariff collapse to the static case from the previous section.

Setup Consider a dynamic extension of the baseline two-country model. Households have

CRRA preferences across periods with inverse elasticity σ and the same CES preferences be-

tween home and foreign goods as before, with η = θ. In each period, the resource constraints

are given by (1), and the law of one price holds. There are home and foreign internationally

traded assets with prices Qt and Q∗
t paying PHt and PFt in all future period until maturity,

which happens randomly every period with probability 1− δ. This payoff structure allows us

to nest as special cases one-period local-currency bonds with δ = 0, equity with δ = 1, and

long-term bonds with duration controlled by δ ∈ (0, 1), (as in sovereign debt literature; see

Aguiar and Amador 2021).

Two assumptions substantially simplify the analysis allowing us to focus on the main

mechanism of interest. First, home assets are only held by households from the other country,

and, second, asset supply is exogenously determined and constant over time. These assump-

tions guarantee that we do not need to solve complicated portfolio choice problems at the

aggregate level, and there is no transition dynamics. This can be rationalized by a high expo-

sure of households to local risk due to their ownership of the domestic endowment, and hence

their incentives to diversify portfolios toward foreign assets, which are however in limited

supply determined by the securitization capacity of the country and by the supply of gov-

ernment debt (Caballero, Farhi, and Gourinchas 2008). As long as agents abroad cannot take

short positions, the equilibruim features a corner solution with home household acquiring all

foreign bonds and equity. Second, motivated by the result from Corollary 2, we focus on a

deterministic setup and introduce excess returns via convenience yields (Krishnamurthy and

Vissing-Jorgensen 2012).

Home household solve a standard consumption-saving problem:

max
{Ct,B∗

t }

∞∑
t=0

βtu(Ct)

s.t. Q∗
tB

∗
t = (P ∗

Ft + δQ∗
t )B

∗
t−1 + PHtYt − PtCt + Tt,

where B∗
t are the holdings of foreign assets, Ct is the aggregate consumption, Pt is the con-

sumer price index, and Tt is the consolidated lump-sum transfer from firms and the govern-

30



ment that issue assets and collect revenues from tariffs:

Tt = QtBt − (PHt + δQt)Bt−1 + (τ It − 1)P ∗
FtCFt + (τEt − 1)PHtC

∗
Ht.

Taking the optimality conditions, we get a standard no-arbitrage for foreign bonds

Q∗
t = β

u′(Ct+1)

u′(Ct)

Pt

Pt+1

(P ∗
Ft+1 + δQ∗

t+1), (27)

which determines the price Q∗
t and the return R∗

t+1 ≡
P ∗
Ft+1+δQ∗

t+1

Q∗
t

on the foreign asset given

its exogenous supply B∗
t .

The problem of foreign households is symmetric except for the convenience yields:

max
{C∗

t ,Bt}

∞∑
t=0

βt
(
u(C∗

t ) + vt(Bt)
)

s.t. QtBt = (PHt + δQt)Bt−1 + P ∗
FtY

∗
t − P ∗

t C
∗
t + T ∗

t .

Time index in vt(·) allows for exogenous demand shocks. The aggregate transfer from foreign

government and asset-issuing firms is given by

T ∗
t = Q∗

tB
∗
t − (P ∗

Ft + δQ∗
t )B

∗
t−1.

The resulting optimality condition for home assets Bt has an extra term that reflects conve-

nience yield:

Qt = β
u′(C∗

t+1)

u′(C∗
t )

P ∗
t

P ∗
t+1

(PHt+1 + δQt+1) +
v′t(Bt)

u′(C∗
t )/P

∗
t

, (28)

and therefore increases its equilibrium price Qt and reduces its return Rt+1 ≡ PHt+1+δQt+1

Qt
.

Finally, combining the flow of funds for households and the government in either country,

we get the country’s budget constraint

Q∗
tB

∗
t −QtBt = (P ∗

Ft + δQ∗
t )B

∗
t−1 − (PHt + δQt)Bt−1 + (P ∗

HtC
∗
Ht − P ∗

FtCFt), (29)

where the last term is home’s net exportsNXt. This equation is the special case of the general

flow budget constraint (16). In particular, we can use R∗
t as the baseline rate of return (which

does not feature convenience yield) to rewrite (29) as:

Bt = R∗
tBt−1 + (R∗

t −Rt)Qt−1Bt−1 +NXt,

where Bt ≡ Q∗
tB

∗
t −QtBt is the NFA position going forward,R∗

tBt−1 is the payout on the pre-

vious NFA position without the convenience yield, and (R∗
t −Rt)Qt−1Bt−1 is the convenience
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yield on the gross home liabilities.

Valuation effects Assume that asset supply is constant, Bt = B and B∗
t = B∗

, and that

all shocks are fully unanticipated and permanent. Then there is no transition dynamics and

the economy immediately jumps into a stationary equilibrium, which we characterize next

dropping time subscripts. The Euler equations (27) and (28) imply that foreign assets earn

gross return 1/β, while returns on home asset are dampened and the asset price is inflated by

the convenience yield:

Q∗ =
β

1− βδ
P ∗
F and Q =

1

1− βδ

(
βPH +

v′(B)

u′(C∗)/P ∗

)
,

such that R∗ ≡ P ∗
F+δQ∗

Q∗ = 1
β
and R ≡ PH+δQ

Q
< 1

β
when v′(B) > 0.

Using the expressions for asset prices Q and Q∗
, we can rewrite the steady-state version

of the flow budget constraint (29) as follows:
31

NX + (1− β)
(
(P ∗

F + δQ∗)B∗ − (PH + δQ)B
)
+

v′(B)B

u′(C∗)/P ∗ = 0. (30)

This expression is a direct counterpart of equation (18) in flow terms: the first term corresponds

to a long-run trade (im)balance, the second term reflects returns of the initial net foreign posi-

tion and the on-impact valuation effects, while the last term summarizes future excess returns.

It follows that in contrast to the static model above, it is now possible for a country to have

a negative net foreign asset position (NFA = Q∗B∗ − QB < 0) and simultaneously run a

persistent trade deficit (NX < 0), as arguably is the case in the U.S. With high enough con-

venience yield, v′(B)B > 0, a country pays a lower return on its liabilities than it receives on

its holdings of foreign assets, earning an “exorbitant privilege”.

It is important to emphasize, however, that convenience yield affect not only the excess

returns, but also the prices of assets, i.e., both the second and the third terms in the budget

constraint (30). To evaluate the net effect, we substitute solution forQ andQ∗
from above and

get the following result.

Lemma 8 The intertemporal budget constraint is equivalent to

NX +
1− β

1− βδ
(P ∗

FB
∗ − PHB) +

1− δ

1− βδ
· v′(B)B

u′(C∗)/P ∗ = 0. (31)

The valuation effects of convenience yield are zero for equity with δ = 1 and are highest for
short-term bonds with δ = 0.

31
The intertemporal budget constraint yields the same expression divided through by (1− β), i.e., converting

flows into stocks.
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The first two terms in (31) are the same as in the static model. In particular, the net divi-

dends on international financial positions summarized by the second terms depend solely on

exogenous supply of assets B,B∗
and endogenous exchange rate P ∗

F/PH . In contrast, the

last term in (31) is new, and shows that the valuation effects from convenience yields depend

crucially on the maturity structure of assets.

The case in which countries hold only equity, δ = 1, is particularly instructive as it implies

that the last term in (31) is equal to zero, and the dynamic model effectively collapses to a static

one analyzed above. The reason is that in this case the on-impact valuation effects and future

excess returns perfectly offset each other. For example, if foreigners lose interest in the U.S.

equity, Q collapses generating a positive on-impact valuation effect for the U.S. However, the

required returns on the U.S. equities increase and the future convenience yields go down. More

generally, demand shocks for assets generate non-zero valuation effects for assets with finite

maturity, δ < 1. Indeed, in the opposite extreme case of short-term bonds with δ = 0, the on-

impact valuation effects are zero as all bond holdings expire, and an increase in convenience

yield translates exclusively into lower interest on country’s liabilities in all future periods.

Another important advantage of the dynamic model is that it helps to make sense of the

depreciation of the dollar in the first months of 2025 despite the introduction of U.S. import

tariffs. Indeed, the previous section shows that in a static model that features only the first

two terms from equation (31), the exchange rate must appreciate in response to this shock.

Furthermore, the same applies to most other shocks that likely accompany higher tariffs: a re-

cession that lower supply of home goods Y or a fall in payouts on home assetsB that generate

a positive on-impact valuation effect (cf. Atkeson, Heathcote, and Perri 2022). This leaves a fall
in future convenience yields under δ < 1 as the only likely source of negative valuation effects

that can lead to a dollar depreciation.
32
This mechanism is also consistent with a fall in asset

prices and increase in yields on the “Liberation Day”.

Corollary 8 An import tariff can depreciate the real exchange rate Q = P ∗
F/PH only if it trig-

gers negative valuation effects due to a reduction in convenience yield v′(B) in (31).

Optimal tariff What is the optimal trade policy in the presence of exorbitant privilege?

As before, the implementability constraint C∗
H = g(CF ) combines the country’s budget con-

straint with foreign optimality conditions and the market clearing condition. The difference

from the previous cases comes from extra valuation effects when δ < 1. As can be seen from

the last term in equation (31), the latter in general depend on marginal utility u′(C∗) and

aggregate price index P ∗
complicating the analysis. However, in the special case of equal in-

tertemporal and intra-temporal elasticities (ση = 1), the valuation effects due to convenience

yield depend only on B and hence are exogenous from the point of view of the home planner,

substantially simplifying the optimal policy. We prove in appendix:

32
Note that a decrease in v′(B) can be also thought of as a loss of productivity in the US financial service sector.
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Proposition 9 Assume ση = 1. Then the optimal import tariff is given by

τ = 1 +
1

η
(
1 + B̄

EX−B̄

)
− 1

·
1 + (1− Λ∗) CY

EX−B̄

Λ∗ , (32)

where as before Λ∗ ≡ P ∗
FC∗

F

P ∗C∗ and EX ≡ P ∗
HC

∗
H , B̄

∗ ≡ 1−β
1−βδ

P ∗
FB

∗ and B̄ ≡ 1−β
1−βδ

PHB are
flow cash payouts on home assets and liabilities, and CY ≡ 1−δ

1−βδ
v′(B)B

u′(C∗)/P ∗ is the flow value of
convenience yield, such that NX + (B̄∗ − B̄) + CY = 0 is the country budget constraint (31).

This proposition generalizes formula (24) for the optimal tariff without convenience yield,

i.e., when the term CY = 0, and hence net exports are financed via net returns on the asset

position, NX + (B̄∗ − B̄) = 0. When convenience yield is positive, and we have IM − B̄∗ >

EX−B̄where IM = P ∗
FCF , the optimal import tariff is higher thanwhat is prescribed by (24),

other things equal. Convenience yield allows to sustain larger imports for a given value of the

asset position, and if convenience yield v′(B)B is exogenous, this justifies a larger tax. Of

course, if v′(B)B were endogenous to the tariff, this would affect the optimal tariff formula,

as we discuss below.
33

Proposition 9 also clarifies that it is net flows on assets and liabilities that are relevant

for the optimal policy, not stocks. Indeed, for foreign assets it can be shown that B̄∗ =

(P ∗
F −(1−δ)Q∗)B∗ = (R∗−1)Q∗B∗

, which corresponds to net cash payouts on the country’s

position abroad. This object can be directly measured in the data. Things are more compli-

cated for home assets as their returns need to be calculated excluding convenience yield. One

option is to calculate asset payoffs and discount them using foreign returns R∗
. Alternative, if

both types of assets have similar maturity structure δ, one can use the following expression to

evaluate B̄ = (R∗−1)Q
∗

P ∗
F
PHB. Given B̄, the flow value of convenience yield can be evaluated

from the country budget constraint as CY = −(NX + NFA), where NFA ≡ B̄∗ − B̄ is

flow cash value from net foreign assets. Given these calculations, formula (32) still describes

the optimal tariff in terms of measurable sufficient statistics.

To conclude, we briefly discuss the case where convenience yield v′(B) is endogenous to

the trade policy. If a trade war causes a loss of confidence in the US assets by foreign investors,

this may eliminate all or part of the convenience yield of the US assets from the perspective

of foreign investors, and result in the loss of privilege of the US, along with the depreciation

of the dollar. We capture this with ∆v′(B) < 0 conditional on the start of the trade war. In

this case, the (per-period) welfare benefit of the optimal tariff relative to status quo (free trade)

needs to be weighted against the loss of excess returns equal to
1−δ
1−βδ

∆v′(B)B. When v′(B)B

is sufficiently large, a trade war may be too costly even if it is welfare-increasing in a static

33
Also note that both the budget constraint (31) and the corresponding optimal tariff (32) are obtained under

the assumption that import tariffs are introduced unexpectedly. If, instead, agents anticipate changes in trade

policy, they preemptively re-optimize their portfolios, changing equilibrium prices and convenience yields. In

turn, this changes the benefits of introducing tariffs and their optimal level.
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model. This may be the economic reason why the US did not engage in a trade war over an

extended period of trade and financial imbalances that opened up after mid-1990s.

5 Multiple Countries and Bilateral Trade Imbalances

So far, we focused on a uniform tariff on all imported (or exported) goods and assumed that the

only source imbalances between the two countries are international financial positions. An-

other source of bilateral imbalances is heterogeneity across economies with a typical country

running a trade deficit with some of its trade partners and trade surpluses with the other ones.

Is it optimal to impose different import tariffs across countries of origin in this case? What is

the optimal tariff and in particular, should it target bilateral imbalances? Are there benefits

from using both import and export tariffs? This section addresses these questions extending

the baseline model to a multicountry setting.

5.1 Setup

Consider home country indexed by i = 0 and its trade partners indexed by i = 1...N . House-

holds in region i are endowed with Yi units of country-specific good and have CES preferences

ui = Ci =
(∑N

j=0 γ
1
θ
jiC

θ−1
θ

ji

) θ
θ−1

. To simplify the analysis, we assume the same elasticity of

substitution θ in all countries. As before, all prices are expressed in dollars, the law of one price

holds for sellers, and any effects of trade costs are captured by the home bias in preferences.

The set of instruments available to the home planner potentially includes country-specific im-

port tariffs {τ Ii }Ni=1 and export taxes {τEi }Ni=1, which for brevity, we denote respectively with

τi ≡ τ Ii and ςi ≡ 1/τEi .

Given home trade policy, the global competitive equilibrium is determined as follows. The

law of one price holds for sellers, while consumer price of good j in country i is equal

Pji = Pjj for j, i ̸= 0, Pj0 = Pjjτj, P0i =
P00

ςi
, (33)

where τ I0 = τE0 = 1. The optimal demand of households in country i for good j is given by

Cji = γjiP
−θ
ji λi, where λi = P θ

i Ci

is the aggregate demand shifter in country i and Pi =
(∑N

j=0 γjiP
1−θ
ji

) 1
1−θ

is the ideal price

index. Aggregating demand across countries, we get the system of market clearing conditions

N∑
i=0

γjiP
−θ
ji λi = Yj, j = 0...N (34)
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While economies can run bilateral surpluses and deficits, the trade is assumed to be balanced

at a country level:

N∑
j=0

γjiP
1−θ
ji λi = PiiYi, i = 1...N (35)

Because of theWalras Law, the budget constraint for the Home economy is automatically satis-

fied given the other budget constraints and market clearing conditions. In sum, any allocation

implementable with home trade instruments should satisfy conditions (33)-(35).

Finally, we define trade shares that are the key sufficient statistics in our analysis below.

In particular, let αji denote market i share in country j’s total output and let sji denote the

spending share of country i on good j:

αji ≡
Cji

Yj

and sji ≡
PjiCji

PiCi

with

∑N
j=0 αij =

∑N
j=0 sji = 1 for every i. Of course, these shares are determined endoge-

nously and depend on home’s trade policy. We next characterize the optimal policy relegating

all proofs to Appendix A.

5.2 Complete markets

To build economic intuition, we start with a simplified version of the multi-country economy

that assumes complete asset markets between the RoW countries. This allows countries to

diversify the risk of home tariffs between themselves, even though they cannot hedge against

them in aggregate as there are no financial contracts with home agents that they can sign.

The optimal transfers between foreign economies imply that their budget constraints can be

aggregated and the system (35) is replaced with one constraint on the home planner. Further-

more, we focus on import tariffs and allow only for a uniform export tax, which according to

Lerner symmetry is isomorphic to a uniform import tariff. The preferences of households in

the RoW can then be aggregated into a representative-agent CES utility function u∗({C∗
j }Ni=0

)
over C∗

j ≡
∑N

i=1Cji.
34
Thus, the environment closely resembes the baseline model, except for

the presence of multiple goods.
35

The home planner’s problem then boils down to

max
{C∗

j }
u
(
{Yj − C∗

j }Nj=0

)
s.t.

N∑
j=0

u∗
j

(
{C∗

j }
)
(Y ∗

j − C∗
j ) = 0.

34
In a dynamic model, this requires an additional assumption that intertemporal elasticity of substitution is

equal to the intra-temporal one. Alternatively, one can assume that households in all countries have the same

static preferences across goods.

35
The structure of the problem is similar to that in Costinot, Lorenzoni, andWerning (2014) with the difference

that j indexes trade partners rather than periods, and we are solving for optimal tariffs, not capital controls.
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where {C∗
j } is the vector for j = 0...N , u ≡ u0

and Y ∗
j = Yj for j = 1...N and Y ∗

0 = 0 for

brevity.

Proposition 10 In a multi-country model with complete markets between the RoW economies,
the optimal bilateral tariff is given by

τj = 1 +
1

θ − 1

1

Λ∗
j

, (36)

where Λ∗
j ≡

C∗
j

Yj
is the share of endowment of country j consumed by the RoW.

The proposition generalizes formula (11) to a multi-country setting and shows that once

expressed in terms of sufficient statistics, the optimal bilateral tariff has exactly the same struc-

ture as in a two-country case. Remarkably, despite the general equilibrium spillovers across

economies, the optimal tariff on individual country is a function of home’s share in its total

sales and independent of any other trade flows. In particular, a higher tariff should be im-

posed on countries that rely on the U.S. as the main market and conditional on this statistic,

the bilateral trade imbalances are irrelevant. On the one hand, home might run a trade deficit

against country j, but account for a small fraction of its total sales — either because country j

is relatively closed or exports most of its output to other destinations — in which case the

optimal tariff is low. On the other hand, home might have a balanced trade with country i, but

be the main market of destination for i’s goods, in which case the optimal tariff is high.
36

5.3 Optimal tariffs

We next drop the assumption of complete markets and discuss two ways of solving for optimal

import tariffs — the first one extends Johnson (1950) to a multicountry setting and offers a

simple reduced-form formula, while the second approach provides a more explicit system of

equations in terms of optimal tariffs and measurable statistics — and then extend analysis to

the case when the planner can use both import and export tariffs and there are international

asset positions.

Johnson formula Similarly to a two-country setting, one can think of home trade policy

choosing a vector of imported quantities {Cj0}Nj=1 and the system of market clearing condi-

tions (34) and countries’ budget constraints (35) determining home’s exports

∑N
i=0C0i. The

resulting mapping Y0 − C00 = g
(
{Cj0}

)
summarizes the trade-off between importing more

36
This result that the country exploits its monopsony, but not monopoly power contrasts with the optimality

of a uniform import tariff and sector-specific export subsidies in Costinot, Donaldson, Vogel, and Werning (2015)

and is partly due to the assumption of uniform export tariffs. The next sections show that in general, it is optimal

to use both instruments.
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and exporting less and is the same as in the baseline model except that g(·) is now a function

of N variables rather than one. The planner’s problem can then be parsimoniously written as

max
{Cj0}

u
(
Y0 − g

(
{Cj0}

)
, {Cj0}

)
,

where {Cj0} is the vector for j = 1...N and we denote u ≡ u0
for brevity. Rewrite the

first-order condition u0gj = uj as

uj

u0

=
gjCj0

g
· P00g

PjjCj0

· Pjj

P00

and use household optimization togetherwith equations (33) to obtain a Johnson-type formula.

Lemma 9 The optimal tariff on imports from country j is equal

τj =
εj
zj
, (37)

where εj ≡ ∂ log g({Ci0})
∂ logCj0

is the elasticity of exports w.r.t. imports from j and zj ≡ PjjCj0∑N
i=1 PiiCi0

is
the value share of imports from j in total imports of home.

The intuition behind the formula is the same as before, and the scaling factor zj corrects

for the fact that elasticity εj is mechanically lower for goods accounting for a small fraction

of country’s trade. It is easy to see that in case of one trade partner N = 1, we get zj = 1 and

the formula simplifies to the baseline result from Section 3.1. More generally, equation (37)

shows that one needs to estimate partial trade elasticities εj and measure import shares zj to

compute optimal tariffs. As before, conditional on those statistics, no information about home

preferences is required.

Despite its important advantages, Johnson approach does not provide much information

about the heterogeneity of import tariffs across trade partners.
37
Furthermore, it is not straight-

foforward to adapt it to the case of both import and export tariffs. For this reason, we next

consider a complementary way of deriving optimal tariffs and on the way provide their alter-

native characterization.

Import tariffs Leveraging the fact that ςj = 1, substitute out bilateral prices (33) from

other equilibrium conditions. The planner then chooses equilibrium prices of goods {Pjj} and
37
In principle, elasticities εj can be recovered from the full structural model differentiating equations (34)-(35):

N∑
i=1

αji (θd logPjj − d log λi) = αj0d logCj0,

N∑
j=0

sji (d log λi − (θ − 1)d logPjj) = d logPii.

Given parameter θ and trade shares {αji, sji}, this system of N + 1 market clearing conditions and N budget

constraints can be solved for N demand shifters λi, N prices Pjj and one d logC00 as functions of N imports

d logCj0 allowing to compute the vector of elasticities εj .
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demand shifters {λj} in other economies that determine home residual consumption {Cj0}
subject to countries’ budget constraints:

max
{Pjj ,λj}Nj=1

u

{Yj − P−θ
jj

N∑
i=1

γjiλi

}N

j=0


s.t. λi

N∑
j=0

γjiP
1−θ
jj = PiiYi, i = 1...N.

Although no closed-form solution is available in general case, the next proposition charac-

terizes optimal trade policy in terms of sufficient statistics and reveals that the only required

information to compute tariffs are trade shares and the elasticity of substitution. It also shows

that the implied tariffs are in general heterogenous across countries and depend not only on

local characteristics of a trade partner but also the whole network of trade flows.

Proposition 11 The optimal country-specific import tariffs satisfy the following system

τj =
1

Λ∗
j

[
1

θ
τ̄j +

θ − 1

θ

N∑
i=1

αjiτ̄i

]
, where τ̄i ≡

N∑
j=0

sjiτj (38)

is the average tariff imposed on countries selling in market i and Λ∗
j ≡ 1− αj0 is the total share

of good j consumed by the rest of the world.

Intuition What is the economic intuition behind Proposition 11? When setting optimal

tariffs in a multi-country world, the planner needs to take into account not only changes in

bilateral terms of trade, but also income effects across its trade partners arising from move-

ments in relative prices. Because of heterogenous preferences, such implicit transfers change

global demand for goods and have second-round effects consequential for the home economy

(cf. Keynes 1929, Ohlin 1929). Clearly, such effects are absent in a simple model with complete

markets or homogeneous RoW preferences discussed above expaining why sales share 1−αj0

alone is a sufficient statistic for τj in that case.

We next provide a more detailed discussion of each element in system (38). It is convenient

to normalize U.S. prices P00 = u0, so that dollars have a marginal utility interpretation. It

follows then from household optimality conditions that an import tariff τj = uj/Pjj can be

interpreted as home marginal utility from spending extra dollar on imports from country j.

In contrast to the case of free trade when households equalize it across all goods, a planner

creates wedges by making local prices deviate from global ones.

The logic behind system (38) can then be understood in two steps. First, consider the home

shadow value of taking away one dollar from country i and spending it in the same proportion

across goods to keep global demand unchanged. Given country i’s spending shares sji and
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home marginal utilities τj , home gains from such transfer are equal τ̄i ≡
∑N

j=0 sjiτj . Second,

while home cannot directly transfer dollars from other economies, it takes into account the

implicit redistribution associated with its trade policy.

In particular, suppose the planner imposes a tariff and decreases imports of good j by one

unit. The marginal costs associated with lower consumption are proportional to τj , the left

hand side of equation (38). The marginal benefits from such move come from redistribution

and are two fold. First, a fall in demand Cj0 decreases the price of good j by d logPjj =
αj0

θ(1−αj0)
d logCj0 from market clearing condition (34). Country j’s income PjjYjj falls propor-

tionately, and the first term on the right hand side of equation (38) reflects the corresponding

benefits for home. Second, a lower Pjj makes other countries increase their spendings on good

j by d log(PjjCji) = (1− θ)d logPjj . This expenditure switching decreases demand for other

goods with the corresponding benefits for home summarized by the last term in formula (38).

The optimal policy then increases tariffs up to the point where marginal costs and marginal

benefits are equalized.

To gain better understanding, it is instructive to consider again the special case of two

countries N = 1. Since τ I0 = 1, the shadow value of one dollar transfered from the RoW is

given by

τ̄j = (1− sjj) + sjjτj.

From market clearing condition (1− γ∗)P−θ
jj λj = Yj − Cj0, it follows that conditional on λj ,

the elasticity of import spendings PjjCj0 with respect to consumption of foreign good Cj0 is

equal 1 + 1
θ

1−αjj

αjj
. Given the marginal costs of decreasing consumption of foreign good τj and

the marginal gains of saving dollars (and hence, home goods) τ̄j , the optimal tariff is set at

τj =

[
1 +

1

θ

1− αjj

αjj

]
τ̄j.

Thus, we get a fixed point problem: given τ̄j = 1, the planner imposes import tariff τj > 1 to

economize dollars it pays to foreigners. This elevates the marginal value of foreign goods and

the shadow value of foreign spendings τ̄j making the planner even more eager to redistribute

income from foreign via higher tariffs τj . Iterating the system, we converge to formula (11)

from the baseline model.

Import and export tariffs Does Lerner symmetry hold in a multi-country world or are

there additional gains from using unrestricted export tariffs? To answer this question, allow

the planner to choose country-specific {τj.ςj}. While this gives planner additional N instru-

ments, it does not eliminate any constraints. Instead, the market clearing condition for home
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goods is now different and allows the planner to shift exports across destinations:

max
{Pjj ,P0j ,λj}Nj=1

u

Y0 −
N∑
i=1

γ0iλiP
−θ
0i ,

{
Yj − P−θ

jj

N∑
i=1

γjiλi

}N

j=1


s.t. λi

[
N∑
j=1

γjiP
1−θ
jj + γ0iP

1−θ
0i

]
= PiiYi, i = 1...N

Proposition 12 The optimal import tariffs and export subsidies satisfy the following system

(
θ

θ − 1
− s0i

)
ςi =

N∑
j=1

sjiτj and Λ∗
jτj =

1

θ − 1
ςj +

N∑
i=1

αjiςi, (39)

where Λ∗
j ≡ 1− αj0 and τ I0 = τE0 = 1.

System (39) is homogeneous of degree one and the aggregate level of import tariffs and

export subsidies is not uniquely determined. However, it is generically optimal to use both

import and export tariffs and their values are vary across countries.

Financial portfolios To better understand the implications of bilateral vs. aggregate im-

balances for the trade policy, consider next a multi-country model with international financial

positions. We allow for fairly general portfolios with matrix {Bji} summarizing the holdings

of equity/bond j by country i. As before, asset j pays in units of good of economy j and,

without loss of generality, the net supply of assets can be normalized so that

N∑
i=0

Bji = Yj

and the share of country i in total supply of asset j is given by bji ≡ Bji

Yj
. The pricing block (33)

and the goods market clearing (34) are not affected by international portfolios. Instead, the

transfers created by asset holdings appear in countries’ budget constraints

N∑
j=0

PjiCji =
N∑
j=0

PjjBji.

We abstract from capital levy on foreign positions by focusing on import tariffs and follow the

primal approach to solve the home planner’s problem

max
{Pjj ,λj}Nj=1

u

{Yj − P−θ
jj

N∑
i=1

γjiλi

}N

j=0

 s.t. λi

N∑
j=0

γjiP
1−θ
jj =

N∑
j=0

PjjBji, i = 1...N.
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The next formula generalizes the result from Proposition 11, which can be obtained as a special

case when countries hold only local stocks, i.e. bjj = 1 and bji = 0 for j ̸= i (see Appendix A

for the proof).

Proposition 13 The optimal country-specific import tariffs satisfy

τj =
1

θ

1

Λ∗
j

N∑
i=1

[
(θ − 1)αji + bji

]
τ̄i, where τ̄i ≡

N∑
j=0

sjiτj (40)

is the average tariff imposed on countries selling in market i and Λ∗
j ≡ 1− αj0 is the total share

of good j consumed by the rest of the world.

5.4 Special cases

To build economic intuition, we next apply derived formulae in a few special cases illustrated

in Figure 6 that include balanced trade with each partner and the opposite extreme when the

U.S. (home) imports only from China and exports only to the RoW. In all cases, we assume that

trade is balances at a country level.

Bilateral links Consider first the case from Figure 6a when country j is trading only with

the U.S. i = 0 and therefore, trade between the two is always balanced. Substituting skj = 0

and αjk = 0 for k ̸= 0, j, αjj = sjj and τ0 = 1 into formula (38) and solving the resulting

equation, we get

τj = 1 +
1

θ − 1

1

αjj

.

Thus, the optimal tariff takes exactly the same form as in Proposition 11 from the baseline

two-country model. This shows that what matters for the optimal tariff is not the number

of trade partners, but rather the substitution across bilateral trade flows. At the same time,

system (39) is degenerate with equations for τj and ςj being collinear: the export tariffs are

redundant in this setting because Lerner symmetry applies to each individual trade partner.

One-way cycle The next example shown in Figure 6b assumes that the U.S. i = 0 imports

goods only from China i = 1, which imports from the RoW i = 2, which in turn imports

from the U.S. There is no trade in the opposite direction providing an extreme example of

unbalanced trade between any pair of countries. This corresponds to the following trade shares

α20 = α12 = s12 = s01 = 0, α10 = 1−α11 = 1−s11 = s21, α21 = 1−α22 = 1−s22 = s02.

Since Lerner symmetry holds for the aggregate import and export tariffs, we normalize τ2 = 1,

which seeme to be a natural assumption given no imports from the RoW to the U.S. Substitut-
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Figure 6: Trade flows across three regions

(a) Bilateral links

US

i = 0

China

i = 1

RoW

i = 2

(b) One-way cycle

US

i = 0

China

i = 1

RoW

i = 2

(c) Asymmetric flows

US

i = 0

China

i = 1

RoW

i = 2

ing trade shares and normalization into system (39), we get optimal import and export tariffs:

τ2 = ς1 = 1, τ1 = 1 +
1

θ − 1

1

α11

,
1

ς2
= 1 +

1

θ − 1

1

α22

.

It is intuitive that the U.S. taxes imports from China τ1 > 1 and exports to the RoW ς2 < 1,

but does not use other instruments given zero exports to China and imports from the RoW.

Furthermore, despite bilateral imbalances, the optimal tariffs take exactly the same form as in

a two-country model.

Interestingly, the the same optimal policy and allocation can be implemented with import

tariffs alone. This is a surprising observation: the policy above uses two instruments, but with

import tariffs alone and no imports from the RoW, the U.S. effectively has just one instrument

— a tariff on Chinese goods. The argument relies on Lerner symmetry that allows rescaling

all tariffs as follows:

ς̃2 = 1, τ̃2 = ς̃1 = 1/ς2, τ̃1 = τ1/ς2 =

(
1 +

1

θ − 1

1

α11

)(
1 +

1

θ − 1

1

α22

)
.

The key observation that τ̃2 and ς̃1 are irrelevant because the corresponding trade flows are

zero and hence, τ̃1 is sufficient to replicate the same allocation. Indeed, solving system (38) for

optimal import tariffs, we get the same results:

τ1 =

(
1 +

1

θ − 1

1

α11

)
τ2, τ2 = 1 +

1

θ − 1

1

α22

.

Asymmetric flows Although these results do not generalize to the case of arbitrary flows

between the three countries, they do extended to the case when the U.S. simultaneously im-

ports and export to China, while the RoW only imports from the U.S. and exports only to

China. The trade shares then satisfy s12 = α12 = s20 = α20 = 0.

Start again with the case of both import and export tariffs and substitute parameter values

together with normalization τ2 = 1 into system (39). It is straightforward to show that the
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solution is exactly as before and, conditional on domestic trade shares, the optimal tariffs do

not depend on additional trade flows between the U.S. and China:

τ2 = ς1 = 1, τ1 = 1 +
1

θ − 1

1

α11

,
1

ς2
= 1 +

1

θ − 1

1

α22

.

Thus, despite two-way trade flows between the U.S. and China, one trade instrument is still

sufficient as long as the U.S. can impose a separate export tariff on the RoW.

However, it must be clear that implementing the same allocation with only import tariffs

is no longer feasible as both ς1 and ς2 matter in this case and cannot simultaneously be set to

one. Solving system (39), we get

τ2 = 1 +
1

(θ − 1)α22 + θ s01
α01

, τ1 =

(
1 +

1

θ − 1

1

α11

)(
1 +

1− s01
α10

(θ − 1)α22 +
s01
α10

)
.

Thus, relative to the one-way cycle, the added trade flows between the U.S and China summa-

rized by s01 ̸= 0 distort the optimal tariffs. While τ2 is still irrelevant, the value of τ1 is lower

relative to the benchmark case due to s01 > 0.

A Proofs

Proofs of Propositions 1 and 7 With a general net foreign asset position (B,B∗) and no

export tax, τE = 1, the implementability condition that follows from Lemma 4 is given by:

u∗
H(C

∗
H , Y

∗ − CF ) · (C∗
H −B) = u∗

F (C
∗
H , Y

∗ − CF ) ·
(
CF −B∗), (41)

which derives from the foreign optimality condition (4), u∗
F/u

∗
H = P ∗

F/P
∗
H , withC

∗
F = Y −CF

substituted from the resource constraint (1), and the budget constraint (20), which we rewrite

as:

C∗
H −B =

P ∗
F

P ∗
H

· (CF −B∗)

after using the fact that P ∗
H = PH when τE = 1. Note that (41) reduces to (2) in Lemma 1

when B = B∗ = 0.

Condition (41) defines a mapping C∗
H = g(CF ) which is strictly increasing and concave

when B,B∗ > 0. The planners problem of maximizing u(CH , CF ) subject to the imple-

mentability and resource constraints reduces then tomaxCF
u
(
Y −g(CF ), CF ), which has the

necessary and sufficient optimality condition uH · g′ = uF . Recall that the import tariff (when

τE = 1) can be expressed as τ = τ I = (PF/PH)/(P
∗
F/P

∗
H) from (2) and PF/PH = uF/uH
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from the home optimality (3). Therefore, the optimal tariff equals, as in (23) in the text:

τ =
uF

uH

· P
∗
H

P ∗
F

=
g′(CF )CF

g(CF )︸ ︷︷ ︸
≡ε

· P
∗
HC

∗
H

P ∗
FCF︸ ︷︷ ︸

EX/IM

,

where the second equality substitutes in the tariff optimality condition and multiplies and

divides the expression by CF/g(CF ) = CF/C
∗
H . Under balanced trade, P ∗

HC
∗
H = P ∗

FCF , and

the optimal tariff satisfies τ = ε.

Finally, the elasticity ε of the trade possibilities frontier function g(·) derives from the full

differential of (41) and is given by:

ε =
d logC∗

H

d logCF

=
η CF

CF−B∗ +
CF

Y ∗−CF

η
C∗

H

C∗
H−B

− 1
,

where we used the CES functional form for u∗(C∗
H , C

∗
F ) =

η
η−1

[
γ∗ 1

ηC
∗ η−1

η

H +(1− γ∗)
1
ηC

∗ η−1
η

F

]
.

Substituting this expression into the optimal tariff, we have:

τ =
η CF

CF−B∗ +
CF

Y ∗−CF

η
C∗

H

C∗
H−B

− 1

P ∗
HC

∗
H

P ∗
FCF

=
η

P ∗
HC∗

H

P ∗
FCF−P ∗

FB∗ +
P ∗
HC∗

H

P ∗
FY ∗−P ∗

FCF

η
P ∗
HC∗

H

P ∗
HC∗

H−P ∗
HB

− 1
= 1 +

1 +
P ∗
HC∗

H

P ∗
FC∗

F

η
P ∗
HC∗

H

P ∗
HC∗

H−PHB
− 1

,

where the last equality uses the fact that P ∗
FCF − P ∗

FB
∗ = P ∗

HC
∗
H − PHB by the budget

constraint (20) and that PH = P ∗
H when τE = 1. Finally, we note that

1 +
P ∗
HC

∗
H

P ∗
FC

∗
F

=
P ∗
HC

∗
H + P ∗

FC
∗
F

P ∗
FC

∗
F

=
P ∗C∗

P ∗
FC

∗
F

=
1

Λ∗ ,

where Λ∗
is the foreign local expenditure share. With this, we write the optimal import tariff

as:

τ = 1 +
1

η
(
1 + PHB

P ∗
HC∗

H−PHB

)
− 1

· 1

Λ∗ .

When B = 0, this corresponds to (11) in Proposition 1. When B ̸= 0, this corresponds to (24)

in Proposition 7, where B̄ ≡ PHB. ■

Proofs of Lemma 7 Part a: For import tariffs, notice that the set of implementable alloca-

tions is determined by two conditions: the household demand

uF

uH

= τ I
u∗
F

u∗
H
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and the country’s budget constraint

u∗
F (CF −B∗) = u∗

H(C
∗
H −B).

When τ I → ∞, there are two possibilities. Suppose first that uF/uH stays finite. Then the

former condition requires u∗
F/u

∗
H → 0 and hence, u∗

H → ∞ and C∗
H → 0. This is inconsistent

with the budget constraint. The only other possibility is that uF/uH → ∞, which implies

uF → ∞ and CF → 0. Substituting into the budget constraint, we get

Φ(C∗
H) ≡

(
1− γ∗

γ∗
C∗

H

Y ∗

) 1
η

− B − C∗
H

B∗ = 0.

As long asB > 0, functionΦ(·) is continuous, strictly increasingwithΦ(0) < 0 andΦ(B) > 0,

which guarantees a unique solution 0 < C∗
H < B. Since CF = 0, we get NX > 0. And as

B → 0, the limiting point converges to autarky, C∗
H = CF = 0.

Suppose τ I → 0. If uF/uH ̸→ 0, then u∗
F → ∞ and C∗

F → 0, CF → Y ∗
, which is

inconsistent with the budget constraint. It follows that uF/uH → 0 and hence, CH → 0,

C∗
H → Y . The equilibrium value ofCF is then uniquely pinned down by the budget constraint

(
1− γ∗

γ∗
Y

Y ∗ − CF

) 1
η

=
Y −B

CF −B∗

and satisfiesB∗ < CF < Y ∗
. Both imports and exports are positive in this limit withNX < 0.

Indeed, monotonicty proven below implies that C∗
H rises and CF falls relative to a free-trade

equilibrium, which depreciates the real exchange rate, i.e., reduces P ∗
F/P

∗
H = u∗

F/u
∗
H . Thus, as

long as NFA > 0 under free trade, the trade balance remains negative in the limit of τ I → 0.

To prove monotonicity, substitute marginal utilities into the budget constraint, take logs,

differentiate and simplify:

Y ∗ −B∗ + (η − 1)(Y ∗ − CF )

(Y ∗ − CF )(CF −B∗)
dCF =

B + (η − 1)C∗
H

(C∗
H −B)C∗

H

dC∗
H .

Notice that CF −B∗
and C∗

H −B always have the same sign. Given that η > 1 and CF , B
∗ ≤

Y ∗
, all other terms are positive and we get dC∗

H/dCF > 0. As τ I changes from zero to infinity,

the economy moves along the budget constraint and, given previous limiting cases, both CF

and C∗
H decrease.

Part b: For export tariffs, the equilibrium conditions are given by household demand

u∗
H

u∗
F

= τE
uH

uF
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and the budget constraint

uF (CF −B∗) = uH(τ
EC∗

H −B).

Suppose τE → 0. The budget constraint implies
uH

uF
= B∗−CF

B
< ∞ and hence, from the

former condition u∗
H/u

∗
F → 0 and C∗

F → 0. But then CF → Y ∗
and B∗ − CF < 0, which

is inconsistent with uH/uF > 0. Thus, there is no equilibrium for τE → 0 and there is a

maximum feasible subsidy τE .

Consider next τE → τE . The allocation must then converge to the boundaries of the

Edgeworth box with either CF = Y ∗
or CH = 0. If CF → Y ∗

, then C∗
F → 0 and u∗

F → ∞.

Given that τEuH/uF ̸→ 0, the optimal demand requires u∗
H → ∞ and C∗

H → 0. This is

inconsistent with the budget constraint
uF

uH
= − B

Y ∗−B∗ < 0. Suppose then CH → 0 and

C∗
H → Y . It follows from household demand uF/u

∗
F → ∞ and hence, CF → 0 and C∗

F → Y ∗
.

Substitute into the budget constraint

u∗
F

u∗
H

=

(
1− γ∗

γ∗
Y

Y ∗

) 1
η

=
B/τE − Y

B∗ ,

which determines τE . As long as B < Y , we get 0 < τE < 1. The fact that C∗
H → Y and

CF → 0 implies that NX > 0.

Finally, suppose τE → ∞. If u∗
H/u

∗
F ̸→ ∞, then uF → ∞ and CF → 0, C∗

F → Y ∗
,

which is inconsistent with the budget constraint. It follows that u∗
H/u

∗
F → ∞ and C∗

H → 0,

CH → Y . The budget constraint implies

(
γ

1− γ

Y

CF

) 1
θ

=
B

B∗ − CF

and thus, there is a unique solution 0 < CF < B∗
. There is zero exports, positive imports and

NX < 0 in this limit. ■

Proof of Proposition 8 Note that monotonicity of C∗
H = gI(CF ) proven in part (a) of

Lemma 7 implies the result in Proposition 8: starting at the free trade point with NFA > 0

and NX < 0, there always exists a unique τ I > 1 such that in the equilibrium with import

tariff NX = NFA = 0. For larger values of τ I , the resulting NX > 0, as is the case in the

limit of τ I → ∞. ■
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Proof of Proposition 9 (model with convenience yield) Given no export tax, τE , we can

substitute P ∗
F/PH = P ∗

F/P
∗
H = u∗

F/u
∗
H into the budget constraint (31):

(
C∗

H − B̂
)
− u∗

F

u∗
H

(
CF − B̂∗)+ P ∗

P ∗
H

v′(B)B̃

u′(C∗)
= 0,

where B̂ ≡ 1−β
1−βδ

B and B̂∗ ≡ 1−β
1−βδ

B∗
, and B̃ ≡ 1−δ

1−βδ
B for brevity, and the foreign CES price

index can be expressed as:

P ∗

P ∗
H

= P ∗
(
1,

u∗
F

u∗
H

)
=

(
γ∗ + (1− γ∗)

(
1− γ∗

γ∗
C∗

H

C∗
F

) 1−η
η

) 1
1−η

=

(
C∗

H

γ∗C∗

) 1
η

,

using the definition of C∗ ≡
[
γ∗ 1

ηC
∗ η−1

η

H + (1− γ∗)
1
ηC

∗ η−1
η

F

] η
η−1

.

For CRRA preferences, u′(C∗) = (C∗)−σ
, and if ση = 1, it follows u′(C∗)P ∗

H/P
∗ =

(γ∗/C∗
H)

1
η . Thus, the new implementability constraint C∗

H = g(CF ) is implicitly defined by

γ∗ 1
ηC

∗− 1
η

H (C∗
H − B̂)− (1− γ∗)

1
ηC

∗− 1
η

F (CF − B̂∗) + v′(B)B̃ = 0,

where v′(B)B̃ is taken by the planner as exogenous constant. Note that it is the same as (21)

in Lemma 4 when v′(B)B̃ = 0.

The planner’s problem is still to maximize u(Y − g(CF ), CF ), which results in the first-

order condition uHg
′ = uF . Differentiating the implementability constraint and using the

properties of the CES utility, we get

g′ =
dC∗

H

dC∗
F

=
u∗
F

u∗
H

η + CF−B̂∗

C∗
F

η − C∗
H−B̂

C∗
H

.

Substitute into the expression for the import tariff, τ = PF /PH

P ∗
F /P ∗

H
= uF /uH

u∗
F /u∗

H
= g′

u∗
F /u∗

H
, we have:

τ − 1 =
1 +

P ∗
HC∗

H

P ∗
FC∗

F

P ∗
F (CF−B̂∗)

P ∗
H(C∗

H−B̂)

η
P ∗
HC∗

H

P ∗
H(C∗

H−B̂)
− 1

=
1 + 1−Λ∗

Λ∗
IM−B̄∗

EX−B̄

η EX
EX−B̄

− 1
,

where we used notation EX = P ∗
HC

∗
H , IM = P ∗

FCF , 1 − Λ∗ = 1 − P ∗
FC∗

F

P ∗C∗ =
P ∗
HC∗

H

P ∗C∗ , and

B̄ = P ∗
HB̂ and B̄∗ = P ∗

F B̄
∗
as defined in the proposition. Finally, note that with this notation,

the budget constraint (31) implies (IM −EX)− (B̄∗ − B̄) = v′(B)B̃
u′(C∗)P ∗ ≡ CY . Using this, we

can rewrite the formula above as (32) ■
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Multi-country model (Section 5)

Proof of Proposition 10 Denote the Lagrange multiplier with µ and take the first-order

conditions:

uj = µu∗
j

[
1−

N∑
i=0

u∗
ij

u∗
j

(Y ∗
i − C∗

i )

]
.

Use the properties of CES utility to get

uj

u0

=
u∗
j

u∗
0

θ + (Y ∗
j − C∗

j )/C
∗
j

θ − 1

and substitute in household demand function uj/u0 = τju
∗
j/u

0
j to get equation (36). ■

Proof of Proposition 11 Denote the Lagrange multipliers on countries’ budget constraints

with µi and take the first-order conditions with respect to

λi : −
N∑
j=0

ujP
−θ
jj γji + µi

N∑
j=0

γjiP
1−θ
jj = 0,

Pjj : θujP
−θ−1
jj

N∑
i=1

γjiλi +
[
(1− θ)P−θ

jj

N∑
i=1

µiλiγji − µjYj

]
= 0.

Simplify and rewrite in terms of import tariffs using household demand τj =
uj/u0

Pjj/P00
, P00 = 1:

u0

N∑
j=0

γjiP
1−θ
jj τj = µi

N∑
j=0

γjiP
1−θ
jj ,

θu0τjP
−θ
jj

N∑
i=1

γjiλi = µjYj + (θ − 1)P−θ
jj

N∑
i=1

µiλiγji.

The former condition can be used to express the Lagrange multiplier

µi = u0

∑N
j=0 γjiP

1−θ
jj τj∑N

j=0 γjiP
1−θ
jj

= u0

N∑
j=0

sjiτj ≡ u0τ̄i

where we use the fact that spending shares can be expressed as sji = γji

(
Pjj

Pi

)1−θ

. Substitute

µi and λi = P θ
i Ci into the second optimality condition to get

θτj(1− αj0) = τ̄j + (θ − 1)
N∑
i=1

αjiτ̄i.

This is isomorphic to formula (38). ■
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Proof of Proposition 12 Denote Lagrange multiplers with µi and take the first-order con-

ditions with respect to

λi : u0γ0iP
−θ
0i +

N∑
j=1

ujP
−θ
jj γji = µi

[
N∑
j=1

γjiP
1−θ
jj + γ0iP

1−θ
0i

]
,

Pjj : θujP
−θ−1
jj

N∑
i=1

γjiλi = (θ − 1)P−θ
jj

N∑
i=1

γjiµiλi + µjYj,

P0i : θu0γ0iP
−θ−1
0i λi = (θ − 1)µiλiγ0iP

−θ
0i .

Normalize P00 = 1 and substitute in ςi =
1
P0i

and τj =
u0
j

u0
0

1
Pjj

. The latter FOC implies then

µi = u0
θ

θ − 1
ςi.

Substitute together with λi = P θ
i Ci into other optimality conditions

γ0iP
1−θ
0i ςi +

N∑
j=1

τjγjiP
1−θ
jj =

θ

θ − 1
ςiP

1−θ
i ,

τjP
−θ
jj

N∑
i=1

γjiP
−θ
i Ci = P−θ

jj

N∑
i=1

γjiςiP
−θ
i Ci +

1

θ − 1
τEj Yj

and rewrite using demand functions to get system (39). ■

Proof of Proposition 13 Denote the Lagrange multipliers on countries’ budget constraints

with µi and follow the same steps as in the proof of Proposition 11. The optimality condition

with respect to λi is unchanged and, rewritten in terms of susfficient statistics, implies that

µi = u0τ̄i. The first-order condition with respect to Pjj is given by

θujP
−θ−1
jj

N∑
i=1

γjiλi = (θ − 1)P−θ
jj

N∑
i=1

γjiµiλi +
N∑
i=1

µiBji.

Combine it with household optimality conditions τj =
uj/u0

Pjj/P00
and definitions of trade shares

αji and portfolio shares bji to obtain equation (40). ■
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