How Tariffs Affect Trade Deficits®

Ivan Werning (1) Arnaud Costinot()
MIT

We study the positive (not normative) effect of a permanent import tariff on trade
deficits. We consider a two-period trade model with general preferences and technol-
ogy. We first develop an aggregation result showing one can work with induced pref-
erences over aggregate imports and exports. This simplifies the analysis considerably.
Our main result provides a sufficient statistic to evaluate the impact of tariffs around
free trade: tariffs reduce trade deficits if the Engel curves for aggregate imports and
exports are convex. Convexity is more likely when goods, at the micro-level, shift
between being imported, non-traded, or exported. If this extensive margin is inactive
and Engel curves are linear, then a permanent tariff is neutral.

1 Introduction

How do import tariffs affect trade imbalances? Setting welfare consequences aside, can a
permanent increase in tariffs reduce an ongoing trade deficit?

The answer depends on whom you ask. Politicians and the general public often as-
sume that tariffs, by discouraging imports, will narrow the trade deficit. The great trade
policy disaster of the 1930s is a case in point. As Irwin (2011) convincingly argues, trade
wars over that period were not primarily driven by lobbying and other forms of redis-
tributive politics, but rather by countries’ desire to correct trade imbalances via a rise in
trade protection. The “reciprocal tariffs” put forward on April 2, 2025 by the Trump ad-
ministration seem to derive from a similar belief that an increases in US tariffs can lower
trade deficits by choking off imports.

Economists are quick to point out that this is only part of the story. Everything else
being equal, tariffs may reduce imports, but why would exports be unaffected? Trade
economists may note that import tariffs are equivalent to export taxes, an expression of
Lerner symmetry (Costinot and Werning, 2019). Macroeconomists may add that, follow-
ing textbook analyses, trade imbalances are fundamentally shaped by national savings
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and investment decisions that are orthogonal to trade policy. Tariffs affect the extent and
nature of intratemporal trade, but the trade balance issue is one of intertemporal trade
(Economic Expert Panel, 2025).!

Intuitions aside, formal analyses of the impact of tariffs on trade imbalances are scarce.
It is fairly clear that temporary tariffs, which differentially affect the cost of living over
time, may affect borrowing and lending. It is also fairly clear that if economic conditions
were to vary over time, even a permanent tariff may have a different incidence on future
costs of living, with implications for trade imbalances. Razin and Svensson (1983) have
already made both points. A more subtle question, though, is whether everything else being
equal, one might still expect a systematic effect of permanent tariffs on the trade deficit.

Our main finding is that there may indeed be such a systematic effect. In their influen-
tial work, Obstfeld and Rogoff (2000) have shown that permanent trade costs dampen
both intratemporal and intertemporal trade. Our analysis elevates and extends their
mechanism and applies it to the case of import tariffs. The key observation is that even if
economic conditions are unchanged between today and tomorrow, the fact that a country
is currently running a trade deficit implies that aggregate consumption will, in general, be
different today and tomorrow. This opens the door for the non-neutrality of permanent
tariffs on the trade deficit.

We consider a neoclassical trade model over two periods. We allow for an arbitrary
number of goods, general preferences and general technology. Imports may be used as
final goods or as inputs into production. The government levies a uniform tariff on all
imports in both periods and rebates the revenue back to households.

The starting point of our analysis is a new aggregation result. We show that in each pe-
riod, one can summarize all the relevant implications of our general trade model for trade
deficits into a preference relation over aggregate imports and aggregate exports only. The
existence of this aggregate preference relationship turns out to be key to simplify our
analysis and to generate novel insights.

Using our new aggregation result, we derive two broad sets of insights about the rela-
tionship between tariffs and deficits. As a warm up, we first provide sufficient conditions
for two extreme scenarios: neutral tariffs and autarky-inducing tariffs. The trade balance
is locally unaffected by tariffs in an endowment economy with preferences that are appro-
priately homothetic when the equilibrium feature strictly positive imports and exports of
all goods, with no non-tradables. These assumptions are strong and, it turns out, always
violated for large enough tariffs. Indeed, we prove that large enough tariffs drive the
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economy to autarky and thus, in the extreme, reduce trade deficits to zero.

As our main contribution, we then offer a general analysis of the impact of tariffs
around free trade. We show that whether a tariff reduces a trade deficit depends on a
single sufficient statistic: the slope of the Engel curve in the import vs export space. When
this slope is is higher in the first period, then tariffs affect the first period more and tend to
reduce a trade deficit. When there are no differences in preferences, technology, or prices,
and the only difference across periods is the level of aggregate consumption, the slope
of the Engel curve today versus tomorrow is determined by the curvature of the Engel
curve, i.e. whether aggregate imports are a luxury good. If the Engel curve is linear, then
they are not, and tariff neutrality holds. If the Engel curve is strictly convex, then they
are, and tariffs reduce trade deficits.

This begs the question: What determines the curvature of the Engel curve? One pos-
sibility focuses entirely on the non-homotheticity of preferences over goods, as in Fajgel-
baum and Khandelwal (2016). If consumers’ preferences are such that imported goods
have elasticities higher than one, then the Engel curve will tend to be convex. Interest-
ingly, though, non-homothetic preferences over goods are not necessary. It is so because
the relevant preferences over aggregate imports and exports also capture technological
considerations. In particular, we show that the curvature of the Engel curve may capture
an active extensive margin of trade. When consumers have CES preferences over goods
and endowments are fixed, the Engel curve turns out to be linear if there is no action at
the extensive margin, no shifting of goods between imported and non-traded, or between
non-traded and exported (explaining our earlier neutrality result). In contrast, under the
same assumptions, when goods do shift between these categories, then the Engel curve
becomes strictly convex. With a fixed number of goods, Engel curves have kinks; with a
continuum, they are smooth.

How large are the possible effects? We do not currently have estimates of the suffi-
cient statistics that we uncovered to carry out directly the required calculations. We are
optimistic that such statistics could be obtained in the future, as they boil down to how
aggregate imports and exports respond to foreign interest rate shocks at different levels
of the trade deficit. As an alternative, we conclude, for now, with preliminary simulations
of the impact of tariffs on deficits in the context of a CES example.

Our results extend the applicability, and further shed light on the implications, of the
mechanism in Obstfeld and Rogoff (2000). They explored the idea that trade costs may
help explain a number of puzzles in international macro, including the Feldstein-Horioka
puzzle. In the context of a two-good endowment economy, they derive two key results.
First, they show that trade costs create a wedge between the real interest rates faced by



borrowing and lending countries; second, they show that the magnitude of this wedge is
larger when trade imbalances are larger as well. Based on these two observations, they
argue that trade costs, by creating this wedge, may keep trade imbalances in a modest
range, thereby explaining the high correlation between domestic savings and investment
and offering a solution to the Feldstein-Horioka puzzle.? Although Obstfeld and Rogoff
(2000) never formally study how trade costs or tariffs affect trade imbalances, the interest
rate channel that they emphasize is at the heart of our analysis. As we show, the shape of
the Engel curves encodes all the required information that is relevant for the interest rate
channel. We discuss this connection in greater details in Section 3, including the fact that
tariffs and trade costs are not identical due to their different wealth effects.’

Motivated by Obstfeld and Rogoft’s original work, Eaton, Kortum and Neiman (2016)
offer a quantitative exploration of the role of trade costs. At their preferred calibration,
the find that very large changes in trade costs, going all the way to zero trade costs,
can raise the US trade deficit to 20% of US GDP. effects on US deficits. Using a related
model, Reyes-Heroles (2016) estimates the evolution of trade costs over time and quan-
tifies their contribution to the observed changes in US deficits. He concludes that US
trade deficits observed in the late 2000s could have been three times smaller absent his
estimated changes in trade costs. Although we study a tariff, not iceberg trade costs, our
analysis could be applied in that context with some adjustments. Our results suggest
some caution in interpreting these prior quantitative findings, since these models had not
been directly calibrated to any evidence on the curvature of Engel curves, nor to separat-
ing the action along the extensive margin from an intensive margin.

Our crucial aggregation result combines elements of the perspectives put forward by
Hicks (1936) and Meade (1952). It emphasizes preferences over exports and imports, as
in Meade (1952), and further creates aggregate composites of the two, as in Hicks (1936).
This approach allows us to study trade deficits in a tractable way. Despite the fact that
we keep preferences and technologies general, our analysis is no more complex than in a
simple two-good economy. Through the lens of our aggregation result, richer economies
with a continuum of goods and active extensive margins of trade implicitly give rise
to non-homothetic induced preferences in the space of aggregate exports and imports,
which is what the impact of tariffs on deficits depends on.

2A similar emphasis on the relationship between trade costs and trade imbalances can be found in
Dornbusch (1983). In his paper, it is the existence of non-tradable goods that create a wedge between
domestic and world real interest rates whose magnitude varies with aggregate consumption.

3 A related literature centered on wealth effects discusses the impact of terms-of-trade shocks, such as oil
shocks, either temporary or permanent, on the current account. Classic references include Harberger (1950)
and Laursen and Mezler (1950). Obstfeld (1982) and Svensson and Razin (1983) offer formal treatments of
this issue in models with intertemporal utility maximization.
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2 A Neoclassical Model of Trade Imbalances and Tariffs

To study the causal relationship between tariffs and trade imbalances, we start from a rich
static neoclassical trade model and extend it to two periods. A representative agent with
general preferences makes consumption choices. Production is handled by firms using a
general technology, with any number of factors. Imports may be used as final goods or as
inputs into production. The government levies a uniform tariff T on all imports in both
periods, and rebates the revenue back to consumers.

For simplicity, we abstract from terms of trade effects and consider a small open econ-
omy that takes international prices as given. We also abstract from capital investment
decisions. An extension to endogenize investment may be of interest. Extensions to allow
for agent heterogeneity, more than two periods and a large country that affect their terms
of trade is of some interest, but in our view unlikely to provide substantial additional

insights for the issue at hand.

2.1 Preferences, Technology, and Trade

Preferences. The representative agent has utility
U(Cy, &)

where U is increasing and concave in aggregate consumption (Cy, C;). Some of our analy-

sis applies without further restriction on U, but other results rely on U being homothetic,

so that the marginal rate of substitution U (Cy, Cp)/U(Cq,Cz) is a function of Cy/Cs.

This is a common benchmark assumption for intertemporal decision problems. The CES

specification U = 1=-C{ 7 + B12-C, 7 with ¢, B > 0 (U = log C; + Blog C, with o = 1).
Aggregate consumption C; is given by an aggregator

Ct = Gt (Ct)

where ¢; is a finite or infinite dimensional vector representing all consumption goods, and
G¢(+, t) is assumed to be increasing and concave. In some cases it is useful to specialize
turther and assume G; is homogeneous of degree one, to capture the homotheticity of

preferences.

Technology. Technology is described by an aggregate production set Y; for t = 1,2 de-
termining feasibility by
(ct,mp, xt) € Yy



where m; > 0 represent imports and x; > 0 represents exports. This formulation captures
general production technologies, using any number of factors of production owned or
hired by firms. Firms import m; as inputs, produce c¢; goods for domestic consumption
and x; goods for foreign consumption.*

The setup allows for general trade costs. Non-tradable goods are those for which
technology dictates that x;; = m;; = 0. Iceberg trade costs are a special case where Y; is
given by requiring y; = ¢; + ﬁxi — (14 6;)m; and y € Q where Q) represents a domestic
net-production set.”

We implicitly assume all imports (and exports) are performed by firms, not directly
by consumers. This is realistic and without loss of generality, any trade in final goods is

handled by an importer firm.

Intertemporal Trade Balance. We take the world prices p;,, and p}, for t = 1,2 as well

as a world interest rate R* as given.® The intertemporal trade balance condition is then

1
Dy + ;D2 = NFA (1)

where NFA represents an inherited net foreign asset position, expressed in foreign goods,
which we take as given. The trade deficit is

* *
Dt = pit - 1t — Pyt - Xt

Equilibrium with Tariffs. Our goal is to characterize how an equilibrium, and its trade
balance, is affected by a change in the tariff rate 7. The next section develops an ag-
gregation approach that allows us to characterize the equilibrium using only aggregate
imports and exports. For completeness, the standard full conditions for an equilibrium
are included in the appendix. Here we provide an informal discussion.

An equilibrium requires introducing one more object: a vector of domestic consumer
prices. These prices are not necessarily equal to foreign prices due to trade costs, costs

of production and retail, and perhaps most importantly, the possibility that some goods

4The three vectors ¢, m;, and x; may, in principle, have different dimensions. For instance, non-traded
goods may be included in ¢, but not in m; and x;. Conversely, intermediate goods that are traded interna-
tionally may appear in m; and x;, but not in c;. As is standard in general equilibrium theory, factors can be
incorporated into the vector c; as negative entries.

>The general technology constraint Y; can accommodate still more general forms of trade costs. For
example, trade may require hiring specific inputs such as transportation services, associated with specific
elements in the vector of goods.

®1t is standard to impose p, = p%; = pi. We allow p},, # p%, more generally to capture the possibility
of foreign tariffs or trade costs that are paid by foreigners. This implies that for a given good, the price
received by a domestic exporter may differ from the price that a domestic importer would have to pay.
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are simply not traded in equilibrium. In equilibrium, households choose consumption
c subject to a standard budget constraint, taking as given consumer prices, firm profits
and government transfers. Firms choose (¢, m, x) to maximize profits, taking the tariff
rate T, consumer, import and exports prices as given. Government transfers T are equal
to the revenue from tariffs. Finally, market clearing in international markets requires the

intertemporal budget balance condition (1).

2.2 Static Equilibrium Conditions: Meade meets Hicks

In equilibrium, conditional on the vector of imports and exports, domestic consumption
and production choices in a competitive market are are efficient. The tariff makes imports
artificially more expensive than exports, so imports and exports will not be chosen effi-
cient overall. However, since the tariff is uniform across imports it does not affect relative
prices within imports nor relative prices within exports—equilibrium choices are efficient
within each of these categories. Thus, the equilibrium is efficient conditional on aggre-
gate imports and aggregate exports, even though it is inefficient in its choice of aggregate
imports and aggregate exports.

Preferences Over Imports and Exports. The previous reasoning allows us to subsume

both intra-period preferences G; and technology Y; by defining

C:(My, X;) = max  Gi(cy),

(ce,me,xt)EYe
subject to
Pt - Mt = My,
Pre - Xt = Xt

Here M; > 0 and X; > 0 are scalars representing the international value of aggregate
imports and aggregate exports, respectively. The trade deficit is simply

Dy = M; — X;.

All considerations that shape international trade in a given period ¢, either coming from
preferences (G¢) or technology (Y}), are encoded in the C; preferences relation over (M, X),
which is all we will need to know in order to study the impact of tariffs on trade deficits.”

’Since the existence of the C; preferences derives from the efficiency of the competitive equilibrium,
we conjecture that our analysis extends, without further qualifications, to monopolistically competitive
environments in which the decentralized equilibrium is also efficient, as in Krugman (1980) or Melitz (2003).
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Figure 1: Indifference curves and an Engel curve (with T = 0) in (X, M).

Figure 1 provides a graphical illustration of the aggregate preferences, with three indif-
ference curves and an Engel curve. The latter is defined as the loci of points (M, X) where

Cim/ Cix is constant. Its shape will play a key role below.

Imports and Exports in Equilibrium. In the rest of our analysis, we will make extensive
use of the expenditure function associated with C;,
= mi 1 M-X
(€, 1) = min {(1+7)M — X}
s.t: Ct(M, X) Z C.

The static equilibrium conditions require import and exports to solve this problem. We
let M;(C, ) and X;(C, T) denote its solution. We can then define the deficit function

Di(C, 1) = Mi(C, ) — X¢(C, 7).

Note that if tariffs are positive, the deficit function differs from the expenditure function,
with D¢(C, ) = e:(C, 7) — TM;(C, T), a reflection of the distortionary effect of tariff.

Historical Note. The notion that preferences and domestic production can be combined,
exploiting domestic efficiency, follows and extends a perspective introduced by Meade
(1952) and further formalized by Dixit and Norman (1980). However, because of the
questions they were studying, they worked with the vectors of net imports x — m. In
contrast, we do not net out and keep imports and exports separate. We do so because
the import tariff and other general trade costs may create different prices for the same

good depending on whether it is imported or exported. In addition, we aggregate the



import vector m to the scalar M and the exports vector x to the scalar X. This reflects our
interest in the impact of a uniform tariff T that affects the price of (all) imports relative
to (all) exports, which allows us to apply what Deaton and Muellbauer (1980) refer to as
the composite commodity theorem due to Hicks (1936). Thus, our analysis extends and
combines elements of Meade and Hicks.

2.3 Dynamic Equilibrium Conditions

Using the expenditure function associated with the static equilibrium conditions, we can
express the household problem as

Uu(c,C
BU(CC)

1
el(Cl,T) -+ ﬁez(CQ,T) = NFA+T,

where the lump-sum transfer T = TM;(Cy, T) + g=TM2(Cy, 7)) is taken as given. The

dynamic equilibrium conditions are then

MRS(Cl, Cz) = R(Cl, Cz, T),
1
Dl(Cl, T) + EIDZ(CZI T) = NFA.
where MRS(Cy1,Cy) = Up(Cq, Cp)/Uy(Cq, Cy) denotes the marginal rate of substitution
between aggregate consumption in the two periods and

R(C1,Cy ) = R ACLCVT)
e2c(Co, )
denotes their relative marginal cost, i.e. the domestic real interest rate, with the conven-
tion e;c = de;/aC.

Given the focus of our analysis, it is convenient to change variables and rearrange
the previous system directly as a function of the trade deficits in the two periods. Let
D, 1 (D, T) denote the inverse of the deficit function, i.e. the level of consumption C solv-
ing D;(C,7) = D,and D~}(Dy, Dy, 7) = (Dfl(Dl,T),Dgl(Dz,T)) denote the associated
vector. We can then express the equilibrium trade deficits (D1, D;) as the solution to a
system of two equations.



;" Dy+ 4Dy =NFA

Figure 2: Equilibrium conditions (2)—(3).

Proposition 1. Aggregate deficits D1 and D, solve

MRS(D_I(DLDZ/T)) = R(D_I(DerZIT)IT)/ (2)

1
Di + ;D2 = NFA. 3)

Proposition 1 encapsulates our aggregate approach, formally showing how the ag-
gregate preferences C;—and the associated functions e;, D;, and R— shape the causal
relationship between tariffs and trade imbalances in a general neoclassical model. We
illustrate this relationship in Figure 2.

Whether or not tariffs reduce trade deficit boils down to whether the MRS = R locus
shifts up or not in this figure. Such a shift may happen for two reasons. First, a change in
T may affect the domestic real interest rate, as captured by the partial derivative 0R/0dT.
Second, a tariff, because it is distortionary, may also raise the level of the deficit, i.e. the
transfer from the rest of the world required, to achieve a given level of consumption, as
captured by the partial derivatives 9D; ! /dT. We now use equations (2) and (3) to explore
the conditions under which a rise in tariff may reduce trade deficits.

3 So, Do Tariffs Reduce Trade Deficits?

Throughout the rest of our analysis, we let (D1(7), D2(T)) denote the solution to (2)-(3).
The goal is to characterize the monotonicity of D;(7) with respect to T.
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3.1 Warming Up

We start with two extreme results that illustrate the range of effects that a permanent
increase in tariffs may have on trade imbalances, from fully neutral to entirely closing the
trade deficit.

Exact Local Neutrality. For our first result, we provide sufficient conditions under which

marginal tariff increases are fully neutral. We need the following assumptions.

Assumption 1. Homothetic preferences: U(Cy1, Cy) and G1(c) = Ga(c) = G(c) homogenous of
degree one.

Assumption 2. Fixed endowments: y, and y.

Assumption 3. Iceberg trade costs: ciy = y;; + ﬁmit — (1 4+ 6;)xit.

Assumption 4. Stationary prices: p;, = pyo and pi; = pro-

These assumptions nest as a special case an Armington model in which G is a CES
utility over two goods, the Home good and the Foreign good, and where Home is only
endowed with its own good, as in Obstfeld and Rogoff (2000).

Proposition 2 (Exact Local Neutrality). Suppose Assumptions 1-4 hold. For a given tariff T,
suppose further that the equilibrium has each good i either strictly imported (m;; > 0) or strictly
exported (x;; > 0) and that the sets of goods imported and exported are the same across periods
t = 1,2. Then, locally, tariffs do not affect trade deficits: D;(t) = 0.

Proposition 2 resonates well with the broad intuition that unlike temporary tariffs,
permanent tariffs may have no effect on a country’s incentives to borrow and save.® It
should already be clear, though, that exact neutrality requires quite a bit more than just
the same tariff in the two periods. We will explain in details why in the next section. But

before doing so, we turn to the other extreme scenario in which tariffs choke off all trade.

Autarky. Our next result provides conditions under which a large enough tariff leads to
zero aggregate imports, zero aggregate exports, or both. In the special case where both
imports and exports are zero, the economy is under autarky and tariffs fully close the
deficit. This occurs when NFA = 0. Otherwise the economy runs persistent deficits, if
NFA > 0, or persistent surpluses, if NFA < 0, as the next proposition demonstrates.

80f course, even a permanent tariff may affect a country’s incentives to borrow and save if economic
conditions differ in periods t = 1 and ¢ = 2. In Proposition 2 we, therefore, require preferences, trade costs,
and prices to be the same in the two periods (though, interestingly, the stationarity of endowments can be
dispensed with). Razin and Svensson (1983) show how neutrality breaks down when the same goods are
exported and imported in both periods, but the environment is not stationary.
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Proposition 3 (Intratemporal and Intertemporal Autarky). Suppose C; has bounded deriva-
tives and all aggregate commodities, Cy, My,and —X;, are normal. Then there exists a T such that
forall T > 1: (i) if NFA = 0 then My = Xy = 0and Dy = 0; (ii) if NFA > 0 then X; = 0 and
D; > 0; and (iii) if NFA < 0 then My = 0 and D; < 0.

We view the two technical conditions imposed in Proposition 3 as very mild. We
assume the derivatives of C are finite, even at M = 0 or X = 0 for simplicity, to avoid the
need for a limit T — co argument. Economically, this represents the realistic assumption
of finite choke prices for supply and demand.” We require the normality of all aggregate
commodities to establish the uniqueness of

Note that Proposition 2 and 3 are not in contradiction with each other: for high enough
tariffs the equilibrium is no longer interior, so Proposition 2 cannot be applied. Indeed,
when Proposition 3 is applied under Assumptions 1—4 hold, it proves that there exists a
T < T for which some goods have m; = 0 or x; = 0 and such that the trade imbalance is
falling |D{(7)| < 0 (if |D1(7)| # 0).

3.2 A Sufficient Statistic: Slope of the Engel Curve!

To get a deeper understanding of the relationship between tariffs and deficits, we now
return to the general model of Section 2 and to the system of equations (2)—(3) that de-
termine the effect of tariff on deficits. As previously discussed, tariffs have two types of
effects: an interest rate channel, via dR/9d71, and a distortion channel, via 0D, 1/9t. For
our main result, we zoom in on the first of these two channels by considering a small
change in tariff around free trade, which implies that the distortionary effect of the tariff

is second-order.

Interest Rate Channel. Consider the domestic real interest rate,

€1c (Cll T)

R = R* ;
(G C27) exc(Cy, T)

How would a change in the tariff T affect the real interest rate, holding fixed aggregate
consumption in the two periods? To answer this question, we can take logs and differen-
tiate the previous expression,

alnR(Cl,Cz,T) . €1CT(C1,T) _ EZCT(CQ, T) (4)

dint e1c(CL 1) exc(Co )

9Note, also, that G; may still satisfy the Inada condition G, —+ o0 as ¢;; — 0, since m; = 0 does not
necessarily imply ¢; = 0 if good i can be produced domestically.
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In any given period, the first and cross-derivatives of the expenditure function satisfy

ec(C, 1) = (14 1)Mc(C,7) — Xc(C,7) >0
e-(C,7) = M(C,T) >0,
ect(C, 1) = Mc(C, 1) 20,

where we have dropped the subscript ¢ for notational convenience. It follows that

ect(C, T) Mc(C, 1) 1

ec(CT) - AT DMCT) —Xe(C 1) - A+0-XeCn/Mc(Cr)

is a decreasing function of M¢(C, 7)/Xc(C, 7), which is the slope of the Engel curve de-
scribed in Figure 1,

dM  Mc(C,7)

dx XC (C , T ) '
Put together, equations (4) and (5) imply that an increase in tariff shifts up the real interest
rate, 0InR/dInT > 0, if and only if the slope of the Engel curve, dM /dX is loweratt =1
than att = 2.

No Distortion Channel. Would a change in tariff T have any other effect? In general, the
answer is yes. Tariffs may also shift the deficit function, D;(C, 7), and in turn, its inverse
D;1(D, 7). To see this, note that

D (C, 1) = e (C,7) — My(C,7) — ™M (C, T) = —TM(C, 7) < 0.

This captures the usual welfare loss due to a fiscal externality measured as a change in the
area of the “Harberger triangle” under the demand curve for imports. For T > 0 we have
Dir < 0 anegative wealth effect. At T = 0, however, this is not the case and D;; = 0. This
then implies that the shift in MRS = R locus in Figure (2) is entirely driven by the shift in
the interest rate, R /97. This leads to our next proposition.

Proposition 4 (Sufficient Statistic). Starting from free trade (1 = 0), an increase in tariffs
reduces the deficit in period 1,
Di(t) <0,

if and only if the Engel curve is steeper in this period,

‘ dM, ‘ ©)

X,

dMy
dXs

Intuitively, inequality (6) represents a higher reliance, at the margin, on imports in the
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tirst period. A tariff then raises the cost of consumption more in the first period, creating
a substitution effect away from C; towards C, i.e. an incentive to save, which reduces
the trade deficit. Note that this may happen even though preferences, technology, and, in
turn, Meade preferences over imports and exports, C;, are invariant over time. This can
happen merely because the country is running a trade deficit in one period and a trade
surplus in another, which opens the door for a different incidence of the same tariff T in
the two periods, as long as the Engel curve is not linear.

A naive intuition may be that what matters is the direct incidence of the tariff on an
aggregate consumption price index. Our result shows that this intuition, however, is gen-
erally lacking. First, the use of a consumption price index presumes homotheticity of
preferences, but our result does not invoke such an assumption. Thus, our result allows
for inferior, superior or luxury goods. Second, in general, imports may be used in produc-
tion as inputs, rather than directly consumed as final goods. Third and most surprising,
according to our sufficient statistic, non-traded goods simply do not enter the picture. In
most economies the share of non-traded goods is large relative to imports, for example.
But neither the share nor the marginal consumption, nor the impact on price, of non-
traded goods matters directly. For all these reasons, a naive intuition based on the share
of imports in total consumption is misleading. According to our result, only the relative

expansion of imports to exports matters.

3.3 What Shape for the Engel Curve?

The shape of the Engel curve described in Figure 1 is sufficient to evaluate the impact of
a small change in tariff. But this begs the question: In practice, what shape do we expect

Engel curves to take?

Measurement. Although the focus of our analysis is theoretical, it is important to note
that the slope of the Engel curve emphasized in Proposition 4 is not an esoteric object. To
the contrary, it is the answer to the following empirical question: if the domestic trade
deficit increases exogenously by AD, say, because of a small decrease in the foreign inter-
est rate R*, what are the associated changes in imports and exports, AM and AX? The
ratio of these two numbers is equal to the slope of the Engel curve, evaluated around the

original deficit level D.!” If the response of imports relative to exports, AM/AX, differs

19Formally, imports, exports, and deficits are only a function of the tariff T and aggregate consumption
C. So for a fixed level of the tariff 7, the change in the deficit AD must reflect the change in aggregate
consumption AC caused by the change in foreign interest rate.

14



with the level of the deficit, D, then Proposition 4 implies that a small increase in tariff
has a first-order effect on the trade deficit.

Theory. We are not aware of empirical work that has tried to estimate directly the pre-
vious responses of imports and exports. We think that such work would be valuable, and
hope that our theoretical analysis may serve as motivation. For now, in order to get a
better understanding of what Engel curves may actually look like, we return to theory
and the simple endowment economy used for our exact neutrality result.

In Proposition 2, we have focused on the case where the extensive margin of trade was
inactive. Our next result shows that whether or not the extensive margin is active, in the
sense that changes in C affect the split between exports, non-traded goods and imports is
critical for the shape of the Engel curve.

Proposition 5. Suppose that Assumptions 1-4 hold, with G CES. Then the Engel curves of

Ct(M, X) are convex for all (M, X) > 0 and strictly convex if the extensive margin is active.

The broad intuition is as follows. By definition, both imports and exports must be
non-negative. When aggregate consumption C goes up, we move along an Engel curve
increasing imports M decreasing exports X. At the micro level, various imports and ex-
ports adjust. Due to the homotheticity of preferences, absent non-negativity constraints,
these adjustments are linear, implying a linear Engel curve.!! However, this is no longer
the case when non-negativity constraints bind. In particular, as consumption C; rises, the
non-negativity constraint for exports becomes binding for a greater number of goods, go-
ing from x;; > 0 to x; = 0, blunting the adjustment on the aggregate export X margin.
Likewise, as consumption C; rises, a greater number of goods that were not previous im-
ported start being imported, going from m;; = 0 to m;; > 0, facilitating the adjustment
along the aggregate import margin. Both these extensive margins tend to make Engel
curves more convex.

A corollary of Propositions 4 and 5 is that around free trade, a tariff must decrease
the trade deficit whenever the extensive margin of trade is active. The fact it was not in
Proposition 2 was therefore critical for exact neutrality result. Figure 3 explains why.

In this simple economy, when the extensive margin of trade is inactive, the Engel

curve that connects (M1, X7) to (Mp, X3) is linear. So the incidence of a tariff on the cost

The fact that we start from an endowment economy with homothetic preferences implies that Meade
preferences absent non-negativity constraints and defined over the entire vector of goods, are quasi-
homothetic in m — x. Absent non-negativity constraints, Engel curves would therefore be linear. The CES
assumption guarantees that quasi-homotheticity is preserved when non-negativity constraints are binding
for a subset of non-traded goods.
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X

Figure 3: Convex Engel Curves and Non-Neutrality.

of living, or more precisely the marginal cost of aggregate consumption, is the same in
the two periods, leading to no effect on the trade deficit. In contrast, when the extensive
margin of trade is active, in the extreme because imports or exports go to zero in one
period, the Engel curve that connects (Mj, X1) to (Mp, X3) is strictly convex, tariffs must
increase the cost of living more in periods of deficit, incentivizing people to save and the
deficit to shrink.

3.4 An Example with CES Utility

We end this section by showing that a case where we can extend the conclusions of Propo-
sition to any T > 0. We adopt Assumptions 1-4 but impose additionally that both G; and
U(Cq,Cy) are CES with identical elasticity of substitution. Then utility is additive

/Qu(ci)dF+,B/9u(ci)dF,

with

o > 0. We then have the following result.

Proposition 6. Consider the additive economy described above. If preferences and prices are
stationary, but (i) BR* < 1 and/or (ii) y1 < y, then

D1(7) > Do(71),
Di(t) <0.

forall T < T with T defined as in Proposition 3.
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Figure 4: Permanent Change in Tariff in a CES Example
Notes: Figure 4a plots the Engel curves in (M, X) space for different values of T at the baseline parameters.
Figure 4b plots for the deficit Dy, expressed as a share of GDP, as a function of the tariff 7, both at the
baseline parameters (solid line) and at the alternative parameters (dashed line).

Intuitively, this result states that if either the country is impatient, the world interest
rate is low, or the country has lower output today than tomorrow, then the country will
spend more in the present. (If NFA=0 this implies it runs a trade deficit.) Under these
conditions, a higher tariff reduces the trade deficit. Note that this result is consistent
with Proposition 5, showing that Engel curves are convex, since preferences are assumed
CES. The additivity of utility allows us to go beyond a neighborhood of free trade as in
Proposition 4 and apply the result to any tariff level T > 0 that does not induce autarky,
T<T.

Figure 4 offers a numerical illustration of the relationship between tariffs and deficit in
this environment. For our simulations, we set the discount factor to f = 0.87, the world
interest rate to R* = 1, and the intertemporal elasticity of substitution to # = 1. We nor-
malize all world prices to unity: p;, = py = 1. We assume that international to iceberg
trade costs 6 = 0.37, which implies a share of imports to GDP equal to 15% in the free
trade equilibrium (T = 0). We set the elasticity of substitution between goods to o = 2.4.
Finally, we assume that Home’s comparative advantage follows from variation in its en-
dowment across goods i € [0,1], withy; = [1+ ev (i_%)] ~1. The parameter 7 captures the
importance of extensive margin considerations. As 7y goes to zero, the model converges
to a standard Armington model with a domestic good (with positive endowment) and
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a foreign good (with zero endowment). In our simulations, we set y to target a trade
elasticity of 2, with the trade elasticity defined as the elasticity of the relative demand for
imports (holding aggregate consumption fixed).

Figure 4a displays the Engel curves associated with different values of 7. As pre-
viously discussed, Engel curves are convex, consistent with Proposition 6. In this CES
example, going from free trade to a 60% tariff cuts the deficit from 6% of GDP to about
4%, as can be seen from the solid line in Figure 4b. Results, however, are very sensitive to
the importance of extensive margin considerations. Raising - from 0.05 to 0.5, and low-
ering the value of ¢ to 1.25 in order to target the same trade elasticity, leads to a steeper
relationship between tariffs and deficits, especially around free trade, as can be seen from
the dashed line in Figure 4b. Much remains to be done empirically to estimate the shape
of Engel curves and credibly quantify these effects.

4 Concluding Remarks

We have used a flexible trade model to study the effect of tariffs on the trade balance
and to isolate the relevant sufficient statistics. In particular, we find that the response is
controlled by the aggregate Engel curve for imports and exports.

Except in special cases, economic theory predicts that tariffs do affect trade imbalances
and are likely to reduce them. Our results provide a step forward in understanding the
underlying mechanism and determining the magnitudes, with extensive margin consid-
erations playing a central role.

We conclude with a word of caution. We started this paper by noting that our focus
was a positive rather than a normative one. We are interested here in whether tariffs can
affect trade deficits, not whether tariffs should be used to affect them. Through the lens
of our model, the answer to the second question is easy: they should not.
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A Equilibrium Definition

This appendix lays out the full set of equilibrium conditions without using our Meade-
Hicks aggregation trick.
Household face a domestic budget constraint

1 1
pei-cit P =H1+T1+§(H2+Tz)

where {p.:} are domestic consumer prices, Ry a domestic interest rate, I'l represents prof-
its from firms and T represents a transfer from the government. The domestic interest rate
could be normalized to unity without loss of generality, letting the level of p., relative to

Pct-
Each period ¢, firm profits are given by

It = pet e+ prp - %0 — (L4 T)ppe - me.

Given 7, an equilibrium is {(c¢, m, x¢), pet } 112 such that

1. Consumption (c1, c2) maximizes utility subject to the budget constraint taking p;,I1;

and T as given.
2. Each period, (cy, my, x;) maximizes profits I'1; taking pet, pir,p, pi; and T as given.

3. Transfers satisfy
Ty = TPy - M.

B Proof of Proposition 1

We draw on the full equilibrium definition from Appendix A. We proceed in two steps.
First, we establish that for any given C;, the equilibrium in period t can be found using
the aggregates and C;, as argued in Section 2.2. Second, we establish that we can find
the aggregates C; and C; by focusing on the intertemporal problem in Section (2.3). To
save notation, we fix T, p;,, and p}; and drop these variables from the arguments of all

functions.

Static equilibrium conditions. For a given price p,, the firm problem in period ¢ is

€ (pe) =mn(L+ T)ppy - M = prp - x = pe-c

s.t:(c,m,x) € Y.
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The dual of the household problem can be written as

é:(pe, C) Emcinpc C

s.t :Gi(c) = C.

For a given C;, a static equilibrium at ¢ corresponds to (p, ¢t, my, x;) that solve both the

firm and household problems. A static equilibrium thus also solves

et(C) EEI}’}I’J}(l + T)Pmt - M — Pyt - X

s.t:(c,m,x) €Y,
Gt(C) =C.

At the equilibrium price p., note that

et(Ct) = éi(pet) + ét(pet, Ct)-

The minimization problem ¢;(C) is identical to minimizing (1 + 7) M — X subject to C;(M, X) =
C. We can then find m, x from the maximization problem defining the aggregate prefer-
ences C;. This establishes that for any given C; the equilibrium in period ¢ can be found

using the aggregates and C;.

Dynamic equilibrium conditions. Since preferences are separable over time, we can
use two-stage budgeting to express the intertemporal household problem as

UG, C
BRU(C €

. 1 .
é1(pa,C1) + %62(;752, Cy) = NFA+T,

where é;(p., C) denotes the static expenditure function of the household and the transfer
T is taken as given. This gives the first-order condition

Ui (G, C) R*é1C(C1/pc1)

Up(Cq,C) boc(Co, pe2)

To establish that this matches the first-order condition (2) in Section 2.3, i.e. equation it is
sufficient to show that

erc(Ct) = éc(pet, Cr).
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We already argued above that for C = C;,

et(Ct) = & (pet) + & (pet, C).

Now we want to show that for C # C;,

et(C) > & (pet) + é¢(pet, C). ()

This then implies that e () is an upper envelope for é(p, -) and, in turn, that

eic(Cr) = éc(pet, Cr),

as desired.
To establish (7) we first rewrite

el(C) = _min (1+O)piy -~ pia-x
s.t:(cs,m,x) €Y,
Gt(ca) =C,

Cd — Cs.
Then for any p.+, we note that

e;(C) > Cdfg}i,{}x(l + T)Pmt - M — Pt - X+ pet - (¢ — ¢s) = € (pet) + € (pet, C)

s.t.:(cs,m,x) €Yy,
Gt(ca) =C,

where the inequality derives from the fact the the right-hand side is a relaxed version of
the original expenditure problem and the equality derives from the fact that c¢; and cs only
appear in the household and firm’s problems, respectively. This completes the proof.

C Proof of Proposition 2

Under the stated conditions, preferences C; over aggregate imports and exports are quasi-
homothetic. This implies that the associated expenditure function e;(C, T) is locally linear
in C,

e:(C, 1) = as(7) + B(7)C. (8)
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So are aggregate imports and exports,
Mi(C,T) = ape + Bm(T)C, )

X(C,7) = axi + Bx(T)C, (10)

with a;(7) = (1 + T)apmr —axy and B(t) = (1 + 7)Bm(T) — Bx(7). Using equations (9)
and (10), one can compute the deficit function D;(C, T) and then solve for its inverse,

D — (apr — axt)

Pum(t) — Bx(1)

Since U(Cy, Cy) is homothetic, the previous expression implies

D;Y(D,7) =

Dy — (apn — ax1)
Dy — (app — ax2)

MRS(DY(Dy,D,, 7)) = MRS( ,1).

From equation (8), we already know that

DYDy, 1),
R(D—l(Dl,DZ,T),T) — R*€1C( (D1, 7),7T)

1_ — R*
-1 .
€2 (DZ (DZI T)/ T)

It follows that the system of equations that characterize deficits as a function of tariffs,

MRS(DY(Dy, Dy, 7)) = R(D (D1, D2, 7), 7),
Dq + %Dz = NFA,

is locally independent of 7. Hence tariffs must be locally neutral: D;(t) = 0.

D Proof of Proposition 3

Assumptions. We focus on a stationary environment such that the preferences over ag-

gregate imports and exports do not vary over time:
Ci(M,X) =C(M,X) fort=1,2.
We assume that M and —X are normal goods.

Assumption (Normality of M and —X). The utility function C(M, X) is concave in (M, —X)

and has decreasing interior Engel curves:



defines a downward sloping relation between M and X for M, X > 0.

We also introduce the required normality assumptions for aggregate consumption
over time.

Assumption (Normality of C; and Cy). The utility function U is concave and has increasing
Engel curves, so that for any R > 0 the condition

U1 (Cy, C2)

a1 t2) e
Uy(Cq, C2)

defines a strictly upward sloping relation between Cy and Cy for C1,Ca > 0.

Let ¢(e, T) denotes the aggregate consumption level associated with expenditure e
given a tariff T,
¢(e, ) = max C(M, X) (I+7)M—X=e¢,

m,x>0

and let V(ey, e2) denote the indirect utility function,

Ve, e2) = U(p(er, T), ¢(e2, 7))

The lemma below shows that normality for (Cy, Cy) in U implies normality for (eg, ep) in
V.

Lemma. If Cy and Cy are normal and ¢(e, T) is concave in e then the solution to

maxV (61, 62)
€1,€2

1
s.t..e + ﬁel =T
has both e and ey strictly increasing in T.

With these two assumptions we can prove our autarky result.

Proof of autarky result (NFA = 0). Choose T large enough so that

Cum(0,0)
o tex(0,0 <o (11)

Since M and —X are normal, the static optimum as a function of expenditure e,

Pple,7) = A??}z(agOC(M,X) (I+7)M—X=e¢
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is obtained at the corners: X = 0fore > 0or M = 0 fore < 0. Thus,
C(+%:,0) e>0
(e, 7) = o
C(0,—e) e<0

Furthermore, one can verify that ¢(e, T) is a concave function of e. We denote the right

derivative by ¢ (e, T) and the left derivative by ¢.— (e, T). For e # 0 they coincide, but at

e = 0we have ¢+ (¢, 7) = 1=Cm(1%5,0) > 0and ¢, (e, T) = —Cx(0, —e) > 0. Note that

¢e—(0,T) = —Cx(0,0) > =Cpm(0,0) = ¢ (0, T) so there is a concave kink at e = 0.
Agents solve the intertemporal problem

maxU (¢ (e1, 7), p(ez, 7))

€1,€2

1
stel—i—ﬁez—T

taking T as given. In equilibrium

1
T =
<M1 + i Mz)

For any value of T the problem is strictly convex so the optimum is unique.
The first order conditions are

Ui (¢(e1, T), P(e2, T))Per(e1,T) — Uz(gp(er, T), P(ez, T)) R Pe—(e2,T) <0,
—Un(¢p(er, T), (2, T))pe—(e1, T) + Un(¢p(er, T), p(e2, T) )R ey (€2, T) < 0.

The first inequality insures that it is not optimal to increase e; the second condition en-
sures it is not optimal to lower e;. Note that when e; # 0 we have ¢.—(e1, T) = ¢e (€1, T)
so the two conditions are equivalent to

Uz (¢(er, T), ¢plea, T))el(er, T) — Ua(p(e1, T), p(e2, T))R*¢e(e2, T) = 0.

We first verify that e; = e, = 0 is an equilibrium with T = 0.

U1 (¢(0, ), (0, 7)) e+ (0, 7) — Ua(¢(0, 7), ¢(0, 7)) R*¢e— (0, 7) < 0
—U1(¢(0,7),0(0, 7)) ¢ (0, 7) + Ua(9(0, 7), (0, ) )R* e (0, 7) < 0
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Using that

1
¢e+(0,T) = H——TCM(O’ 0),

¢e—(0,7) = —Cx(0,0),

this is equivalent to

—=Cu(0,0) + BR'Cx(0,0) <0, (12)
1
BR* -—Cn(0,0) + Cx(0,0) <0, (13)
where we have defined
§ = U>(9(0, 7),¢(0, 7))
Uy (¢(0,7),(0,7))

There are two cases to consider. If BR* < 1 let T denote the lowest value of T for which
condition (12) is satisfied. Then for any T > 1 conditions (11)-(13) are verified. If BR* > 1
let T denote the lowest value of T for which condition (13) is satisfied. Then for any 7 > 1
conditions (11)-(13) are verified. We conclude that e; = e, = 0 is a solution to the agent’s
intertemporal problem for T = 0. It follows that M; = X; = 0and M; = X; = Ois an
equilibrium.

To establish that this is the unique equilibrium, we need to rule out T > 0. We proceed
by contradiction. Suppose T > 0. Since C; and C; are normal, the previous lemma implies
e1 > 0and e; > 0. But then

T=e+ iez =(1+71)M;+ i(1 +T)My > ™M + iTMZ =T.
R* R* R*
This concludes our proof for NFA = 0.

Proof of autarky result (NFA # 0). The argument is similar. The only difference is that

for T large the economy will not converge to M; = X; = 0 and M; = X, = 0, but instead

to whatever level of aggregate imports or exports is consistent with the level of NFA.
Formally, if NFA > 0, define (M{, M5) that solves

max U(C(My,0),C(My,0))

1
s.t.My + ﬁMz = NFA.

One can then check the first-order conditions (11)-(13) around M; = M7, X; = 0, My =
M3, and X, = 0 to establish that for T large enough this is the unique equilibrium.
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Likewise, if NFA < 0, define (X{, X5) that solves

g{r;g{);U(C(O, X1),C(0,X3))

1
s.t..— X1 - —X2 = NFA.
R*
The same approach as before shows that for 7 large enough, the unique equilibrium is
M1 = O, X1 = Xil, M2 = 0, and XZ = Xg.

E Proof of Proposition 5

This appendix proves that the Engel curves of C(M, X) are convex for the CES case where

C(M,X) (max/eu m(y, 6, pm, px) x(y,e,ppm, Px))d[_,>
Pm X

/x(y, 0, pm, px)dF = X

/m(y, 0, pm, px)dF = M

and u(c) = ¢'77/(1 — o). The cdf F is taken over the characteristics (y, 8, pm, px) of in-
dividuals goods, where y denotes the endowment of a given good, 6 denotes the level of
demand, p;; denotes its import price, and p, denotes its export price.

Assuming py < p; we can ignore the possibility that both m, x > 0. The first order
conditions are then

0 (y+ m(y, 6, pm, Px)) < im

Pm Pm
9 / < x(]/rezpmsz))
Y >
Px 4 Px = Hx

with the usual complementary slackness.
With u(c) = c'=7/(1 — o), we obtain

—1/0
m(y, 6, pm, px) = <0 (DB —y >

o\ 1/
x(y,0, pm, px) = <0,y— (5 >
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where for i = m, x we define

Zi = p}—l/ael/a
Vi =piy
Then
M(in) = [ (Zwin— Gin)dF (14
ym/ZmSI/lm
X(ﬁx) =/ (gx_zxﬂx)‘ﬂ: (15)
]/x/zle/lx
Note that
M (i) = / 5 dF = 2,y > 0 (16)
G/ Zm <fim
X! (fix) = —/ 2. dF = 2, <0 (17)
G/ Zx>lx

So that M" (fi,) > 0 and X" (fiy) < 0, with strict inequality if there is an active extensive
margin.
To see that the Engel curves of C(M, X) are convex, take p,, = px(1+ 7) so that fi,, =
fix(14+7)7Y7 then
dM M/ (jix (1 + 1))
aX X' (fix)
Then it follows from our previous calculations that this ratio is negative and decreasing

in fiy.

F Proof of Proposition 6

This section provides conditions in the additive case for a trade deficit and for a rise in
tariffs to reduce the trade deficit.

We draw on the the characterization from E. In particular, using (14)-(15) we can write
the intertemporal trade balance in as a function of the two multipliers (fi, fix):

My (fim) — X1 (fix) + Ma(fim) — Xa(jix) = NFA

Since fi,; = fix(1+ 7)~1/%. An increase in the tariff amounts to a decrease in fi,; and an
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increase in i, with Z;;; < 0 solving

- L\ dji . L\ dji
Mj (i) = X (i) G2 + Mh(jim) = X3(fix) 525 = 0
Hm Hm
Then B
d,ux _ _Zlm + Zom
dﬂm Z1x + Z2x
It then follows that _ B
dTB = Z1,,, — ZMM <0
Z1x + Zox
Since z;; > 0 this holds if and only if
i
Z2x Z1x
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