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Abstract
The tariff-for-revenue argument has been invoked repeatedly in recent years to justify protectionism.
It is motivated by the belief that a country with market power can use trade taxes to raise revenue
from foreign consumers and producers. This paper develops a new sufficient statistics methodology
to evaluate this claim for a wide range of countries. I show that (a) even large countries have limited
market power. (b) So, before retaliation by trading partners, the average country can beneficially
replace only 16% of its domestic tax revenues with trade taxes. (c) After retaliation, however, 50%
of the collected trade tax revenues disappear, governments are forced to increase domestic taxes to
counter their shrinking tax base, and real gross domestic product drops across-the-board by an average
of 7%. On the flip side, these findings indicate (d) the gains from multilateral trade agreements are
also 30% larger once we account for the fiscal cost of trade wars. (JEL: F10, F13, F53, H21, H87,
O24)

Teaching Slides
A set of Teaching Slides to accompany this article are available online as
Supplementary Data.

1. Introduction

Recently, the president of the United States praised tariffs as a “great revenue
producer.” This remark has resurfaced old debates that are reminiscent of “the Great
Tariff Debate of 1888.”1 At the core of these ongoing debates lie a set of unresolved
questions:
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1. See, for example, https://beta.washingtonpost.com/politics/2019/07/16/tariff-revenue-trump-tweets-
things-you-need-know/
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(a) Absent the threat of retaliation, can a country possibly gain from replacing
domestic tax revenues with trade tax revenues?

(b) If so, what fraction of government spending can be financed with only trade
taxes?

(c) Above all, how large are the potential losses from retaliation?

To answer questions (a) and (b), we need to compute the excess burden of trade
taxation and determine what fraction of the burden is borne by foreign consumers
and producers. The traditional literature on this issue simplifies this task by assuming
that countries are small and possess no export or import market power.2 Under this
assumption, the burden of trade taxation falls entirely on the tax-imposing economy,
and by Diamond and Mirrlees’s (1971)) production efficiency principle, trade taxes
become strictly less efficient than other revenue-raising tax instruments even for a
non-cooperative country.

For all its merits, the traditional approach contradicts the recent assertion by Alvarez
and Lucas (2007) that even small economies possess export/import market power after
we account for national technology differentiation and general equilibrium linkages. In
such cases, a non-cooperative country can gain unilaterally from replacing a fraction of
its domestic taxes with equal-yield trade taxes. We have virtually no evidence, though,
as to what fraction of the domestic tax revenue can be replaced with trade taxes in
these circumstances.

Answering question (c) is even more complicated as it requires knowledge
of Nash revenue-raising trade taxes that will prevail under multilateral retaliation.
Calculating these taxes involves simultaneously solving for the optimal tax response
of many countries while taking into account a wide range of general equilibrium
interdependencies. Performing such a procedure can be infeasible with standard
quantitative techniques unless we limit our analysis to a small sample of countries
and industries.

To overcome these challenges, I derive sufficient statistics formulas for revenue-
maximizing trade taxes in a multi-industry general equilibrium trade model that admits
both product/technology differentiation, and an endogenous supply of labor. Mapping
these formulas to data allows me to calculate the effectiveness of trade taxes at raising
revenue before and after retaliation for a wide range of countries and across many
industries.

My analysis finds that (a) the degree of technology differentiation is low-enough
that even large countries possess limited market power. (b) So, even before retaliation
by trading partners, the average country can beneficially replace only 16% of its
domestic tax revenues with trade tax revenues. (c) After retaliation, however, 50% of
the collected trade tax revenues disappear. The domestic tax base also shrinks after
retaliation, prompting governments to increase domestic taxes. More importantly, all
parties lose from these developments and real gross domestic product (GDP) drops

2. See Anderson (1996) for a review of the literature on trade tax reform in the presence of revenue
considerations.
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by more than 7% globally. On the flip side, these findings suggest that (d) the gains
from multilateral trade agreements are 30% larger once we account for the fiscal cost
of trade wars.

Section 2 presents the baseline theoretical model, which is a multi-industry, multi-
country Eaton and Kortum (2002) model with endogenous labor supply. All countries
possess export and import market power, the degree of which depends on country size
and the industry-level trade elasticities. All countries also have access to a complete set
of revenue-raising tax instruments, including trade taxes as well as domestic income
and value-added taxes (VAT). I also analyze several extensions to the baseline model to
account for (i) pre-existing domestic market distortions, (ii) industry-specific factors of
production, (iii) within-country worker heterogeneity, and (iv) input–output linkages.

Section 3 analyzes a tax reform, whereby a non-cooperative government replaces
domestic taxes with equal-yield trade taxes in order to maximize the contribution
of trade tax revenues to its budget. I consider two distinct cases, where trade tax
revenues are maximized (a) irrespective of their effect on aggregate welfare, and (b)
subject to not worsening aggregate welfare. I am particularly interested in Case (b),
which determines the maximum share of domestic tax revenues that can be beneficially
replaced with trade taxes.

I analytically solve the government’s problem in both cases, deriving sufficient
statistics formulas for revenue-maximizing export and import taxes. These formulas
indicate that, regardless of the underlying model parameters, import taxes can
beneficially replace a small fraction of the domestic tax revenue. To elaborate, import
taxes are more effective at raising revenue when trade elasticities are low. But in that
case, the import tax is also borne primarily by domestic consumers. This trade-off
between effectiveness and efficiency means that even a non-cooperative government
can beneficially replace a modest fraction of its domestic tax revenues with import
taxes. Export taxes, however, do not face a similar trade-off and can be more-or-less
effective depending on the underlying model parameters.

Section 3.2 analyzes the consequences of retaliation by trading partners.
Retaliation, expectedly, leads to a reduction in trade tax revenues and inflicts a welfare
loss on all parties. My analysis, however, highlights two welfare cost channels that have
received little attention in the prior literature. First, in the trade war that ensues after
retaliation, labor supply decisions become distorted due to an increase in consumer
prices. Second, the domestic tax base shrinks, prompting governments to raise domestic
taxes to maintain real public spending. The latter channel corresponds to the fiscal cost
of a trade war.

My analysis of multilateral retaliation yields another basic insight: The
consequences of retaliation are greater in circumstances where trade taxes are a more
appealing fiscal instrument for non-cooperative governments. The intuition behind this
result is that when trade elasticities are low, governments can capitalize on their higher
national market power and raise a greater amount of trade tax revenues. But under
these circumstances, countries are also more dependent on foreign trade, making them
more vulnerable to retaliation.

Section 4 demonstrates how the sufficient statistics tax formulas, derived in
Section 3, can be mapped to data. Doing so measures the effectiveness of trade taxes
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at raising revenue based on a simple procedure that requires knowledge of only (i)
industry-level trade elasticities, (ii) the labor supply elasticity, and (iii) observable
trade shares. It also determines the welfare and fiscal consequences of multilateral
retaliation by trading partners.

The procedure outlined in Section 4 plays a pivotal role in my quantitative analysis,
especially in the case of multilateral retaliation. This new procedure determines the
consequences of retaliation in one simple step, by solving a system of non-linear
equations. In comparison, the traditional approach to analyzing multilateral retaliation
involves an iterative procedure, where each iteration performs many constrained
numerical optimizations. Unlike the new approach, the standard approach can become
infeasible unless we restrict attention to a small set of countries and industries.

Section 5 estimates the industry-level trade elasticities using industry-level trade
data from the World Input-Output Database (WIOD) and tariff data from the United
Nations Statistical Division, Trade Analysis and Information System (UNCTAD-
TRAINS). Together, these datasets cover 43 major economies plus an aggregate of
the rest of the world and span 56 traded and service-related industries. Using the
estimated elasticities and the procedure outlined in Section 4, I produce four basic
results:

(1) Before retaliation, trade taxes can beneficially replace only 16% of the domestic
tax revenue for the average country. This outcome reflects the fact that industry-
level trade elasticities are relatively low and even large countries possess limited
market power.

(2) After retaliation, trade tax revenues decline by 50%. The domestic tax base also
shrinks by 3%, prompting governments to raise domestic taxes to maintain real
public spending. Real aggregate income also drops in all countries by around 7%
on average. Altogether, after retaliation, every $1 million of domestic tax revenue
that is replaced with trade tax revenue imposes an excess burden of $2.5 million
on the economy.3

(3) In countries where trade taxes are relatively more effective at raising revenue, they
are also less efficient (i.e. they inflict a greater excess burden on the economy).
This finding is related to the aforementioned trade-off between the effectiveness
and efficiency of revenue-raising trade taxes. The trade-off is driven by the fact
that when countries are net importers of low-trade elasticity goods, their import
taxes are more effective at raising revenue. But such countries are also more
reliant on trade and are more exposed to the negative consequences of retaliation.

(4) The gains from trade agreements are 30% larger, once we account for (a) the
fiscal cost of trade wars, and (b) distortions to labor supply decisions. The gains
from multilateral trade agreements can be measured on the basis that they avert
the losses from multilateral trade wars. I simply find that the cost of multilateral

3. The efficiency loss associated with trade taxes can reduce if we account for the lower monitoring and
enforcement cost associated with these taxes (see Emran and Stiglitz (2005), Besley and Persson (2013),
and Best et al. (2015)).
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trade wars are larger than previously estimated, once we account for cost channels
(a) and (b).

Related Literature

The debate regarding the potential size of trade tax revenues has advanced little since
“the Great Tariff Debate of 1888.” This paper is, to my knowledge, the first to formally
measure the effectiveness of trade taxes at replacing domestic tax revenues. Irwin
(1998) who investigates whether the US economy was positioned to the right or left
of the tariff Laffer curve circa 1888 is perhaps the most similar paper to mine in this
regard.

Previously, Baunsgaard and Keen (2010) and Cagé and Gadenne (2018) have
highlighted the fiscal cost of tariff liberalization using historical data. The present
paper contributes to these studies by highlighting the fiscal cost of a multilateral trade
war. I argue that trade wars inflict so much inefficiency on the global economy that
they shrink the domestic tax base in most countries. Governments involved in a tariff
war must, therefore, increase domestic taxes to maintain public spending.

This paper also contributes to an old and mature literature that studies the fiscal
aspects of trade tax reforms (e.g. Keen and Ligthart (2002, 2005); Emran and Stiglitz
(2005); Anderson and Neary (2016)).4 This literature typically assumes that countries
possess no export or import market power, which automatically rules out any unilateral
gains from trade taxation—see Dixit (1985) for a comprehensive review.5 The present
paper, in comparison, estimates the degree of export and import market power for
various countries. Guided by these estimates, I then present an alternative argument
against taxing-trade-for-revenue, which emphasizes (a) the ineffectiveness of trade
taxes at raising revenue, and (ii) the high cost of retaliation. There is an even older
argument against taxing trade for revenue or other purposes, which dates back to
Baldwin (1982). It states that governments are prone to miscalculating the impacts of
their policies. As a result, they adopt policy choices that are from optimal and even
detrimental to own’s welfare. Analyses of the recent US–China trade war confirm this
old argument (e.g. Amiti, Redding, and Weinstein (2019a); Fajgelbaum et al. (2019);
Waugh (2019); Handley, Kamal, and Monarch (2020)).6

On the theory side, my two-tier approach for characterizing the revenue-
maximizing trade tax schedule shares commonalities with Costinot et al. (2015) and
Costinot et al. (2020). The former split the optimal trade policy problem into an

4. The above literature builds on earlier analyses of piecemeal tariff reforms, for example, Hatta (1977)
and Fukushima (1979), which abstracted from the fiscal cost channel

5. Dixit (1985) shows that, even when countries have market power, trade taxes should be combined with
domestic taxes to reach the non-cooperative first-best outcome. If countries lack market power, though,
the first-best can be reached with only zero trade taxes. This latter claim derives from the Diamond and
Mirrlees (1971) production efficiency principle.

6. The aforementioned studies show that the recent tariffs on China worsened the terms-of-trade and
aggregate welfare in the US economy, even without full retaliation by the Chinese government. One way
to interpret these findings is that the US government applied tariffs that were far from their unilaterally
optimal rate, to begin with.
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inner and outer problem. This procedure simplifies the characterization of unilaterally
optimal trade taxes in a Ricardian model. The latter splits the optimal policy problem
into a micro-problem and a macro-problem. This approach provides a transparent
characterization of the unilaterally optimal trade taxes under firm-level heterogeneity
and selection effects.

On a broader level, this paper contributes to a recent literature that quantifies
the gains from regional and multilateral trade agreements (e.g. Ossa (2014, 2016);
Caliendo and Parro (2015); Bagwell, Staiger, and Yurukoglu (2018)). The existing
literature often assumes that labor is inelastically supplied in each country. Under this
assumption, the elimination of trade agreements has no fiscal cost or does not distort
labor supply decisions. I argue that accounting for these previously-overlooked cost
channels can magnify the gains from trade agreements.

2. Theoretical Model

Environment. The world economy consists of i D 1, . . . , N countries, with C denoting
the set of countries. Labor is the sole factor of production. Country i is populated by Li
individuals, each endowed with one unit of labor. All individuals are perfectly mobile
across the production of different goods but are immobile across countries, and are paid
a country-specific wage, wi. There are k D 1, . . . , K industries, with K denoting the
set of industries, each of which can differ in fundamentals such as the trade elasticity.

Preferences. There is a continuum of homogeneous goods indexed by ! 2 �k �
[0, 1] in industry k. The utility of the representative consumer in country i who
consumes basket q and supplies L units of labor are described by the following
function

Ui .q; L/ D Qi .q/ � v.L/:

In the above formulation, v.L/ D L1C 1
� =.1 C 1

�
/ accounts for disutility from labor,

ensuring the elasticity of labor supply is constant. Preferences for final goods are given
by the following Cobb–Douglas–CES utility aggregator

Qi .q/ D
KY

kD1

 Z
!2�

k

q.!/�
k d!

! e
i;k
�

k

;

where �k 2 (0, 1), while ei,k denotes the constant share of expenditure on industry k

(
PK

kD1 ei;k D 1).

Production. Labor is the only factor of production and markets are perfectly
competitive. The marginal cost of producing good ! in country j and delivering to
market i is given by

cj i;k.!/ D �j i;kwj =zj;k.!/;
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where productivity, zj,k(!), is independently drawn from a Fréchet distribution,

Fj;k.z/ D exp.�Tj;kz��
k /. � ji,k � 1 denotes the iceberg trade cost associated with

exporting from country j to market i, with � ii,k D 1 for all i 2 C.7 Considering the
above cost function, country j can supply good ! to market i at a perfectly competitive
price, pji,k(!) D cji,k(!).

Trade and Income Taxes. Country i has access to a full set of (a) industry-level import
taxes, ftji,kg, that are applied to all goods imported from origin j 6D i; as well as (b)
industry-level export taxes, fxij,kg, that are applied to goods exported to destination
j 6D i. By construction, xii,k D tii,k � 0 for all k. Trade taxes create a wedge between
the producer price, pji,k(!), and the consumer price, Qpj i;k.!/ of every traded variety.
In particular,

Qpj i;k.!/ D .1 C xj i;k/.1 C tj i;k/pj i;k.!/; 8! 2 �k :

Given the constancy of the unit labor cost, the direct passthrough of taxes on to
consumer prices (i.e. the passthrough net of general equilibrium wage effects) is
complete. This feature is consistent with recent findings in Amiti, Redding, and
Weinstein (2019b) and Fajgelbaum et al. (2019). In Online Appendix G, however, I
relax the constant-unit-labor-cost assumption and discuss how this amendment affects
the main results of the paper.

Each country i also has access to a linear income tax, ıi, which raises a revenue
ıiwiLi. Both trade and income taxes have distortionary effects on the economy. The
trade taxes directly distort consumer prices, whereas the income tax decreases the
labor supply.8 Importantly, as is well-known from the public finance literature, a
linear income tax is equivalent to a uniform consumption (or VAT) tax. So, we can
henceforth view ı as an instrument that accounts for the collective sum of flat income
and consumption taxes.

General Equilibrium. Consumers in market i purchase variety ! from the cheapest
supplier. So, the actual price paid for good ! satisfies

Qpi;k.!/ D min
j 2C

f Qpj i;k.!/g:

Following the steps in Eaton and Kortum (2002), the share of country i’s expenditure
on goods originating from country j is given by

�j i;k.t; xI w/ D Tj;kŒ.1 C tj i;k/.1 C xj i;k/�j i;kwj ���
kP

`2C
T`;k

�
.1 C t`i;k/.1 C x`i;k/�`i;kw`

���
k

;

where w � fwig. Market i’s total expenditure on country j goods is, therefore, given
by Xj i;k.w/ D �j i;k.w/ei;kYi , with Yi denoting total expenditure in country i. The
national-level budget constraint (BC) requires that total expenditure in country i is

7. I also assume that �
ji,k

� �
j`,k

�
`i,k

for all j, i, and ` 2 C.

8. To be specific, L
i

D .Œ1 � ı
i
�w

i
= QP

i
/� , where QP

i
is the price index associated with Q

i
.
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the sum of personal expenditure from net wage income, (1 � ıi)wiLi and government
expenditure form tax revenues, Gi � ıiwiLi C Ri :

ŒBC� Yi D wiLi .t; x; ıI w/ C Ri .t; x; ıI w; Y /: (1)

In the above expression, Y � fYig; while Li .:/ D .Œ1 � ıi �wi=
QPi /

� , where QPi is
the price index of the aggregate consumption basket.9 Ri .:/ denotes the portion of
government spending that is financed by trade tax revenues, and is equal to

Ri .t; x; ıI w; Y / �
NX

j D1

KX
kD1

"
tj i;k

1Ctj i;k

�j i;k.t; xI w/ei;kYi C xij;k

.1Cxij;k/.1Ctij;k/
�ij;k.t; xI w/ej;kYj

#
:

(2)

Equation (1) along with the representative consumer’s BC, ensure that trade is balanced
between countries. For any vector of taxes, x � fxj i;kg, t � ftj i;kg, and ı � fıig,
equilibrium wages, w, and expenditure levels, Y , should satisfy equation (1) and the
LMC:

ŒLMC� wiLi D
NX

j D1

KX
kD1

"
1

.1 C tij;k/.1 C xij;k/
�ij;k.t; xI w/ej;kYj

#
: (3)

Considering this, all equilibrium outcomes can be uniquely determined given the
policy�wage�income combination .t; x; ıI w; Y /. The following definition outlines
this point.

DEFINITION 1. The policy�wage�income combination .t; x; ıI w; Y / is feasible if
given taxes .t; x; ı/, equilibrium vectors w and Y satisfy equations (1) and (3).
Relatedly, F denotes the set of all feasible policy�wage�income combinations.

To be clear, in the above definition, w and Y are implicit functions of the tax
schedule .t; x; ı/. So, the effect of a tax change on different equilibrium outcomes
can always be decomposed into a direct effect and a general equilibrium effect that
operates through a change in w and Y .

3. Effectiveness of Trade Taxes at Raising Revenue

As discussed earlier, a country that possesses market power can beneficially replace
a portion of their income tax revenue with trade tax revenues. The adoption of trade

9. To be specific, the consumer price index is given by QP
i

D Qe
i

Q
k

QP e
i;k

i;k
, where Qe

i
D Q

k
e

�e
i;k

i;k

and QP
i;k

D �.
�

k
�1=�

k

�
k

/
��

k Œ
PN

j D1
T

j;k
Œ.1 C t

ji;k
/.1 C x

ji;k
/�

ji;k
w

j
�
��

k �
�1=�

k , with �(.) denoting the

Gamma function.
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taxes, though, worsens the welfare of one’s trading partners as they bear part of the trade
tax burden. Moreover, if trading partners retaliate, all possible gains from unilateral
trade taxation disappear. Considering these points, I first analyze the effectiveness of
revenue-raising trade taxes before retaliation. I subsequently analyze the consequences
of multilateral retaliation.

3.1. Effectiveness Before Retaliation

Suppose a government is neither cooperative nor is it concerned by retaliation. Such a
government may be tempted to use trade taxes for revenue-generation, but faces two
basic questions:

(1) What share of the government’s budget can be financed with trade taxes if social
welfare was not a binding consideration?

(2) What share of the government’s budget can be financed with trade taxes without
worsening domestic social welfare?

Question 1 is relevant to governments that have a strict political or institutional
preference for trade taxation (i.e. Case 1). The government’s objective, in this case, is
to maximize the contribution of trade tax revenues to its budget irrespective of how
social welfare is affected—see Bhagwati (1988). This scenario is especially relevant
to the current political climate wherein multiple governments have turned to trade tax
revenues to fund political redistribution in their country, even though these policies
have compromised social welfare.10

Question 2, on the other hand, is relevant to governments who attach a prominent
weight to social welfare in their objective function (i.e. Case 2). Such a government
is willing to replace income taxes with equal-yield trade taxes insofar as domestic
social welfare does not deteriorate in the process. There is ample evidence that some
governments exhibit this type of attitude towards trade policy. Goldberg and Maggi’s
(1999) analysis of the US’s trade policy indicates that the US government attached
a prominent weight to social welfare (over political economy motives) circa 1983.
Below, I analyze Cases 1 and 2 separately, elaborating more on their implicit differences
throughout.

Case 1: Strict Political Preference for Trade Taxation. To answer questions (i), I need
to determine the revenue-maximizing trade tax schedule in each country i. That is the
trade tax schedule that maximizes the contribution of trade tax revenues to government
i’s expenditure, given applied taxes in the rest of the world. These taxes solve the

10. One prominent example concerns the Trump administration’s farm subsidies, which were financed
with import tariff hikes. See Fajgelbaum et al. (2019) for the consequences of these tariff hikes on social
welfare in the US economy.

D
ow

nloaded from
 https://academ

ic.oup.com
/jeea/article/19/5/2399/6041734 by Indiana U

niversity - Bloom
ington user on 17 June 2025



2408 Journal of the European Economic Association

following problem:

max
.t;x;ıIw;Y /2F

Ri

�
ti ; xi I t�i ; x�i ; ıI w; Y

�
.P1/

subj. to: ıiwiLi C Ri .:/ D xGi ;

where t�i � ftj	;kg	¤i and x�i � fx	j;kg	¤i denote the vector of applied taxes in
the rest of the world. xGi denotes total government spending under the status quo. The
revenue-neutrality constraint in (P1), therefore, ensures that total government spending
or total tax revenue is preserved under the new tax schedule. Note that we can replace
this constraint with one that asserts the perseverance of real government spending,
xGi=

QPi . With this choice of constraint, however, the optimal tax formulas will remain
the same up-to a uniform tax shifter—I formally solve this alternative problem in
Online Appendix D and highlight its subtle differences throughout this section.

Problem (P1) is plagued with various general equilibrium interdependencies.
However, as discussed below, we can still analytically solve (P1) and derive sufficient
statistics formulas for t�

i .:/ and x�
i .:/. An important step in this process is to invoke

the multiplicity of revenue-maximizing taxes and break Problem (P1) into two sub-
problems. The presence of multiplicity is outlined by the following lemma.

LEMMA 1. For any a 2 RC (i) if A � .1 C ti ; t�i ; 1 C xi ; x�i ; ıI wi ; w�i / 2 F,
then A0 � .a.1 C ti /; t�i ; .1 C xi /=a; x�i ; ıI awi ; w�i / 2 F; moreover, (ii) the share
of trade tax revenue-to-income tax revenue is preserved under allocations A and A0 :
Ri .A/=ıiwiLi D Ri .A

0/=ıiw
0
iL

0
i .

11

The above lemma, which is proven in Online Appendix A, is akin to the celebrated
Lerner symmetry. It states that an across-the-board shift in country i’s import taxes,
export taxes, and wage rate will multiply the total revenue in nominal terms, but will
preserve the share of trade tax revenue in total tax revenue. The Lerner symmetry states
that such a transformation will also preserve welfare.

Considering Lemma 1, we can split Problem (P1) into two sub-problems.12 First,
a lower-tier problem that maximizes Ri .:/ subject to total government revenue adding
up to an arbitrary value G. This step determines the optimal tax rates up-to a constant
tax shifter. Second, an upper-tier problem chooses the constant tax shifter in order
to satisfy the revenue-preserving constraint G D xGi . Even after splitting Problem
P1 as noted, deriving an analytical solution is complicated by general equilibrium

11. To economize on the notation, Lemma 1 is cast in terms of feasible tax-wages combinations, A �
(1 C t, 1 C x, ı; !). The lemma can be equivalently expressed in terms of feasible tax–wage–income
combinations, QA � .1 C t; 1 C x; ı; !, Y).

12. Splitting the optimal tax problem into an upper- and lower-tier problem is reminiscent of the two-
tier approach adopted by Costinot et al. (2015) and Costinot et al. (2020). The former splits the optimal
trade policy problem into an inner problem that takes the relative wage as given and an outer problem that
determines the optimal relative wage. The latter splits the optimal policy problem into a micro-problem that
determines the firm-level wedges that deliver aggregate quantities at the lowest cost and a macro-problem
that determines the optimal aggregate quantities.
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interrelations. But as shown in Online Appendix B, this task can be accomplished by
appealing to Lemma 1, envelope conditions, and some basic results from consumer
theory.

PROPOSITION 1. The trade tax rates that maximize country i’s revenue from trade
taxes (or a fixed level of government spending G) are given by the following formulas:

1 C t�
j i;k D

"
1 C 1

�k��
i i;k

#
.1 C Nti /; 8j ¤ i I 8k 2 K

1 C x�
ij;k D

"
1 C 1

�k.1 � ��
ij;k

/

#
.1 C Nti /�1; 8j ¤ i I 8k 2 K;

where Nti 2 RC is a tax shifter that regulates the nominal tax revenue and is chosen to
satisfy the revenue-preserving constraint.13

Following Lemma 1, the country-specific tax shifter, Nti , is pinned down by the
revenue-preserving constraint in Problem (P1), that is, the upper-tier problem. More
specifically, if the government in country i raises trade taxes according to the formulas
specified by Proposition 1, then there is a unique Nti that ensures total tax revenue
remains equal to xGi . To deal with the multiplicity of tax solutions, Theorem 1 implicitly
assumes that ıi is normalized to its pre-reform value. As shown in Online Appendix
D, under the alternative specification where (P1) is solved subject to real revenue-
neutrality, Nti can be normalized to zero without loss of generality but ıi should be
chosen to satisfy the real revenue-neutrality constraint.

The key advantage of Proposition 1 is that it characterizes the revenue-maximizing
trade tax schedule as a function of two sufficient statics: (a) industry-level trade
elasticities, and (b) observable expenditure shares. As we will see in Section 4, this
feature allows us to solve the entire vector of revenue-maximizing trade taxes (before
and after retaliation) in one simple step as a function of estimable elasticities and
observables.

We can appeal to the Laffer curve to gain more intuition about the tax formulas
presented under Proposition 1. When solving Problem (P1), the tax authority in country
i faces a basic trade-off: On one hand, increasing the trade tax rate has a positive
arithmetic effect on tax revenues. On the other hand, increasing trade taxes has a
negative economic effect on tax revenues, as it limits foreign trade and shrinks the
trade tax base. In light of this trade-off, trade tax revenues are maximized at the peak
of the Laffer curve where the export and import tax rates are proportional to the inverse
the demand elasticity facing national-level exports and imports.

As such, the revenue-maximizing trade taxes characterized by Proposition 1 are
distinct from optimalwelfare-maximizing trade taxes unless the trade elasticities are

13. The superscript “�” indicates that the expenditure shares are evaluated in the equilibrium that occurs
under the revenue-maximizing tax rates.
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uniform across industries.14 If trade elasticities exhibit great heterogeneity across
industries, the tax rates specified by Theorem 1 can actually worsen real income in the
tax-imposing. With this background, I next characterize the tax rates that maximize
the trade tax revenue without worsening real income in the tax-imposing country.

Case 2: No Political Preference for Trade Taxation. Now consider a government that
is non-cooperative but has no strict political or institutional preference for trade taxation
either. Such a government is willing to finance government spending with trade taxes,
but to the extent that social welfare is not deteriorated. As noted earlier, evidence from
existing policy practices suggest that some governments do indeed attach a prominent
weight to social welfare (Goldberg and Maggi (1999)). To determine the effectiveness
of trade taxes for such a government, we need to solve the following problem that
includes an additional constraint imposing welfare-neutrality:

max
.t;x;ıIw;Y /2F

Ri

�
ti ; xi I t�i ; x�i ; ıI w; Y

�
.P2/

subj. to: ıiwiLi C Ri .:/ D xGi ;

�Wi .ti ; xi I t�i ; x�i ; ıI w; Y / � 0:

The above problem differs from Problem (P1) in a key aspect: Given the additional
constraint, �Wi(.) � 0, Problem (P2) determines the extent to which a government
can beneficially replace domestic income taxes with trade taxes. To elucidate this
distinction, recall that the welfare-maximizing and revenue-maximizing trade tax
schedules do not necessarily coincide. Specifically, to maximize trade tax revenues, the
government has to distort domestic prices in a way that can be detrimental to domestic
social welfare. The welfare-neutrality constraint added to Problem (P2) accounts for
the tendency of certain governments to avoid such a situation.

If trade elasticities are sufficiently low and homogeneous, then the revenue-
maximizing trade tax schedule is welfare improving by design. That is,

�Wi .t
�
i ; x�

i I t�i ; x�i ; ıI w; Y / > 0;

where t�
i and x�

i are the revenue-maximizing tax rates specified by Proposition 1. In
that case, Problems (P1) and (P2) are identical. However, if trade elasticities are too
high and governments possess limited market power, the revenue-maximizing trade
taxes specified by Proposition 1 can worsen welfare, that is, �Wi .t

�
i ; x�

i I : : :/ < 0. In
that case, it is impossible to derive exact analytic formulas for trade taxes that solve
P2. However, we can analytically solve P2 to a first-order approximation by appealing
to the following lemma.

LEMMA 2. �Wi .t
0
i ; x0

i I t�i ; x�i ; ıI w; Y / > 0 if t 0
i D 0 and x0

i D f1=�k.1 �
�ij;k/gj;k .

14. See Costinot et al. (2015) and Beshkar and Lashkaripour (2020) for a characterization of optimal
trade taxes in general equilibrium, multi-industry settings.
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The above lemma states that any country i can improve its welfare by imposing
zero tariffs and the revenue-maximizing export tax schedule. The above lemma
strictly generalizes the assertion in Alvarez and Lucas (2007) to an economy that
accommodates many asymmetric industries. It states that, in the presence of technology
differentiation, even a small country can gain unilaterally from trade taxation. These
unilateral gains, though, worsen global efficiency and impose a burden on other
countries.

Let t�
i and x�

i denote the solution to (P2). Lemma 2 establishes that 1 C x�
ij;k

D
Œ1 C 1=�k.1 � �ij;k/�.1 C Nti /�1, where Nti is chosen to satisfy the revenue-neutrality
constraint. Moreover, since Wi(.) is a concave function of tariffs, it trivially follows
that .1 C Nti /.1 C 1=�k�i i;k/ � 1 C t�

j i;k
� 1 C Nti . Hence, given that both Ri .:/ and

Wi(.) are concave in ti , we can approximate the solution to (P2) based on the solution
to (P1), as noted by the following proposition.

PROPOSITION 2. The trade tax rates that maximize country i’s trade tax revenues
without deteriorating domestic welfare are given by

1 C t�
j i;k �

"
N̨ i C

 
1 C 1

�k��
i i;k

!
.1 � N̨ i /

#
.1 C Nti /; 8j ¤ i I 8k 2 K;

1 C x�
ij;k D

 
1 C 1

�k

�
1 � ��

ij;k

�! .1 C Nti /�1; 8j ¤ i I 8k 2 K;

where Nti 2 RC is a tax shifter that regulates the nominal tax revenue and is chosen to
satisfy the revenue-neutrality constraint and N̨ i 2 .0; 1/ is a uniform tax shifter that is
chosen to satisfy the welfare-neutral constraint, �Wi(.) D 0.

The gain more intuition about the above proposition, note two extreme cases.
If N̨ i D 0, the above import tax rate maximizes trade tax revenue while possibly
worsening welfare. alternatively, if N̨ i D 1, the above import tax rate is strictly welfare
improving based on Lemma 2. So, by increasing ˛i from an initial value of zero, we can
eventually detect an import tax rate close to the revenue-maximizing rate that satisfies
the welfare-neutrality constraint.

The difference between the tax schedules implied by Problems (P1) and (P2) is
regulated by (i) the level of, and (ii) the cross-industry heterogeneity in trade elasticities.
If trade elasticities are low, then countries possess significant export market power.
In that case, the large gains from export taxation assure that the solutions to (P1)
and (P2) coincide. Likewise, if trade elasticities are rather uniform across industries,
revenue-raising import taxes are less detrimental to domestic welfare. In that case, the
welfare-neutrality constraint is less likely to be binding and the solutions to (P1) and
(P2) will once again coincide.

On the contrary, if industry-level trade elasticities are low and high heterogeneous,
then the tax schedule that solves (P2) yields a strictly smaller revenue. On one hand,
when trade elasticities are heterogeneous, the revenue-maximizing import taxes are
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borne primarily by domestic consumers. On the other hand, as � k ! 1, export taxes
are also borne primarily by domestic firms. The following remark summarizes these
arguments.

REMARK 1. If industry-level trade elasticities are high, “export” taxes are an
ineffective non-cooperative fiscal instrument, because they are borne primarily by the
tax-imposing economy. Similarly, if trade elasticities are highly heterogeneous across
industries, “import” taxes are an ineffective fiscal instrument. Because increasing the
amount of import tax revenue, in that case, coincides with increasing the incidence of
taxation on domestic consumers.

In light of the above remark, a credible assessment of revenue-raising trade
taxes requires credible estimates for trade elasticities. A formal estimation of the
trade elasticities is performed later in Section 5. Before that, however, I discuss the
consequences of retaliation and also how to map the sufficient statistics tax formulas
to data.

3.2. Effectiveness Under Retaliation

If historical records are any indication, a country that turns to trade taxation will face
retaliation from the rest of the world. I henceforth mode retaliation as a scenario where
non-cooperative countries simultaneously erect revenue-maximizing trade taxes.15 To
determine the best tax response for each country in this scenario, we need to solve (P1)
simultaneously for all N countries. To elaborate, let t�

i .t�i ; x/ and x�
i .t; x�i / denote

the solutions to (P1) for country i. The full vector of revenue-maximizing taxes is the
solution to the following system:8̂<̂

:
t1 D t�

1.t�1; x/I x1 D x�
1.t; x�1/

:::
:::

tN D t�
N .t�N ; x/I xN D x�

N .t; x�N /

:

Before moving forward, I should emphasize that the above problem is plagued with
the curse of dimensionality when confronted with standard optimization techniques.
To make this point clear, let me outline the standard technique used by Ossa (2014)
and others to approach these kinds of problems. The researcher starts with an initial
guess for revenue-maximizing taxes, namely, t�

0 and x�
0 . Then, they update t�

i and x�
i ,

given t�
0 and x�

0 , for each country i. This second step requires solving N constrained
global optimizations, each involving 2(N � 1)K tax rates and 2N equilibrium outcomes
(namely, w and Y ). After updating the initial guess, the same procedure is repeated

15. Alternatively, we can assume that countries erect welfare-maximizing trade taxes. Under that
assumption, the best export tax response will remain identical. However, the best import tax response
will consist of less-heterogeneous import taxes. See Lashkaripour (2020) for an analysis of multilateral
retaliation under welfare-maximizing import taxes.
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iteratively until convergence is achieved.16 With many countries and industries, this
approach can become infeasible to implement.

To overcome the curse of dimensionality, I can appeal to the sufficient statistics
formulas specified by Theorem 1. This is possible because Theorem 1 characterizes
the best tax response of any country i, given applied taxes by other countries.
Simultaneously solving the system of best tax response functions, yields the tax rates
that will prevail under retaliation.

PROPOSITION 3. In the event of retaliation by trading partners, the Nash revenue-
maximizing trade taxes can be solved as a solution to the following system8̂̂<̂

:̂
1 C t�

j i;k
D
�
1 C 1

�
k



ii;k

.t�;x�/

�
.1 C Nti / 8j ¤ i I 8k

1 C x�
ij;k

D
 

1 C 1

�
k

h
1�


ij;k
.t�;x�/

i
!

.1 C Nti /�1; 8j ¤ i I 8k
;

where t� and x� denote the vector of Nash trade taxes all over the world, while Nti is
a country-specific tax shifter that is pinned down by the revenue-neutrality constraint.

It is needless to say that after retaliation, all the possible benefits from unilateral
trade taxation disappear. All countries lose due to trade reduction and trade tax revenues
decline due to a shrinking of the trade tax base. The extent to which countries lose is
a function of the industry-level trade elasticities: On one hand, when trade elasticities
are low, retaliatory tariffs are higher. On the other hand, when trade elasticities are low,
trade reduction is also more detrimental to welfare. The following remark summarizes
these arguments.

REMARK 2. When industry-level trade elasticities are low, (a) trade taxes are a more
effective (non-cooperative) revenue-raising instrument; but (b) the potential losses
from retaliation are also larger.

The system specified by Proposition 3 solves for Nash trade taxes that maximize
revenue. Following my earlier discussion, this scenario is more appropriate if
governments have a political or institutional preference for trade taxation. Alternatively,
retaliation can occur in the form of governments adopting welfare-maximizing Nash
taxes. In that case, we can adopt a fairly similar approach to compute the Nash
tariffs—see Lashkaripour (2020) for a thorough discussion on the determination of
welfare-maximizing Nash tariffs. Remark 2, however, can be stated as is under either
scenario.17

16. Perroni and Whalley (2000) and Ossa (2014) apply this iterative method to compute Nash tariffs in
the event of a tariff war. As noted by Ossa (2016), the efficiency of the standard iterative optimization
technique can be enhanced by (i) parallelizing the country-specific optimizations, and (ii) providing analytic
derivatives for the objective function.

17. When Nash trade taxes are chosen to maximize welfare, export taxes are given by the same formula.
That is, they strictly increase with the industry-level trade elasticity. So, with lower trade elasticities, a trade
war both shrinks global trade more intensively and inflicts a greater welfare loss on involved countries.
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Importantly, the consequences of retaliation depend on whether government
revenues are maintained in real or nominal terms. In the former case, retaliation
has an additional fiscal cost, which operates by shrinking the income tax base. That
is, when the income tax base shrinks, governments are obliged to raise ıi to maintain
real government expenditure. Doing so imposes an additional cost on the economy by
distorting labor supply decisions—see Online Appendix D for a formal analysis. In
comparison, to maintain nominal expenditure, the government can simply adjust the
uniform tax shifter Nti , which is welfare neutral per Lemma 1.

4. Mapping Sufficient Statistics Formulas to Data

In this section, I demonstrate how the sufficient statistics formulas derived in
Section 3 can be mapped to data. Doing so (a) quantifies the extent to which trade taxes
can replace existing income tax revenues, and (b) determines the welfare consequences
of trade tax adoption before and after retaliation. As argued earlier, performing tasks
(a) and (b) can be infeasible with standard quantitative techniques, especially in the
case of retaliation.

In the interest of space, I focus my discussion around the more complex case where
countries retaliate against each other. I subsequently outline how similar results apply
to the simpler, pre-retaliation case. To present my argument, I adopt the conventional
exact hat-algebra notation, where Oz � z�=z denotes the change in a generic variable
z when moving from the factual equilibrium to the counterfactual Nash equilibrium.
The basic idea here is to invoke the hat-algebra notation and express the revenue-
maximizing tax formulas specified by Proposition 3 in changes. Specifically, noting
that ��

i i;k
D �i i;k

O�i i;k and ��
ij;k

D �ij;k
O�ij;k , the revenue-maximizing Nash import

and export taxes can be formulated in changes as follows:

1 C t�
j i;k D

"
1 C 1

�k�i i;k
O�i i;k

#
.1 C Nti /I

1 C x�
ij;k D

"
1 C 1

�k.1 � �ij;k
O�ij;k/

#
.1 C Nti /�1:

Using the same logic, we can express the equilibrium conditions specified by equations
(1) and (3) in changes. We can then simultaneously solve the revenue-maximizing tax
formulas alongside the equilibrium conditions to compute the change in key economic
variables when moving from the status quo to the Nash equilibrium. The following
Proposition formally outlines this procedure.

PROPOSITION 4. The Nash revenue-maximizing trade taxes, ft�
j i;k

g and fx�
ij;k

g, as

well as their effect on wages, f ywig, total income, f yYig, and labor supply, f OLig, can be
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solved as a solution to the following system of equations:8̂̂̂̂
ˆ̂̂̂̂̂̂
ˆ̂<̂
ˆ̂̂̂̂̂̂
ˆ̂̂̂̂:

1 C t�
ji;k

D
�
1 C 1

�
k

O�
ii;k

�
ii;k

	
.1 C Nt

i
/I 1 C x�

ij;k
D
"

1 C 1

�
k

�
1� O�

ij;k
�

ij;k

�
#

.1 C Nt
i
/�1

O

ji;k

D
�

.1Cx�
ji;k

/.1Ct�
ji;k

/

.1Cx
ji;k

/.1Ct
ji;k

/
yw

j

	��
k OQP �

k

i;k
I OQP

i;k
DP

`

 �
.1Cx�

`i;k
/.1Ct�

`i;k
/

.1Cx
`i;k

/.1Ct
`i;k

/
yw

`

	��
k



`i;k

!� 1
�

k

ŒBC� yY
i
Y

i
D yw

i
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i
w

i
L

i
C yR

i
R

i
I OL

i
D
�

Ow
i
=
Q OQP e

i;k

i;k

	�

ŒLMC� yw
i

OL
i
w

i
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i
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k

P
j

�
1

.1Ct�
ij;k

/.1Cx�
ij;k

/
O


ij;k



ij;k
e

j;k
yY

j
Y

j
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i
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k

P
j ¤i



t�
ji;k
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ji;k



ji;k

e
i;k
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i
Y

i
C x�

ij;k
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ij;k
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i
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i
L
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i
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i
L

i

:

Moreover, solving the above system requires knowledge of only structural elasticities,
f� kg and 	, and observables: namely, (i) applied taxes, tji,k, xij,k, and ıi; (ii) expenditure
shares, �ji,k and ei,k; and (iii) national expenditure and output, Yi and wiLi.

The system specified by Proposition 4 involves 3N C NK C N(N � 1)K independent
equations and unknowns—namely, NK import tax rates, ft�

i;k
g; N(N � 1)K export tax

rates, fx�
ij;k

g; N wage changes, f ywig; N labor supply changes, f OLig; and N income

changes, f yYig. Solving this system requires knowledge of only (i) observables (tji,k,
xji,k, ıi, �ji,k, ei,k, wiLi, Yi), and (ii) estimable elasticities (� k and 	).18 Proposition 4,
therefore eliminates the need to estimate the policy-invariant parameters, Ti,k, and � ji,k.
It also rids us of the need to perform an iterative global optimization procedure. These
two simplifications are significant from a quantitative perspective. Without the aid of
Proposition 4, solving for t� and x� would be effectively infeasible unless we impose
strong limits on the number of countries and industries.

When interpreting Proposition 4 one should take note of a key subtlety. In the
counterfactual exercise specified by Proposition 4, the nominal income tax rate, ıi,
is constant, but the effective income tax rate is declining. To elaborate, moving from
A � .Nt; Nx; ıI w; Y / to A

0 � .t�; x�; ıI w0; Y 0/, a smaller fraction of the consumer’s
real wage income is being withdrawn by the income tax. Simply, because a bigger share
of the government’s real spending is being financed by trade taxes. In other words,
following Lemma 1, Proposition 4 can be reformulated such that Nti is normalized to
zero and Oıi D ı0

i=ıi is instead treated as a free-moving variable. Relatedly, Online

Appendix D presents a variant of Proposition 4 where Oıi is chosen to satisfy real
revenue-neutrality, which as argued earlier, has its distinct implications.

Solving the system specified by Proposition 4 serves two main purposes. First,
it determines how the effectiveness of trade taxes at raising revenue is affected
by retaliation. Second, the system also determines how trade taxation for revenue
purposes ultimately affects welfare, Wi D Ui(.). The welfare effects can be calculated

18. Note that, following equation (3), w
i
L

i
is implicitly implied by data on t

ji,k
, x

ji,k
, 


ji,k
, e

i,k
, and Y

i
.
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using the change in real tax revenue and the real wage, both of which are implied by
Proposition 4.

PROPOSITION 5. The welfare consequences of substituting income tax revenue with
trade tax revenue are given by

yWi D 'i

yYi

OQPi

C .1 � 'i /
ywi

OLi

OQPi

;

where yYi , ywi
OLi , and OQPi D Q

k. OQP e
i;k

i;k
/ are implied by the system specified under

Proposition 4, while 'i � Yi=.Yi � �
1C�

.1 � ıi /wiLi / is observable.

The proof of the above proposition follows trivially from the fact that the optimal
labor supply in country i is given by Li D .Œ1 � ıi �wi=

QPi /
� . To put a dollar value

on welfare consequences, we can further compute the excess burden of the tax policy
change using the output of Proposition 4. This step is formally outlined in Online
Appendix C.

Finally, we can produce an analog of Proposition 4 to determine the effectiveness
of trade taxes for country i before retaliation. In that case, we need to solve the
same system while setting x�

nj;k
D xnj;k and t�

jn;k
D tjn;k for all n 6D i. To determine

what fraction of the government’s expenditure can be beneficially financed with trade
taxes, we also need to replace the optimal import tax formula with that specified by
Proposition 2. The tax shifter, N̨ i , is then pinned down by introducing an additional
equation that imposes welfare neutrality, that is, yWi D 1.

4.1. Basic Extensions

Before moving forward, let me discuss how the results presented earlier extend to richer
environments that admit (i) pre-existing market distortions, (ii) a variable unit labor
cost, and (iii) within-country income heterogeneity. In the interest of space, I resort
to a verbal discussion of these extensions in the main text. In the Online Appendix,
however, I formally derive analogs for Proposition 4 in these richer environments.

Accounting for Pre-Existing Market Distortions. My baseline analysis relied on a
perfectly competitive model in which the market equilibrium is efficient. This setup
overlooks a possibly relevant consideration that using trade taxes to raise revenue may
exacerbate pre-existing market distortions. In Online Appendix F, I introduce markup
distortions into my baseline model. In this alternative setup, I re-derive sufficient
statistics formulas for revenue-maximizing trade taxes and present an analog for
Proposition 4. Doing so indicates that the fraction of income tax revenue that is
replaceable with trade tax revenue remains approximately the same. However, the
deadweight burden associated with revenue-raising trade taxes is higher if the industry-
level markup is negatively correlated with the industry-level trade elasticity.

As in the baseline model, we can map sufficient statistics tax formulas to data to
quantify the fiscal properties of trade taxes under markup distortions. As before, the
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basic idea is to jointly solve for the revenue-maximizing tax rates and equilibrium
conditions in changes. As detailed in Online Appendix F, the formulas governing
the revenue-maximizing tax rates are similar to those specified under Proposition 4.
But the labor market clearing condition (LMC) and the budget constraint (BC) need
to be revised to account for profits. Specifically, letting 
k � 1 denote the constant
markup associated with industry k, the LMC and national-level BC can be formulated
in changes as

ŒLMC� Owi
OLiwiLi D

X
k

X
j

"
1


k.1 C t�
ij;k

/.1 C x�
ij;k

/
O�ij;k�ij;kej;k

yYj Yj

#
;

ŒBC� yYiYi D Owi
OLiwiLi C yRiRi

C
X

k

X
j

"

k � 1


k.1 C t�
ij;k

/.1 C x�
ij;k

/
O�ij;k�ij;kej;k

yYj Yj

#
:

The last term in country i’s BC corresponds to total profits collected by firms in
that country. This term was zero in the baseline model, where 
k D 1 for all k by
assumption. A basic complication here is that evaluating the above equations requires
information on industry-level markups, which are difficult to recover from macro-level
trade data.

Accounting for a Variable Unit Labor Cost. The baseline EK model assumes a
constant unit labor cost. This assumption implies that the direct passthrough of trade
taxes onto consumer prices is complete once we net out general equilibrium wage
effects. As noted earlier, this assumption is consistent with the findings in Amiti,
Redding, and Weinstein (2019b) and Fajgelbaum et al. (2019). In Online Appendix
G, however, I derive sufficient statistics formulas for revenue-maximizing trade taxes
in a setup where the unit labor cost is increasing in industry-level output. Using these
formulas, I present an analog for Proposition 4 in the presence of a variable unit labor
cost. This exercise indicates that the revenue-maximizing import (export) tax rate and
the revenue they deliver will be relatively higher (lower) under an increasing unit labor
cost. However, revenue-maximizing import (export) taxes will also inflict a greater
(smaller) deadweight loss on the economy.

Accounting for Within-Country Income Heterogeneity. The results presented above
hold without qualification if we all allow for an exogenous distribution of abilities
across workers—an assumption that is commonplace in the public finance literature.
In Online Appendix H, however, I look beyond this special case by presenting an
extension of the model featuring multiple types of workers as in Galle, Rodrı́guez-
Clare, and Yi (2017). Worker types are heterogeneous in their abilities, and sort into
industries accordingly à la Roy. Solving Problem (P1) in this setup indicates that
using trade taxes for revenue generation can worsen income inequality if high-income
workers have a comparative advantage in high-� industries. Considering this, the
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baseline model (which accounts for only representative welfare effects) may understate
the cost of revenue-raising trade taxes.

Accounting for Input–Output Linkages. Following Caliendo and Parro (2015), we
can introduce input–output linkages into the baseline EK model. Under this extension,
which is formally presented in Online Appendix I, the elasticity of import demand
is moderated by the input–output structure. Specifically, a tax on import good ji, k
will raise the price of domestic goods that use ji, k as an input. The inflated price of
domestic goods will, in turn, moderate the tax-induced reduction in import demand.
As a result, the revenue-maximizing import tax rate will be relatively higher than the
baseline rate. By comparison, the revenue-maximizing export tax rate is given by the
same formula specified under Proposition 1, provided that each country is sufficiently
small relative to the rest of the world—see Online Appendix I for specific details.

In addition to influencing the revenue-maximizing trade tax rate, input–output
linkages create ripple effects that magnify the fiscal and welfare burden associate with
every dollar of tax revenue. Specifically, the trade-impeding effects of trade taxes
can multiply through the input–output network, leading to a greater-than-baseline
shrinkage in global trade for the same tax rate. As such, the welfare consequences of
retaliation will be more drastic after we account for input-output linkages. Relatedly,
the shrinkage of the trade tax base will be more pronounced after retaliation, implying
a lower revenue for the same tax rate. As detailed in Online Appendix I, these welfare
and fiscal consequences can be quantified using a similar approach to that presented
under Proposition 4.

5. Quantitative Implementation

The section applies Proposition 4 to quantify the effectiveness of trade taxes at
raising revenue and the consequences of retaliation. Solving the system specified
by Proposition 4 requires data on trade values, Xji,k, total expenditure, Yi, total factor
compensation, wiLi, applied tariffs, tji,k, and income or VAT tax rates, ıi.

19 I also need
estimates for the industry-level trade elasticities, � k, and the labor supply elasticity, 	.
Below, I describe how data on these variables are gathered from various sources.

5.1. Data Description

Data on industry-level expenditure values, fXji,kg, are taken for the 2014 version of the
WIOD (see Timmer et al. (2012)). The data covers all 27 members of the European
Union (EU) as well as Australia, Brazil, Canada, China, India, Indonesia, Japan,

19. Recall from Section 2 that ı
i

is a variable that collectively accounts for the sum of income and
uniform VAT (or commodity) taxes. Also, throughout my analysis, I assume that export taxes are negligible,
x

ji,k
� 0.
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TABLE 1. List of industries and estimated trade elasticities.

Number Description �k Standard error N

1 Crop and animal production, hunting 0.69 0.12 11,440
Forestry and logging
Fishing and aquaculture

2 Mining and quarrying 13.53 3.67 11,440
3 Food, beverages, and tobacco 0.47 0.13 11,440
4 Textiles, wearing apparel, and leather 3.33 0.53 11,480
5 Wood and products of wood and cork 5.73 0.93 11,326

Paper and paper products 8.50 1.52 11,440
Printing and reproduction of recorded media

7 Coke, refined petroleum and nuclear fuel 14.94 2.05 8,798
8 Chemicals and chemical products 0.92 0.96 11,440

Basic pharmaceutical products
9 Rubber and plastics 1.69 0.78 11,480
10 Other non-metallic mineral 1.47 0.89 11,440
11 Basic metals 3.28 1.23 11,440

Fabricated metal products
12 Computer, electronic, and optical products 3.44 1.07 11,480

Electrical equipment
13 Machinery and equipment n.e.c 3.64 1.45 11,480
14 Motor vehicles, trailers, and semi-trailers 1.38 0.46 11,480

Other transport equipment
15 Furniture; other manufacturing 1.64 0.60 11,480
16 All service-related industries 4 ... ...

(WIOD Industry No. 23-56)

Note: This table estimates the industry-level trade elasticities using the Caliendo and Parro (2015) methodology.
The WIOD industry classification features 56 industries, 34 of which are service-related industries. The trade
elasticity for these industries is normalized to 4.

Mexico, Norway, Russia, South Korea, Taiwan, Turkey, Switzerland, and the United
States, plus an aggregate of the rest of the world. Expenditure values are reported for
56 traded and service-related. Following Costinot and Rodrı́guez-Clare (2014), I group
industries into 16 industrial categories that share a category-specific trade elasticity,
with details provided in Table 1.

Data on applied tariffs, ftji,kg, are taken from the UNCTAD-TRAINS. The
UNCTAD-TRAINS for 2014 covers 31 two-digit (in ISIC rev.3) sectors, 185 importers,
and 243 export partners. Following Caliendo and Parro (2015), I use the simple
tariff line average of the effectively applied tariff (AHS) to measure each of the
tji,k’s. When tariff data are missing in a given year, I use tariff data for the nearest
available year, giving priority to earlier years. To aggregate the UNCTAD-TRAINS
data into individual WIOD industries, I closely follow the methodology outlined in
Kucheryavyy, Lyn, and Rodrı́guez-Clare (2016). Data on ıi, which accounts for the
collective sum of flat income and VAT taxes, are taken for World Bank Indicators
database.

Given data on trade values and applied tariffs, I can determine the total expenditure,
Yi D P

k

P
jXji,k, as well as wage revenue, wiLi D P

k

P
jXij,k=(1 C tij,k). I can
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subsequently compute the expenditure shares as ei,k DP
jXji,k=Yi and �ji,k D Xji,k=ei,kYi.

My main analysis lumps all the EU member countries together, treating them as
a single taxing authority. In Online Appendix J, I redo my analysis while treating
each EU member country as an autonomous taxing authority. Finally, to make the
data consistent with my theoretical model, I purge it from trade imbalances, closely
following the methodology in Dekle, Eaton, and Kortum (2007).

Following the existing estimates of the labor supply elasticity surveyed by Chetty
et al. (2011), I set 	 D 0.5. Since trade elasticities play a foundational role in my
analysis, I formally estimate them using the information available in the WIOD and
UNCTAD-TRAINS datasets.

5.2. Estimating the Industry-Level Trade Elasticities

As established in Section 3, the effectiveness of trade taxes in raising revenue is
regulated by the industry-level trade elasticities. Specifically, trade taxes are a more
potent non-cooperative fiscal instrument if trade elasticities are lower and exhibit less
cross-industry heterogeneity. So, a credible assessment of revenue-raising trade taxes
hinges on attaining credible estimates for the industry-level trade elasticities.

I estimate the industry-level trade elasticities by applying the triple-difference
estimator in Caliendo and Parro (2015) to the 2014 version of the WIOD. To present
this procedure, note that the multi-industry Eaton and Kortum (2002) model predicts
the following gravity formulation for trade flows:

Xj i;k D ˆj;k�i;k�
��

k

j i;k
.1 C tj i;k/��

k ;

where ˆj;k � Tj;kw
��

k

j;k
and �i;k � P

nŒTn;kw
��

k

n;k
�

��
k

ni;k
.1 C tni;k/��

k �ei;kYi;k can
be viewed as exporter and importer fixed effects. Suppose the iceberg trade cost, ln � ji,k
D ln dji,k C "ji,k, is composed of two components: (i) a systematic and symmetric
component, dji,k D dij,k, that accounts for the effect of distance, common language, and
common border, and (ii) a random disturbance term, "ji,k, that represents a deviation
from symmetry. Using this decomposition, we can produce the following estimating
equation for any triplet (j, i, n):

ln
Xj i;kXin;kXnj;k

Xij;kXni;kXjn;k

D ��k ln
.1 C tj i;k/.1 C tin;k/.1 C tnj;k/

.1 C tij;k/.1 C tni;k/.1 C tjn;k/
C Q"j in;k;

where Q"j in;k � �k."ij;k � "j i;k C "in;k � "ni;k C "nj;k � "jn;k/. The above equation
can be used to attain unbiased and consistent estimates for � k under the identifying
assumption that cov(tji,k, "ji,k) D 0. I estimate the above equation separately for each
of 16 industrial categories in my analysis, using data on fXji,kg from the 2014 version
of the WIOD and data on ftji,kg from the UNCTAD-TRAINS database. The estimation
results are reported in Table 1 and broadly align with those produced by Caliendo and
Parro (2015) using data for a smaller sample of countries from 1993.

Before moving forward, let me outline two possible concerns with my estimation
strategy. First, tariffs are an endogenous policy choice even under the strict tariff caps
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TABLE 2. Summary of quantitative results.

% of income tax revenue replaceable
with trade taxes

Welfare consequences
of retaliation

Country (P1) (P2)
Post-

retaliation
%� Real

GDP EB/$ Rev.

AUS 9.3% 8.3% 3.9% � 5.9% $2.8
EU 7.8% 7.8% 2.6% � 3.3% $2.4
BRA 8.6% 8.6% 3.0% � 3.5% $2.7
CAN 18.0% 16.3% 9.0% � 11.4% $2.9
CHE 27.0% 26.5% 13.5% � 12.2% $2.8
CHN 7.7% 7.7% 2.9% � 2.4% $2.1
IDN 22.3% 22.2 % 10.0% � 5.9% $2.5
IND 11.9% 11.9% 4.6% � 3.2% $1.9
JPN 11.8% 11.3 % 4.3% � 4.6% $2.5
KOR 20.6 % 20.6% 8.8% � 7.1% $2.1
MEX 37.0% 34.6% 24.1% � 11.5% $2.5
NOR 13.8% 12.5% 6.3% � 8.9% $3.1
RUS 14.2% 10.9% 6.6% � 8.2% $2.7
TUR 24.2% 23.1% 12.9% � 10.4% $2.5
TWN 29.1% 28.7% 14.1% � 11.6% $2.3
USA 8.8% 8.3% 3.2% � 3.5% $2.7
Average 17.0% 16.2% 8.1% � 7.1% $2.5

Note: Column (P1) reports the maximum share of income tax that is replaceable with equal-yield trade taxes
if welfare considerations were not binding (Problem P1). Column (P2) reports the maximum share of income
tax that is beneficially replaceable with equal-yield trade taxes (Problem P2). The last column reports the excess
burden associated with $1 of income tax revenue replaced with $1 of trade tax revenue after retaliation.

imposed by the World Trade Organization. That is because most countries apply their
tariffs with an overhang, which grants them some flexibility in tariff manipulation
(Bown and Crowley (2016)). Second, the residual Q"j in;k may encompass omitted
markup heterogeneity, which is overlooked by my perfectly competitive framework.
In general, though, the optimal markup is possibly non-zero and decreasing in trade
taxes, which can lead to the estimated trade elasticities to be attenuated.

5.3. Quantitative Results

Plugging data on f�ji,kg, fei,kg, ftji,kg, fYig, fıig, and fwiLig, as well as the estimates
for f� kg and 	 into the system specified by Proposition 4 (or analogous systems for
the non-retaliation case) determines (i) the maximum share of income tax revenue
that can be beneficially or non-beneficially replaced with trade taxes; (ii) the extent to
which trade tax revenues shrink after retaliation, and (iii) the welfare consequences of
multilateral retaliation.

A summary of these results is reported in Table 2. Table J.1 of the Online Appendix
reports similar results for the case where EU countries are treated as independent taxing
authorities. The first column in Table 2 reports the maximum share of the income tax
revenue that can be replaced with trade taxes (Problem P1). The second column reports
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FIGURE 1. The (un)effectiveness of trade taxes in raising revenue.

the maximum share of the income tax revenue that can be beneficially replaced with
trade taxes (Problem P2). The third column reports what share of the income tax
revenue can be replaced with trade taxes after retaliation. The last two columns report
the % loss in real GDP after retaliation and the excess burden for each dollar raised in
trade tax revenue. These numbers highlight a set of basic results that are listed in the
following.

RESULT 1. Even before retaliation, the average country can beneficially replace only
16% of its income tax revenue with trade tax revenue.

Figure 1 visualizes the above result. Evidently, for the average country, export and
import taxes together can beneficially replace at most 16.2% of current income tax
revenues. These fractions are lower for larger economies like the United States, where
trade taxes can replace at most 8.8% of current income tax revenues. These results
indicate that even if governments are ignorant of the threat of retaliation, trade taxes
cannot serve as a major source of revenue for most countries.

Following Remark 1 from Section 3, the above result is driven by industry-level
trade elasticities being relatively low and highly heterogeneous across industries. The
fact the trade elasticities are relatively low renders export taxes ineffective. The fact that
trade elasticities are highly heterogeneous renders import taxes ineffective. Related to
this point, for all countries except the EU, Brazil, and China, the revenue-maximizing
trade tax schedule worsens welfare. Hence, the non-trivial gap between the results in
Columns 1 and 2 of Table 2.
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RESULT 2. After retaliation, the trade tax revenues collected by non-cooperative
countries decline by 50%. Also, every $1 million of income tax revenue that was
replaced with trade tax revenue imposes an excess burden of $2.7 million on the
economy.

Figure 1 illustrates the first part of the above result. To document the second part,
I follow Kay (1980) and calculate the excess burden of trade taxes as follows:

EBi D e.fP 0
i ; w0

ig; W 0
i / � e.fP i ; wig; W 0

i / � �Ri � .ı0
iw

0
iL

0
i � ıiwiL/;

where e(.) is the expenditure function and �Ri denotes the increase in trade tax
revenue. As shown in Online Appendix C, the above equation can be reformulated as

EBi D Yi
yYi .1 � 1= OPi / � wiLi .

dwiLi � OLi / � �Ri � ıiwiLi .
OLi � 1/; (4)

where OYi , dwiLi , OLi , and OPi denote the change in total spending, wage income, labor
supply, and consumer price index when governments replace income tax with trade
tax revenue. Using the above equation, I can calculate the ratio EBi=�Ri , which is
reported in the last column of Table 2. It turns out that EBi=Ri � 2:5 for the average
country, which is remarkably high.20

The fact that EBi=Ri is excessively high and rather uniform across countries
is best understood from the lens of Remark 2 from 3. Specifically, a country can
collect more trade tax revenue, Ri , if it is a net importer in low-� industries. The same
country, however, is also more reliant on trade and experiences a greater loss, EBi from
retaliation. These countervailing effects imply that EBi=Ri should be rather high for
all countries including those with more national-level market power. In comparison,
the nominal welfare loss, �Wi, varies considerably across countries depending on the
country’s size and import composition.

It is worth reiterating that Result 2 concerns retaliation by trade tax revenue-
maximizing governments. Alternatively, governments can replace income tax revenue
with non-cooperative welfare-maximizing trade taxes. In that case, the optimal export
tax rate will remain the same. But optimal import taxes will be uniform to minimize
distortions to local consumer prices. Accordingly, welfare-maximizing trade taxes will
raise less revenue while also imposing a smaller (gross) excess burden on the economy.
But, altogether, the excess burden per dollar of tax revenue, EBi=Ri , should not be
that different under this scenario.

The above result is also related to the findings in Amiti, Redding, and Weinstein
(2019a) and Fajgelbaum et al. (2019) who analyze the revenue-raising effects and
the excess burden of the Trump administration’s tariffs on China. Unlike the present
analysis, both of these studies analyze already-applied tariffs that are targeted solely at

20. The cost of retaliation is driven by two distinct cost channels: First, trade taxes distort consumer
prices not only (i) between domestic and imported varieties, but also (ii) across industries. Second, as
highlighted by Proposition 5, trade taxes distort the supply of labor in each economy. The combination of
these two effects leads to the large welfare losses reported in Table 2.
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FIGURE 2. The effectiveness versus efficiency trade-off. The x-axis corresponds to the maximum
trade tax revenue (as a share of GDP) that a country can collect post-retaliation. The y-axis corresponds
to the excess burden of these taxes relative to GDP.

Chinese import goods. Amiti, Redding, and Weinstein (2019a) estimate that the Trump
administration’s tariffs raised $8.2 billion in revenue but inflicted an excess burden
equal to $15.6 billion on the US economy. That implies an excess burden of $1.9 per
dollar of tax revenue, which is close but slightly lower than the numbers reported in
Table 2. A simple explanation for why Amiti, Redding, and Weinstein (2019a) find
a smaller excess burden per dollar is that the Trump administration’s tariffs (i) were
set lower than the revenue-maximizing rate and (ii) faced only partial retaliation from
China.

RESULT 3 (The effectiveness-efficiency trade-off). In a cross-section of countries,
trade taxes are the least efficient when they are most effective at raising revenue.

The above result is portrayed in Figure 2. For smaller economies, such as Taiwan
or Mexico, trade taxes can be more effective at replacing existing income tax revenues.
In these economies, however, revenue-raising trade taxes are also less efficient. That is,
after prompting retaliation, they impose a greater excess burden on the economy. The
intuition behind this result is similar to that provided in Section 3: Trade taxes are a
more effective fiscal instrument for countries that (i) face a lower import-weighted trade
elasticity, and (ii) exhibit a higher trade-to-GDP ratio. Both of these characteristics,
however, indicate that imported goods are less-substitutable with domestic alternatives
in that country. As a result, reducing trade to raise tax revenue will have a greater
negative effect on welfare.

RESULT 4. The gains from trade agreements are 30% larger once we account for the
fiscal cost of trade wars and distortions to labor supply decisions.
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The gains from trade agreements can be calculated in the same vein as Ossa (2014,
2016). Multilateral trade agreements avert the cost of full-fledged multilateral trade
wars. So, by construction, the gains from trade agreements equal the welfare costs of a
full-fledged trade war, which are reported in the last column of Table 2. The numbers
produced here, though, account for two cost channels that have been overlooked in the
prior literature. Namely:

(1) Distortions to labor supply decisions, which are driven by an increase in consumer
price index, QPi , after the trade war; and

(2) A fiscal cost, driven by the shrinking of the income tax base, which forces
governments to raise the income tax rate, ıi, in order to maintain real government
expenditure.

If we account for these previously-overlooked cost channels, trade agreements
contribute to the average country’s real income by 7%, which is notably larger than
the prior literature estimates.

To shed further light on these differences, note that the importance of cost channels
(i) and (ii) is regulated by the labor supply elasticity, 	. Under the standard assumption
that 	 D 0, trade wars do not distort labor supply decisions and neither do they impose a
fiscal cost on the economy.21 As 	 increases, however, the importance of cost channels
(i) and (ii) also increases.

Figure 3 illustrates this argument and indicates that the aforementioned effects are
profound. The solid line demonstrates that as 	 increases from 0 to 0.9, the implied
gains from trade agreements (or the loss from a full-fledged trade war) increases from
less than 5% to around 10% in terms of real GDP for the average country. The dashed
line demonstrates that, in the event of a full-fledged trade war, countries have to raise
their income tax rate to counter the shrinking income tax base. The higher the labor
supply elasticity, 	, the greater the needed increase in ıi, and the higher the welfare
cost of such an increase.22

6. Conclusion

The standard argument against taxing-trade-for-revenue asserts that countries are small
compared to the rest of the world and bear the entire cost of their trade taxes. In
this line of argument, trade taxes are strictly less-efficient than other revenue-raising
tax instruments, even without retaliation by trading partners. For all its merits, this
argument does not paint a complete picture for two reasons. First, if the recent political
climate is of any indication, governments occasionally have a political or institutional

21. When � D 0, income taxes are non-distortionary. So even if the trade war shrinks the income tax
base, it imposes no real fiscal cost on the economy.

22. The statement of Result 4 derives from comparing the welfare effects under � D 0 and � D 0.5. Doing
so implies that overlooking cost channels (i) and (ii) understates the gains from trade agreements by more
than 30%.
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FIGURE 3. The fiscal cost of trade wars. The solid line reports the average welfare loss per country
after retaliation. The dashed line reports the change in income tax revenue that is necessary to
maintain real government spending after retaliation. 	 governs the importance of distortions to labor
supply decisions. When 	 D 0, raising ı imposes no cost on the economy as labor supply decisions
are unaffected by such a change. The higher the 	, however, the higher the cost of raising ı.

preference for trade taxation. For such governments, whether to erect trade taxes or not
is a matter of effectiveness rather than efficiency. Second, as established by Alvarez
and Lucas (2007), even small countries can gain non-cooperatively from trade taxation
if we account for technology differentiation and general equilibrium policy effects.

Against this backdrop, I presented an alternative argument against taxing-trade-
for-revenue. One that was based on two independent assertions: first, I argued that trade
taxes are an ineffective fiscal instrument. To this end, I estimated the degree of national-
level market power across various industries and countries. Using these estimates, I
demonstrated that (even before retaliation) the average country can beneficially replace
only 16% of its domestic tax revenues with trade taxes. Second, I demonstrated that
half of these revenues disappear after retaliation. Moreover, governments are forced to
increase domestic taxes after retaliation to counter the shrinking domestic tax base.

The above results were produced with a new sufficient statistics methodology
that improves upon standard techniques commonly employed in the quantitative trade
policy literature. As noted in Section 2, this new methodology readily extends to
environments featuring (i) worker heterogeneity, (ii) pre-existing market distortions,
and (iii) a variable unit labor cost. Mapping these extensions to actual data
provides a fruitful avenue for future research. The cost of performing such extended
analyses is that they require additional data collection on within-country patterns of
employment, markup wedges, and cost functions. The benefit of conducting such
analyses is determining whether taxing-trade-for-revenue exacerbates pre-existing
market distortions or worsens income inequality.
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Vries, I-aki Arto, Valeria Andreoni AurŽlien Genty, Frederik Neuwahl Joseph Francois, et al.
(2012). “The World Input-Output Database (WIOD): Contents, Sources and Methods.” IIDE
Discussion Paper No. 20120401.

Waugh, Michael E. (2019). “The Consumption Response to Trade Shocks: Evidence from the US-
China Trade War.” NBER Working Paper No 26353.

Supplementary Data

Supplementary data are available at JEEA online.

D
ow

nloaded from
 https://academ

ic.oup.com
/jeea/article/19/5/2399/6041734 by Indiana U

niversity - Bloom
ington user on 17 June 2025

https://academic.oup.com/jeea/article-lookup/doi/10.1093/jeea/jvaa058#supplementary-data

