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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 coun-
try 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 GDP 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.

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.”! At the core of these ongoing debates lie a set of

unresolved questions:

(a) Absent the threat of retaliation, can a country possibly gain from

replacing domestic tax revenues with trade tax revenues?

1See, for  example, https://beta.washingtonpost.com/politics/2019/07/16/
tariff-revenue-trump-tweets-things-you-need-know/
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(b) If so, what fraction of the government’s expenditure 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 con-
sumers and producers. The traditional literature on this issue simplifies this
task by assuming that countries are small and possess no export or import mar-
ket power.? 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 gen-
eral 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 domes-
tic 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 retali-
ation. Calculating these taxes involves simultaneously solving for the optimal
tax response of many countries while taking into account a wide range of gen-
eral equilibrium interdependencies. Performing such a procedure can be infea-
sible 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 (i) product/technology differentiation, and (ii) en-
dogenous supply of labor. Mapping these formulas to data allows me to calcu-
late 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 re-

2See Anderson (1996) for a review of the literature on trade tax reform in the presence of
revenue considerations.



place 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 in-
crease domestic taxes. More importantly, all parties lose from these develop-
ments and real GDP drops 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.
In this model, all countries possess export and import market power, the de-
gree of which depends on the industry-level trade elasticities. All countries
also have access to a full set of revenue-raising tax instruments, including trade
taxes as well as domestic income and VAT taxes. I also analyze several ex-
tensions to the baseline model, which admit (i) pre-existing domestic market
distortions, (ii) industry-specific factors of production, and (iii) within-country
income heterogeneity arising from heterogeneous worker abilities.

Section 3 analyzes a tax reform, whereby a non-cooperative government re-
places domestic taxes with equal-yield trade taxes in order to maximize the con-
tribution 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 suf-
ficient 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.
The reason being that when trade elasticities are low and import taxes are more
effective at raising revenue, they are borne primarily by domestic consumers.
This underlying 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, can be more-
or-less effective depending on the underlying industry-level trade elasticities.

Section 3.2 analyzes the consequences of retaliation by trading partners. Re-
taliation, expectedly, leads to a reduction in trade tax revenues and inflicts a
welfare loss on all partners. My analysis, however, highlights two welfare cost

channels that have received little attention in the prior literature. Namely, that



in the trade war that ensues after retaliation (a) labor supply decisions become
distorted due to an increase in consumer prices, and (b) the domestic tax base
shrinks, which prompts governments to raise domestic taxes to maintain real
government expenditure. The latter channel corresponds to the fiscal cost of a
trade war.

My analysis of multilateral retaliation yields another basic insight: The con-
sequences of retaliation are greater in circumstances where trade taxes are a
more tempting fiscal instrument for non-cooperative governments. The intu-
ition behind this result is that when trade elasticities are low, governments can
potentially raise more trade tax revenue due to possessing more market power.
But at the same time, countries also rely more on foreign trade in these cir-
cumstances, which increases the prospective cost the trade reduction due 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 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 conse-
quences 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 sys-
tem of non-linear equations. In comparison, the traditional approach to analyz-
ing multilateral retaliation involves an iterative procedure, where each iteration
performs many constrained global 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
UNCTAD-TRAINS. Together, these data-sets cover 43 major economies plus an
aggregate of the rest of the world and span 56 traded and service-related indus-
tries. Using the estimated elasticities and the procedure outlined in Section 4 I

produce four basic results:

i. Before retaliation, trade taxes can beneficially replace only 16% of the do-
mestic 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.
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ii. 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 government expenditure. 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.’

iii. In countries where trade taxes are relatively more effective at raising rev-
enue, 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 be-
tween 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.

iv. 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 ba-
sis that they avert the losses from multilateral trade wars. I simply find
that the cost of multilateral trade wars are larger than previously esti-

mated, 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
tirst to formally measure the effectiveness of trade taxes at replacing domestic
tax revenues. Irwin (1998) who investigates whether the US economy was posi-
tioned 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.

3The efficiency loss associated with trade taxes can reduce if we account for the lower mon-
itoring and enforcement cost associated with these taxes (see Emran and Stiglitz (2005), Besley
and Persson (2013), and Best et al. (2015)).



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
tiscal aspects of trade tax reforms (e.g., Keen and Ligthart (2002, 2005); Em-
ran and Stiglitz (2005); Anderson and Neary (2016)).* This literature typically
assumes that countries possess no export or import market power, which au-
tomatically rules out any unilateral gains from trade taxation—see Dixit (1985)
for a comprehensive review.” 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 pol-
icy choices that are from optimal and even detrimental to own’s welfare. Anal-
yses of the recent US-China trade war confirm this old argument (e.g., Amiti
et al. (2019a); Fajgelbaum et al. (2019); Waugh (2019); Handley et al. (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 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 ap-
proach 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 quanti-
fies the gains from regional and multilateral trade agreements (e.g., Ossa (2014,
2016); Caliendo and Parro (2015); Bagwell et al. (2018)). The existing literature

often assumes that labor is inelastically supplied in each country. Under this

4The above literature builds on earlier analyses of piecemeal tariff reforms, e.g., Hatta (1977)
and Fukushima (1979), which abstracted from the fiscal cost of such implementing reforms

SDixit (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 is a basic implication of the Diamond and Mirrlees (1971) production efficiency principle.

®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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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 = 1, ..., N countries, with C
denoting the set of countries. Labor is the sole factor of production. Country
i is populated by L; 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, w;. There
are k = 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 w €
O = [0,1] in industry k. The utility of the representative consumer in country
i who consumes basket g and supplies L units of labor are described by the

following function
Ui(q,L) = Qi(q) — o(L).

In the above formulation, v(L) = Ll*x/ <1 + 11() 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

K bik

o) =TT ([ _,, tlwrde) ™,

k=1

where py € (0,1), while e; x denotes the constant share of expenditure on indus-
try k (EX_ e = 1).

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

Ciix(w) = Tipw;/zjx(w),

where productivity, z;x(w), is independently drawn from a Fréchet distribu-

tion, Fj(z) = exp(—Tjxz %). 7jix > 1 denotes the iceberg trade cost associated



with exporting from country j to market i, with 7;;;, = 1foralli € C.” Con-
sidering the above cost function, country j can supply good w to market i at a
perfectly competitive price, pj;x(w) = cjix(w).

Trade and Income Taxes. Country i has access to a full set of (a) industry-
level import taxes, {t;;}, that are applied to all goods imported from origin
j # i; as well as (b) industry-level export taxes, {x;;x}, that are applied to goods
exported to destination j # i. By construction, x;;x = t;;; = 0 for all k. Trade
taxes create a wedge between the producer price, pj;x(w), and the consumer
price, fijix(w) of every traded variety. In particular,

Piik(w) = (14 xjix) (L + tjip)pjix(w), Vw € Oy.

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 et al. (2019b)
and Fajgelbaum et al. (2019). In 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, ¢;, which raises a rev-
enue 6;w;L;. Both trade and income taxes have distortionary effects on the econ-
omy. The trade taxes directly distort consumer prices, whereas the income tax
decreases the labor supply.® Importantly, as is well-known from the public fi-
nance literature, a linear income tax is equivalent to a uniform consumption (or
VAT) tax. So, we can henceforth view ¢ as an instrument that accounts for the

collective sum of flat income and consumption taxes.

Equilibrium. Consumers in Market i purchase variety w from the cheapest

supplier. So, the actual price paid for good w satisfies

Pix(w) = I]rélél {Piix(w)}.

7T also assume that Tiik > Tiox ik forall j,i,and £ € C.
8To be specific, L; = ([1 — 6;]w;/ Pi)K where P; is the price index associated with Q);.



Following the steps in Eaton and Kortum (2002), the share of country i’s expen-
diture on goods originating from country j is given by
—0
Tije [(1+ tix) (14 xjip) Tigw;]

Ajix(t, % w) = : : — —
Yovec Tog [(1 4 tip) (1 + xgi k) Toi w0y

where w = {w;}. Market i’s total expenditure on country j goods is, there-
fore, given by Xj;x(w) = Ajix(w)e;Y;, with Y; denoting total expenditure in
Country i. The national-level budget constraint (BC) requires that total expen-
diture in country i is the sum of personal expenditure from net wage income,

(1 —6;)w;L; and government expenditure form tax revenues, G; = d;w;L; + R;:
[BC] Y; = wiLi(t, x,6;w) + Ri(t,x,6;w,Y). 1)

In the above expression, Y = {Y;}; while L;(.) = ([1 — &;Jw;/ P;)* where P; is the
price index of the aggregate consumption basket.”R;(.) denotes the portion of

government spending that is financed by trade tax revenues, and is equal to

]zk
1—|—t],k

Xijk
(1 + xi0) (1 + tix)

N K
Ri(t,x, 0w, Y) = Z Z Ajig(t, 2 w)e; kY + Aiji(t, x;w)e; Y
j=1k=1

()

Equation 1 along with the representative consumer’s budget constraint, ensure

that trade is balanced between countries. For any vector of taxes, x = {xjix},
t = {tjix}, and & = {4;}, equilibrium wages, w, and expenditure levels, Y,
should satisfy Equation 1 and the labor market clearing condition:

[LMC] w;L Z Z

j=1k=1

Aiji(t, x;w)eY; 3)

(1+tij) (1 + xik)

Considering this, all equilibrium outcomes can be uniquely determined given
the policy xwage xincome combination (t,x,J;w,Y). The following definition
outlines this point.

Definition. The policy xwage x income combination (t,x,d;w,Y) is feasible if given
taxes (t,x,9), equilibrium vectors w and Y satisfy Equations 1 and 3. Relatedly, F
denotes the set of all feasible policy X wage x income combinations.

°To be specific, the consumer price index is given by B; = ¢ [T, P, where ¢; = [T;e;, *
= 0x—1/px Pk N — 0 ~1/6k . .
and P, =T (T) it Tik [(1 + tjip) (1 + x]-i/k)'rji,kw]} , with T'(.) denoting

the Gamma function.




To be clear, in the above definition, w and Y are implicit functions of the tax
schedule (t,x,0). So, the effect of a tax change on different equilibrium out-
comes 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 re-
place a portion of their income tax revenue with trade tax revenues. The adop-
tion of trade 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 re-
taliation. 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:

i. What share of the government’s budget can be financed with trade taxes

if social welfare was not a binding consideration?

ii. 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 irre-
spective of how social welfare is affected—see Bhagwati (1988). This scenario
is especially relevant to the current political climate wherein multiple govern-
ments have turned to trade tax revenues to fund political redistribution in their
country, even though these policies have compromised social welfare. '’
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

190ne 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.
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a government is willing to replace income taxes with equal-yield trade taxes in-
sofar 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 U.S.’s trade policy
indicates that the U.S. government attached a prominent weight to social wel-
fare (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), Ineed to determine the revenue-maximizing trade tax schedule in each coun-
try 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 following problem:

(txgn£>l</)€]F Ri(ti,xi;t_j,x_;,0,w,Y) (P1)

s.t. 5iw1~Li + Rl() = Ei/

where t_; = {tj,x},»; and x_; = {x,jx},»i denote the vector of applied taxes in
the rest of the world. G; denotes total government spending under the status
quo. The revenue-neutrality constraint in (P1), therefore, ensures that total gov-
ernment 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, G;/P;. 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 Appendix D and highlight its subtle
differences throughout this section.

Problem (P1) is plagued with various general equilibrium interdependen-
cies. However, as discussed below, we can still analytically solve (P1) and de-
rive sufficient statistics formulas for t7(.) and x/(.). 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. Foranya € Ry (i) if A = 1+ t;,t;1+x,x_, 6w, w_;) € F,
then A" = (a(1+t;),t_;,(1+x;)/a,x_;,8;aw;, w_;) € F; moreover, (ii) the share
of trade tax revenue-to-income tax revenue is preserved under allocations A and A’ :

11



Ri(A)/dwili = Ri(A") /6w L}

The above lemma, which is proven in 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.'?
First, a lower-tier problem that maximizes R;(.) 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 =
G;. Even after splitting Problem P1 as noted, deriving an analytical solution is
complicated by general equilibrium interrelations. But as shown in 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
(for a fixed level of government spending G) are given by the following formulas

1 _
1+, =1+ (1+¢), Vj+#i; Vk € K
& Ouhig
1 _
14+xf, =[1+— | 1+, Vji#i VkekK,
l],k 9k(1 _ )L;k]',k) ( 1) ]

where t; € R is a tax shifter that requlates the nominal tax revenue and is chosen to
satisfy the revenue-preserving constraint.'>

Following Lemma 1, the country-specific tax shifter, #;, is pinned down by
the revenue-preserving constraint in Problem (P1), i.e., the upper-tier problem.

1To economize on the notation, Lemma 1 is cast in terms of feasible tax-wages combinations,
A = (1+1t,1+x,6;w). Thelemma can be equivalently expressed in terms of feasible tax-wage-
income combinations, A = 1+t1+x6w,Y).

128plitting 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 de-
liver aggregate quantities at the lowest cost and a macro-problem that determines the optimal
aggregate quantities.

13The superscript “” indicates that the expenditure shares are evaluated in the equilibrium
that occurs under the revenue-maximizing tax rates.
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More specifically, if the government in country i raises trade taxes according to
the formulas specified by Proposition 1, then there is a unique #; that ensures
total tax revenue remains equal to G;. To deal with the multiplicity of tax so-
lutions, Theorem 1 implicitly assumes that ¢; is normalized to its pre-reform
value. As shown in Appendix D, under the alternative specification where (P1)
is solved subject to real revenue-neutrality, f; can be normalized to zero without
loss of generality but 4; 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 for-
mulas presented under Proposition 1. When solving Problem (P1), the tax au-
thority 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, increas-
ing 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 optimal -welfare-maximizing- trade taxes unless the trade elas-
ticities are uniform across industries.!* If trade elasticities exhibit great het-
erogeneity across industries, the tax rates specified by Theorem 1 can actually
worsen real income in the tax-imposing. With this background, I next charac-
terize 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 govern-
ment that is non-cooperative but has no strict political or institutional prefer-
ence for trade taxation either. Such a government is willing to finance gov-

ernment spending with trade taxes, but to the extent that social welfare is not

14Gee 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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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:

(tx(rsnu?)é)eﬂ: Ri(tixipt_i,x_,0,w,Y) (P2)

s.t. o;w;L; + Rl() = El’,
AWi(tl’, x;t_j,x_;, 0w, Y) > 0.

The above problem differs from Problem (P1) in a key aspect: Given the ad-
ditional constraint, AW;(.) > 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 govern-
ments 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,
AWi(t;k, x;‘; t_;,x_;,0,w, Y) >0

where t] and x are the revenue-maximizing tax rates specified by Proposi-
tion 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,
ie, AW;(tf,x7;...) < 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. AW;(t;, x;;t_j,x_;, 6;w,Y) > 0if t; = 0and x; = {1/6;(1 — )‘ij,k>}j,k-
The above lemma states that any country i can improve its welfare by im-
posing zero tariffs and the revenue-maximizing export tax schedule. The above
lemma strictly generalizes the assertion in Alvarez and Lucas (2007) to an econ-

omy that accommodates many asymmetric industries. It states that, in the pres-
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ence 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; and x; denote the solution to (P2). Lemma 2 establishes that 1 +
X = [1+1/0:(1— Ayjp) ] (1+ f;)~!, where £; is chosen to satisfy the revenue-
neutrality constraint. Moreover, since W;(.) is a concave function of tariffs, it
trivially follows that (1 + £;)(1 +1/6;A;ix) > 1+ t;(i,k > 1+ t;. Hence, given
that both R;(.) and W;(.) are concave in t;, 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 with-
out deteriorating domestic welfare are given by

1
i 1 1— &
4t ( ’ ekA;;-,k) o
1

o (1 4ie)

where t; € R is a tax shifter that requlates the nominal tax revenue and is chosen to

L+t ~

? (1+¢), Vj+i;, Vke K

T+, = |1+ (1+5)7Y Vj#i Vk €K,

satisfy the revenue-neutrality constraint and &; € (0,1) is a uniform tax shifter that is
chosen to satisfy the welfare-neutral constraint, AW;(.) = 0.

The gain more intuition about the above proposition, note two extreme
cases. If a; = 0, the above import tax rate maximizes trade tax revenue while
possibly worsening welfare. alternatively, if &; = 1, the above import tax rate
is strictly welfare improving based on Lemma 2. So, by increasing «; 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 (i) 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
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revenue. On one hand, when trade elasticities are heterogeneous, the revenue-
maximizing import taxes are borne primarily by domestic consumers. On the
other hand, as 6y — oo, 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, “im-
port” taxes are an ineffective fiscal instrument. Because increasing the amount of im-
port 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.'” 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/(t_;,x) and x}(t,x_;) denote the solutions to (P1) for country
i. The full vector of revenue-maximizing taxes is the solution to the following
system:

(tl = tﬂlﬁ(tfl,x)

x1 = x(t,x_q)

tn =ty (t-N, x)

(XN = x5 (8 x_N)

l5Alterr1a’tively, 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 (2019) for an
analysis of multilateral retaliation under welfare-maximizing import taxes.
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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, ¢ and x;.
Then, they update t; and x7, given tj and x;, for each country i. This sec-
ond 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 iteratively until con-
vergence is achieved.!® With many countries and industries, this approach can
become infeasible to implement.

To overcome the curse of dimensionality, I can appeal to the sufficient statis-
tics formulas specified by Theorem 1. This is possible because Theorem 1 char-
acterizes 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 system

£ 1 . L
1 + t]l’k - (1 + ek)\ii,k(t*/x*)) (1 + tl) VJ ?ﬁ l, \v/k

* _ + I. -1 . . 7
H ik = <1 * 9k[17\ij,k(t*,x*)]) (IT+5)~, Vj#i vk

where t* and x* denote the vector of Nash trade taxes all over the world, while t; 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 uni-
lateral 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.

16Perroni 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.
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Remark 2. When industry-level trade elasticities are low, (a) trade taxes are a more ef-
fective (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 max-
imize revenue. Following my earlier discussion, this scenario is more appro-
priate if governments have a political or institutional preference for trade taxa-
tion. Alternatively, retaliation can occur in the form of governments adopting
welfare-maximizing Nash taxes. In that case, we can adopt a fairly similar ap-
proach to compute the Nash tariffs—see Lashkaripour (2019) for a thorough
discussion on the determination of welfare-maximizing Nash tariffs. Remark 2,
however, can be stated as is under either scenario.!”

Importantly, the consequences of retaliation depend on whether govern-
ment revenues are maintained in real or nominal terms. In the former case, re-
taliation 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 J; to maintain real government expenditure. Doing so imposes an addi-
tional cost on the economy by distorting labor supply decisions—see Appendix
D for a formal analysis. In comparison, to maintain nominal expenditure, the
government can simply adjust the uniform tax shifter #;, which is welfare neu-

tral 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 ar-
gued earlier, performing tasks (a) and (b) can be infeasible with standard quan-
titative 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 simi-
lar results apply to the simpler, pre-retaliation case. To present my argument,
I adopt the conventional exact hat-algebra notation, where Z = z*/z denotes

17When 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. As a result, trade
both reduces more and matters more for welfare when the trade elasticities are low.
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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 speci-
fied by Proposition 3 in changes. Specifically, noting that A}, = )\ii,k}\ii,k and
Al’-‘jlk = )\ij,k;\ij,kz the revenue-maximizing Nash import and export taxes can be

formulated in changes as follows:

1
Ok i kA k

1

O (1 — AijxAij)

1+ 1+

1+t = (1+5); 1+, = (1+5)71

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, {t;‘l v and {xl*] i), as well
as their effect on wages, {w;}, total income, {Y;}, and labor supply, {L;}, can be solved

as a solution to the following system of equations:

( * 1 I\. * 1 )1
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Moreover, solving the above system requires knowledge of only structural elasticities,
{0k} and x, and observables: namely, (i) applied taxes, tj;x, x;jx, and d;; (ii) expendi-
ture shares, Aj;  and e; ; and (iii) national expenditure and output, Y; and w;L;.

The system specified by Proposition 4 involves 3N + NK + N(N — 1)K
independent equations and unknowns—namely, NK import tax rates, {tl’-"k} ;
N(N — 1)KA export tax rates, {x;‘j’k}; N wage changes, {®;}; N labor supply
changes, {L;}; and N income changes, {Y;}. Solving this system requires

knowledge of only (i) observables (t;;x, Xjix, i, Ajiks €k, WiLi, Yi), and (ii) es-
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timable elasticities (8 and x).'8 Proposition 4, therefore eliminates the need to
estimate the policy-invariant parameters, Ty, and Tj;x. It also rids us of the
need to perform an iterative global optimization procedure. These two sim-
plifications 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, J;, is constant, but the effective income tax rate is declining. To elaborate,
moving from A = (t,%, 6, w,Y) to A = (t*,x*,8;w’,Y’), a smaller fraction of
the consumer’s real wage income is being withdrawn by the income tax. Sim-
ply, 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 refor-
mulated such that f; is normalized to zero and §; = 0!/ 6; is instead treated as a
free-moving variable. Relatedly, Appendix D presents a variant of Proposition
4 where §; 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, W; = Uj;(.). The welfare effects
can be calculated 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

N

w;L;
b;

| =

1]

Wi=giz +(1-¢i)—="

~

where Y;, ;L;, and 1%1, =Tk (ﬁf}'f ) are implied by the system specified under Propo-
sition 4, while ¢; = Y;/(Y; — 17 (1 — 8;)w;L;) is observable.

The proof of the above proposition follows trivially from the fact that the op-
timal labor supply in country i is given by L; = ([1 — bilw;/ Pi) . To put a dollar

value on welfare consequences, we can further compute the excess burden of

18Note that, following Equation 3, w;L; is implicitly implied by data on t;;x, Xjix, Ajik €ixs
and Y;.
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the tax policy change using the output of Proposition 4. This step is formally
outlined in Appendix C.

Finally, we can produce an analog of Proposition 4 to determine the effec-
tiveness of trade taxes for country i before retaliation. In that case, we need to
solve the same system while setting x ik = Ynjk and t]’fn’k = tjpiforalln #i. To
determine what fraction of the government’s expenditure can be beneficially fi-
nanced with trade taxes, we also need to replace the optimal import tax formula
with that specified by Proposition 2. The tax shifter, &;, is then pinned down by

introducing an additional equation that imposes welfare neutrality, i.e., W; = 1.

4.1 Basic Extensions

Before moving forward, let me discuss how the results presented earlier ex-
tend 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 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 Appendix F, 1
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 in-
come tax revenue that is replaceable with trade tax revenue remains approxi-
mately the same. However, the deadweight burden associated with revenue-
raising trade taxes is higher if the industry-level markup is negatively corre-
lated 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 basic idea is to jointly solve for the revenue-maximizing tax rates
and equilibrium conditions in changes. As detailed in Appendix F, the formu-
las governing the revenue-maximizing tax rates are similar to those specified
under Proposition 4. But the labor market clearing condition and the budget

constraint need to be revised to account for profits. Specifically, letting ;. > 1
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denote the constant markup associated with industry k, the labor market clear-
ing condition (LMC) and national-level budget constraint (BC) can be formu-
lated in changes as

1
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The last term in country i’s budget constraint corresponds to total profits col-
lected by firms in that country. This term was zero in the baseline model, where
pr = 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 equilib-
rium wage effects. As noted earlier, this assumption is consistent with the find-
ings in Amiti et al. (2019b) and Fajgelbaum et al. (2019). In Appendix G, how-
ever, I derive sufficient statistics formulas for revenue-maximizing trade taxes
in a setup where the unit labor cost is increasing in industry-level output. Us-
ing 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 pre-
sented above hold without qualification if we all allow for an exogenous dis-
tribution of abilities across workers—an assumption that is commonplace in
the public finance literature. In Appendix H, however, I look beyond this spe-
cial case by presenting an extension of the model featuring multiple types of
workers as in Galle et al. (2017). Worker types are heterogeneous in their abil-
ities, and sort into industries accordingly a la Roy. Solving Problem (P1) in

this setup indicates that using trade taxes for revenue generation can worsen
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income inequality if high-income workers have a comparative advantage in
high-0 industries. Considering this, the 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 Appendix I, the elastic-
ity 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 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 ef-
fects 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 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 spec-
ified by Proposition 4 requires data on trade values, Xj;\, total expenditure,
Y;, total factor compensation, w;L;, applied tariffs, ¢;; x, and income or VAT tax
rates, 51~.19 I also need estimates for the industry-level trade elasticities, 6, and

YRecall from Section 2 that ¢; 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;; , ~ 0.
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the labor supply elasticity, x. Below, I describe how data on these variables are

gathered from various sources.

5.1 Data Description

Data on industry-level expenditure values, {Xj;}, are taken for the 2014 ver-
sion of the World Input-Output Database (WIOD, see Timmer et al. (2012)). The
data covers all 27 members of the European Union as well as Australia, Brazil,
Canada, China, India, Indonesia, Japan, Mexico, Norway, Russia, South Korea,
Taiwan, Turkey, Switzerland, 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 Rodriguez-Clare (2014), I group industries into 16 in-
dustrial categories that share a category-specific trade elasticity, with details
provided in Table 1.

Data on applied tariffs, {t;;}, are taken from the United Nations Statisti-
cal Division, Trade Analysis and Information System (UNCTAD-TRAINS). The
UNCTAD-TRAINS for 2014 covers 31 two-digit (in ISIC rev.3) sectors, 185 im-
porters, 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 #;;;’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 et al. (2016). Data on ¢;, which accounts
for the collective sum of flat income and VAT taxes, are taken for WORLD BANK
INDICATORS (WDI) database.

Given data on trade values and applied tariffs, I can determine the total ex-
penditure, Y; = } ) Xjik, as well as wage revenue, w;L; = ) X Xijx/ (1+
tij/k). I can subsequently compute the expenditure shares as e;x = }.; Xjix/Yi
and Ajix = Xjix/eixYi. My main analysis lumps all the European Union (EU)
member countries together, treating them as a single taxing authority. In Ap-
pendix J, I redo my analysis while treating each EU member country as an au-
tonomous taxing authority. Finally, to make the data consistent with my theo-
retical model, I purge it from trade imbalances, closely following the method-
ology in Dekle et al. (2007).

Following the existing estimates of the labor supply elasticity surveyed by
Chetty et al. (2011), I'set k = 0.5. Since trade elasticities play a foundational role

in my analysis, I formally estimate them using the information available in the
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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 Kor-
tum (2002) model predicts the following gravity formulation for trade flows:

X] (I)] k(i kTIk (1 +t]1k) k/
—0
where @, = T; kw]k “and Qi = ), [ kW, T ik (1 + k)~ } e Y;x can be
viewed as exporter and importer fixed effects. Suppose the iceberg trade cost,
InTjr = Indjix + €ji, is composed of two components: (i) a systematic and
symmetric component, dj; x = djx, that accounts for the effect of distance, com-
mon language, and common border, and (ii) a random disturbance term, e jiks

that represents a deviation from symmetry. Using this decomposition, we can
produce the following estimating equation for any triplet (j,i,7):

n in,kXin,anj,k . (1 + t}z k) (1 + tin k)(l + tn] k) 47
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where &j;,, i = 9k(€ij,k — €jik T €ink — Enik T Enjk — e]-n,k). The above equation can
be used to attain unbiased and consistent estimates for ; under the identifying
assumption that cov(t]-,-/k, € ji,k) = 0. I estimate the above equation separately
for each of 16 industrial categories in my analysis, using data on {Xj;;} from
the 2014 version of the WIOD and data on {#;;x} 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 es-

timation strategy. First, tariffs are an endogenous policy choice even under

25



Table 1: List of industries and estimated trade elasticities.

Number Description ‘ O ‘ std. err. ‘ N ‘
Crop and animal production, hunting
1 Forestry and logging 0.69 0.12 11,440
Fishing and aquaculture
2 Mining and Quarrying 1353 | 3.67 | 11,440
3 Food, Beverages and Tobacco 047 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
6 o Paper and PaPer Products | 850 152 | 11,440
Printing and Reproduction of Recorded Media
7 Coke, Refined Petroleum and Nuclear Fuel 14.94 2.05 8,798
3 Cherr‘ucals and Cher.mcal 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 328 | 123 | 11,440
Fabricated Metal Products
1 Computer, Electr'omc anci'l Optical Products 344 107 | 11,480
Electrical Equipment
13 Machinery and Equipment n.e.c 3.64 145 | 11,480
14 Motor Vehicles, Trailers and' Semi-Trailers 138 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.

the strict tariff caps imposed by the WTO. That is because most countries ap-
ply their tariffs with an overhang, which grants them some flexibility in tariff
manipulation (Bown and Crowley (2016)). Second, the residual &;, y may en-
compass 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.
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5.3 Quantitative Results

Plugging data on {Ajix}, {eix}, {tjixl, {Yi}, {6i}, and {w;L;} as well as the es-
timates for {6} and « into the system specified by Proposition 4 (or analogous
systems for the non-retaliation case) determines (i) the maximum share of in-
come 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 4 of the appendix
reports similar results for the case where E.U. countries are treated as indepen-
dent 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 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 retal-
iation 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, ex-
port 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
US, 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 coun-
tries.

Following Remark 1 from Section 3, the above result is driven by industry-
level trade elasticities being relatively low and highly heterogeneous across in-
dustries. The fact the trade elasticities are relatively low renders export taxes
ineffective. The fact that trade elasticities are highly heterogeneous renders im-
port taxes ineffective. Related to this point, for all countries except the E.U.,
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.

Result 2. After retaliation, the trade tax revenues collected by non-cooperative coun-
tries 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.
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Table 2: Summary of quantitative results

% of income tax revenue Welfare Consequences
replaceable with trade taxes of Reltaliation
Country (P1) (P2)  Post-Retaliation %A Real GDP EB/$ Rev.
AUS 93%  83% 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.

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:

EB; = e({P;, wi}, W) — e({P;,w;}, Wj) — AR; — (§wiLi — dwiL),

where e(.) is the expenditure function and AR; denotes the increase in trade tax

revenue. As shown in Appendix C, the above equation can be reformulated as
EB; = Y;Y; (1-1/D) — w;L; <ﬁz - ti) —AR; = SwiL; (Li—1), (@

where Y;, w;L;, L;, and P; 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 ra-
tio EB;/AR;, which is reported in the last column of Table 2. It turns out that
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Figure 1: The (Un)Effectiveness of Trade Taxes in Raising Revenue
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EB;/R; ~ 2.5 for the average country, which is remarkably high.?"

The fact that EB; /R; 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, R, if it is a net importer in low-6 indus-
tries. The same country, however, is also more reliant on trade and experi-
ences a greater loss, EB; from retaliation. These countervailing effects imply
that EB; /R, should be rather high for all countries including those with more
national-level market power. In comparison, the nominal welfare loss, AW;,
varies considerably across countries depending on the country’s size and im-
port composition.

It is worth reiterating that Result 2 concerns retaliation by trade tax revenue-
maximizing governments. Alternatively, governments can replace income tax
revenue with noncooperative 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-

20The 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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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, EB; /R, should not be that different under this scenario.

The above result is also related to the findings in Amiti et al. (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 anal-
ysis, both of these studies analyze already-applied tariffs that are targeted solely
at Chinese import goods. Amiti et al. (2019a) estimate that the Trump admin-
istration’s tariffs raised $8.2 billion in revenue but inflicted an excess burden
equal to $15.6 billion on the U.S. economy. That implies an excess burden of
$1.9 per dollar of tax revenue, which is close but slightly lower than the num-
bers reported in Table 2. A simple explanation for why Amiti et al. (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 in-
come 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 coun-
try. 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.

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 multi-
lateral 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 col-
umn of Table 2. The numbers produced here, though, account for two cost
channels that have been overlooked in the prior literature. Namely:
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Figure 2: The Effectiveness vs. Efficiency Trade-off
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Note: 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.

i. Distortions to labor supply decisions, which are driven by an increase in
consumer price index, Db;, after the trade war; and

ii. A fiscal cost, driven by the shrinking of the income tax base, which forces
governments to raise the income tax rate, J;, in order to maintain real gov-
ernment 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, x. Under the
standard assumption that x = 0, trade wars do not distort labor supply deci-
sions and neither do they impose a fiscal cost on the economy.?! As x increases,
however, the importance of cost channels (7) and (ii) also increases.

Figure 3 illustrates this argument and indicates that the aforementioned ef-
fects are profound. The solid line demonstrates that as x increases from 0 to

0.9, the implied gains from trade agreements (or the loss from a full-fledged

Z'When x = 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.
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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, x, the greater

the needed increase in ¢;, and the higher the welfare cost of such an increase.??

Figure 3: The Fiscal Cost of Trade Wars
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Note: 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. x governs the importance of distortions to labor supply decisions.
When x = 0, raising 6 imposes no cost on the economy as labor supply decisions are unaffected
by such a change. The higher the x, however, the higher the cost of raising .

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 rea-

22The statement of Result 4 derives from comparing the welfare effects under x = 0 and
« = 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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sons. First, if the recent political climate is of any indication, governments occa-
sionally have a political or institutional 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 esti-
mated 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 rev-
enues with trade taxes. Second, I demonstrated that half of these revenues dis-
appear 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 quantita-
tive 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 (ii) a variable unit labor cost. Mapping these exten-
sions to actual data provides a fruitful avenue for future research. The cost
of performing such extended analyses is that they require additional data col-
lection 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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Online Appendix

A Proof of Lemmal

Reformulating the Model in Terms of Aggregate Quantities and Prices: The
proof can be simplified if we convert the EK model to an observationally
equivalent Armington model, and appeal to existing results in consumer the-

ory. The Armington-equivalent of the EK model features a utility function,
eik/ Pk . ) .
u, = Hszl (2]' fok) , that aggregates over various composite national-

level varieties, with o, = 6;/1 + 6;. The aggregate CES demand facing com-

posite variety ji, k (export j-importer i, industry k) can be expressed as

Qjix = Djix (P, Y;) = 15]-;;1_9'( pf}i Y;
where Pji/k is the consumer price index of composite ji,k; with Pi/k =
(2],111 pj;;{#) _1/9k. The consumer price is Pjjx = (14 xjix) (1 + tji ) Pji e, with
the producer price given by P x = Tji Tjgl"w]-.23 Under this formulation, equi-

librium is characterized by Equations 1 and 3, noting that A;; , = (Pji,k/ 151-,;() O

Additional Notation. The goal is toe prove that for any 2 € R, the feasible
wage-tax combination A = (1+ ¢;,t_;,1+ x;,x_;, §;w;, w_;) is equivalent to
the following wage-tax combination from a welfare standpoint:

A=+ttt 1+x,x 8w, w )= (a(1+t),t_;,(1+x;)/a,x_;, 5;aw;, w_;)
To present the proof, I will adopt the following notation: For a generic variable

that assumes value Z under combination A, Z’ denotes the equilibrium value

of the same variable under combination A’. Namely,
Z=Z(xt6w); Z'=Z(x,t,8,w)

For instance Y/ denotes the national income in country i under the wage-tax
combination A’. The same goes for any other variable like 15].’1.’]{ or Q.-

1
20One can think of Tiik T % as the unit labor cost production and transportation.
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Proof based on Two Intermediate Claims. Invoking the above choice of no-
tation, the proof of Lemma 1 follows from two intermediate claims, labeled
Cland C2. Claim C1 can be states as follows, and derives from the Marshallian

demand function Qj; x (P;,Y;) being homogeneous of degree zero:

||
'TJ
=
S
I-.<

151 ; = ar; Qz]k Qz]k Vk

—

N / . . (Cl)
::E Y::n j#i Qi = Qjix k-

\

j

Recall that P; = {sz‘,k } jx denotes the entire vector of consumer prices in market

i. Claim C2 can be stated as follows

1]k szk Vk 13,‘ = Cljjl‘; Y = aYi
:> / N / . L
Qﬂk Q]zk vk ]':P]'; Y: :Yj ]#F1

The fact that 15; = aP; and 15;- = 15]- follow trivially from the equilibrium expres-
1

sion for prices. Specifically, defining p,;x = Tn]-,an_ %

Ornik(L+ xpi k) X a(l+tyix) X wy = aby;x
Piix X aw; = aby;
pnjk(l + xnjk)(l + tnjk)wn = pnjk

- (1—|—x1 )
\pij,k = (1 + tl] k) X aw; = 1]k

Bk = Pnje (1420 ) (1+ £, )], =

That Y]' = Y, for all j # i, follows immediately from Q}i,k = Qjix and 13; = 13]~.
The fact that Y/ = aY; can be established along the following steps:

/
Xijk

]1k ~ / 5/ !
ik Qi + Py; 1 Qi
Dk T gy (1 ) 4 i

1+t’

wL'—l—Z

1 1

a ~
= awlL + Z ([l — m) Pji,iji,k +

~ a ~
= aw;L;i+ Y |aP;;xQ;i P.. O
aw;L; + a ]l,kQ]Z,k + (1 n tl‘]"k) (1 ¥ xijlk) 1],le],k]

ji k 1
B Qi +
Py (T tij) (1 4 xij)

A2

T+t T+t 1+ i) /a

j=1,n#i
j=in=i
jEin#i
j=1,n#i

] pij,inj,k]

pz’j,inj,k] =a(wili +R;i),



where the second and last line follow from the balanced trade condition, i.e.,

]5»1- ji pi’ ij 5 1 1
Yk { 1§ ii’kk - 1’+k§]ik} = 0. Together, Claims C1 and C2 indicate that the vector

of consumption quantities are identical under combinations A and A’. That is

forany a € Ry, Q' ik = = Qjix for all ji,k. As such welfare is preserved if we
switch from the wage-tax combination A to A’, thereby establishing Lemma 1.

B Proof of Theorem 1

Step 1. As with Lemma 1, the proof can be simplified if we convert the
EK model to an observationally equivalent Armington model. To repeat my-
self, the Armington- equivalent of the EK model features a utility function,

u, = Hk 1 (Z] Qﬂ k) . , that aggregates over various composite national-
level varieties, with o, = 6;/1 4 6;. The aggregate CES demand facing com-

posite variety ji, k (export j—-importer i, industry k) can be expressed as
—1-0; o
szk szk(PuY):P kpi,]lei

where 15~1~k is the consumer price index of composite ji,k; with pi,k =

/6
(Z] 1 ]:£k> *. Based on the above demand function, we can define
i. [Price elasticity demand] ggfkg ) =3In Qjix(.)/0In P]i,k;
ii. [Income elasticity of demand] 77;;x = d1In Qj;x(.)/9InY;.

Furthermore, the indirect utility of the representative consumer is given by
Vi(B;,Y;) = Y/ TIE, P ‘% The consumer price is P-i,k = (T4 xjix) (1 + tix) Pjir

with the producer price given by Pjix = Tji,ij wj.24 Finally, equilibrium is

characterized by Equations 1 and 3, noting that Ajx = (Pji«/ Pix) O

Step 2. This step simplifies the notation by shrinking the variable space, as
well as converting Problem P1 into an inner (unrestricted) problem and an outer

problem. We can simplify the notation by combining and simultaneously solv-

1
240One can think of Tji, kT % as the unit labor cost production and transportation.
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ing Equation 1 for various countries:

Y1 = w1 L1(t,x,6;,w) + Rq(t,x,5;,w,Y)
: )
YN = wnLn(t, x, 6, w) + Rn(t,x, 6, w,Y)

The above system of equations uniquely solves Y in terms of (¢, x, §;w). Using
the corresponding solution, each endogenous variable x(t, x, §;w) can be re-
formulated as a function applied taxes across the world as well the equilibrium
wage vector, w, that is consistent with these taxes. Correspondingly, Country
i’s trade tax revenue can be expressed as follows:

Ri(ti, xi,t_i,x_;,6;w,Y) =R;(t;, x;, t_i,x_i, 6w, Y(t,x,5,w)) (6)
Problem P1 can be, therefore, formulated as

max Ri(ti/ xi, t i, x_, 5/ w, Y)

tix;

s.t. dw;Li + Ri(.) = Ci-

We can further simplify the above problem by appealing to Lemma 1. Specifi-
cally, based on Lemma 1, multiple trade tax schedules that maximize the share
of trade tax revenue in total government revenue. Hence, we can solve Prob-
lem P1 without enforcing the revenue-preserving constraint (inner problem).
After we obtain a solution to the unrestricted problem, we can identify the so-
lution of interest by an across-the-board shift in export and import taxes (outer
problem). Assuming that the problem is well-behaved, i.e., sgflkk) < —1, the
tirst-order conditions (FOCs) characterizing the inner problem can be stated

as:?

dln(1+t]-i/k) - <aln(1+i’]’i/k))w + Z =1 |:<Blnw]>w] dln(1+tj'i,k):| v]’k
dR;i(.)

;@)
_ IR () N R, () dlnw .
dln(1+xijlk) - (aln(1+xij,k) ) w + Z]:1 |i<ah’1 w ) w_, dln(ler},']'/k) :| v]’ k

BIn the above system of equation, with a slight abuse of notation, ( IR, ()

8 ln(1+t/-i,k) )w =
aRi() IRi() 9y R _ IR |, IR oy . o
(aln(lltﬁ,,{) + Y o+ ), and J10 = e T amy amew Where the partial derivatives

Bln(?i ) and af)r{w are implied by the System of Equations 5.
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where (%)w denotes the partial derivative w.r.t. 1+ £j;, holding the

entire vector of wages w constant.

Step 3. The System of FOCs (7) can be simplified, to a first-order approxima-
tion, along the following steps. First, note that

IRi(.) _ oA (9P Qi _ o _ (i)
(E)ln w, ) . = Xk:; [té:,kpéz,kQ&,k (E)lnzu]) w]] = Xk:; [t[z,kpéz,kQéz,k (Jl {0=1}+egk )}

tik Lik O\ Aik
= Zk:;gktéi,kpfi,kQéi,kA]i,k - Zk:t]i,kpéi,kQéi,k = Yi; {Gk <1 PSS W I Aiy

7i
(®)

where Aj; = Y Ajre;r. Second, to determine d Inw/d In(1 + ¢;), we can apply
the Implicit Function Theorem to the system of labor market clearing condi-
tions:

S1(t,x, 6, w) = wiL1(t,x, 0, w) — Y ; Pri(t,x, 6, w)Qq;(t,x,0,w) =0

Sn(t,x, 0, w) = wnLn(t, x, 0, w) —Y; Pni(t,x, 6, w)Qni(t,x,6,w) =0

This application yields the following expression:

dlnw aag*< 9S(.) ) |

din(1+¢t)  olnw \dln(1+t;)

Noting from actual trade data that r; kA kAjix = 0if j, £ # i, the above equation

implies that
Ok i kA . ..
AI(1 T ) | Pl e
1+x+), Zg Oe711g
oR; dInw,

Combining Equations 8 and 9, indicates that 5

Tnw, An(Tt) & Tkt i #
j,i. Hence, given that 7,; A /7ii kAiix = 0, the system of first-order conditions

can be approximated as

dRi() OR;(.) OR;(.) dInw; -
dln(l-‘rl’j,‘,k) ~ <81n(1+t]-,v/k)>w + <81nw,->wi dh’l(l'ﬁ‘tﬁ,k) v]’k

dR,() ~ aRz() aR,() dlnw,- H
dln(1+xijlk) ~ <aln(1+xi]-,k) ) w + (ah’l w; ) w_; dln(lJer]',k) v]’ k
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Step 4. As noted earlier, the FO.C. w.r.t. to import tax, ik, can be formulated

aRZ() BRZ() dIn [¢%
| + = =0
d 11‘1(1 + tji,k) " dInw; w_; dll’l(l + tji,k)

where the first term denotes the effect of ¢;; , holding w; and country i’s other

as follows:

tax variables constant. This term can be characterized by applying the chain

rule to the governments revenue function as follows:

dInQio(.) 9InPjy )

IR:() _
| = PiixQii tio(1 o) P ¢ Qi =
<8ln(1 +tiik) ) Y ik Qjik + ;J; ( jig(1+ X)ig) PrigQjig 9In Dy IIn(1+ tj;y)

9N Qi () dInY;
+ ;; (t]i,g(l + x]i,g)P]i,gQ]i,g o1n Yi ) aln(l T t]'i,k) .
w

The first term on the right-hand side account for direct arithmetic effect of
tiix on tax revenues. The second term accounts for cross-demand effects.
The last term account for general equilibrium income effects. Note that
(8 InY;/9In(1+ t]-i,k)) w encapsulates the partial effect of ¢;; x on national income
through both the labor supply and the tax revenue channels. Invoking our ear-
lier notation for reduced-form Marshallian demand elasticities, we can simplify

the above expression as follows:

_ IR ) _p (k)
<8ln(1 :L tiik) ) . =Pk Qjix + 1) (tﬂ'/g(l + X5ig) PligQigt)ig )

8 J#i

JdlnY;
+ ;; [t]i,g(l + x]i,g)P]i,gQ]i,gW]i,g] (a ln(l + ;jik))
4 w

(10)
To characterize the general equilibrium wage effects, we need to deter-
mine % This can be done by applying the Implicit Function

Theorem to the country i’s balanced trade condition, BT;(t,x,d,w) =
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Y Ljei [(1+ Xjig) PigQjig — (14 Xijg) Pijg Qi) *°

dlinw; (aBTi(-)/aln(1+tji,k))w
dIn(1+ tji,k) B (0BT;(.)/dIn wi)wf

(ji k) dlnY;
Lg Yy ((1 +%5ig) PrigQjig [ij,g T g <aln(1+t],k)) D

<—a13 7 Lo Lyt (14 %ig) PrigQyig — (14 %iy ) Py g Qi g ) w

Plugging the above expressions back into the FO.C.s and defining 7, =

: O\ L
( a?fz’ui > N <%) . s wecan produce the following condition:

dlnY;
(1 VY pa [ 20 ) =
]sz]zk‘i‘;];( 7ig +x]zg) jng]IgS],g >+ i ah’l(l—f-t]'i,k) ) 0

where A; is uniform (non-industry-specific) term, defined as follows

A=) ) ([tig— T 1+ %) PigQighyig)

8 j#i

Following Lemma 1, there are multiple revenue-maximizing tax schedules.
Moreover, there always exists a revenue-maximizing trade tax combination for
which A; = 0. I, henceforth, focus on this particular combination. Once, I char-
acterize this solution to the FO.C.s, the remaining solutions can be identified
using an across-the-board shift in export and import taxes.

To simplify Equation 10 , we can appeal to the well-known result in con-
sumer theory that Z%i/iji,k —Ye), ( 1i,g i, gs i s )> Applying this relation-
ship to Equation 10 implies the following optimality condition:

(1+7) ZZ[ (1+xig) ]ng]lgS]flgk} +Z( quuggz{lgk)> =0 (11)

8 J#1

Given that (i) Eﬂkk) = —1—=0k(1 = Ajig); (id) ;lk) = OkAjix and s( $) = 0if

g # k; as well as (iii) (1 + xjix) PiixQjix = Ajix/ (L + tjig), Equatlon 11 can be

26Note that the balanced trade condition derives from the combination of the labor market
clearing (LMC, Equation 3) condition and the national-level budget constraint (BC, Equation
1).
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reformulated as

_ ) i
(1+ Ti)QkZ ( y - A]‘z‘,") +OAixAjix = (140 (1+7) 1 Jrﬂf ik
7 T

which immediately implies the following expression for the revenue-
maximizing import tax:
-1

1+t]1k 1+ 0,

1+Ti
Ak + Aiik

J#F1

The above equation immediately implies that ¢, ik = ]l yforalljandj € C —
{i}. Plugging this uniformity result back into Equation 12, yields the following

formula for revenue-maximizing import taxes:

1
1+t, =0104+7T)(1
= (1+7) < * 9k7\ii,k>
Step 5. The FO.C. w.rt. to export tax, x;j, can be stated as follows:

E)Rl() 8731() dlnwl
|+ . =0
dln(1+ x,']',k) " dInw; w_; dln(l + xij,k)

Applying the Implicit Function Theorem to Equation 6, while noting that
9Y;(.)/0In(1 +t;x) = OR;(.)/9In(1 + t; 1), implies the following:

aRi(.)
(ah’l(l —lf- xij,k)) (1 + xl] k) ij, kQ]l kTt Z <X1]g ij ng] gEl] g> (13)
oR; Y;
+ 1—|—x i ) Q o] ) ! =0
;; ]18 1,84 7,8 =7i,8'7i,8 aY aln(1+xij,k)

As before, we can apply the Implicit Function Theorem to the country i’s bal-

. . . dinw;
anced trade condition, BT;(t, x, J; w), to determine FINGETmE

dInw; (9BT;(.)/9In(1 + xi1))

din(I+x;5,)  (9BTi()/9lnw;),

2y,
(1 + Xij) Pji e Qi + g (1 + X1 g) Pi g Qjiig | € [ jig T Mjig (m> }

<—a s L Dy [(1+ %9ig) PrigQig — (1+ i) Py g Qi ) "

—1
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Plugging the above expression back into Equation 13, and adopting the same
definitions for 7; and A;

Y (x4 Pi o Qi el %) . dY;
(1+ xi]',k)P jikQjik+ - (xl],gP zJ,gQU,gSij,g ) +A (aln(l + xl-]-,k))
w

+7T;

-
(14 xii5) Pt Qiix + Z ((1 + xij/g)Pi]’,gQij,gEE]l.I]g )>] (14)
g

Rearranging the above equation; noting that (7) e;lli = —1-0(1—Ajix) and (ii)
sgflkg )= oif g # k; as well as setting A; = 0 based on the underlying multiplicity,

implies the following revenue-maximizing tax formula:

1

1+x5)1+T)=14+— ",
( +xz],k)( +Tl) +9k(1_)\ij,k)

Step 6. Following Lemma 1, the uniform term7; is redundant for the inner
problem as it acts as a uniform export and import tax shifter. Accordingly, the
trade tax schedule that maximizes the trade tax revenue subject to total nominal

revenue is described by the following formula:

o 1
T+al, =1+ 1+
ik ( 1) < gk(l _/\ij,k)>

- 1
1+t =(14+F)(1 3
=1 1)( +9k/\ii,k)

The country-specific tax shifter 1 +f € R, is regulated by the restriction on
the total nominal revenue. Given the Problem P1, #; is pinned down by the

constraint that dw;L; + R;(.) = G; (i.e., the outer problem). Q.E.D.

C Calculating the Excess Burden

Following Kay (1980), the excess burden of substituting the income tax revenue

with trade tax revenue is given by

EBZ' = €({Pl-/, wf}, Wzl) — €<{Pi, wi}, W,i) — éRl — ((SZ/ZU;L; — 5iwiLi2/

ATotal Revenue
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where e(.) is the (labor-augmented) expenditure function, with W; = U;(Q;, L;).
The change in total revenue, meanwhile, consists of the increase in trade tax
revenue, AR;, net of the decline in income tax revenue. The above formula can

be extended and rearranged as follows:

EB,‘ = P{Q; - Pl'Qg - [(1 - (5:) wf — (1 - 51’) w,-} L; - AR,‘ — ((51/6();[,: - 5iwiLi).
= Pi/Q; - Pl'Qf - (w: - w,-)Lf - AR,‘ - 5iwl~ (L: - Li) ’

where [(1—6/) w} — (1 —6;) w;] L}, in the first line, accounts for the wage in-
come workers lose if they supply L units of labor but are paid a wage w;. Com-
bining the above equation with the hat-algebra notation, we can produce the
following expression

EB,=Y;(Yi— Q) — (sz - ti) — AR; — Sw;L; (Li = 1),

A A

where Y;, w;L;, 6;w;L; are observable, while Y;, O; = Y;/
are given by Proposition 4.

’U’>

/L, ii, and ARZ'

D Solving P1 subject to Real Revenue Neutrality

Suppose we want to determine the maximum share of government expenditure
that can be financed from trade taxes subject to maintaining the government’s
real expenditure. This problem can be stated as follows:

" (rsna);()e]F Ri(ti,xi;t i, x_i,6,w,Y)/dwL; (P1)
/x/ ;w/

s.t. [GwiLi + Ri(.)]/ P = G,

where G; now denotes the real government expenditure under the status quo.
To solve the above problem, we can take the same approach as we did in Section
3. Specifically, we can split the problem into (a) an unconstrained lower-tier
problem that solves for x; and ¢; given the choice of J;, and (b) an upper-tier
problem that chooses ¢; to satisfy the real revenue-neutrality constraint.

To this end, we can invoke Lemma 1 and follow the same steps conducted
in Appendix B to solve the unconstrained lower-tier problem. Doing so im-
plies that for any given choice of J;, the optimal trade tax is given by the for-
mula specified under Theorem 1. The only qualification, here, is that the tax
shifter f; is now redundant as it affects neither the objective function nor the
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real revenue-neutrality constraint. The solution to Problem (P1’) can therefore
be attained by choosing J; in order to satisfy the real revenue-neutrality con-

straint. The following proposition outlines this claim.

Proposition 6. The tax schedule that solves Problem (P1’) includes the following set
of trade taxes

1
T+65, =14 —,
Tl = O ik
-
O (1— Aij)’

Vj#i; Vk € K

1+x5, =1+ Vi#1i; Vk e K,

]r
as well as an income tax, d;, that is chosen to satisfy the real revenue neutrality con-

straint.

Based on the same idea, we can also produce analogs for Propositions 1 and
2. Specifically, in both cases, the uniform tax shifter can be set to zero or any
other non-negative number. J; has to be, then, chosen to satisfy the real revenue-
neutrality constraint. Correspondingly, we can map the analytic tax formulas
to data to compute the effectiveness of trade taxes at raising revenue before and
after retaliation. This final step is outlined by the following proposition, which
is analog of Proposition 4 except that it include J; as a free-moving parameter

and imposes the real rather than nominal revenue-neutrality.

Proposition 7. When governments are constrained by real revenue constraints, the
Nash revenue-maximizing trade taxes, {t]l ) and {x;"j,k}, as well as their effect on
wages, {W;}, total income, {Y;}, labor supply, {L;}, and income tax rate, {5;}, can be
solved as a solution to the following system of equations:

(

tix =1/ OkAii i X =1/0 (1 - AijiAij)

(s ) (+85,) ] 7% (g, ) (185, ] o
A ik ik) A 50k . 5 Yok ik) .
Ajik = {mw]} Fik ik = Lt ( (1+x2i,k)(1+t£i,k)w€:| Ag”‘)
Y;Y; = @;Ljw,L; + RiR; L= [11__53?"631-/ Hﬁf}c"}

Zf)itiwiLi = Zk Z] [)\,] k/\l] ke] kY Y / (1 + tl] k> (1 + x;kj’k)]
o

7?,1'7—\’,1' =Dk Z];tz <1—|—t* )‘]z kA]l k€i kYY + m;\q k)\z],kej,ijYj)

ijk

RiRi + bidi;Liw; Ly = (R + 600, Li) TTi P Pk

\

Moreover, solving the above system requires knowledge of only structural elasticities,
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{6k} and x, as well as observables: namely, (i) applied taxes, t;;x, x;jx, and &;; (ii)
expenditure shares, Aj;x and e; x; and (iii) total expenditure and output, Y; and w;L;.

Using the above proposition we can calculate the welfare and revenue cost
of retaliation. For each country i, we can also calculate the maximum revenue
collectible from trade taxes before retaliation, by setting x;, ik = t;'ﬁn,k = 0 for
all n # i in the above system. The results are reported in Table 3 and appear
qualitatively and quantitatively similar to those reported under Table 2.

Table 3: Quantitative results under real revenue-neutrality

% of income tax revenue Welfare Consequences
replaceable with trade taxes of Reltaliation
Country (P1")  (P2’) Post-Retaliation %A Real GDP  EB/$ Rev.
AUS 99%  9.4% 3.9% -6.3% $2.8
EU 84%  8.4% 2.8% -3.5% $2.4
BRA 94%  9.4% 3.1% -3.7% $2.7
CAN 20.5% 19.7% 8.5% -12.0% $2.9
CHE 35.0% 34.5% 13.7% -12.7% $2.6
CHN 83%  8.3% 3.2% -2.4% $2.0
IDN 28.9% 28.5% 11.1% -5.9% $2.5
IND 13.6% 13.6% 5.6% -3.2% $1.9
JPN 13.5% 12.7% 4.4% -4.7% $2.5
KOR 259% 25.9% 9.6% -7.2% $2.1
MEX 56.5% 53.0% 27.6% -11.5% $2.5
NOR 15.1% 14.6% 6.1% -9.8% $3.1
RUS 16.2% 13.3% 7.0% -8.4% $2.7
TUR 30.9% 30.0% 13.3% -10.4% $2.5
TWN 41.3% 40.6% 15.5% -11.8% $2.3
USA 9.6%  9.0% 3.3% -3.6% $2.6
Average 21.4% 20.7% 8.7% -7.3% $2.5

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

The welfare effects reported in Table 2 differ from those in Table 2 in that
they account for the real fiscal cost of retaliation. As shown in Figure 3 of the
main text, governments have to raise their income tax rate, J;, to maintain real
government expenditure after retaliation. Doing so distorts labor supply deci-

sions beyond the pure trade reduction effect. This difference also explains why
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the welfare cost figures reported in Table 2 are strictly larger than the baseline
figures in Table 2.

E Proof of Lemma 2

The proof of Lemma 2 follows immediately from the fact that ¢;, = 0 and x; =
{1/ O (1 — )\,-]-,k) }]. , are welfare-maximizing tax rates. The establish this latter

assertion we can proceed as follows. Using similar steps as in Appendix B, we

oW, dInw,
can show that (alnw]>w] d(TH 0

15ixMi/ i g Aii x A 0, the system of first-order conditions can be approximated as

dln(l+i’ji/k) ~ <aln(1+tﬁrk)>w + <alnwl’>w_i dln(lJthi,k) V],k

dWl() ~ an() BWZ() dln i . ’
dln(l—&—x,-]-,k) ~ <Bln(1+xi]‘,k))w + <Blnwi>wi dln(l—l—ua)cij,k) \V/],k

o 1ikAsidjig if 7 # J,i. Hence, given that

The first-order condition with respect to import tax t;;  can be expressed as

W) _p o 4 V) d1In Pji
oIn(1+t;x) T 9P \ 9In(1 + £;y)

8 ln Q]i,g
+ ZZ [t]i,g(l + x]i,g)P]i,gQ]i,g (E)ln(l n tjik) =0, (15)
4 w

8 j#i

where by Roy’s identity, Vi(.) < oln Pii ) = — Pj,-,iji,k and by the chain
w

al P aln(1+t]-i/k)
0InQ) ¢ _ (]z k) 9In Py i dlnY;
rule, (aln(1+tji,k)>w = ]lg aln(l-‘rt]‘,‘,k) w + U]lxg (aln(l-ﬁ-t]‘i,k))w. As before’

dInw;/dIn(1+ tj;) can be determined by applying the Implicit Function The-
orem to the balanced trade condition, BT;(t, x, §; w). which implies that

aan i,
dinw, Yo Xz [(1 +%ig) Prig Qg (—aln(1+_]tjfk))w]
din(1+ t;5) (0BT;(.)/9Inw;),, '

Plugging the expression for dInw;/dIn(1+ t;x) back into Equation 15 and

dlnw; dInw;

-1
defining T; = (aR"(')> (M) , yields the following optimality condi-
w_; w_;

tion:

dln Q]i,g
ZZ[ ]zg_Tz 1+X]zg) ]ng]lg<—aln<1+tﬁ,k) =0
w

8 J#i
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Since export taxes have no direct effects on local prices in country i, it should be

AW, () _ (R R
the case that (aln(l +xij,k) ) " = (aln(l +xij,k) . Hence the revenue maximizing

export tax rate is equal to the welfare-maximizing rate, which following Ap-
pendix B, is given by

1

= |1+m)
Ok(1— Ajjx) ( )

T+ = |1+

Note though that by Lemma 1 (i.e., the Lerner Symmetry) the exact value of
T; is redundant and can be set to zero to identify one of the multiple welfare-
maximizing tax schedules. Doing so implies:

1
tt,. =0; xh, = .
ik TE (1 — Aijp)
To take stock, note that AW;(#;, x;) = 0 where t; and x; denote the applied tax
rates. Since t; and x; are the unique welfare-maximizing tax vectors and t; # t;
and x! # x;, it immediately follows that AW;(t},x;) > 0, which proves Lemma
2.

F Accounting for Pre-Existing Market Distortions

In this section, I introduce market distortions into the baseline economy. To this
end suppose the industry-level consumer price index in each country i can be
expressed as

N 1/6;
Pi = prpix Z; Tir (V4250 (L + L) @emipw;) |

=

where y > 1 is a constant industry-level markup wedge, gy is composted of
structural technology and demand parameters, and 7; is a constant technol-
ogy parameter similar in nature to Tj;. With regards to micro-foundation, the
above specification can be generated using a generalized Krugman model with
restricted entry a la Lashkaripour and Lugovskyy (2019). Equilibrium is this
setup can be defined as follows. For a given vector of import taxes {;s}, ex-

port taxes, {x;jx}, and markup wedges, {4}, equilibrium is a vector of wages,
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w = {w;}, such that

]1 k Xijk

Y; = w;L; +11; K Yi Ajj iKY
z(w) w;L;+ Z+]'Z1; 1+t]z ]lk )ez,k z(w)+ (1+xij,k)(1+tij,k) ljlk(w)e]/k ](w)
where the total wage bill is given by
=Y ) ! Aijr(w)ej i Yi(w),
keK jeC (L + £ ) (1 + xi7k)

and total profits are given by

L L +t1]k)(1+xz]k))”f”‘(w)ej”‘yj(w)'

keK jeC P

Following the same steps as in Appendix B, we can show that revenue-
maximizing taxes are still given by the same set of formula presented under

Proposition 1. Namely,

1+t]1k_(1+t)<1+ ),Vj;&i;VkelK

OrcAii i
-1 1
x5, = (14+¢ 1+——— |, Vi#i Vke K.
ik ( 1) < 9k (1 _ Aij,k)) ]

Using the above formulas we can calculate the maximum share of income tax
revenue that is substitutable with trade tax revenue by solving a system of
equations. This final step is formally outlined by the following analog of Propo-

sition 4.

Proposition 8. In the presence of pre-existing market distortions, the trade taxes,
{t]l )} and {xf]-,k}, that maximize the share of tchle tax revenue in total revenue as
well as their effect on wages, {W;}, total income, {Y;}, and labor supply, {L;}, can be
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solved as a solution to the following system of equations:

\. 1 -1

1 " t]lk [1 - 9")\”"/\”"] (L 5); b xl]’k B [1 * gk(l_j\ij,k/\ij,k)} (1+5)
(x50 1% 5 A (g sty 17% 0 )

A ik ik 565 . 5 lik tik) ,

Ajije = |:(1+t]]1,k)(1+lek)w]:| Pirllz’ P =2 <|:(1+{(/ik)(1+f£i,k)w£:| Aﬁl'k>

YiYi = witiwiLi + Hiﬁi —+ 7%1'7?,1',' L = [w / Hpelk}

vl L = . 1 Ao i e XY
w;L;w;L; = Zk Z] yk(1+t?j,k)(l+x?j,k) )\Z],k/\l],ke],kY]Y]
. 1w L = , Pl Noh e VoY
W;Liw;L; =) Z] 1 1+tl*j k)(l—&-xfk)Al]’k)\l]’ke]'kY]Y]

RiRi = Yx Z];tz <1+lt£ A]z kAji ki, Y + m;\iﬁk&ﬁk%,kﬁyj)

ijk

RR; + 6;;Liw;L; = R; + 6;w;L;

\

Moreover, solving the above system requires knowledge of only structural
elasticities, { €y}, x, and {y}; as well as observables: (i) applied tariffs, tj;, (ii) ex-
penditure shares, Aj; , and e; ., and (iii) total expenditure and output, Y; and w;L;

Given the above proposition, the maximum share of income tax revenue
that is substitutable with trade tax revenue is approximately the same as in the
baseline analysis. However, revenue-maximizing trade taxes can have strictly
different effects on welfare, as they can either exacerbate or correct existing
market distortions. To make this point, note that (before the imposition of taxes)
output in high-y; industries is suboptimal. Therefore, two possibilities arise:

i. If covg(6k, ux) < O, then the revenue-maximizing trade taxes shrink out-
putin high-y industries; thereby exacerbating the pre-existing market dis-

tortion.

ii. If covg (6, px) > 0, then the revenue-maximizing trade taxes expand out-
put in high-y industries; thereby correcting the pre-existing market dis-
tortion.

Under scenario 1, the loss from revenue-maximizing trade taxes will be larger
than implied by the baseline model. Under scenario 2, the loss from revenue-
maximizing trade taxes will be lower than implied by the baseline model. So,
altogether, accounting for pre-existing market distortions does not alter my re-
sult about the ineffectiveness of trade taxes as a source of revenue; but may

alter my the result about the degree to which trade taxes are also inefficient.
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G Accounting for Non-Constant Unit Labor Cost

The multi-industry EK model assumes that the marginal unit labor require-
ment is constant. This assumption, in turn, entails that the partial equilibrium
passthrough of trade taxes onto consumer prices is complete. In this appendix,
I relax this assumption and characterize the revenue-maximizing trade taxes
for an arbitrary partial equilibrium passthrough. To simply the presentation, I
consider a stylized economy where the partial equilibrium passthrough of trade
taxes onto consumer prices (i.e., the passthrough net of general equilibrium wage

and income effects) is constant and given by

dln 15]-,-/;( (t,x,o0w,Y) _ dln 15]~ilk(t,x,0';w, Y) Y
0 ln(l + tji,k) d 111(1 + xji,k) ke

where 1 > 03 > 0—the complete passthrough in the baseline EK model corre-
sponds to the special case where 03 = 1. We can think of the above equation
as a reduced-form representation of a specific factors model in which 1 — o} de-
notes the share of the industry-specific factor in industry k’s production. Given
the above assumption, and following the same steps outlined in Appendix B, I
can produce the following analog of Equation 11:

(1+ %) (1 + xjix) P Qji k(1 — %)

ik ) ik
+ Z (Pii,gQii,gsji;,gUk> +(1+7) ZZ [(1 + x]i,g)P]i,gQ]i,gE;li,gUk =0.
g 8 J#i
Given that (i) ey = —1 — 6,(1 — Ajiy); (i) eﬁ’,ﬁ = G4Ajix and sﬁ =0ifg # k;
as well as (iii) (1 + xjix)PjixQjix = Ajix/ (1 +tjix), the above equation can be
reformulated as

1- Ok (Tk(l + Qk) _ _ )‘]ik
14+7) =0 |1+ T) ) | g Ol
R (1+7%) = ox |( +Tz); Senm RLEAE
Using the above equation, it is straightforward to verify that t;‘(i,k = tf, for all

j # i. Accounting for the uniformity #;;;’s and appealing to Lemma 1 along
the same lines discussed earlier, we can arrive at the following expression for

revenue-maximizing import taxes:

_ 1
1+t5, =(1+5)(1 1
+ ]l,k ( + 1) ( + UkaAii,k > ( 6)
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As before, the uniform country-specific tax shifter, f;, regulates the total tax
revenue and is chosen to ensure that total tax revenue is preserved. Similarly,
following the same steps as in Appendix B while accounting for the incomplete

passthrough, yields the following analog of Equation 14:

(T4 xij) Pk Qji e + %ij e Pij k Qi (0% — 1+ €jx0%)
+ T [(1 4+ x4) Pii Qi k + (1 + X4) Pij Qi (0% — 1+ gijx0%) ] = 0.

Rearranging the above equation immediately implies the following formula for

the revere-maximizing export tax:

1 _
T+x0=(1+ (1+5)"L (17)
Tt ( Uka (1 — )‘ji,k) ) !

Note that if 0j = 1, then Equations 16 and 17 reduce to those specified by Propo-
sition 1. As in the baseline model, we can use the above formulas to calculate
the maximum share of income tax revenue that is substitutable with trade tax
revenue. The following proposition outlines thus claim, with I'l; denoting the

total surplus paid to industry-specific factors in our stylized economy.

Proposition 9. Under increasing marginal cost, the trade taxes, {t;fi L} and {xj‘] s
that maximize the share of trade tax revenue in total revenue as well as their effect on
wages, {W;}, total income, {Y;}, and labor supply, {L;}, can be solved as a solution to

the following system of equations:

7.\ X 1 7\—1
1 " t]lk {1 - OB "/\”k] A+ b Yijk = ll + Ukek(l;\i]’,k/\ij,k)] (+5)
[ 1% e er 1% )T
U ji ji ~ . R i, i, .
Ajik = {(1+{ji,k)‘7k(1+fji,k)gk w]} Pik P =2 [(1+%k) k(1424 )% Wg] Atk
VY; = d;ljw;Li + TLTL + RiRs; i = [wz/npelk]

o A
Li=)k), [—1+tlffjlk)é{1+x_;fjlk))Lij,k)\z’]',kej,kyjyf}
(1—0y) Y
H H Zk 2] |: 1+t;‘ k)(lk-l—x _) /\ij,k)\l‘]‘/ke]‘/k.yjyj]

A t A . A A
RiRi = Zk Zj;tz <1+t;i,k )\]z,k/\]z,kei,kYiYi + W/\ij,k)\ij,kej,kyjyj)

*

\7@1'7_\’,,' + (Si’cf),‘iiwiLi =R; + o;w;L;

Moreover, solving the above system requires knowledge of only structural elasticities,
{ex}, x, and {0y }; as well as observables: namely, (i) applied tariffs, t;; x, (ii) expendi-
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ture shares, Aj; x and e; ., and (iii) total expenditure and output, Y; and w;L;.

Together, the above results indicate that an incomplete passthrough leads to
a higher (revenue-maximizing) import and export tax rate. Correspondingly,
under a set of plausible conditions, the trade tax revenue will be also higher
in this case. The welfare loss (incurred by the tax imposing country) will be
lower in the case of import taxes but higher in the case of export taxes—the
intuition being that the tax burden is split between producers and consumers.
So, altogether, in the presence of incomplete passthroughs, trade taxes can be
a more effective source of revenue generation, but they will not be necessarily

more efficient.

H Accounting for Worker Heterogeneity

In this appendix, I consider a Ricardo-Roy model with worker heterogeneity
a la Galle et al. (2017). Specifically, there are g = 1,..,G types of workers
in each economy. Industry k = 1,..,, K in country i pays an industry-specific
wage w;. Bach individual ¢ from group g independently draws a vector
z(1) = {z1(1), ...,z (1) }, which determines their efficiency in various industries.
After observing z(1), workers sort into industries in order to maximize their

wage income,

mkax {wi1z1(1), ..., w; kzx (1) } -

One special case of this setup is Galle et al. (2017), where z(¢) is drawn from a
Fréchet distribution: Fi/g(z) = exp <— Z,Ile ﬂi,ng;: s ) In that case, the share of
group g workers in country i that choose to work in industry k is
K
Qi kg Wi
Tikg = & . kg
Y A sWik
For a given vector of taxes, t, x, and J, equilibrium is a vector of

country xindustry-level wages, w = {w;}, and total income levels, Y, such
that

1—L 1 .
Y Qg ijg(w) ¥ Lig = Wi Y Aijx(w)eirY;, ik
g ik

1-L )
V= DF (sagmae(0) Lig ) + Riltx ), i
k8
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where R;(.) is given by Equation 2. To simplify Problem P1 we can one again
split it into lower-tier (unrestricted) and upper-tier problems. As an additional
simplifying assumption, I hereafter assume that each country i is a small open
economy and that each industry is sufficiently small relative to the rest of the
economy. In that case, following the discussion in Section B, the lower tier
problem can be characterized by the following system of F.O.C.s:

dRi() oR;(.) OR;(.) dInw; .
dIn(T+tj) ~ <aln(1+fji,k))w + Lk [(Blnwi/k>wi,k dln(1+tji,k):| Vi k

dR;() IR, () aR;i() dInw, -
dIn(T+x,) — \oIn(T+x;ix) + Lk dlnw;y ) ... dln(lrriizk) V], k
i ik) ) w w; k j,

Taking the exact same steps described in Appendix B, and defining

aR,- /aw,-,k

f'i k= (18)

4 1 1 7
IR; . RN A e Y
awillk (Eg WikAikg Tl ko Lz,g E] )Ll],ke ,kY]>

we can show that the revenue-maximizing trade taxes are given by:*/

Ok Aii k

M= (148 (1410 <1+ ) Vj i vk € K.

Ok (1 — Aij)
Note that as before f; is a uniform tax shifter that regulates the overall nominal
tax revenue (i.e., it solves the upper-tier problem). The other industry-specific
tax-shifter, 7;; should be calculated using Equation 18. The above expression
immediately implies that all else the same, countries impose higher taxes on
low-6 industries. As a result, if governments around the world turn to trade
taxes as a fiscal instrument, the industry-level output and wage rate would
decline relatively more in low-0 industries. Given that income per group g

2’When replicating the steps outline in Proposition B, I characterize d Inw; ;. /d In(1 + ¢ jik) by
applying the Implicit Function Theorem to the industry-level excess labor market supply func-
1

1-%
tion: } o w; k4 kg T ke g Lig—Y, AijkejxYj = 0. In this process I also use the following property:

dlnY; olnY;
Pun Qi k€ i + ; (Phh,thh,g) (it 6 —PruxQfn i€k — ; (Pfh,gQ fh,g) (1 + 6’

which follows from the fact that (a) Phh,thh,kSJ;Z:I; = —(1+t) [1 + th,k} PryxQfni, and (b)

(L+t) P Qe + tiPrn Qi ke pnj = [Yh - (tgpfh,ngh,gUfh,gH %ﬁk)
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1/x
worker is given by y; o = (2 ui/kgwf‘f{) g, the change in y; ¢ can be stated as

1/x
L kg g
Yig = <Z 7Tz,kgwi,k> :

The above expression immediately implies that income inequality will increase
after the policy change if low-y workers are employed relatively more in low-

industries. This result is summarized by the following proposition.

Proposition 10. Replacing linear income tax revenue with trade tax revenue (to the
maximum extent possible) worsens income inequality if high-type workers have a com-
parative advantage in high-0 industries.

The above proposition indicates that turning to trade taxes for income gen-
eration can potentially worsen both aggregate welfare and income inequality.
So, the baseline welfare cost computed in Section 5 presents a lower bound on
the cost of fiscal trade taxes. On the flip side, this result does not imply that
trade taxes can also improve inequality. That is because (due to the Atkinson-
Stiglitz principle) any inequality-reducing effect of trade taxes can be perfectly
mimicked with non-linear income taxes.

I Accounting for Input-Output Linkages

This appendix introduces input-output linkages into the baseline EK model a
la Caliendo and Parro (2015). In this extension, production combines interme-
diate inputs and labor using a Cobb-Douglas-CES aggregator, which yields the

following formulation for aggregate producer price indexes:
Py = ditipw; * T Pt
ijk — Yiktji kWi ig °
8

In the above expression, ;x is a constant price shifter composed of structural
parameters (e.g., Tik, @jkg, Ok); &ire denotes the constant share of industry k’s
inputs in industry ¢’s output; a;; = 1 — Yog Qi gk denotes the share of labor
in production; and Pi,g denotes the (tax-inclusive) price index of industry g¢’s

composite intermediate input, which is by assumption identical to the price
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index of industry ¢’s composite consumption good. In particular,

N —Ok

pi’k(t’x;w) = Pk Z (1 + t]zk)(l +x]zk) ]zka]kw ijP Iigk
=

where the above formulation makes explicit the dependence of lsi,g on applied
taxes and national-level wage rates. As in the baseline model, g is a constant
shifter composed of demand- and supply-side structural parameters. The ex-
penditure shares in this extended model are governed by the following equa-
tion

—bk
Tk [(1+t]zk)(1+x]1k)r]1kw I, J]gk}

~tx
Lrec Trk [(1 + tige) (14 xgi ) T, ™ [Ty P égk}

Aji(t,x;w) = 6,/

Net expenditure in country i (for consumption purposes) is equal to wage in-

come plus tax revenues,
Yi(t,x, 5, w) = w;Li(t,x,5,w) + Ri(t,x,5,w,Y).

Unlike the baseline model, however, total expenditure on industry k goods
equals consumption expenditure plus intermediate input expenditure summed
up over all industries. Specifically, letting E; , denote country i’s gross expendi-

ture on industry k:
Eix(t,x,8,w) = ¢;;Yi(t,x,8;w) + ) (a1 Vig(t, %, 6;w]),

where }; ; denotes the gross revenue collected by industry ¢ in country i. Gross
revenue, by definition, equals the sum of global sales net of trade taxes:

1

Vik(t,x,6,w) =
ikl ) ; (1 + £ (1 + xix

) Aijk(t,x,8;w)E;(t, x,6;w)

Wage income equals the sum of labor compensation across all industries,
w;L; = Y ra;xYix. Finally, tax revenues are equal to the sum of export and

import tax revenues collect from both intermediate input and final goods,

A22



summed over all trading partners:

Xij k
Rilt,x, 5;w) ZZ (1 e Ak DEil) + tij,k)](l + xij,k)Aij’k(')Ej'k(')) '

]il

When solving Problem (P1) in the presence of input-output linkages, we can in-
voke a key observation: The government is assumed to have access to a full set
of export tax policy instruments. So, given that export taxes are set optimally,
a tax on import good ji, k will have no first-order effect on tax revenues that
channels through prices in foreign markets. The reason being that any revenue
effect that channels through prices in foreign markets, is already internalized by
the optimal export tax choice—see Beshkar and Lashkaripour (2020) for a more
general perspective on this issue. Capitalizing on this observation and follow-
ing the steps outlined in Appendix B, we can produce the following F.O.C. for

revenue-maximizing import taxes under input-output linkages:

PiixQijix + ) <[t1i,g T (1+x5i6) Py gQﬂngJ{ng)>

J#i

olnP;
(ii,g) ii,g
—|—ZZ< g 1—|—X]zg) ]ng]z,g Jig <—alnP]1 ) >+§ Az,g
* /) w

8 J#1

dln Ei,g —0
aln(l—l—t]-l-,k) » -

(19)

where T; has the same definition as the one introduced in Appendix B and
Aix = ¥ [(tiix—T) PiixQjik].*® The first term in the second line of Equa-
tion 19 accounts for the fact that a tax on imported inputs raises the price of

domestic varieties that employ those inputs. This term can be simplified by
dInP;

alnP”g> = @jehjik- The FO.C.
) w

specified by Equation 19 can be further simplified based on the following ob-

appealing to Shepard’s lemma, whereby

servation: If that the first three terms in Equation 19 add up to zero, then

YAk (%) Y = 0. Invoking this observation and substituting for 851 gk)

with Cobb-Douglas-CES demand elasticities, yields the following optimality
condition:

1+7 1+7 1+7
i — |1— 1+6)A; 1— 0 A oBe ) @i ity = 0.
ik { 1+tji,k}( + ) ”’k+z({ 1+fﬁ,J ”kk> ]’k+22<[ 1+t]i,g} s >“Z’gk ik

J#i 8§ J#i

2The implicit assumption here is that, due to Cobb-Douglas-CES preferences, the income
elasticity of demand for both intermediate inputs and final goods is one, i.e., 7;x = 1 for all
ji k.
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After factoring out Aj;x from the above equation, we can immediately ver-
ify that the revneue-maximzing import tax rate is uniform across exporters,
ie., t;‘i/k = t7; for all j # i. Rearranging the above equation based on this
observation, yields the following equation characterizing country i’s revneue-

maximzing import tax schedule:
1+7
1 1——

Note that if a;x, = 0 for all i, kg, then the above equation collapses to the same

1+ 7
0s(1— /\ii,g)“i,kg> - {1 1+ tilk

} (14 6kAiik) . (20)

formula characterized under Proposition 1. Otherwise, it is easy to verify that
the above equation implies higher import tax rates than the baseline formula

under Proposition 1. Next, we can turn to export taxes. Suppose country i is
dln Pﬂ <
aln Py

We can then deduce from the steps presented in Appendix B that the revneue-

sufficiently small relative to the rest of world, such that = &jkerijk ~ 0.

maximzing export tax is characterized by the following F.O.C.

R OF; iy
8 <81n(1 + xi]-,k) w e

We can once again verify that if the first two terms in the above equation add

_ _ )
(14 7) (1 + xij)e) Pi e Qjik + Y ([(1 + xij o) (14 T7) — 1] Pij,sQjj, gS,]l]g ) +)
3 S

aEi,q o e
up to zero, then Zg Aig (W) = 0. Hence, the revenue-maximizing

export tax rate is governed by the same formula presented under Proposition
np J’i,g

1

for the effect of export taxes on the 1mport tax base. Specifically, in the presence

1. If we relax the assumption that = = ajkeMijk = 0, we have to account

of input-output linkages, export taxes can raise country i’s import tax base by

raising the producer price of country i’s export partners. Accounting for this
additional affect, revises the FO.C. w.r.t. x;j as follows

(1+ 7)) (1 + x50 PiiaQjik + ) ([(1 + %ij¢) (1 4+ T) — 1] Py ¢ Qij g€ I;Jé'; >
3

9Ei, 0
ah’l(l + xi]',k) w ’

where the first term in the second line accounts for the effect of x;;x on coun-

dln P;
+ Z — Tl (1+ Xij,g)Pji,ngi,g (81 P]Z’g) + Z Az,g
ik ) w

8

try i’s import tax base through the input-output network. This detail notwith-
standing, we can apply the same logic underlying Proposition 4 to determine

the fiscal and welfare consequences of trade taxation under input-output link-
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ages. This procedure involves solving the revenue-maximizing tax formulas
alongside the input-output-adjusted equilibrium conditions in changes. The
following proposition formalizes this procedure.

Proposition 11. In the presence of input-output linkages, the Nash revenue-
maximizing trade taxes, {tﬂ L} and {x;k]-/k}, as well as their effect on wages, {W;},
total income, {Y;}, and labor supply, {L;}, can be solved as a solution to the following
system of equations:

1), ({1 B 11:1?? 1 O (1 — )‘”fg)‘u,g)“zkg) = [1 - ﬁ??k} (14 6Aisphing) VK
* I 7\—1 .
1+xi]‘,k = |1+ 9k(1 Az]k)\qk):| (1+tz) VZ],k

—9 -
s | Q) (A48 gy sioe| ¢ A6, - (1427, ) (1+t7; ) Wk N"‘/gk ¢
Ajif = {W“ﬁ HePig™| P e = 2 || Tt O e P, |
[BC] Ei,kEi,k =€k (Z@itiZUz’Li + TéiRi) + Zg “i,kgj}i,gyi,g; L - |:wl/ HPElk}

VirYik = L [W/A\ij,k)\ij,kéj,klgj,k} ; [LMC]  @;Liw,L; = Y ai  VixVix

*

N t X7 A A
RiRi = Yk Lj#i <1+t7 AjikAjijcEikEix + mAij,kAij,kEj,kEj,k)

\7?,1'7—\’,1- + 5Z'Zf)ii,iwiL,' =R; + dw;L;

Moreover, solving the above system requires knowledge of only structural elasticities,
{6k} and x, and observables: namely, (i) applied taxes, t;; x, x;; x, and 6;; (ii) observable
shares, &g, Ajix and e;y; and (iii) national expenditure and output, Y; and w;L;

Considering the above proposition, input-output linkages magnify both the
fiscal and welfare burden of international retaliation in response trade taxa-
tion. This magnification effect is driven by two independent factors. First, since
the import demand is less elastic under input-output linkages, non-cooperative
countries will apply higher-than-baseline import taxes to maximize revenue.
Second, a 1% increase in trade tax rates shrinks global trade relatively more
under input-output linkages, and imposes a greater deadweight loss on the
global economy. This is due to the well-known ripple effects, whereby the trade-
impeding effects of export and import taxes multiply through the input-output
network. Relatedly, the additional shrinkage of the trade tax base due to input-

output linkages implies a greater loss in post-retaliation trade tax revenues.
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J Treating EU Members as Independent Economies

My analysis in Section 5, treated the EU as one taxing authority. In this ap-
pendix I re-do the analysis, treating individual EU members as autonomous
taxing authorities. To do so, I have to take a stance on applied tariffs imposed
by individual EU members, as they are not independently represented in the
UNCTAD-TRAINS data. Given that the EU (as a whole) is featured as a re-
porter; I extrapolate applied tariffs from the fact that intra-EU trade is subject
to zero tariffs while all EU members impose a common external tariff on non-
members.

By treating EU member countries as autonomous taxing authorities, I have
to simultaneously solve for revenue-raising taxes in 43 countries. Even with
Proposition 4, the computational process takes a couple of days using the FMIN-
SOLVE function of MATLAB on a personal computer. The results are reported in
Figures 4and 5, which are analogous to Figures 1 and 2 produced by my main
analysis. Evidently, treating EU member countries as autonomous taxing au-
thorities yields the same set of conclusions: (a) trade taxes are both and ineffec-
tive and an inefficient source of revenue, and (b) trade taxes are more inefficient
when they are more effective.

There is subtle underlying Figures 1 and 2. When we aggregate the EU
member countries into one taxing authority, the effectiveness and efficiency of
trade taxes reduce for other countries. The intuition being that, as a whole,
the EU has significant export/import market power. As a result, it can inflict
a greater negative externality on other countries when it acts as a collective
unit. This result presents a warning for quantitative studies of trade policy that
aggregate the global economy into two (or a limited number of) economies.
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Figure 4: The (Un)Effectiveness of Trade Taxes in Raising Revenue
(EU members treated as an autonomous taxing authority)
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Table 4: Quantitative results with 44 countries.

% of income tax revenue Welfare Consequences
replaceable with trade taxes of Reltaliation
Country (P1) (P2)  Post-Retaliation %A Real GDP EB/$ Rev.
AUS 93%  82% 3.7% -6.0% 2.8
AUT 25.5% 23.9% 13.8% -15.5% 2.6
BEL 30.5% 28.4% 16.3% -20.6% 2.5
BGR 28.6% 26.7% 15.7% -15.4% 2.3
BRA 8.7%  8.7% 3.1% -3.3% 25
CAN 18.0% 16.1% 9.3% -11.6% 2.6
CHE 27.2% 26.6% 13.4% -11.8% 25
CHN 77%  7.4% 3.1% -2.4% 1.9
cYp 28.2% 25.1% 13.7% -17.3% 29
CZE 40.7% 39.2% 25.2% -19.8% 2.5
DEU 24.3% 24.2% 11.6% -10.6% 24
DNK 16.7% 15.2% 8.0% -14.4% 2.7
ESP 19.1% 18.8% 8.8% -8.7% 2.6
EST 42.7% 36.5% 28.7% -27.0% 2.6
FIN 14.8% 13.4% 6.9% -9.5% 2.7
FRA 17.7% 15.7% 9.2% -10.7% 2.6
GBR 14.7% 13.7% 6.6% -8.3% 2.8
GRC 16.4% 13.6% 8.2% -10.6% 3.1
HRV 26.0% 24.3% 13.8% -14.7% 2.6
HUN 41.9% 40.0% 25.9% -24.8% 24
IDN 22.3% 22.2% 11.0% -6.2% 22
IND 11.9% 11.9% 5.3% -3.2% 1.8
IRL 44.7% 44.5% 22.3% -18.5% 23
ITA 12.4% 12.2% 5.4% -7.0% 2.6
JPN 11.9% 11.4% 4.2% -4.6% 2.3
KOR 20.7% 20.7% 8.4% -6.9% 22
LTU 43.3% 41.5% 26.1% -22.3% 2.7
LUX 38.4% 32.0% 18.2% -19.4% 2.8
LVA 34.7% 30.6% 21.5% -20.6% 2.8
MEX 37.7% 32.9% 25.1% -13.7% 2.6
MLT 34.8% 32.3% 14.5% -16.7% 2.7
NLD 35.5% 32.5% 20.6% -21.8% 2.7
NOR 13.9% 12.5% 6.2% -8.6% 29
POL 28.4% 27.7% 14.9% -13.1% 2.6
PRT 20.9% 19.2% 10.8% -12.8% 2.8
ROU 24.8% 23.7% 12.9% -11.2% 2.7
RUS 14.2% 10.7% 6.7% -8.6% 2.6
SVK 441% 41.6% 28.7% -22.8% 2.6
SVN 34.6% 33.0% 19.9% -18.6% 2.6
SWE 16.4% 15.6% 7.4% -9.8% 2.6
TUR 24.3% 23.1% 13.0% -11.0% 2.5
TWN 29.1% 28.6% 14.0% -11.8% 22
USA 8.8%  8.4% 3498 -3.5% 2.5

Average 24.8% 23.1% 13.1% -12.9% 2.6
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Figure 5: Effectiveness vs. Efficiency Trade-Off
(EU members treated as an autonomous taxing authority)
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