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Import tariffs tend to be higher on final goods than inputs, a phenom-
enon referred to as tariff escalation. Despite its salience, existing re-
search does not predict that tariff escalation increases welfare. We
show that tariff escalation is usually welfare-improving when final-
good production occurs under increasing returns to scale. In our ver-
tical model, countries export inputs directly or by embodying them in
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final goods. The latter raises welfare if final-good efficiency is increas-
ing in sector size, and a disproportionately high final-good tariff ex-
ploits this benefit. When tariffs are the only available instruments, this
effect dominates input-tariff motives for most parameter values.

I. Introduction

Import tariffs tend to be lower on intermediate inputs than on final goods.
This pattern has been documented in multiple studies spanning numer-
ous countries across five decades (Travis 1964; Balassa 1965; Bown and
Crowley 2016; Shapiro 2020). It is commonly referred to as “tariff escala-
tion,” a term that captures the fact that tariffs “escalate” down the produc-
tion chain. Figure 1 illustrates the prevalence of tariff escalation across
trading partners in 2007: for almost every country pair, the simple average
of final-good tariffs is higher than average input tariffs.

Empirical research suggests that these relatively low input tariffs im-
prove downstream firm and worker outcomes. Early papers document sig-
nificant productivity gains from lower input tariffs (Amiti and Konings
2007; Goldberg et al. 2010; Topalova and Khandelwal 2011), while new ev-
idence shows that recent US input-tariff hikes harmed US manufacturing
employment (Flaaen and Pierce 2019) and exports (Handley, Kamal, and
Monarch 2020).!

Despite the ubiquity of tariff escalation and evidence that lower input
tariffs are beneficial, existing theory does not show that tariff escalation
raises welfare. Early neoclassical models analyze input versus final-good tar-
iffs explicitly, but do not find that optimal tariffs are lower for inputs. Mod-
ern Ricardian trade models with differentiated goods stress that welfare-
maximizing tariffs are uniform across sectors; moreover tariff de-escalation
may maximize welfare in second-best settings without export taxes. Al-
though the classical production efficiency result in Diamond and Mirrlees
(1971) indicates that intermediate inputs should not be taxed in a closed
economy with constant returns to scale, that result also implies that opti-
mal trade taxes should be uniform when a country has no market power
abroad (and in fact implies that free trade is optimal).

The leading explanation for tariff escalation invokes political-economy
forces: all firms lobby for protection of their output and counterlobby
against tariffs on their imported inputs (Cadot, De Melo, and Olarreaga
2004; Gawande, Krishna, and Olarreaga 2012). This counterlobbying

research assistance. A previous version of this paper was circulated under the title “Import
Tariffs and Global Sourcing.”

! Evidence on the costs of raising prices on imported inputs is also documented for an-
tidumping duties (Bown et al. 2021; Barattieri and Cacciatore 2023) and the Bush steel tar-
iffs (Cox 2021). Relatedly, reductions in US trade policy uncertainty with China on firms’
inputs led to relatively higher US export growth (Breinlich et al. 2021).
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By Country Pair, 2007
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F16. 1.—Average final-good versus input tariffs. Source: Simple averages by UN-BEC
good types from Shapiro (2020).

explanation assumes that final-good importers cannot lobby against tarifts
on consumer goods, which is increasingly at odds with the well-documented
and rising concentration of consumer-good imports by dominant whole-
sale and retail firms (Basker and Van 2010; Ganapati 2018; Smith and
Diaz 2020).” More generally, and in line with results in the broader litera-
ture, lower tariffs on inputs do not raise welfare in these papers.

In this paper, we document environments in which tariff escalation
emerges as a social-welfare maximizing policy. We start with the observa-
tion that firm productivity and thus welfare are decreasing in tariffs on
traded inputs when final-good production occurs under increasing re-
turns to scale (e.g., as in Antras, Fort, and Tintelnot 2017; Blaum, Lelarge,
and Peters 2018). Moreover, past work shows that such increasing returns
provide an efficiency rationale for final-good tariffs in partial equilibrium
(Ossa 2011). These results do not necessarily imply that tariff escalation is
optimal, however, especially if inputs are also produced under increasing
returns to scale and thus subject to similar potential efficiency gains. We
therefore consider a general-equilibrium framework with an upstream
and a downstream sector that produce differentiated intermediate and fi-
nal goods, respectively, both under increasing returns.” Inputs are made
using only labor, while final goods are produced by combining labor and
intermediate inputs.

* For example, in September 2018 Walmart responded to the Trump tariffs on consumer
goods with a direct letter to US Trade Representative Robert Lighthizer warning of price
hikes and consumer harm.

* We model both sectors as perfectly competitive with external economies of scale, and
show that an isomorphic Krugman-style model with monopolistic competition and firm-
level increasing returns to scale generates identical tariff motives.
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The key assumption in our vertical model is that inputs are sold only to
downstream firms, whereas final goods are all sold to consumers. As a re-
sult, our model does not feature misallocation of domestic expenditure
across final goods. Instead, the only domestic distortion is the amount of
labor allocated to input versus final-good production, and this misalloca-
tion depends only on the extent of increasing returns to scale upstream
and the downstream labor share. Maximizing welfare in the closed econ-
omy thus only requires an upstream production subsidy, and the extent
of increasing returns to scale downstream is irrelevant. This finding stands
in sharp contrast to results in horizontal models where downstream subsi-
dies are always required to maximize social welfare (Bartelme et al. 2021;
Lashkaripour and Lugovskyy 2023), and illustrates the fact that vertical
linkages generate inherently different motives for policy intervention.

We first study optimal tariffs in an open economy with a small home
country and a large foreign country that trade inputs and final goods. Al-
though “Home” has market power abroad due to product differentiation,
the small-country assumption allows us to hold fixed the prices charged by
“Foreign” and derive analytic solutions for optimal trade policy following
the primal approach (Lucas and Stokey 1983; Costinot et al. 2015). The
Home social planner has the well-known motives to exploit her country’s
market power abroad (Gros 1987), and to shift expenditure toward Home
varieties to benefit from increasing returns to scale in production (Ven-
ables 1987; Ossa 2011).

We analyze how the planner can maximize social welfare using a combi-
nation of production subsidies, export taxes, and import tariffs. We first
show that any first-best allocation must entail an upstream production sub-
sidy, whereas a downstream production subsidy or a downstream import
tariff are interchangeable. The motive for a downstream subsidy or tariff
only arises in the open economy, because now Home faces a trade-off be-
tween exporting inputs directly versus using those inputs to make final
goods that it then exports. Since in either case Home produces the inputs,
that sector’s size does not change and its scale elasticity does not affect this
decision. However, by using inputs to make final goods it then exports,
Home raises the size of the downstream sector and thus its efficiency. As
a result, the size of the optimal tariff or subsidy depends on the extent
of downstream returns. In line with past work, the planner also exploits
Home market power abroad using export taxes and possibly import tariffs.
Moreover, if we rule out the downstream subsidy, the first-best necessarily
entails a tariff escalation wedge exactly determined by the extent of in-
creasing returns to scale in downstream production.

Export taxes are often illegal and production subsidies face strict
World Trade Organization limitations.* Since a main goal of this paper

* For example, article I, section 9, clause 5 of the US Constitution bans export taxes.
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is to assess whether real-world tariffs reflect social-welfare-maximizing
policies, we analyze optimal policies that rely solely on import tariffs. In
such a second-best setting, tariffs try to mimic the missing export taxes
and upstream production subsidy. Although we cannot derive a simple
second-best characterization of optimal tariffs, we find that tariff escala-
tion is decreasing in (i) the relative size of upstream to downstream re-
turns to scale; (ii) the downstream labor share; and (iii) the relative size
of Foreign’s input versus final-good demand elasticities. The first two
conditions imply a greater need for the missing upstream production
subsidy, and thus a higher input tariff to replace it. The last condition
reflects Home’s efforts to exploit its market power abroad without ex-
port taxes (as in Beshkar and Lashkaripour 2020). We also derive condi-
tions that are sufficient but not necessary for our model to predict tariff
escalation. For instance, when inputs and final goods have identical do-
mestic scale and Foreign demand elasticities, tariff escalation is necessar-
ily optimal when the share of labor used downstream is not too large.”

We evaluate the relative importance of these distinct channels by solving
for optimal, second-best tariffs as a function of a wide range of values for
these five key parameters. In our grid searches, we find that tariff escalation
is essentially always optimal when downstream returns to scale are at least
as large as upstream returns. By contrast, tariff de-escalation may be opti-
mal when upstream returns are larger than downstream returns and the
downstream labor share is quite high. In sum, as long as inputs are suffi-
ciently important in downstream production, tariff escalation maximizes
social welfare when import tariffs are the only policy instruments.

We use the calibrated model to analyze optimal tariffs for a large, open
economy with endogenous world prices. The resulting first-best tariff esca-
lation aligns closely with the analytic solutions we derive in a small open
economy. In a second-best setting in which tariffs are the only available in-
struments, the optimal final-good tariff is 29.9%, versus an optimal input
tariff of only 19.7%.° Tariff escalation is decreasing in the extent to which
the downstream sector uses labor in production, consistent with it mimick-
ing the missing upstream subsidy. As for the small open economy, second-
best tariffs are escalated when the returns to scale downstream are at least
as large as those upstream; even when upstream returns are larger, tariff
escalation remains optimal when the downstream labor share is below
70%. A counterfactual analysis of the welfare effects of the US trade war
in 2018 to 2019 indicates that the welfare benefits from unilateral tariff
changes are small and overwhelmingly driven by final-good tariffs.

® Tariff escalation is always optimal when final goods are produced under increasing re-
turns, but inputs are made under constant returns to scale.

® Optimal tariffs tend to be much larger than observed tariff rates in the data in the
quantitative trade policy literature (see Costinot and Rodriguez-Clare 2014; Ossa 2014).
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Our paper contributes to three strands of literature. First, we add to a
growing body of work on optimal trade policy in environments with differ-
entiated final goods. Early papers with singlesector models show that
product differentiation provides an incentive for final-good tariffs, even
when countries are too small to affect world prices (Gros 1987; Demidova
and Rodriguez-Clare 2009). Recent studies using multisector competitive
Ricardian models predict that optimal tariffs are uniform across sectors
not only in the firstbest allocation, but also in second-best settings when
export taxes and production subsidies are not available (Costinot et al.
2015; Lashkaripour and Lugovskyy 2023). Lashkaripour and Lugovskyy
(2023) include an extension with input-output linkages and conclude that
increasing returns to scale must be corrected using production subsidies,
and that first-best tariffs necessarily remain uniform. Our contribution is to
show that in a pure vertical model a downstream tariff or subsidy are inter-
changeable, and when such a tariff is used instead of the subsidy, first-best
tariffs feature a unique tariff escalation wedge determined by the extent of
downstream returns to scale. We are also the first to study tariff escalation
in a second-best setting and show that it remains optimal for a large range
of parameter values.

We also add to work that studies the interaction between increasing re-
turns to scale in domestic production and trade policy. Venables (1987)
and Ossa (2011) show that in partial equilibrium with imperfect competi-
tion and scale economies, an increase in a final-good import tariff attracts
firms to a country, which in turn lowers prices and thus raises welfare. In
general equilibrium, agglomeration forces may interact with trade barriers
to generate stronger agglomeration effects from changes in trade barriers
when production is roundabout (Krugman and Venables 1995; Puga and
Venables 1999). We contribute to these studies by extending the isomor-
phism developed in Kucheryavyy, Lyn, and Rodriguez-Clare (2023), who
map a horizontal Krugman-style model to a perfectly competitive economy
with external economies of scale, to a vertical setting. Most notably, our
framework with distinct input versus final-good sectors allows us to isolate
the roles of increasing returns to scale in each sector, and to show that the
optimality of tariff escalation is inherently tied to increasing returns to
scale in downstream production.”

Finally, we contribute to a growing literature on trade policy with frag-
mented production. Early neoclassical models feature trade in inputs
and final goods, but do not find that lower input tariffs raise welfare (Ruf-
fin 1969; Casas 1973; Das 1983), while newer work argues that tariff de-
escalation is optimal in second-best settings (Beshkar and Lashkaripour

7 While Krugman and Venables (1995) consider multiple equilibria that include full spe-
cialization in manufacturing, the general-equilibrium forces in our model imply that input
and final-good sectors compete for labor.
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2020). Recent papers show that global value chains lower optimal tariffs,
but these studies are limited to trade in intermediates only with round-
about production (Caliendo et al. 2023), or trade in final goods only
but with domestic value added (Blanchard, Bown, and Johnson 2016).
Amiti (2004) introduces a two-sector, vertical model and performs nu-
merical simulations that suggest tariff de-escalation is optimal. Our con-
tribution is to model input versus final-good sectors separately, to provide
closed-form solutions for the first-best welfare allocations that show tariff
escalation arises from increasing returns to scale in final-good produc-
tion, and to demonstrate that second-best tariffs are escalated for empir-
ically relevant parameter values.®

The rest of the paper is structured as follows. In section II, we intro-
duce an open-economy model with an upstream and downstream sector,
both featuring increasing returns to scale. In section III, we solve for the
first-best policies for a small open economy, building intuition for our
results in section IV. Optimal second-best import tariffs for a small open
economy are developed in section V, and we provide quantitative results
for a large open economy in section VI. We perform a counterfactual
analysis of the welfare impacts of the Trump tariffs in section VII, and
conclude in section VIII.

II. A Model of Global Sourcing with Scale
Economies: Environment

In this section, we introduce a competitive open-economy model with an
upstream (input) sector and a downstream (final-good) sector, both pro-
ducing differentiated goods under increasing returns to scale.

We consider a world economy with two countries (Home and For-
eign), indexed by ¢ or j (and sometimes by H and F), each populated
by L, consumers/workers. Labor is employed to produce four goods: a
Home final good, a Foreign final good, a Home intermediate input, and
a Foreign intermediate input. Preferences in country i = {H, F} are
given by

a/(o-1)

U@ Q) = (@) + (@) M

where Qf is i’s consumption of its local good, and Q are imports by i of
country j’s good. The parameter o governs the substitutability between
Home and Foreign goods.

% Other papers study tariff escalation under various market structures (e.g., Spencer and
Jones 1991, 1992; McCorriston and Sheldon 2011; Hwang, Mai, and Wu 2017), and the ef-
fects of input tariffs under incomplete contracts (Ornelas and Turner 2008; Antras and
Staiger 2012; Ornelas and Turner 2012; Grossman and Helpman 2020) or on demand
for downstream tariffs (Erbahar and Zi 2017).
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The final good in each country is produced combining local labor (¢¢),
the Home intermediate input (¢;), and the Foreign intermediate input
(gi), according to

. . o e 100-a)/0-1)
X = AP gt gi) = AL () + (g

)

where A! is downstream productivity, & captures the labor intensity of final-
good production, and 6 governs the substitutability between the Home
and the Foreign inputs. Downstream productivity A is in turn given by

At = AP (L Q1 Q)]

_ A,-d{(Lfl)u{(QZ-)(&l)/e + (Qﬁ)(e—l)/e} 0(1-a)/(0-1) }v ’ )

and is thus an endogenous function of (i) country 7’s aggregate allocation
of labor to the downstream sector (L), (ii) its aggregate use of country ¢’s
inputs (Q%), and (iii) its aggregate use of country j’s inputs (Q). The
parameter y“ governs the degree of external economies of scale in the
downstream sector, and is often referred to as the scale elasticity of this
sector.

The intermediate input in each country is produced using local labor
(4}) according to

X = ALE(E) = Ar,
where upstream productivity is also endogenous and given by
A =AMLY (4)

In this expression, L} is country ¢’s aggregate allocation of labor to the up-
stream sector and y"* governs the scale elasticity of the upstream sector.

We assume that the above technologies are available to a unit measure
competitive fringe of producers in each country and sector. These produc-
ers take prices of all goods as given, and do not internalize the effects of
their choices on the productivity terms A? and A¥. Given symmetry, it
should be clear that in equilibrium, ¢/ = L{, ¢} = L, ¢¢ = Q}, and
q; = Qjforall firms. We thus ignore lowercase variables hereafter (though
it is evident that, in characterizing the optimality conditions of the decen-
tralized market equilibrium, such a distinction is important).

There exist natural trade barriers between Home and Foreign, which
we capture with iceberg trade costs that apply to final goods 7 > 1 and to
inputs 7" > 1, respectively. We later introduce additional man-made bar-
riers to international trade in the form of import tariffs and export taxes.
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The three resource constraints associated with our economic environ-
ment are an aggregate labor market constraint

L= L'+ L (5)

and two equations equating output produced in each sector to its use
(for domestic consumption or for export)

AL = Qi+ 7'Q}, (6)

0(1-0)/(6-1)

Aty en ™ + (@) =Qitre. )

In addition, we impose the following trade-balance condition,
PIQL+ PIQj = PIQY + PIQ). ®)

In this last condition, the prices P and Pj reflect the import prices
paid by importers in i (inclusive of trade costs between j and ¢), and
PZ;-’ and P} similarly correspond to the cost, insurance, and freight-
inclusive (CIF) prices paid by buyers in j per unit consumed (though re-
member that exporters in ineed to produce 7¢ and 7* units, respectively,

for one unit to make it to j).

III.  First-Best Policies for a Small Open Economy

In this section, we solve for the bilateral first-best policies of one country
(Home), for the special case in which itis a small open economy. Although
Home is small in the sense that it cannot affect the prices charged by For-
eign, Home nevertheless enjoys market power for its goods abroad.

Following the primal approach in Costinot etal. (2015),” we first consider
an environment in which a social planner directly controls consumption
and output decisions, and derive four key conditions characterizing the op-
timal allocation. We then compare these conditions to those from a decen-
tralized market equilibrium in which the government imposes trade taxes
and production subsidies. Finally, we show how the optimal allocation can
be implemented through a simple combination of those instruments.

A, Optimal Allocation for a Small Open Economy

Home’s social planner seeks to maximize welfare in equation (1), sub-
ject to the four feasibility constraints (5)—(8). We assume that the plan-
ner controls the allocation of labor across sectors (L}, L), domestic

¢ See Costinot, Rodriguez-Clare, and Werning (2020) and Kortum and Weisbach (2021)
for other recent applications of this approach.



10 JOURNAL OF POLITICAL ECONOMY MACROECONOMICS

consumption (Q%y, Qky), imports (Qfy, Qry), and exports (Qir, Q)
of both final goods and intermediate inputs, and chooses these variables
to solve

a/(o—1)

max U(Qfm, Qin) = [(QZH)(”_I)/D " (QzH)@-l)/,,}
such that Ly + Ly = Ly,

(L) Li = Qi + 7' Qi

AL (L, Qs Qi) F (L, Qi Qi) = Qo + 7' Qi

Piy Qi + Pia Qi = Qi)™ Pir( Qi) + (Qi) "™ Pi (),

where A% (L, Qi Qi) and Al (L) are given in (83) and (4), respectively.
The first three constraints in this program are simply the three resource
constraints displayed above in equations (5), (6), and (7).

The fourth constraint requires more explanation. First, notice that this
trade balance condition is derived from (8), after substituting Pf, =
Pi(Qb/ Qi)™ and Pl = Pi(Qlw/ Qi) """, which correspond to For-
eign’s inverse demand for Home’s final and intermediate-input goods,
respectively.'” Although Home’s small-country status implies that it takes
the prices charged by Foreign as given, it nevertheless produces differen-
tiated final goods and inputs. As a result, the planner seeks to exploit
Home’s market power abroad, which is governed by Foreign’s elastici-
ties of substitution across inputs () and final goods (o). Second, al-
though it may seem nonstandard to introduce prices in the planner prob-
lem, this is precisely where our assumption of Home being a small open
economy is useful: Home’s policies have no impact on Foreign’s domes-
tic prices Py and Py, or on the prices Py, and Py, charged by Foreign ex-
porters. As a result, the Home government treats these prices as param-
eters when choosing its optimal allocations. Similarly, Home takes as
given Foreign’s demand for its own goods (Q#: and Q}.).

Working with the first-order conditions, we characterize the first-best
allocations via four key conditions (see app. A.1.1; apps. A-D are avail-
able online). First, on the consumption side, the Home social planner
equates the representative consumer’s marginal rate of substitution be-
tween Home and Foreign final goods with the social relative costs of con-
suming those goods, which delivers

Ugs, Qs Qi) _ (0 = 1)/0]1%/7”’

9)
UQ?,,(QdHH, Q?TH) PI?H

' We derive analogous equations below for the Home economy (see eqq. [13] and [14]
below).
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where subindices on the functions denote partial derivatives of those
functions with respect to the argument in the subindex.

The left-hand side of equation (9) corresponds to the marginal rate of
substitution between domestic and foreign final goods. Since Home is a
small open economy, P, is fixed and thus equal to the private cost and
social cost of consuming foreign goods. By contrast, the social cost of
consuming domestic goods is equal to the private opportunity cost of
collecting export revenue P on a fraction 1/7¢ of these goods, multi-
plied by a wedge (0 — 1)/0. This wedge between the private and social
cost of domestic consumption reflects a standard rationale for terms-
of-trade manipulation with market power abroad: for a given level of
final-good production, an increase in domestic consumption Qf,; neces-
sarily reduces exports, which in turn raises Home’s export prices and
thus improves its terms of trade (see Gros 1987).

The second key efficiency condition equates the marginal rate of sub-
stitution between domestic and foreign inputs in Home’s production of
final goods to the ratio of social costs of these inputs, or

FdLH(L;II’ Q> Q?I}) _ [(0 — 1)/9} ,';F/T"

F gJ’u(LIC{I > Q?{H, Q;H) Pry
As before, the social cost of using Foreign inputs is simply equal to their
price, while the social cost of using domestic inputs is lower than their
private cost. As for final goods, the Home government again has a
terms-of-trade incentive to exploit its market power abroad in inputs,
with a wedge between the private and social cost based on Foreign’s elas-
ticity of substitution across inputs ().

The third efficiency condition is given by

(10)

0— 1P

A\ jd pd (7d Au 0~ 1P
= (L) ARk, (L, Qims Qi) i
0 7 o 7
and equates the benefits of exporting domestic inputs to the benefits of
using those inputs to produce final goods that are then exported. This
third equation balances Home’s motive to exploit its market power in in-
puts abroad against a comparable market-power motive for final goods
and the productivity-enhancing effects of a larger domestic final-good
sector (the first term 1 + v* on the righthand side). Note that only the
extent of increasing returns downstream is relevant here, highlighting
its interaction with domestic-input use.
The fourth and final optimality condition is given by

(1)

(1 + ’Yd)Ef];',(L;il, Q;Lm, Q;‘n) = (1 + ’Yd)(l + ’Yu)Au(L}II)Fél;y,,(L;ll, Q?m, Q;‘n), (12)

and equates the social value of the marginal product of labor in both sec-
tors in terms of final-good production. The left-hand side captures the
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social marginal product of directly allocating labor to produce final
goods, while the right-hand side captures the social marginal product
of allocating labor to produce inputs, and then using those inputs to
raise final-good production. Equation (12) highlights a key distinction
between input and final-good production. While the marginal benefit
of increasing the input sector size is magnified by the extent of increas-
ing returns downstream (1 + "), the marginal benefit of increasing the
downstream sector size has no such spillover. As a result, the role of in-
creasing returns downstream cancels in this constraint, and only the ex-
tent of increasing returns upstream remains.

B.  Decentralized Market Equilibrium with Taxes
and Subsidies

We now consider the role of upstream and downstream import tariffs (¢
and ), export taxes (vf and v}'), and production subsidies (s{ and s}') in
implementing the first-best allocation (see app. A.1.2 for details). We as-
sume that all subsidy proceeds are extracted from households (or tax
revenue is rebated to households) in a lump-sum manner.

The first two optimality conditions of the decentralized equilibrium
simply equate the marginal rates of substitution in final-good and
intermediate-input consumption to the domestic (country 7) relative
prices faced by the buyers of these goods, or

UQ/;;;(Q,}{IH’ Q;IH) _ (1 — v;fl) PI(-IH:/T({ (13)
UQ/Z( }IIH’ Z‘II) (1 + t[’ll) PIS"IH B
g (L Qs Qi) _ (1= ) Phn/7" (14)
Foo (Li Qlors Qi) (L 1) Phy

To understand the right-hand-side terms, recall that Py}, and Py, reflect
prices (inclusive of trade costs but exclusive of trade taxes) paid by
Home importers. Thus, the domestic prices paid by Home buyers of
those goods are (1 + t)P%, and (1 + )Py, respectively. Similarly, the
export prices Pf; and Py in the trade balance condition (8) correspond
to the CIF prices paid by Foreign buyers, so the domestic prices collected
by Home sellers of those goods are (1 — vf}) P /7" and (1 — v}y) Pl /7",
respectively. The ratios in the right-hand side of equations (13) and (14)
thus capture the private relative cost of domestic versus foreign goods.

The next optimality condition balances the private benefits of export-
ing domestic inputs (net of an export tax) against the private benefits of
using those domestic inputs to produce an additional (potentially subsi-
dized) amount of the final good that is in turn exported:
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Pu . l _ ,Ud Pd
(1 = o) 2 = At (11, Qo i) - 1)
T 1 —sy) 7

Notice that this condition, which relates to the planner’s optimality con-
dition in equation (11), links the downstream subsidy and the two ex-
port taxes. Intuitively, in the open economy, Home faces a trade-off be-
tween exporting its inputs versus using them to produce its own final
goods which it then exports. When final-good production occurs under
increasing returns, this trade-off must incorporate the extent to which
increasing the size of the downstream sector will in turn raise its produc-
tivity. The role of downstream returns is thus relevant because of Home’s
ability to trade inputs, and its desire to expand the downstream sector to
raise its efficiency. The role of upstream returns is irrelevant here, since
in either case the upstream sector size is held constant.

The final efficiency condition equates the private marginal product of
labor in both sectors in terms of a common good (i.e., the final good),

u u 1 Au u u u
FZ?‘,(L(;D Q,HH, H) =——A (LH)FéJ,’;,,(LQD HH > FH)~ (16)

1 — sy

Notice that this final constraint includes no trade instruments, and the
upstream subsidy is absent in all the other conditions. These features in-
dicate that achieving the optimal allocation of labor across sectors re-
quires addressing a fundamental misallocation of the closed economy,
whereas the other conditions required to achieve the first-best arise only
in an open economy. As a result, we will show that trade instruments can-
not be used to satisfy this final constraint, whereas they can ensure that
equations (13)—(15) are satisfied.

C.  First-Best Policies: Upstream and Indeterminate Policies

We now characterize the set of first-best policies by identifying the com-
binations of taxes and subsidies that equate the equilibrium condi-
tions (13)—(16) with the social efficiency conditions (9)—(12). There
are two key differences between these two sets of equations. First, the
market equilibrium conditions naturally incorporate the effects of trade
taxes and production subsidies on consumer and firm private choices.
Second, these decentralized-market equations do not incorporate the
positive impact of sectoral output on productivity, or the positive effects
of curtailing exports on Home’s terms of trade.

Inspection of equations (12) and (16) reveals that attaining the first-
best allocations requires an upstream production subsidy equal to
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u

Y
1+

sy o= (17)
Intuitively, the market allocates too little labor upstream because input
producers do not internalize the impact of their sector size on their own
productivity, which in turn affects downstream productivity. An upstream
subsidy equal to y*/(1 + 4") increases hiring upstream, raising the sector
size and thus its productivity. As a result, and despite pulling labor from
downstream firms, the subsidy leads to a lower market price for inputs,
greater input production, and thus greater downstream output.

It is clear from equation (17) that the optimal subsidy is only needed
when upstream production features increasing returns (i.e., y* > 0).
Higher increasing returns upstream raise the efficiency gains from a
larger input sector, thus also raising the size of the optimal subsidy. Since
the subsidy increases aggregate output by reallocating labor upstream to
raise input efficiency, it is also only relevant when the downstream sector
uses labor to produce (i.e., o > 0).

Although the first-best policies necessarily include an upstream sub-
sidy whenever downstream production uses labor (a > 0) and upstream
production features increasing returns (y* > 0), the nature and levels of
the other instruments are indeterminate. The five remaining instru-
ments (the downstream subsidy s, import tariffs ¢, and ¢, and export
taxes vj; and v};) must simply satisfy the following three equations:

1+ o
R L 1
1—v, o-1’ (18)
1+ 0
_ - _7 1
1—wvy 60-1’ (19)
1-—wv, (06-1)/0 1
1— s 7= . 0
(1= i) —up (0—1)/a(1+79 (20)

Equations (18) and (19) relate to equations (9) and (10), and thus re-
flect Home’s terms-of-trade motives to restrict its exports of final goods
and inputs in order to exploit its market power abroad. In line with the
well-known application of Lerner symmetry in single-sector models with
differentiated goods, Home might achieve each of these individual ob-
jectives using an import tariff, an export tax, or a combination of both.
An export tax raises the relative price of Home goods in Foreign directly,
while an import tariff shifts domestic expenditure toward Home varie-
ties, thus also raising Home’s terms of trade."

' Although we assume that the elasticities of substitution are the same in Home and For-
eign, our analysis does not invoke the fact that Home preferences Uy (Qfy, Qfy) are a CES
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Although the first two constraints suggest that import tariffs and ex-
port taxes are perfect substitutes as policy tools, equation (20) shows that
this is not the case in our vertical model. When deciding whether to ex-
port inputs directly versus embodied in final goods, Home’s social plan-
ner must also incorporate the productivity-enhancing effects of a larger
final-good sector (i.e., the term 1 + 4 on the right-hand side). Home’s
decision to export inputs in these two forms thus introduces a new con-
straint that links its optimal export taxes in both sectors to the extent of
increasing returns in downstream production.

Because there are five policy instruments and only three equations,
equations (18)—(20) represent an overdetermined system of equations
with a continuum of potential solutions. This indeterminacy implies that
out of the five instruments (sf;, ¢, t&, vy, and v},), two can be set to an ar-
bitrary level, and when this arbitrary level is 0, the first-best is achieved with
an upstream subsidy and three (or fewer) other instruments. As a result, in
the general case in which the upstream sector features increasing returns
toscale (y* > 0) and downstream production uses labor and inputs (o > 0),
the upstream subsidy is the only essential policy instrument to achieve the
first-best allocation. We summarize this result in the following:

ProrosiTiON 1. When both sectors use labor and the upstream sector
features increasing returns to scale, the first-best allocation can only be at-
tained with an upstream subsidy set at (s*)* = y*/(1 + y*). By contrast, a
downstream production subsidy is not necessary to achieve the first-best.

Proof:  The proof follows from equations (17)—(20). QED

The asymmetry in the need for upstream versus downstream production
subsidies arises because our vertical model features no domestic (mis)allo-
cation of expenditure across final-good sectors. While the upstream subsidy
addresses a closed-economy misallocation of labor across sectors, the
downstream subsidy is motivated only by the open-economy decision
about how to export inputs.'?

D.  First-Best Policies: Alternative Implementations

We now consider three alternative implementations of the first-best allo-
cation. Since proposition 1 indicates that any implementation must in-
clude an upstream production subsidy, sj; = y*/(1 + v"), we focus on
the remaining instruments.

aggregator governed by o, or that the production function F*(Lf, Qty, Qby) is a Cobb-
Douglas-CES aggregator governed by « and 0. As a result, the parameters ¢ and 0 in the
first-best policies relate solely to Foreign elasticities of substitution. If these elasticities differ
across countries, with o; # oy and 6, # 0, only o,and 0, affect the wedge between private
and socials costs.

* In the next section, we show that the upstream production subsidy is not only neces-
sary, but also sufficient to maximize welfare in the closed economy.
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A first possibility, highlighted by Lashkaripour and Lugovskyy (2023),
is to attain the first-best using only production subsidies and export taxes.
When import tariffs are zero (#; = ¢j; = 0), the above system (18)—(20)
implies that vy = 1/0, v}y = 1/, and s, = v*/(1 + v%). Under this im-
plementation, the upstream and downstream export taxes exploit
Home’s market power abroad optimally, while the downstream subsidy
raises Home’s final-good production in line with the extent of its increas-
ing returns.

Although this implementation appears simple and intuitive—export
taxes exploit market power abroad in each sector and production subsidies
seem to internalize the presence of increasing returns—the symmetry in
taxes and subsidies for inputs and final goods obscures the distinct motives
for upstream versus downstream policy intervention in our setting. As sum-
marized in proposition 1, and in contrast to the results in Lashkaripour
and Lugovskyy (2023), the downstream production subsidy is not required
to maximize social welfare in our model.

We demonstrate the irrelevance of the downstream subsidy with alter-
native implementations of the first-best that do not use it. Setting s, = 0,
the first-best can still be achieved again using the upstream subsidy
from proposition 1, an upstream export tax vj; = 1/6 and import tariff
iy = 0 as above, but now with a downstream export tax vh =1—
(1 +vY[(c — 1)/o] and tariff ¢* = “. Alternatively, we could also use im-
port tariffs ¢, = 1/(¢ — 1) and ¢ = [0/(d — 1)][1/(1 + 4")]—1, and an
upstream export tax vy = 1 — [(6 — 1)/60][o/(d — 1)][1/(1+v")] to achieve
the first-best. Although the levels of tariffs and export taxes are still inde-
terminate in these implementations without a downstream subsidy, the
ratio of optimal gross import tariffs on final goods and inputs, or the “tar-
iff escalation wedge,” is unique and given by

1+ ¢
1+

=1+4">1

We summarize this result in the following:

ProrosITION 2. The first-best allocation can be achieved with a pro-
duction subsidy for inputs, and (at least two) trade taxes associated with
a tariff escalation wedge equal to 1+« or (1 +¢)/(1+t;) =
1+4>1.

Proof.  The proof follows from equations (17)—(20). QED

As evident in equations (15) and (20), Home weighs the benefit of ex-
porting inputs to Foreign directly against the benefit of using those in-
puts to produce and export final goods. Since the benefit of the latter
is increasing in the extent of downstream returns to scale, a policy that
raises the size of that sector in line with those returns, either via a pro-
duction subsidy or by redirecting domestic expenditure toward Home’s
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final goods via a downstream tariff, maximizes welfare. Indeed, plugging

equations (18) and (19) into (20) we obtain

1+ 1
1+t1— s

=1+~"

This expression demonstrates that tariff escalation can perfectly substi-
tute for a downstream production subsidy in achieving the first-best
whenever export taxes are available. The fact that tariff escalation arises
in the first-best when the downstream subsidy is zero is particularly useful
in understanding second-best policies in which subsidies are not avail-
able. When the planner is constrained to using only import tariffs, the
same forces we highlight here tend to make tariff escalation a welfare-
maximizing policy.

The asymmetry between an input and final-good tariff in substituting for
adomestic production subsidy can also be understood from the asymmetry
in spillovers across sectors. Although both final-good and input tariffs shift
domestic expenditure toward Home varieties, thereby raising the size and
efficiency of their respective sectors, the upstream tariff simultaneously
affects the marginal rate of substitution between domestic and foreign
inputs—see equation (14)—which reduces downstream efficiency. By
contrast, a downstream tariff has no negative productivity spillover and in-
stead also raises demand for Home inputs (see eq. [13]). When the govern-
ment does not have access to production subsidies, these forces tend to
make downstream import tariffs disproportionately more desirable than
input tariffs, thus leading to tariff escalation.

Finally, we describe a third implementation that includes production
subsidies in both sectors, but rules out export taxes. Setting vy = vfy = 0,
it is straightforward to conclude from equations (18)—(20) that the
firstbest can be attained whenever ¢, = 1/(c — 1), t;, = 1/(6 — 1),
sir=1—=16-1)/0][(1 +v") (6 —1)/0], and of course s}, = v"/(1+
7). In this implementation, import tariffs exploit Home’s market power
in export markets optimally, but now the downstream subsidy must offset
the impact of the input tariff on Home firms’ higher input costs. As a re-
sult, the optimal subsidy depends not only on the size of the downstream
returns to scale but also on the size of the upstream tariff. This imple-
mentation thus illustrates why the government’s use of an input tariff
is relatively more costly when downstream production occurs under in-
creasing returns: Home’s use of an input tariff to exploit its market power
abroad must be offset by a counteracting policy.

This section demonstrates the distinct motives for input versus final-
good tariffs in achieving a first-best allocation with vertically linked sec-
tors. In the next section, we consider several simplifications of our model
to provide additional intuition for the sources of these differences.
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IV. Economic Primitives That Drive Tariff Escalation

To highlight the primitive economic forces that lead tariff escalation to
maximize social welfare, we now present four simplified versions of our
model. Our goal is to build intuition for the mechanisms that drive the
second-best allocations we analyze in sections V and VL.

A.  Closed-Economy Equilibrium and Efficiency

We first characterize the tools necessary to achieve the first-best alloca-
tion in the closed economy. This variant of the model provides additional
intuition for why the firstbest requires a subsidy to upstream but not
downstream production. In the closed economy, the marginal rates of
substitution between domestic and foreign goods, and the no-arbitrage
condition captured by equations (11) and (15), become irrelevant. Opti-
mality is thus dictated solely by the labor-market efficiency conditions
captured in (12) and (16), which are unchanged in the closed economy.
Itis clear that an upstream production subsidy equal to sj; = y*/(1 + v*)
is necessary and sufficient to restore efficiency. No other policy instru-
ment, and in particular, no downstream subsidy, is needed to achieve
the first-best.

This result is distinct from predictions in models with horizontally
differentiated sectors featuring scale economies (Bartelme et al. 2021;
Lashkaripour and Lugovskyy 2023). In those settings, downstream subsi-
dies are required to achieve the first-best, and only their relative size is
pinned down by the optimality conditions, while their absolute levels are
not. In our model with vertically linked sectors, the optimal upstream
subsidy is necessarily equal to ¥*/(1 + v*) and downstream subsidies
are irrelevant.'?

The results in our setting are different from past work since there is
no (mis)allocation of domestic expenditure across final-good sectors
here. Instead, the planner seeks to balance the efficiency gains from em-
ploying workers upstream versus downstream. Although greater employ-
ment in either sector will raise that sector’s efficiency, only increased up-
stream efficiency has a follow-on effect on downstream output, as evident
in equation (12), where (1 + y%) cancels on both sides, but (1 + ")
does not.

As in the open economy, the size of the optimal subsidy is increasing
in the extent of the returns to scale in upstream production. Moreover,
if ¥* = 0, the upstream sector features constant returns to scale and
the decentralized equilibrium delivers the socially optimal amount of
upstream production. Similarly, a subsidy is only required to maximize

* Bartelme et al. (2021) obtain a similar result in an extension with vertical links.
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social welfare when the downstream sector uses both labor and inputs. If
there is no input sector (o« = 1), or if the downstream sector uses no la-
bor (a = 0), there is no scope for the planner to reallocate workers up-
stream, and thus no role for policy to increase social welfare. Despite the
two extremes, the upstream subsidy’s potential to raise welfare tends to
rise with the downstream labor share («). This relationship arises be-
cause the difference between the market versus social planner upstream-
labor allocation is increasing in the downstream labor share.

To demonstrate the role of the downstream labor share in the closed-
economy labor misallocation, we consider the special case in which the
downstream technology is Cobb-Douglas, as in equation (2). In this case,
the decentralized allocation of labor to the upstream sector satisfies

Ly 1«
Ly ol —sp)+1—a

Without government intervention (si; = 0), the market would thus allo-
cate a share 1 — « of labor to the upstream sector, while the social plan-
ner would instead set

(L) _ (=) +19)

Equation (21) thus shows that the relative size of the planner versus mar-
ket upstream labor allocation is increasing in the downstream labor
share («).

We will use the facts that the optimal upstream subsidy is increasing in
the extent of upstream returns, and that the degree of labor misalloca-
tion across sectors is increasing in the downstream labor share to build
intuition for the second-best policies we study in section V. We summa-
rize our closed-economy results as follows:'*

ProrosiTION 3. In the closed economy, the social planner can re-
store efficiency in the market equilibrium by subsidizing upstream pro-
duction at a rate (s*)* = y*/(1 + *). This subsidy is only needed when
the downstream sector uses both inputs and labor to produce (0 < « < 1)
and when " > 0. Downstream subsidies are irrelevant in the closed
economy.

Proof.  See appendix B.1.

'* In app. B.1, we develop two extensions of our closed-economy model. First, we allow the
upstream sector to use the same bundle of inputs Q*used in the final-good sector, while letting
labor intensity upstream (denoted by ) differ from that downstream. Second, we outline a
multistage extension of the model in which the input bundle used in upstream production
aggregates varieties from a yet more upstream sector, which in turn uses inputs from an even
more upstream sector, and so on. In both extensions, we show that efficiency again calls for the
use of subsidies in all input sectors, but not in the most downstream sector.
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B. A Special Case: An Isomorphic Krugman Economy

The results above are based on a competitive model without firm-level
decisions on entry, exporting, importing, and pricing. However, our re-
sults also apply in a setting with monopolistic competition, firm-level re-
turns to scale, and free entry. Extending results in Kucheryavyy, Lyn, and
Rodriguez-Clare (2023) to a vertical setting, in appendix B.2 we obtain
an identical set of first-best allocation conditions and decentralized equi-
librium conditions in such a Krugman-style model. There are two subtle
aspects of this isomorphism. First, the productivity terms Af and A in
equations (3) and (4) are a function of the primitive parameters of the
“Krugman” model (including final-good and input elasticities of substitu-
tion and the levels of fixed costs). Second, the scale elasticities y* and y*
are no longer free parameters and instead are given by y* = 1/(c — 1)
and y* = 1/(0 — 1), respectively.

The Krugman model further highlights the distinctions between the
social planner’s motives for an input versus final-good tariff. Returning
to the second implementation summarized in proposition 2, equa-
tions (17)—(20) show that the first-best can be attained with only two
instruments in addition to the upstream subsidy: a downstream tariff
setat 1 + ¢, =1+ " =0/(c — 1) and an upstream export tax set at
vfy = 1/6. As in the general model, tariff escalation depends on the ex-
tent of increasing returns to scale in downstream production. Further-
more, no other implementation can achieve the first-best with a lower
number of policy instruments.'”

In subsequent sections, we use this isomorphic Krugman economy to high-
light the fact that our main results are driven by the existence of increas-
ing returns to scale, regardless of whether these are external or internal
to firms.

C. The Case with No Scale Economies Upstream

In our model, the degree of scale economies in each sector is governed
by the parameters y*and % so when y* — 0, this economy converges to a
competitive economy with no scale economies upstream. Inspecting
equations (17)—(20), it is straightforward to derive first-best trade pol-
icies in this case. Specifically, the upstream subsidy in equation (17) be-
comes a redundant instrument and can be set to 0, while the system of
equations (18)—(20) is still indeterminate and allows for various imple-
mentations of the first-best, as outlined above.

A key aspect of this variant is that the first-best can now be attained us-
ing only trade taxes, and both production subsidies are redundant policy

> By contrast, the implementation suggested by Lashkaripour and Lugovskyy (2023)
still features all four tax instruments: two production subsidies and two export taxes.
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instruments. Furthermore, and despite the indeterminacy implied by
the system (18)—(20), any implementation of the first-best that uses
only trade taxes necessarily features a tariff escalation wedge given by

1+

=1+~">1.
1+ ¢ Y

The simplest implementation is to use export taxes in each sector to ex-
ploit Home’s market power abroad, a final-good tariff to benefit from in-
creasing returns downstream, and no input tariff whatsoever. Such an im-
plementation is even simpler in the isomorphic Krugman economy, since
the downstream scale elasticity must satisfy 1 + y* = ¢/(g — 1). The first-
best can then be achieved with only two instruments: a downstream im-
port tariff ¢f; = y* = 1/(¢ — 1) and an upstream export tax vj; = 1/0.

The results above hold for any environment in which production sub-
sidies are redundant, so they also apply when the downstream sector uses
no labor to produce (a = 0, y* > 0), since in that case all labor is em-
ployed upstream in both the decentralized equilibrium and the first-best
allocation. In sum, we have derived the following result:

ProrosiTioN 4. When v"* = 0 or when o« = 0, the first-best allocation
can be achieved with a combination of import and export trade taxes.
Although the levels of trade taxes are not uniquely determined, the tariff
escalation wedge is necessarily given by (1 + ¢#7)/(1 + ¢) = 1 + y* > 1.
Furthermore, in the isomorphic Krugman economy with internal econ-
omies of scale downstream, the first-best can be achieved with just a
downstream import tariff ¢ equal to ¥ = 1/(¢ — 1) and an upstream
export tax vjy equal to 1/6.

Proof.  The proof follows from equations (17)—(20). QED

Why do trade policies that implement the first-best involve higher im-
port tariffs on final goods than inputs? And why can the government tax
imports of final goods, but must tax exports of inputs when using the
minimum set of instruments to attain the first-best?

The key distinction between trade taxes on final goods versus inputs can
be understood as follows. A downstream import tariff and an export tax both
shift domestic consumers’ expenditures toward Home final goods, thereby
improving Home’s terms of trade (as in Gros 1987) and raising down-
stream productivity by expanding the sector’s size (asin Ossa 2011). An up-
stream import tariff similarly redirects expenditure toward Home inputs,
boosting Home’s terms of trade and the upstream sector size and effi-
ciency. Although the increased upstream efficiency lowers the market
price of Home inputs, it does so only by raising the price of Foreign inputs
and distorting the marginal rate of substitution between domestic and
foreign inputs (see eq. [10]). While a downstream tariff also distorts the
marginal rate of substitution between domestic and foreign final goods,
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a crucial difference is that inputs are sold to firms that produce under
increasing returns to scale and can “relocate” to Foreign, whereas final
goods are sold to consumers who cannot move or experience efficiency
gains. This asymmetry is evident in equation (11), which captures Home’s
need to balance the relative prices of its exported inputs and final goods
against the potential efficiency gains from expanding downstream pro-
duction. These differences create a disproportionate incentive for Home
to manipulate its terms of trade in the input sector via an export tax, since
doing so shifts domestic input expenditure toward Home producers with-
out raising downstream firms’ Foreign input costs.

D. Case with No Scale Economies Downstream

The underlying economic primitive that leads tariff escalation to maxi-
mize social welfare is increasing returns to scale in downstream produc-
tion. To demonstrate the role of these increasing returns, we analyze
an economy in which final goods are produced under constant returns
to scale (y" — 0). The only change to equations (18)—(20) characteriz-
ing the first-best policies in this setting is in the term 1 + ¢ on the right-
hand side of equation (20). Provided that y* > 0, attaining the first-best
still requires an upstream subsidy equal to sj; = y*/(1 + y"). If we rule
out the use of a downstream production subsidy, the system (18)—(20)
immediately implies that all remaining implementations entail a com-
mon import tariff for final goods and inputs, which we summarize as
follows:'®

ProrosiTioN 5. In the absence of scale economies downstream
(y* = 0), the first-best can be attained with an upstream subsidy equal to
st = v"/(1 +4") and a combination of import and export taxes. Al-
though the levels of trade taxes are not uniquely determined, the tariff es-
calation wedge (1 + ¢;)/(1 + ¢) necessarily equals 1. Furthermore, the
first-best can be achieved with just the upstream subsidy, a downstream ex-
port tax vf; = 1/0, and an upstream export tax v}, = 1/6.

Proof.  The proof follows from equations (17)—(20). QED

This result shows that the emergence of tariff escalation in our frame-
work is directly tied to the existence of scale economies in the down-
stream sector. In their absence, we obtain a result analogous to that de-
rived by Costinot et al. (2015) and by Beshkar and Lashkaripour (2020),
namely that optimal trade policy involves uniform import tariffs across
sectors (regardless of their differentiation or whether they are inputs or

' Of course whenever the planner has more instruments than constraints, she can use
those redundant instruments to offset the unnecessary use of other instruments. For exam-
ple, the planner could maximize welfare with a higher upstream versus downstream tariff
(i.e., de-escalation), but would then need an additional downstream subsidy to offset the
welfare-reducing impact of tariff de-escalation in this setting.
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final goods) and differential export taxes that optimally exploit Home’s
market power."”

In our vertical model, common input and final-good import tariffs
maximize social welfare when both sectors produce under constant re-
turns to scale. This result suggests that any welfare-maximizing rationale
for tariff escalation is unrelated to the production efficiency result in Di-
amond and Mirrlees (1971). Those authors demonstrate that under con-
stant returns to scale, the optimal choice of domestic commodity taxes
(aimed at raising a given amount of government revenue) should be
zero for intermediate inputs. Our planner does not set trade taxes to
raise revenue per se, but rather to exploit Home’s market power abroad.
Tariff escalation arises because the Home planner can use a final-good
import tariff to exploit efficiency gains from a larger downstream sector.
By contrast, an input tariff cannot perfectly replace an upstream subsidy.

V. Second-Best Import Tariffs for a Small
Open Economy

A central contribution of this paper is to study the motives for tariff esca-
lation when import tariffs are the only available policy instrument. This
analysis is crucial for three reasons. First, because the planner no longer
has redundant instruments, the only motives for tariff escalation must
arise from primitives of the underlying economy (instead of from unnec-
essary policy interventions such as a downstream subsidy). Second, this
setting is more realistic for many countries and political environments.
Export taxes are rarely used in practice and expressly prohibited in some
countries, (e.g., see the US Constitution, article I, section 9, clause 5).
Similarly, production subsidies are constrained by the WI'O Agreement
on Subsidies and Countervailing Measures and may be harder to imple-
ment or fund than a tax on foreign goods. Third, this setting is most com-
parable to alarge body of trade theory that rules out production subsidies
to focus on trade policy determination (e.g., Grossman and Helpman
1994 and Ossa 2011, among many others).

The main conclusion from proposition 1 is that an upstream produc-
tion subsidy is necessary to achieve the first-best, while analysis of proposi-
tion 2 indicates that a downstream tariff can perfectly substitute for a down-
stream subsidy. A natural question is thus whether an upstream tariff will
similarly, albeit imperfectly, substitute for the missing upstream subsidy

7 When applying the argument above to the Krugman economy, the isomorphism con-
ditions impose y* — 0 = 1/(¢ — 1). This suggests that if y* — 0, we must necessarily have
0 — oo, which would imply that the Home economy has no market power in downstream
markets. Note, however, that even in such a limiting case, the model without downstream
scale economies still fails to generate tariff escalation.
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and thus make tariff escalation less likely. To analyze this question, we re-
turn to the primal approach developed in Costinot et al. (2015).

The second-best optimal allocation seeks to solve the same problem
laid out at the beginning of section III.A, though now with two addi-
tional constraints. Absent export taxes and production subsidies, the de-
centralized market optimality conditions (15) and (16) reduce to

u u u ’]/5 u u 1/9 u
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and

(L, Qb Qi) = A"(LE)Fyy, (Lir, Qlury Q). (23)

Since neither of these of conditions can be directly affected by import
tariffs, they constitute additional constraints that the second-best alloca-
tion must satisfy.

A.  Second-Best Import Tariffs for a Small Open Economy
with No Domestic Distortions

We first study second-best import tariffs in the special case in which the
market equilibrium features no misallocation of labor across sectors,
and equation (23) can thus be ignored. There is no labor misallocation
ifitis all employed upstream (i.e., « = 0,y > 0), or when the upstream
sector produces under constant returns to scale (o > 0, y* = 0).

When there is no domestic labor misallocation, proposition 4 shows
that the first-best can be achieved using export taxes that exploit Home’s
market power abroad and a uniquely determined tariff escalation wedge
that depends solely on the extent of increasing returns to scale down-
stream. This setting thus illustrates the effect of ruling out export taxes
on the optimal degree of tariff escalation."

The emergence of tariff escalation is tightly related to the importance
of downstream scale economies. With that in mind, we now assume that
the scale elasticity v is large enough to ensure the following:

AssumptioN 1. 1+ /> [(0 —1)/0]/[(c — 1)/0].

This assumption is satisfied in two natural scenarios. First, when trade
elasticities are relatively similar upstream and downstream (6 =~ o), as-
sumption 1 simply imposes the existence of scale economies down-
stream (or ¥ > 0). Second, in the isomorphic Krugman economy with

'® Identical results are also obtained when « > 0 and v* > 0, if the government has ac-
cess to the two import tariffs and an upstream subsidy set at s, = y"/(1 + v"), in line with
proposition 2.
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internal economies of scale, we have 1 + y* = ¢/(¢ — 1), and assump-
tion 1 is automatically satisfied for any input elasticity 6 > 1.

We compare the first-order conditions of the planner problem to the
decentralized market equilibrium using only import tariffs and in ap-
pendix A.2.2 establish the following:

ProrosiTION 6. Under assumption 1, when y* = 0 or when a = 0,
the second-best optimal combination of import tariffs involves a tariff
escalation wedge larger than the first-best wedge, so (1 + ¢7)/(1 +
m)y>1+y">1.

Proof. See appendix A.2.2.

To understand this result, recall that, in the first-best allocation, Home
used the now-missing export taxes to exploit its market power abroad.
These market-power motives are easily replicated by import tariffs (see
eqq. [18] and [19]), but our vertical model features an additional
constraint linking upstream and downstream production. While an up-
stream export tax or tariff both boost the size of the domestic down-
stream sector by redirecting Home’s inputs to its final-good producers,
an upstream tariff raises final-good producers’ costs, which lowers down-
stream production and thus its efficiency (recall that when o = 0 or
v" = 0, there is no scope for policy to raise upstream efficiency). The in-
centive to levy input tariffs is thus tempered by this negative spillover
across sectors.

Whenever assumption 1 holds, i.e., 1 +~*>[(0 — 1)/6]/[(¢ — 1) /0],
the balance of these forces leads to a second-best tariff escalation wedge
(1 +¢)/(1 + t) that is above 1, and in fact higher than 1 + v (the
first-best wedge when the downstream subsidy is zero). This condition
holds for any v/ > 0 whenever ¢ = 6; even when input and final-good de-
mand elasticities are symmetric, the vertical link in equation (20) calls
for a relatively high cost to export inputs over final goods, which maps
to a higher final-good tariff. We state this corollary as follows:

CoroLLARY 1. For common Foreign demand elasticities for final
goods and inputs (¢ = 0), the second-best optimal combination of im-
port tariffs involves a tariff escalation wedge larger than the first-best
wedge, (1 +¢7)/(1 + ¢) > 1+ "> 1, for any v > 0.

When export taxes are not available and there is no domestic labor
misallocation, tariff escalation is thus higher in the second-best. This
higher degree of escalation arises from the downstream efficiency gain
Home experiences from redirecting potential exports of inputs to its
own downstream production, and underpins the driving force behind
tariff escalation.

Although assumption 1 is a sufficient condition for second-best tariffs
to feature escalation, it is not necessary. Whenever 1 + v* < [(6 — 1)/6]/
[(6 — 1)/0], tariff escalation will be below 1 + v, but it may remain
above 1. Tariff de-escalation only arises as an optimal policy when v is
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sufficiently low and when o is small relative to 6. Although our discussion
above explains why tariff escalation is increasing in downstream returns,
itis perhaps surprising that tariff de-escalation arises when the ratio of ¢
to 0 is low. In fact, the standard terms-of-trade rationale would seem to
imply that relatively more elastic final-good demand in Foreign should
dictate a relatively lower downstream tariff. To shed further light on this
counterintuitive result, we briefly characterize the second-best import
tariffs in the absence of scale effects in either sector.

The case of no scale economies—To solve for second-best import tariffs
under constant returns to scale, we only need to consider the case when
v" — 0 and v/ — 0 in our competitive economy with external scale econ-
omies. In appendix A.2.2, we prove the following result:

ProrosiTION 7. In the absence of scale economies in either sector
(ory* = 4" = 0), the second-best optimal combination of import tariffs
features escalation (i.e., (1 + #)/(1 + ¢4) > 1) if and only if o > 6.

Proof.  See appendix A.2.2.

Under constant returns to scale, proposition 7 states that tariff escala-
tion is more likely, the loweris Home’s relative degree of downstream to
upstream market power. To understand this result, it is useful to focus
first on the case of common demand elasticities. In a competitive
Ricardian model, as long as optimal export taxes are common across sec-
tors (i.e., 0 = f in our setting), the first-best can be implemented either
via uniform export taxes or uniform import tariffs (Costinot et al. 2015;
Beshkar and Lashkaripour 2020). As a result, second-best import tariffs
are sufficient to achieve the first-best allocations, and will necessarily be
equal across sectors (regardless of their upstreamness). In such a case,
this competitive model with no scale effects delivers no tariff escalation.

Moving from this benchmark, when ¢ # 6, the first-best can no longer be
implemented using only import tariffs. Indeed Beshkar and Lashkaripour
(2017) show that in a horizontal economy without vertically linked sectors,
second-best import tariffs deliver lower social welfare and remain uniform
across sectors. By contrast, when sectors have vertical links, Beshkar and
Lashkaripour (2020) find that import tariffs partly mimic the effects of
missing export taxes by raising the relative price of downstream exports.
If the planner would like to set a higher export tax in one sector relative
to another, he can thus adjust the relative size of the second-best import
tariff on inputs to achieve (some of) the desired differential terms-of-trade
manipulation. When Home has greater market power downstream (o < ),
the desired export tax is higher downstream, which leads the govern-
ment to impose relatively higher input tariffs (i.e., tariff de-escalation).
Conversely, when ¢ > 0, the planner prefers a lower export tax down-
stream, which he partly achieves by setting a lower tariff on intermediate
inputs (i.e., tariff escalation), in turn reducing the relative price of down-
stream exports.
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These results illustrate the fact that the welfare rationale we document
for tariff escalation is orthogonal to the production efficiency result in
Diamond and Mirrlees (1971). While those authors show that under
constant returns to scale, domestic inputs should face lower (or no)
taxes, we show that second-best import tariffs on inputs may well be higher
than those applied to final goods. The systematic desirability of tariff es-
calation instead arises under increasing returns to scale in downstream
production.

B.  Second-Best Import Tariffs for a Small Open Economy
with Domestic Distortions

We now analyze second-best import tariffs in the more general case in
which downstream production uses labor and inputs, and both sectors pro-
duce under increasing returns to scale (0 < a < 1, y* > 0, y* > 0). In this
environment, the domestic labor-market allocation is inefficient, and im-
port tariffs are used not only to replace the missing export taxes, but also
to (attempt to) replicate the effects of the missing upstream subsidy.

When both sectors use labor (a > 0) and there are scale economies
upstream (y" > 0), the upstream sector’s size and thus productivity are
directly affected by the amount of labor it employs. As a result, the Home
government can increase upstream efficiency, and possibly welfare, by
shifting domestic expenditure toward Home inputs. When production
subsidies are unavailable, these potential efficiency gains generate an ad-
ditional motive for an upstream tariff. The greater potential efficiency
gains from increasing the upstream sector size, the more desirable an in-
put tariff will be.

The size of the downstream labor share () generates two opposing forces
on the welfare effects of an upstream efficiency gain. On the one hand, the
difference between the amount of labor allocated upstream by the planner
versus the competitive market is increasing in the final-good sector’s labor
share (see sec. IV.A). On the other hand, as the downstream labor share
rises, inputs become less important and thus any efficiency gains in that
sector have small effects on welfare. The first force tends to dominate such
that a high labor share generates a larger welfare gain from the subsidy
(and hence a higher input tariff in the second-best), up to a point when
the downstream input usage is so low that any input efficiency gains are
too small to matter.

Despite these countervailing forces, we obtain a set of sufficient con-
ditions under which tariff escalation is a feature of second-best import
tariffs. First, we again impose the (natural) lower bound on scale econ-
omies downstream in assumption 1. Second, we impose the following
upper bound on scale economies upstream y*:
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AssumMPTION 2. 1 + " <6/(6 — 1).

This condition relates the returns to scale upstream to Home’s market
power abroad: upstream returns cannot be too high and input demand
cannot be too elastic. As for assumption 1, assumption 2 is automatically
satisfied in the isomorphic Krugman economy with internal economies
of scale, where 1 +y* = 6/(6 — 1).

With these assumptions in hand, we show in appendix A.2.3 the
following:

ProrosiTION 8. Under assumptions 1 and 2, and provided that

(1 +'yd)min{l —a’y”o—l,(l —a)L} >1, (24)
0 0—1
second-best import tariffs feature tariff escalation, so (1 + #;)/(1 + #;) > 1.

Proof.  See appendix A.2.3.

Within the bounds on y?and y*in assumptions 1 and 2, proposition 8
indicates that tariff escalation is a feature of second-best import tariffs
whenever « or 6 are sufficiently low, and whenever y“is sufficiently large.
As the downstream labor share («) falls, the difference between the mar-
ket and planner upstream labor allocations also decreases, so the need
for an upstream tariff to mimic the missing upstream subsidy lessens.

While one might expect relatively more market power in inputs (lower
0) to imply a relatively higher input tariff (and thus de-escalation), the
same intuition from proposition 7 applies here. In the absence of scale
economies, tariff escalation is increasing in the relative size of final-good
to input demand elasticities (0/60). An input tariff partly mimics a miss-
ing downstream export tax, and the desirability of such a downstream
tax is higher when final-good demand is relatively more inelastic. In-
deed, when our model features constant returns to scale in both sectors,
second-best optimal tariffs are escalated if and only if ¢ > 0, even when
o > 0 (see app. A.2.2). Itis thus less surprising that relatively inelastic de-
mand for inputs (low 0) makes it relatively more likely that second-best
import tariffs are escalated in the more general case of increasing
returns.

It is important to stress that the conditions in proposition 8 are suffi-
cient but not necessary for tariff escalation to be optimal in the second-
best. Tariff escalation may emerge in environments with symmetric as-
sumptions on the degree of scale economies and the elasticity of Foreign
demand for inputs and final goods. Indeed, whenever y* = y* = y and
g = 0 = ¢, it is straightforward to verify that tariff escalation is necessar-
ily (second-best) optimal provided that 1 + v <¢/(e — 1) and that

&

>1.
e—17

(1+v)(1 -
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These conditions necessarily hold when « is sufficiently small. Further-
more, these are again sufficient but not necessary conditions for the op-
timality of tariff escalation.

C. Prevalence of Tariff Escalation

To provide a broader characterization of the parameter space under
which second-best tariffs are escalated, we compute numerical solutions
to the planner problem for a wide range of parameter values. We first fix
the input and final-good elasticities to symmetric and standard values in
the literature (¢ = § = 5) and analyze a wide range of scale elasticities.
Using recent estimates from Bartelme et al. (2021) for 15 manufacturing
industries, we consider upstream scale elasticities from 0.04 to 0.26, and
a downstream labor share (o) ranging from 0 to 0.9. To solve for second-
best tariffs, we first use values for import prices, export demand shifters,
and productivities in both sectors from the equilibrium solutions in a
large open economy described in the next section. Technical details
and a full discussion of this analysis are presented in appendix C.1.
Figure 2 plots optimal, second-best tariff escalation as a function of the
upstream scale elasticity and the downstream labor share. We hold down-
stream returns to scale fixed (y* = 0.17) and use symmetric and con-
stant demand elasticities for inputs and final goods (¢ = 6 = 5). As

Tariff Escalation and Upstream Returns to Scale

By the Downstream Labor Share and for Fixed Downstream Returns (y¢ = 0.17)
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Fic. 2.—Second-best tariff escalation, by the upstream scale elasticity and downstream
labor share. Figure plots the ratio of optimal downstream to upstream tariffs (i.e., tariff es-
calation) as a function of the downstream labor share («) and upstream scale elasticity
(v"). The downstream scale elasticity (y”) is fixed at 0.17, while the demand elasticities
(0 and 0) are fixed at 5. Appendix C.1 shows similar patterns for additional values of y*.
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expected, second-best tariffs are always escalated when downstream re-
turns to scale are at least as large as upstream returns. Tariff escalation
is also decreasing in the downstream labor share. This pattern arises in
the second-best when the upstream tariff must proxy for the missing up-
stream subsidy, and the degree of labor misallocation (and thus also the
impact of a subsidy) isincreasing in that share. These results are all in line
with proposition 8, and demonstrate that even when upstream returns
are substantially larger than downstream returns, optimal tariffs are only
de-escalated when the downstream labor share is above 70%.

We also analyze 360 variants with different values of both sectoral scale
elasticities and the downstream labor share. We find that second-best tar-
iffs are escalated in 84% of them. The average and median values of tariff
escalation are 1.09, with a maximum of 1.29 and minimum of 0.82 (see
table C.3; tables C.1-C.9, D.1, and D.2 are available online). In figures
C.1 and C.2 (figs. C.1-C.4 and D.1 are available online), we show that
second-best input tariffs are higher than downstream tariffs only when
the upstream scale elasticity is higher than the downstream elasticity
and the downstream labor share is high.

We similarly assess second-best tariff escalation for a range of input-
demand elasticities () from 2.5 to 7.5. Figure 3 plots optimal tariff escala-
tion as a function of the upstream demand elasticity and the downstream
labor share. We hold the downstream elasticity of demand constant

Tariff Escalation and Upstream Demand Elasticity

By the Downstream Labor Share and for Fixed Downstream Elasticity (o = 5)
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F16. 3.—Second-best tariff escalation, by the upstream demand elasticity and down-
stream labor share. Figure plots the ratio of optimal downstream to upstream tariffs
(i.e., tariff escalation) as a function of the downstream labor share («) and upstream de-
mand elasticity (0). The downstream demand elasticity (o) is fixed at 5, while the scale elas-
ticities (y*and ") are both fixed at 0.17. Appendix C.1 shows similar patterns for additional
values of o.
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(o0 = b) and the scale elasticities symmetric and fixed (v = y* = 0.17).
In this setting, optimal tariffs are always escalated, though the extent of
escalation is still decreasing in the downstream labor share, as well as
in the input-demand elasticity. While it may seem counterintuitive that
optimal input tariffs are higher when input demand is more elastic, this
result is precisely in line with the prediction from proposition 7. When
export taxes are missing, the upstream tariff serves as an indirect down-
stream export tax, which is more appealing when final-good demand is
relatively more inelastic (and thus inputs are relatively more elastic).

Finally, we consider the same range of demand elasticities for the down-
stream sector. There are 490 of these cases. We obtain solutions for 489 of
these cases, and find that second-best tariffs are escalated for 99% of them.
The average and median values of tariff escalation are 1.11, with a maxi-
mum of 1.34 and minimum of 0.98 (see table C.6). In figures C.3 and
C.4, we show that second-best input tariffs are higher than downstream tar-
iffs only when the downstream labor share is high and final-good demand
is 70% more inelastic than input demand.

VI. Quantitative Results for a Large Open Economy

In this section, we relax the “small open economy” assumption by allowing
Home and Foreign prices to change, and quantitatively solve for the social-
welfare maximizing levels of input and final-good tariffs. We perform the
analysis by mapping aggregate data to our two-country model, interpreting
the United States as Home, and the rest of the world (RoW) as Foreign. We
first analyze policy in the first-best allocation, then study a second-best set-
ting in which only import tariffs are feasible, and finally consider a range of
key parameter values. The main message from our small-open-economy
analysis—namely that tariff escalation is optimal for a wide range of param-
eter values—persists in the large open economy.

A. Data and Parameters

To solve the model numerically, we must take a stance on a number of
parameters and assess whether they deliver equilibrium values for key
variables that are consistent with those observed in the data. The main
parameters of the model are the elasticities of substitution upstream
and downstream (0 and o), the downstream labor share («), the scale
elasticities upstream and downstream (y*and v¢), iceberg trade costs up-
stream and downstream (7* and 77), productivity upstream and down-
stream in each country (A, Ak, Afs, and Af,y), and the Home and
Foreign labor endowments (Lys and Lgow)-

Our quantitative approach constitutes a blend of calibration and esti-
mation. We first discuss various approaches to estimating the key
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elasticities of substitution and scale elasticities; we then back out the
downstream labor share and the labor endowments from readily avail-
able public data; and we finally estimate trade costs and the productivity
parameters by minimizing the distance between our model and a series
of moments from standard sources.

Elasticities of substitution (0 and 0)—We consider three alternative ap-
proaches to quantifying the elasticities of substitution across varieties in
the upstream and downstream sectors (6 and o, respectively). We summa-
rize these approaches here and provide additional details in appendix D.2.

The first approach treats these elasticities as symmetric across sectors.
We fix the values of the elasticities of substitution across varieties in each
sectorto 5 (0 = 6 = 5), as in Costinot and Rodriguez-Clare (2014). This
symmetric case is useful to assess whether real-world tariff escalation
might simply be due to differences in input versus final-good demand
elasticities.

The second approach is to calibrate demand elasticities from data on
markups. Recall that under monopolistic competition and constant elas-
ticity of substitution (CES) preferences, the optimal firm-level markup is
equal to §/(0 — 1) upstream and o/(0 — 1) downstream. Using sales and
markup data from Baqaee and Farhi (2020) based on publicly listed
firms in Compustat, we compute the sales-weighted average markups
of firms, which we categorize as upstream or downstream based on their
primary sector. This approach leads to estimates of 6 = 4.43 for the elas-
ticity of substitution upstream and of 0 = 6.44 for the elasticity of substi-
tution downstream.

The third approach is to estimate demand elasticities using changes in
trade flows during the US-China trade war of 2018 to 2019. We follow
Amiti, Redding, and Weinstein (2019) and calculate 12-month changes
in US tariffs and imports at the product-country level. Under a CES de-
mand structure, regressing the changes in trade flows on changes in tar-
iffs provides estimates of the trade elasticity. Our preferred specification
leads to estimates of 6 = 2.45 for the elasticity of substitution upstream,
and o = 3.59 for the elasticity of substitution downstream. The small
magnitude of the trade elasticities is consistent with the findings in
Amiti, Redding, and Weinstein (2020), and might reflect lower respon-
siveness of trade flows due to uncertainty about the persistence of the
tariff changes.

Scale elasticities (v* and y*).—We use estimates of scale elasticities from
Bartelme et al. (2021). These authors provide two-stage least-squares es-
timates of scale elasticities for 15 manufacturing industries, from which
we back out scale elasticities for upstream and downstream industries
(see app. D.2). For the upstream sector we obtain an average scale elas-
ticity of y* = 0.166 and for the downstream sector an average scale elas-
ticity of y* = 0.170.
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Downstream labor intensity, trade and expenditure shares, and labor endow-
ments—We measure the share of inputs in production, 1 — « = 0.45,
from usage of intermediate inputs by downstream sectors based on the
World Input-Output Database (WIOD; see app. D.4 for details). Similarly,
we calculate trade and expenditure shares for the upstream (intermediate-
input) and downstream (final consumption) sectors based on trade flows
in the WIOD, taking into account whether a trade flow is used for final con-
sumption or as an intermediate input.'” We infer the labor endowment of
each country from population data published by the Centre d’Etudes
Prospectives et d’Informations Internationales (CEPII).*

Estimation of productivity parameters and of trade costs—Finally, we nor-
malize US productivity in both sectors to 1, Afs = A{s = 1. This leaves
us with four parameters to estimate: trade costs in each sector {7¢, 7},
and sectoral productivity in the rest of the world {Af,, A.w}-

To estimate the model, we search for the vector of parameters {7, 7%, A,
Agqw) that minimizes the sum of squares of the differences between model-
generated and empirical moments, subject to our equilibrium constraints.
For this exercise, we set upstream and downstream tariffs to their January
2018 values, as shown in figure 4 (details in sec. VII). Panel B of table 1 lists
the set of moments we target in the estimation. The moments correspond
to those that are necessary to solve for the changes in equilibrium outcomes
in response to a counterfactual change in tariffs (i.e., the hat algebra ap-
proach) and are all retrieved from the WIOD.

Panel A in table 1 presents the estimated values of the RoW’s produc-
tivities and iceberg trade costs in each sector obtained under symmetric
elasticities upstream and downstream, 6 = ¢ = 5. Trade costs appear
slightly higher in the downstream sector, but within the range of standard
estimates (Anderson and van Wincoop 2004). The estimates indicate that
the United States is about three times more efficient in final-good produc-
tion than the rest of the world, and seven times more efficient in terms of
input production. Despite only estimating four parameters, the fit of the
model is quite good for most moments, except the ratio of total sales in
the upstream sector to total expenditure in the downstream sector. This
discrepancy is likely due to our assumption that the upstream sector uses
only labor in production, which naturally leads to sales of inputs that are
significantly lower than sales of final goods. In the data, input production
uses both labor and intermediate inputs, which leads to a higher ratio of
input sales to final-good sales than what our model generates.”'

' We use data for 2014, which is the latest available year in the WIOD.

* Specifically, we set L = 10[Pop™/(Pop"® + Pop™")] = 0.45 and L*" = 10[Pop**"/
(Pop"® + Pop*™¥)] = 9.55.

* In app. B.1, we extend our closed-economy model by allowing upstream production
to use labor and inputs. Caliendo et al. (2023) find that optimal, second-best tariffs in a
single-sector model are lower when production is roundabout, suggesting that roundabout
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TABLE 1
CALIBRATED PARAMETERS AND MOMENTS

A. CALIBRATED PARAMETERS

Productivity in final-good sector, RoW relative to US, Afy 348
Productivity in input sector, RoW relative to US, Agy 150
Iceberg cost for final goods from US to RoW, 7 2.368
Iceberg cost for inputs from US to RoW, 7* 2.030

B. ESTIMATED MOMENTS

Data Model
@ (2)

Sales share to US from US in final goods 943 964
Sales share to RoW from RoW in final goods 988 .986
Sales share to US from US in inputs .897 .889
Sales share to RoW from RoW in inputs .982 978
Expenditure share on US final goods by the US 960 946
Expenditure share on RoW final goods by the RoW 981 .989
Expenditure share on US inputs by the US .905 921
Expenditure share on RoW inputs by the RoW .980 .967
Total US input sales over total US final-good expenditure 171 .466
Total RoW input sales over total RoW final-good

expenditure 1.242 .446
Total US final-good sales over total US final-good

expenditure 1.018 997
Total RoW final-good sales over total RoW final-good

expenditure 993 999
Total expenditure on final goods by the US relative to RoW .303 .285

Sources.—World Input-Output Database and authors’ calculations.

Note.—Panel A presents the estimated values of the RoW’s productivities and iceberg
trade costs in each sector obtained under symmetric demand elasticities upstream and
downstream, § = o = 5, a downstream scale elasticity y* = 0.170, and upstream scale elas-
ticity y* = 0.166. Panel B presents the targeted moments in the estimation. Column 1 pre-
sents moments from the data and col. 2 presents their estimated counterparts. Note that in
the model, total sales upstream to total expenditure downstream cannot be larger than 1,
since the upstream sector is pure value added.

B.  Optimal Tariffs

In this section, we compute counterfactual optimal US tariffs on final
goods and inputs, holding RoW tariffs on US goods fixed at their January
2018 levels.

Optimal import tariffs under first-best policies—We begin by considering
optimal policy when the Home government has the necessary instru-
ments to achieve the first-best allocation. Proposition 1 indicates that
all first-best policies must include an upstream production subsidy. For
the remaining instruments, we focus on the implementations in propo-
sition 2, which rule out the downstream production subsidy and consider

production for inputs in our model would lower the optimal input tariff and thus increase
the prevalence of escalation via an additional mechanism to the role of downstream re-
turns we study here.
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import tariffs and export taxes. We normalize the downstream export tax
to zero, which leads to an optimal vector of policies given by

(4, 1, sio, vly) = (0.252,0.072, 0.143,0.145).

Tariff escalation ((1 + ¢/)/(1 + ¢*) = 1.168) is very close to 1 + y* =
1.170, and the optimal domestic production subsidy upstream is essentially
indistinguishable from vy*/(1 + ") = 0.142. Accounting for general equi-
librium effects that arise in a large open economy delivers first-best policies
that are remarkably consistent with the results from proposition 2.

Optimal import tariffs under second-best policies—Real-world trade policy
rarely features export taxes (they are outlawed by the US Constitution)
and production subsidies are often motivated by a host of non-trade-
related reasons. We therefore return to second-best policies that rely solely
on import tariffs. We again maximize US welfare, assuming that the RoW
tariffs on the United States remain fixed at their January 2018 levels. In
this case, the vector of optimal import tariffs is given by

(h, t4) = (0.299,0.197).

Tariff escalation ((1 + ¢*)/(1 + ¢*) = 1.085) thus prevails under second-
best policies, though to a lesser degree than in first-best policies. This re-
sultis in line with an upstream tariff mimicking the missing upstream sub-
sidy by redirecting domestic expenditure toward home inputs, thereby
raising upstream and thus also downstream efficiency.

Despite the fact that the optimal downstream tariff ¢/ is significantly
larger than the optimal upstream tariff ¢, our numerical results indicate
that the impact of constraining both tariffs to be uniform is quantitatively
small. This is not surprising given that the US domestic trade shares in
table 1 are close to 1, thus leading to very modest welfare effects from
changes in tariffs (Arkolakis, Costinot, and Rodriguez-Clare 2012).

C. Optimal Tariffs: Robustness

We conclude our analysis of the large open economy by assessing the ro-
bustness of tariff escalation to a range of parameter values. We analyze
optimal import tariffs for various values of sectoral scale elasticities, us-
ing alternative methods to estimate demand elasticities (§ and o), as well
as for different values of the downstream labor share (o). When chang-
ing these parameters, we recalibrate the trade and productivity parame-
ters to provide the best fit of the moments in panel B of table 1. As in our
baseline analysis, we focus on first-best policies that use an upstream pro-
duction subsidy and export tax, and import tariffs for both sectors.
Table 2 presents optimal policies for alternative values of the sectoral
scale elasticities and downstream labor share. Column 1 imposes symmetric
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TABLE 2
OPTIMAL TAX POLICIES FOR VARIOUS SCALE ELASTICITIES AND LABOR SHARE VALUES

Ya= Y. = .170 ¥.= .170 AND v, = .128 Y. = .128 AND v, = .170

o = .55 a=5ba=2a=75a=9a=5ba=25a=.75 a=.9
(1) (2) (3) 4) (5) (6) (7) (8) 9)

A. First-Best Policies

t .252 .252 255 252 .252 .252 2564 .252 .252
" .072 .072 .072 .072 071 112 112 112 112
" 145 145 147 .146 .146 113 115 114 115
§" 145 114 114 114 114 145 145 145 145
}%:' 1.168 1.168 1.170 1.168 1.169 1.126 1.128 1.125 1.126
B. Second-Best Tariffs
! .297 317 .329 .288 .263 .268 .299 242 .240
" .198 192 .161 191 .186 216 190 228 .255
Lery 1.083 1.105 1.145 1.081 1.065 1.043 1.092 1.011 .988

Note.—FEach column presents optimal tariffs, taxes, and subsidies for ¢ = § = 5 and al-
ternative values of the parameters indicated in the column headers and their correspond-
ing, reestimated values of 7%, 7", Af, and Ajy. The set of calibrated parameters that cor-
responds to each column is displayed in table C.9, in app. C.2. The downstream subsidy is
zero, and we normalize the downstream export tax to zero.

scale elasticities in both sectors (y = y* = 0.17) and uses the observed
downstream labor (o = 0.55). The optimal upstream subsidy is slightly
larger than our baseline analysis, which is due to slightly higher upstream
returns to scale considered here. By contrast, tariff escalation is identical to
our baseline case, in line with proposition 2, which predicts it is deter-
mined by the extent of downstream returns. Optimal second-best tariffs
are still escalated, with a marginally lower value relative to the baseline case,
which again reflects the higher degree of upstream returns to scale, and
thus a higher upstream tariff to replace the missing subsidy.

Given the key role of relative upstream versus downstream returns to
scale, we also consider variants in which the upstream scale elasticity is
25% smaller (y* = 0.17 >y = 0.128) or 25% larger (y* = 0.128 <
v* = 0.17) than the downstream elasticity. In first-best policies and holding
the downstream labor share fixed at « = 0.55, a lower upstream scale elas-
ticity only affects the upstream subsidy, which necessarily falls. As expected,
a lower downstream scale elasticity reduces the degree of tariff escalation,
which falls to (1 + ¢*)/(1 + ¢*) = 1.126, which is again quite close to
1 + 4" = 1.128 predicted by proposition 2. For both relative sizes of the
scale elasticities, we confirm that these patterns are robust for values of
the downstream labor share from 0.25 to 0.90.

We similarly analyze second-best import tariffs in panel B of table 2. Con-
sistent with the upstream tariff mimicking the missing upstream subsidy,
input tariffs are always higher in the second-best, and tariff escalation is
lower. This pattern is most pronounced in columns 6-9 of table 2, in which
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upstream returns to scale are greater than downstream returns, and the op-
timal input subsidy is thus higher. The degree of escalation is also decreas-
ing in the downstream labor share. As explained in section V, the differ-
ence between the social planner versus market equilibrium upstream
labor allocations is increasing in ¢, such that an input tariff is more impor-
tant when « is higher. Indeed, the only set of parameter values for which
optimal tariffs are less than 1 is when the downstream labor share is 0.90
and upstream returns are greater than downstream returns.

We also analyze optimal policies for different values of input and final-
good demand elasticities. Table 3 presents the results, now using sym-
metric upstream and downstream scale elasticities (y* = y* = 0.17).
In the first-best, the optimal upstream production subsidy is 0.14 across
all specifications, in line with upstream returns to scale determining the
optimal subsidy, as stated in proposition 2. In the first-best policies, tariff
escalation is fairly constant and essentially determined by the extent of
downstream returns to scale, as predicted by proposition 2.

Tariff escalation persists, though it is generally lower, in the second-
best, as shown in table 3, panel B. The only exception is when the down-
stream sector uses no labor to produce (o = 0), in which case there is no
domestic labor misallocation and thus no need for the upstream tariff to
mimic an upstream subsidy. Indeed, when o = 0 the tariffs only need to
substitute for the missing export taxes, and tariff escalation is even higher
than in the first-best allocation, exactly in line with proposition 4. More

TABLE 3
OprTIMAL TAX PoLICIES FOR VARIOUS INPUT AND FINAL-GOOD DEMAND ELASTICITIES

o = .bb

=5 6=443 6=245 =25 06=55
c=b 0=644 =359 o=4 0=4 a=0 a=.25 a=.75 a=.¢

A. First-Best
1 252 .185 .389 .336 .336 .258 .255 252 252
" .072 .014 191 145 144 073 .072 .072 .072
v 145 218 .299 317 .067 .150 147 145 .146
s 145 145 145 145 145 0 145 145 145

1o 1.168  1.169 1.166 1.167  1.168 1.173 1.170 1.168  1.169

B. Second-Best

r 297 .286 .600 .557 310 .330 .322 .265 .250
" 197 180 444 404 215 126 165 204 217
Eak 1.083  1.090 1.109 1.109 1.078 1.181 1.135 1.051  1.027

1+1"

NotEe.—Each column presents optimal tariffs and taxes for alternative values of the param-
eters described in sec. VI.A and their corresponding, reestimated values of 74 1 Afw, and
Agow- The set of calibrated parameters that corresponds to each column is displayed in ta-
ble C.9, in app. C.2. In this table y* = y* = 0.170. Panels A and B present optimal tariffs and
taxes for the cases of policy instruments in sec. VL.B. Tariff escalation ((1 + ¢/)/(1 + ¢*) > 1)
is a robust feature across all specifications.
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generally, tariff escalation is decreasing in the downstream labor share,
highlighting the role of the upstream tariff as a substitute for the missing
upstream production subsidy, which is more important when the down-
stream sector has a higher labor share. From table 3, we conclude that tar-
iff escalation is a robust feature of second-best trade policy for empirically
plausible values of the downstream labor share and demand elasticities.

VII. Counterfactuals: Evaluation of the 2018-2019
Tariff Increases

We close the paper by evaluating how the tariff increases during the 2018 to
2019 trade war affected US welfare. Figure 4 illustrates the general pattern
of tariff escalation for both US tariffs on other countries and for foreign
tariffs applied to the United States, before and after the trade war. Due
to their low initial levels, average input tariffs increased the most on a per-
cent basis, though tariff escalation remains a distinct feature of the data.*
These tariff increases largely arose from the US-China trade war, but also
include US tariff changes on washing machines, solar panels, aluminum,
and steel, as well as the retaliatory tariffs from the rest of the world.

To evaluate the welfare effects of the tariff increases, we calculate US and
RoW welfare under five scenarios. First, we use the observed 2017 tariffs
and no other domestic instruments. Second, we apply the observed 2019
US tariffs. Third, we evaluate the distinct welfare effects of downstream ver-
sus upstream tariffs by changing tariffs in each sector individually. Fourth,
we construct a counterfactual tariff that generates the same revenue as the
2019 US tariffs, but only applies to either the downstream or the upstream
sector. Finally, we evaluate the welfare implications of optimal second-best
tariffs and optimal first-best policies. For each of these scenarios, we first
hold RoW tariffs constant at their 2017 values, and then recalculate welfare
using the observed 2019 retaliatory tariff implemented by the RoW. For
these calculations, we use our baseline numbers for the demand and scale
elasticities (f = ¢ = 5,y" = 0.166, and v’ = 0.170).

Table 4 displays our results, with columns 1-3 and columns 4-6 show-
ing the cases without and with retaliation, respectively. Average US import
tariffs increased from 0.7 to 5.2 percentage points for intermediate goods,
and from 5.2 to 8.6 percentage points for final goods. We find that without
tariff retaliation by the RoW, US welfare would have increased by 0.13%
from these tariff changes. This gain is consistent with our estimates of the
sizable unilateral optimal tariff rates for the United States in section VI
(in the absence of any export taxes or domestic subsidies).

** For details on data construction and for a version of fig. 4 without trade weights, see
app. D.1.
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FiG. 4.—Tariff escalation before and after the US-China trade war. Pre: Tariffs in January
2018. Post: Tariffs in December 2019. Tariff data from WTO and USITC. Tariffs are weighted
using 2015 imports and exports from the US Census Bureau. Goods are classified as interme-
diate or final according to the Broad Economic Categories revision 5 (BEC5) code corre-
sponding to their Harmonized System {HS) code. BEC5 codes with a third digit of 1 or 2 (in-
termediate and capital final use in BEC), respectively) are classified as intermediate goods
and BEC) codes with a third digit of 3 are classified as final consumption goods. When the
HS to BEC5 correspondence implies mixed use as intermediate and consumption or capital
and consumption, we assign no classification and omit from consideration.

We next evaluate the extent to which this gain was due to larger final-
good versus input tariffs. In row 3 of table 4, we consider only the increase
in final-good tariffs, while row 4 considers only input-tariff increases. The
comparison reveals that any US welfare gains are driven overwhelmingly by
higher final-good tariffs.

The dominant role of final-good tariffs on welfare increases is even
starker when considering a counterfactual increase in US final-good tar-
iffs (row 5 of table 4) that would have (naively) raised the same revenue
as the observed tariff increases based on the average tariff rate change
and 2017 trade flows. In this case, US welfare—absent any foreign retal-
iation—would have risen by 0.15%. If instead the tariff increases had
been adjusted to apply only to intermediate inputs, US welfare would
have increased by only 0.02.

In columns 4-6 of table 4, we repeat these exercises but now take into
consideration the observed retaliation by the RoW, which increased its im-
port tariffs on US intermediate inputs from 3.4 to 5.4 percentage points
and on US final goods from 7.9 to 10.0 percentage points. In this case,
the US welfare gain from the tariff increases shrinks to only 0.02%. There-
fore, tariff retaliation by the RoW largely undermines the US welfare gains
from higher tariffs, which in turn are overwhelmingly driven by higher
final-good (and not input) tariffs. If the US had only placed the tariffs on
final goods, while (naively) raising the same revenue (row 5), US welfare
would have increased by 0.04%, even accounting for retaliation. If instead
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TABLE 4
COUNTERFACTUAL WELFARE EFreECTS OF US-CHINA TRADE WAR

RoOW TaRriFr AT 2017  RoW TARIFF AT 2019

LEvVEL LEVEL

U U wio Us Uo7

1 @ (3) (GO ) (6)
1. US tariff, 2017 level 0725 3053
2. US tariff, 2019 level 0726 3051 1.0013 .0726 .3051 1.0002
3. 2019 US tariff only downstream 0726 .3051 1.0009 .0725 .3052  .9997
4. 2019 US tariff only upstream 0726 .3052 1.0004 .0725 .3053  .9993
5. Counterfactual tariff only downstream .0726 .3050 1.0015 .0726 .3051 1.0004
6. Counterfactual tariff only upstream 0726 .3051 1.0002 .0725 .3051 .9991
7. Optimal US import tariffs 0728 .3043 1.0037 .0727 .3044 1.0025
8. Optimal US trade and tax policies 0731 3043 1.0075 .0730 .3044 1.0063

NoTe.—US welfare (Us), RoW welfare (Ug,w), and US welfare relative to its initial 2017 level
(Uus/ Uuso17). Columns 1-3 compute welfare holding the RoW tariffs at their 2017 levels,
while cols. 4-6 use the observed 2019 RoW retaliatory tariffs. Rows as follows: (1) US tariff,
2017 level, provides baseline welfare values using actual 2017 tariff values. (2) US tariff,
2019 level, uses actual 2019 US tariffs. (3) 2019 US tariff only downstream uses 2017 upstream
but 2019 downstream tariffs. (4) 2019 US tariff only upstream uses 2017 downstream but 2019
upstream tariffs. (5) Counterfactual tariff only downstream ([6] upstream) uses a counterfac-
tual US downstream (upstream) tariff that generates the same revenue as the actual 2019 US
tariffs, based on the observed trade flows in 2017. Counterfactual tariffs are 7 = 0.131 or
7" = 0.152. (7) Optimal US import tariffs use the second-best optimal import tariffs in re-
sponse to RoW’s trade policy in 2017 (cols. 1-3) or 2019 (cols. 4-6). The optimal policy vector
for cols. 1-3 is (¢, 1) = (0.299,0.197), and (¢, ¢;) = (0.299, 0.197) for cols. 4-6. (8) Opti-
mal US trade and tax policy: US chooses optimal import tariffs, export tax, and production
subsidy, as described in sec. IV, in response to RoW’s trade policy from 2017 (cols. 1-3) or
2019 (cols. 4-6). The optimal policy vector is (&, t, viy, siy) = (0.252,0.071, 0.144, 0.143)
for cols. 1-3 and (¢}, t;, v}y, sir) = (0.252,0.072, 0.145, 0.142) for cols. 4-6.

those tariffs had only been placed on intermediate inputs (row 6), US wel-
fare would have declined by 0.09%.

Rows seven and eight present the potential welfare gains from imple-
menting optimal import tariffs with and without other US policy instru-
ments. The gains from second-best, optimal import tariffs (without produc-
tion subsidies or export taxes) are displayed in row 7 of table 4. Optimal US
tariffs absent any foreign retaliation achieve a welfare gain of 0.37%, with a
tariff escalation wedge of 1.085. Row 8 allows for a full set of instruments
that includes both import and export taxes, as well as production subsidies.
Optimal trade policy with domestic subsidies and export taxes (and assum-
ing no foreign retaliation) leads to a 0.75% increase in welfare, and features
close to zero tariffs on inputs and an escalation wedge of 1.17. As in our
analysis in the small open economy, the tariff escalation wedge is now nota-
bly higher since the government uses the inputsubsidy rather than the tariff
to address the domestic labor misallocation. We note that these calculations
assume no foreign retaliation (or, in cols. 4-6, no retaliation above the ob-
served changes from RoW tariffs from 2017 to 2019).
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VIII. Conclusion

In this paper, we provide an efficiency rationale for the fact that import
tariffs on final goods are systematically higher than those on intermedi-
ate inputs. This so-called tariff escalation has been widely documented
across time and space, but there is little support in the literature for the
notion that it constitutes a social-welfare-maximizing policy.

We develop a two-sector model with final goods and intermediate in-
puts, both produced under increasing returns to scale, and show that
(i) first-best trade policies are consistent with tariff escalation, and that
(ii) second-best import tariffs generally feature tariff escalation. A key result
is that tariff escalation is driven by the presence and extent of increasing re-
turns to scale in downstream production. Access to cheaper inputs expands
the downstream sector’s size and thus raises its efficiency. Relatively higher
input tariffs are only optimal in a small set of second-best settings in which
an upstream production subsidy cannot be used, and upstream efficiency
and thus input prices are sufficiently sensitive to the upstream sector’s size.

Although our model generically features domestic distortions related
to the existence of scale economies upstream, lower optimal input tariffs
are not explained by a (second-best) correction of these domestic distor-
tions. Indeed, domestic distortions reduce the desirability of tariff esca-
lation. Instead, input tariffs are less beneficial because they distort the
marginal rate of substitution between domestic and foreign inputs. Al-
though final-good tariffs entail a similar distortion, the input distortion
is magnified whenever final-good production features increasing returns
to scale. By contrast, final goods are purchased by consumers with no po-
tential efficiency gains or ability to relocate abroad. It is thus scale econ-
omies downstream, rather than upstream, that shape the optimality of
tariff escalation. Investigating the empirical support for relatively higher
downstream versus upstream increasing returns in real-world tariffs re-
mains an open and exciting venue for future work.

Data Availability

We use only publicly available data. All the necessary data and code to rep-
licate the tables and figures in this article can be found in Antras et al.
(2023) in the Harvard Dataverse, https://doi.org/10.7910/DVN/10RLRZ.
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