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Abstract

We study trade policy in an environment with intermediate and final good trade. Real-world
import tariffs tend to be higher for final goods than for inputs, a phenomenon commonly referred
to as tariff escalation. Yet, neoclassical trade theory — and modern Ricardian trade models, in
particular — cannot easily rationalize this fact. We show that tariff escalation can be rationalized
on efficiency grounds in the presence of scale economies. A unilateral tariff in either sector
increases a country’s relative wage and boosts the size and productivity of each sector, both
of which raise welfare. While these forces are reinforced up the chain for final-good tariffs,
input tariffs raise final-good producers’ costs, mitigating their potential benefits. A quantitative
evaluation of the US-China trade war demonstrates that any welfare gains from the increase in

US tariffs are overwhelming driven by final-good tariffs.

*We are grateful to Arnaud Costinot, Steve Redding, Ivin Werning, and various seminar audiences for insightful
comments, and to Joe Shapiro for sharing data with us. Evgenii Fadeev, Nicolas Wesseler, and Shuhan Zou provided
excellent research assistance. A previous version of this paper was circulated under the title “Import Tariffs and
Global Sourcing.”



1 Introduction

Import tariffs tend to be lower on intermediate inputs than on final goods. This pattern has been
documented across many countries in numerous studies that now span almost five decades (Travis,
1964; Balassa, 1965; Bown and Crowley, 2016; Shapiro, 2020), and is commonly referred to as ‘tariff
escalation,” a term that captures the fact that tariffs ‘escalate’ down the production chain. Building
on data assembled by Shapiro (2020), Figure 1 plots average country-pair final-good versus input
tariffs in 2007 and illustrates the prevalence of tariff escalation across trading partners.! For the
vast majority of country pairs, the (unweighted) average tariff on final goods is higher than the
average tariffs on inputs.

Not only are relatively low input tariffs a salient characteristic of trade policy, empirical work
suggests that they improve firm and worker outcomes in downstream sectors. Early work documents
significant productivity gains from lower input tariffs (Amiti and Konings, 2007; Goldberg et al.,
2010; Topalova and Khandelwal, 2011), while new evidence shows that recent US input tariff hikes
harmed US manufacturing employment (Flaaen and Pierce, 2019) and exports (Handley et al.,
2020).2

Despite the ubiquity of tariff escalation and mounting evidence on the benefits of relatively low
input tariffs, existing trade theory does not suggest that it is a welfare-maximizing policy. Early
neoclassical models with homogeneous goods analyze input versus final-good tariffs explicitly, but
do not show that optimal input tariffs should be relatively lower. Modern Ricardian trade models
stress that first-best trade policy entails uniform tariffs across sectors, and that tariff de-escalation
may be optimal in second-best settings without export taxes. Our reading is that the leading
theoretical explanation for tariff escalation relies on political counter-lobbying (Cadot et al., 2004;
Gawande et al., 2012), in which all firms lobby for protection of their output, but final-good
producers counter-lobby against tariffs on their imported inputs.? If this counter-lobbying accounts
for relatively lower input tariffs, then tariff escalation is not the result of social welfare-maximizing
policy and instead reflects political capture by domestic producers.

In this paper, we provide a social-welfare maximizing rationale for tariff escalation. Since
neoclassical models featuring constant returns to scale do not predict that lower input tariffs are

optimal, we use a general equilibrium framework with an upstream and downstream sector that

!Shapiro (2020) reports a smooth, negative correlation between industry-level tariffs and upstreamness, as measured
by Antras et al. (2012).

2Bown et al. (2020) study the impact of US antidumping duties against Chinese imports from 1988 to 2016 (and
during the recent US-China trade war), and find negative effects on employment in downstream industries, with no
counterbalancing positive effects in protected industries. Barattieri and Cacciatore (2020) present similar results for
the period 1994-2015. Flaaen et al. (2020) document the relocation of production in response to tariffs on washing
machines. Breinlich et al. (2021) show that the normalization of US trade relations with China (PNTR) led to higher
US export growth due to lower costs on imported inputs from China. Cox (2021) finds that upstream steel tariffs
enacted by President Bush in 2002 and 2003 had highly persistent negative impacts on the competitiveness of U.S.
downstream industry exports.

3While consumers prefer lower tariffs on final-goods, the counter-lobbying explanation assumes that collective
action disincentives preclude them from lobbying. This rationale seems at odds with the fact that consumer goods are
increasingly imported by large wholesale and retail firms that dominate their sectors (Ganapati, 2018; Smith and
Diaz, 2020).



Figure 1: Average Final-Good versus Input Tariffs
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each produce differentiated inputs and final goods, respectively, under increasing returns to scale.
Although we start by modeling these sectors as monopolistically competitive with scale economies
being internal to firms, we show that there is an isomorphic model with perfect competition and
external economies of scale that generates identical tariff motives. This isomorphism highlights our
key finding. Tariff escalation is optimal when the downstream sector produces under increasing
returns to scale, and the degree of escalation is increasing in the extent of those returns to scale.

We first solve for the decentralized equilibrium of the closed-economy model and show that it is
inefficient whenever both sectors use labor to produce. The social planner can restore efficiency by
subsidizing upstream production, which increases the share of labor upstream and thus the size
of both sectors. While it might seem surprising that final-good production increases from shifting
labor upstream, this occurs because the downstream sector also uses inputs to produce, and the
expanded availability of inputs raises its labor efficiency. The optimal upstream subsidy is related to
the elasticity of substitution between inputs (in the monopolistic competition version of the model),
or similarly, to the external economies of scale (EOS) parameter — or scale elasticity — for upstream
production in the isomorphic competitive model with external economies of scale. In both versions
of the model, upstream firms do not internalize their impact on downstream efficiency, and the
extent to which input availability affects final-good productivity is increasing in the inverse of the
elasticity of substitution between inputs, or the EOS parameter.

To analyze tariff escalation, we first extend the vertical model to a small, open economy setting
with a Home and Foreign country, and trade in both inputs and final goods. Home has market
power over its exported varieties, but takes import prices (net of import tariffs) as given.* To
analyze optimal policies, we follow the primal approach in Lucas and Stokey (1983) and Costinot et

al. (2015). Specifically, we characterize the optimal allocation from a social planner’s perspective,

4The assumption on Foreign price indices being fixed allows us to derive analytic solutions for optimal trade policy.



compare this solution to the decentralized market equilibrium with trade taxes, and finally show
how trade taxes can be used to achieve the optimal allocations.

To build intuition, we first show that when the downstream sector does not use labor (i.e., it
only assembles inputs), there is no domestic inefficiency and thus no need for production subsidies
to achieve the first-best allocation. Instead, the first-best can be achieved using only a downstream
tariff and an upstream export tax. Although Lerner symmetry implies that tariff levels can be
scaled up or down arbitrarily, tariff escalation (the ratio of final-good to input tariffs) is uniquely
pinned down, greater than one, and depends only on the degree of increasing returns to scale in
downstream production.

The result that tariff escalation depends only on the downstream scale elasticity highlights a key
distinction between the welfare effects of input versus final-good tariffs. Precisely in line with the
empirical work described above, lower input tariffs increase domestic final-good producers’ efficiency.
Crucially, however, this efficiency gain is due not only to lower input costs, but also to the presence
of increasing returns in downstream production. In fact, we show that tariff escalation persists as
an optimal policy even when inputs are produced under constant returns to scale, whereas optimal
input and final-good tariffs are uniform if final-good production does not feature increasing returns
to scale.

Because export taxes are illegal in many countries and production subsidies are constrained by
World Trade Organization (WTO) rules, we also analyze the scope for tariff escalation under a
second-best environment in which the planner is limited to using only import tariffs. In this setting,
tariff escalation is still optimal, and in fact even larger than under the first-best policies described
above. Although the planner now uses a positive input tariff to exploit Home’s market power abroad,
the negative impact of the input tariff on final-good production must be offset using an even higher
final-good tariff. Intuitively, the final-good tariff increases the size of Home’s downstream sector,
and the downstream tariff must now do this to a larger degree since the positive input tariff raises
Home’s input costs and provides an incentive for final-good producers to relocate to Foreign.?

Having developed intuition on tariff escalation in a simple setting in which all labor is employed
upstream, we next analyze optimal policy when labor is used in both sectors. As in the closed-
economy, the upstream sector is too small and an input subsidy is required to restore efficiency.
In fact, if the government sets an upstream production subsidy at the same level as the optimal
subsidy in the closed economy, the first-best can be achieved with only two additional trade taxes:
a downstream import tariff and an upstream export tax, with the level of these instruments being
identical to that obtained in the case in which the downstream sector does not use labor. As before,
the final-good tariff, and thus tariff escalation, both depend on the extent of increasing returns
in the downstream sector. Whenever productivity downstream increases in the size of the sector,
the planner has an incentive to shift domestic consumption towards domestic firms. While the

planner could use a downstream production subsidy instead of a tariff to do this, its use requires an

5This distinction highlights another crucial distinction between input versus final-good tariffs. While final-good
producers can (and do) relocate to Foreign in response to input tariffs, Home consumers cannot move.



additional export tax downstream. Since our goal is to show whether and when tariff escalation
emerges as a feature of welfare-maximizing trade policy, we focus on the tariff implementation.®

We also analyze the second-best optimal import tariffs when labor is used in both sectors and
the government cannot use subsidies or export taxes. Unlike in the simpler setting in which all
labor was employed upstream, in this case the government has a welfare-motive for an input tariff
since it increases upstream entry, thereby mimicking the missing upstream subsidy. This works
against the forces that led to a magnified second-best tariff escalation for the case in which the
downstream sector does not use labor. While these opposing forces have precluded us from obtaining
an analytic characterization of tariff escalation under the second-best in this setting, extensive
numerical simulations suggest that the subsidy-role of the upstream tariff is dominated by the
importance of downstream returns to scale, such that tariff escalation is always greater than one.

We close our theoretical analysis by relaxing the small open economy assumption on Foreign
prices so that we can decompose the first-order welfare effects of a small input or final-good tariff
into a relative wage effect, a relocation effect, and an export tax proxy effect. As in standard
Ricardian models, a small tariff in either sector increases the relative demand for Home goods in
that sector, which in turn raises Home’s relative wage. Our framework further allows for tariffs to
affect welfare via changes in the mass of firms in each sector. An increase in a sector’s tariff increases
entry in that sector, which raises its efficiency due to increasing returns, and thus leads to a lower
price index for the sector, and higher welfare. These gross relocation effects are similar to those in
Venables (1987) and Ossa (2011) for final-goods, but by modeling them in general equilibrium, we
also show that they are comparable in size to the relative wage effects in traditional trade models.
A key distinction in our setting is that a tariff in one sector reallocates domestic labor from the
other sector, which generates an offsetting negative relocation effect.

Quantification exercises indicate that the net relocation effects of a final-good tariff are positive,
whereas they are negative for input tariffs. An input tariff increases the size and thus efficiency of
the upstream sector, but does so at the expense of pulling labor from the downstream sector, which
raises domestic final-good prices and lowers welfare. By contrast, the downstream tariff increases
domestic final-good production, which raises not only wages but also demand for domestic inputs.
Finally, the decomposition shows that an input tariff acts as an indirect export tax on final goods by
raising domestic input prices, which leads to an ‘export tax proxy’ motive for input tariffs described
in Beshkar and Lashkaripour (2020). In our quantification, we find that this effect is relatively small
compared to the terms-of-trade and relocation effects.

Having built intuition via our theoretical analysis, we calibrate the monopolistic competition
model to fit World Input Output data on the United States and the Rest of the World (RoW) in
2014. We first use the same elasticity of substitution for final goods and inputs to ensure that an
asymmetry in those parameters does not drive our results, and then perform numerous sensitivity

analyses with different values for these parameters. We use the calibrated model to quantify optimal

5The planner could also restore efficiency using an upstream consumption subsidy. If the planner uses a non-
discriminatory consumption subsidy on both domestic and foreign input purchases, then he must offset the subsidy of
Home’s foreign input purchases using an offsetting input tariff.



trade policy, and to decompose the channels through which tariffs affect welfare. When the Home
government’s policy tools are limited to import tariffs, we find that the optimal tariffs are 30.6
percent on final goods, versus only 17.0 percent on inputs. This tariff escalation is evident across a
wide range of elasticity values, labor shares, and differences in the size of Home versus the RoW.
We also use the calibrated model to characterize optimal trade policy when Home has access to
additional policy instruments, such as export taxes or domestic upstream production subsidies,
that yield the first-best allocation. Tariff escalation under the first-best set of policies in this large,
open economy setting is quite close to our analytic solution for the small, open economy. In the
second-best, tariff escalation is decreasing in the extent to which the downstream sector uses labor
in production, consistent with premise that an input tariff mimics the missing upstream subsidy.

Finally, we use the model to study how welfare responds to the US tariff increases imposed
during the Trump presidency. Approximately 60 percent of the Trump tariffs through 2018 were
on inputs, affecting nearly 20 percent of all US imports of intermediate inputs (Bown and Zhang,
2019). Our quantitative results indicate that, absent any foreign retaliation, the increase in US
tariffs would have raised US welfare by 0.12 percent, but that this positive effect is overwhelmingly
driven by higher final-good tariffs. Taking into account the change in foreign retaliatory tariffs, the
increase in US welfare shrinks to 0.02 percent. By comparison, the welfare effects net of retaliation
would have been negative if input tariffs alone had been used.

Our paper contributes to the literature in several ways. First, we provide an efficiency rationale for
tariff escalation in an environment with a benevolent social planner.” Early work using neoclassical
models featuring homogeneous final goods and inputs (Ruffin, 1969; Casas, 1973; Das, 1983) explicitly
modeled both types of tariffs, but did not predict that optimal input tariffs should necessarily be
lower than final-good tariffs, despite their productivity-enhancing effects. Recent work on optimal
trade policy in multi-sector competitive Ricardian models deliver predictions inconsistent with this
pattern (Costinot et al., 2015; Beshkar and Lashkaripour, 2020).% Also working with a competitive
model, Blanchard et al. (2021) demonstrate that the terms-of-trade motive for final-good tariffs
persists, but is dampened, when a country’s final-good imports contain its domestic value added.
A key difference between these recent studies and ours is that we model input versus final-good
production separately, and that we allow for trade and tariffs on both types of goods. Unlike in
models of roundabout production, this vertical structure allows us to characterize how optimal
tariffs differ for inputs versus final goods, and to decompose the distinct channels through which

they affect welfare.”

"Our result on tariff escalation differs from the celebrated production efficiency result in Diamond and Mirrlees
(1971), since that applies to a closed-economy setting in which a planer seeks to raise a given amount of government
revenue at the minimum efficiency cost. Tariff escalation is also distinct from the phenomenon of cascading trade
protection (see Erbahar and Zi, 2017), which is concerned with the effects of upstream tariffs on the demand for
downstream tariffs, regardless of efficiency considerations.

8Gince the terms-of-trade motive is decreasing in a sector’s export supply elasticity, the tariff escalation present in
real-world trade policy might appear to be consistent with existing neoclassical theory if export supply elasticities
were to be higher for intermediate inputs than for final goods. However, the data used in Shapiro (2020) indicate a
weak positive correlation of 0.049 between the measure of upstreamness in Antras et al. (2012) and the inverse export
supply elasticities in Soderbery (2015).

9Further away from our focus, the effects of tariffs on intermediate inputs in a world with relational GVCs have



Our departure from perfect competition and constant returns to scale also highlights the potential
for final-good and input tariffs to affect welfare by changing the mass of firms in both sectors.
These production relocation effects are studied in Venables (1987) and Ossa (2011), who show
that with imperfect competition 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. We extend the
analysis by adding input trade and moving from a partial- to a general-equilibrium framework.
Prior work finds that in general equilibrium with roundabout production, agglomeration forces may
lead countries to specialize in manufacturing production (Krugman and Venables, 1995; Puga and
Venables, 1999). Amiti (2004) introduces a two-sector model with agglomeration forces and uses
numerical simulations to argue that tariff de-escalation is optimal. Our contribution is to model
input versus final-good sectors separately so that we can study tariff escalation explicitly, and to
show both analytically and numerically when and why tariff escalation is optimal.

Finally, we add to a growing body of work that studies optimal trade policy in the presence of
market power and domestic distortions. Early work shows that market power provides an incentive
for final-good tariffs, even when countries are too small to affect world prices (Gros, 1987; Demidova
and Rodiguez-Clare, 2009).10 Caliendo et al. (2021) demonstrate that when domestic subsidies are
unavailable, the optimal tariff is lower when imports are used in production in a roundabout setting,
because the lower tariff mitigates a double marginalization inefficiency that arises from markups in
the tradable sector. Our results differ because we model trade in both inputs and final-goods and
show that tariff escalation decreases when an upstream subsidy is not available. We also exploit
an isomorphism between the model with market power and one with external economies of scale,
similar to Kucheryavyy et al. (2017), to show analytically that the first-best allocation features
tariff escalation. This may seem at odds with Lashkaripour and Lugovskyy (2021), who characterize
optimal tariffs as independent of the economy’s input-output structure when optimal production
subsidies are available. While we also find that a downstream production subsidy can be used
instead of a downstream tariff, its use then requires a downstream export tax to offset the portion
of the subsidy that accrues to foreign consumers. In sum, we show that optimal tariffs on inputs are
lower than those on final-goods when using the minimum number of domestic instruments necessary
to achieve the first-best. Extensive robustness tests indicate that this is true for a wide range of
parameter values.!!

The rest of the paper is structured as follows. In section 2, we use a closed-economy version of
our Krugman-style model expanded to include an intermediate-input sector to analyze domestic
distortions and optimal policy. In section 3, we develop the open-economy version of the model, as

well as the isomorphism to a competive economy with external economies of scale. Optimal policy

also been studied in frameworks with incomplete contracting by Ornelas and Turner (2008), Antras and Staiger (2012),
Ornelas and Turner (2012), and Grossman and Helpman (2020).

10See Campolmi et al. (2014, 2018) for other recent work on optimal trade policy in the presence of domestic
distortions. Other papers study the desirability of tariff escalation under various market structures (e.g., Spencer and
Jones, 1991, 1992; McCorriston and Sheldon, 2011; Hwang et al., 2017).

"n this sense, our paper contributes to an active literature studying the quantitative implications of trade policy
(Eaton and Kortum, 2002; Alvarez and Lucas Jr, 2007; Costinot and Rodriguez-Clare, 2014; Ossa, 2014).



for a small open economy is developed in sections 4 and 5. Section 6 studies the impact of small
input and final-good tariffs for a large open economy. We finally develop our quantitative results in

section 7 and conclude in section 8.

2 A Krugman Economy with an Input Sector

In this section, we introduce a closed-economy model with an upstream (input) sector and a
downstream (final-good) sector, both featuring increasing returns to scale, product differentiation,
and monopolistic competition. Our framework boils down to a simple extension of the closed-
economy version of the classical model in Krugman (1980), expanded to include an intermediate-good
sector. We begin with this relatively simple framework because we can derive analytical solutions
to both the market equilibrium and the social planner’s problem, which provide intuition for how

imperfect competition and scale economies in vertical sectors lead to welfare-reducing distortions.

2.1 Environment

Consider an economy in which the representative consumer values the consumption of differentiated

varieties of manufacturing goods according to the utility function

el
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where M9 is the endogenous measure of final-good varieties produced in the economy, ¢? (w) is the
quantity consumed of variety w, and o is the elasticity of substitution across varieties. Individuals
supply one unit of labor inelastically, with L denoting the total labor force. There are no other
factors of production, so labor should be interpreted as representing “equipped” labor.

Labor is used for the production of intermediate inputs (the upstream sector) and (possibly) in
producing final goods (the downstream sector). More specifically, we represent technologies in the

upstream and downstream sectors with
f*+a%(w) = A" (w), w € [0, M"], (2)

and
44 2l(w) = AU W) Q (W) ™Y,  welo,MY, ac]o,1], (3)

respectively. In these expressions, f° denotes the fixed output requirements for entry in sector
s € {D,U}, x*(w) is the output produced for sale by variety w in sector s € {D,U}, A% is a
sector-specific technology parameter, and Q%(w) is a composite of all intermediate goods, which is
in turn given by
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where ¢"(w) is the quantity consumed of input variety w. In words, the upstream sector uses only
labor, and technology features increasing returns to scale due to the presence of a fixed overhead
cost. The downstream sector combines labor with a continuum of intermediate inputs of measure
M*", where M" is endogenous, and technology again exhibits increasing returns stemming from a
fixed overhead cost. Notice that 6 > 1 governs the degree of substitutability across inputs, while
a € [0, 1] corresponds to the downstream labor (or value-added) intensity in production.

There is an endogenous measure, M%, of manufacturing firms in the downstream sector, each
producing a single final-good variety. Amnalogously, there is an endogenous measure, MY, of
manufacturing firms in the upstream sector, each producing a single intermediate-input variety. All
entrants have access to the same technologies in (2), (3) and (4). Market structure in both sectors

is characterized by monopolistic competition and free entry.

2.2 Equilibrium and Efficiency

Given the CES assumptions built into our framework and the lack of strategic interactions, firms in
both sectors charge a constant markup over their marginal cost, which combined with free entry,

pins down firm size according to (see Online Appendix A for details):
= O-1f  al=(o—1)f (5)

Naturally, in equilibrium we must have z¢ = ¢% and 2% = M%". Invoking households’ demand
for downstream goods and labor-market clearing (see Online Appendix A), we can determine the

measure of upstream and downstream firms in the economy:

o (1—a)A"L
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Finally, welfare of the representative consumer is simply given by U = (M d) 7t ¢, where M? is
given in (7)and ¢¢ = 2% in (5). When a — 1, we obtain

d \ o1
U=(ﬁ%g (0 — 1)1,

which is the standard formula in Krugman (1980).12 Welfare is increasing in market size with an
elasticity equal to /(0 — 1) > 1, reflecting the variety gains associated with living in an economy
that provides a larger number of final-good varieties.

Relative to this “Krugman” benchmark, in the presence of an active upstream sector (i.e., a < 1),

12 A small and immaterial point of departure from Krugman (1980) is the fact that we have modeled the productivity
terms A% and A" as shaping both the marginal and fixed costs of production. As a result, firm size is independent of
these productivity parameters, but these parameters affect welfare directly.



our model continues to feature scale effects, and in fact the elasticity of welfare to market size is

larger than in the model with only a final-good sector. To see this, we can write welfare as

(1—a)e o1
(0 —1)A%/o ( (0 —1)A%/6 ) o1 -
U = T L)o—1
(o —1)fd)7 \((o—1)fu)"" ")

€as (8)

where £, is a function of only o and 6. Note that Z_fcf > 1, and thus the elasticity of welfare with
respect to L is larger when o < 1.

To gain a better understanding of the role of imperfect competition and increasing returns to
scale in shaping welfare in our closed economy, in Online Appendix A.2 we characterize the social
optimum in our model, and explore conditions under which the above market equilibrium is efficient.

There, we prove the following result:

Proposition 1. In the decentralized equilibrium, firm-level output is at its socially optimal level in
both sectors, but the market equilibrium features too little entry into both the downstream and
upstream sectors unless & = 1 (so the upstream sector is shut down) or & = 0 (so the downstream

sector does not use labor directly in production).

Why is the market equilibrium typically inefficient? It might seem intuitive that this inefficiency
is associated with upstream markups leading to a double-marginalization inefficiency. However, the
market allocation of labor to the upstream sector is given by (1 — )L and is in fact independent of
the degree of input substitutability (f) and thus of the level of upstream markups. In other words,
lower input substitutability — and thus higher markups — do not depress the market allocation of
labor to the upstream sector; instead, they increase the social-welfare maximizing allocation of labor
to that sector (see Online Appendix A.2). This fact does not necessarily rule out the relevance of a
double marginalization inefficiency, but it does suggest that the market inefficiency may alternatively
be interpreted as reflecting that, in the market equilibrium, upstream firms do not internalize the
fact that their entry generates positive spillovers for firms in the downstream sector, with the size of
this spillover decreasing in the degree of input substitutability 6.

To reinforce this interpretation, in Online Appendix A.4, we show that the equilibrium of our
vertical Krugman economy is isomorphic to that of a competitive vertical economy with external
economies of scale under specific relationships between the elasicities of substitution and the external
economies of scale parameters (cf. Kucheryavyy et al., 2017). In this variant of our model, there are
no markups and is clear that the market inefficiency is due only to upstream suppliers failing to
internalize the positive productivity effects of their entry on downstream firms. This isomorphism
will also prove to be useful in characterizing optimal trade policy in the open economy (see, in
particular, section 3.2).

Although this vertical closed economy is generically inefficient, Proposition 1 highlights that
efficiency is achieved when o =1 or o = 0. The intuition for this is straightforward: in those cases,

all labor is allocated to either the downstream sector (when oz = 1) or to the upstream sector (when



a = 0), and because firm-level output is always efficient (see Proposition 1), there is no scope for a

market inefficiency in those cases.

2.3 Optimal Policy

To analyze how a government can restore efficiency, suppose that it has the ability to provide
production subsidies (or charge production taxes). We denote these taxes by s? and s“ in the
downstream and upstream sectors, respectively, and assume that subsidy proceeds are extracted
from households (or tax revenue is rebated to households) in a lump-sum manner.

In Online Appendix A.3 we show that downstream subsidies s% have no impact on the market

allocation, while the following implementation result applies:

Proposition 2. The social planner can restore efficiency in the market equilibrium by subsidizing

upstream production at a rate (s*)" = 1/6.

Notice that the subsidy corresponds to the reciprocal of the elasticity of substitution across inputs.
As a result, this subsidy encourages entry of upstream suppliers, especially when the inputs they
produce are relatively less substitutable. There are two potential (and non-exclusive) explanations
for this result. First, the lower is 0, the larger is the market power of (and the markup charged
by) input suppliers, and thus the larger the subsidy required to undo this double marginalization
inefficiency. Second, the lower is 6, the larger are the productivity gains (i.e., variety gains) in
the downstream sector associated with entry in the upstream sector. Because those gains are not
internalized by input suppliers, the lower is 6, the larger is the required subsidy upstream (see
also Online Appendix A.4). Notice that not only are downstream production subsidies redundant
in our setting, but the optimal size of upstream subsidies is also independent of substitutability
downstream (as governed by o).

In Online Appendix A.5 we briefly develop two extensions of the simple model in this section.
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 multi-stage extension of the model, in which the input bundle used in upstream production
aggregates varieties from a yet more upstream sector, which in turns 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.

Having explored the equilibrium and efficiency properties of a “Krugman” closed economy
with an input sector, we next turn to exploring the open-economy implications of this framework.
We are particularly interested in shedding light on the consequences of trade protection in both
upstream and downstream sectors, and also on the optimal design of these trade policies. Beyond

the double-marginalization and vertical-spillovers mechanism discussed above, the determination of

13Unlike in the work of Liu (2019), we do not find that optimal subsidies should necessarily be higher, the more
upstream the sector. The reason is that, unlike in Liu’s work, we solve for first-best subsidy policy: when the
government can only set subsidies in one sector, the size of the subsidy is indeed higher, the more upstream the sector.

10



trade policies in our framework are shaped by both terms-of-trade considerations (as in Neoclassical

Trade Theory), as well as relocation effects (as in New Trade Theory).

3 Open Economy Equilibrium: A Useful Isomorphism

We now consider a two-country extension of our two-sector model, which allows for (costly)
international trade in both final goods and intermediate inputs. Throughout the rest of the paper,
whenever the downstream sector uses labor and inputs (i.e., « € (0,1)), we focus on equilibria with

incomplete specialization.

3.1 Environment with Internal Economies of Scale

There are now two countries (Home and Foreign), indexed by i or j (and sometimes by H and F),
each populated by L; consumers/workers. Trade is costly due to the presence of both iceberg trade
costs and import tariffs. We denote by 7¢ > 1 and 7% > 1 the iceberg trade costs applying to final
goods and to inputs, while we denote by t;-i and t} the tariffs set by country ¢ on imports of final
goods and intermediate inputs, respectively.

At times we will consider additional tax instruments, such as domestic production subsidies
downstream and upstream (s¢ and s%), as well as export taxes on final goods and on inputs (v and
vi). We are, however, particularly interested in ‘second-best’ policies in which only import tariffs
are available to the Home government. Concerning export taxes, it seems reasonable to ignore
them initially since they are rarely used in practice and, in fact, some countries such as the United
States explicitly ban them (see U.S. Constitution, Article 1, Section 9, Clause 5). As for production
subsidies, we find it natural to study situations in which these instruments are not available to
governments. The main reason for this is institutional in nature and relates to the fact that the
WTO Agreement on Subsidies and Countervailing Measures (‘SCM Agreement’) significantly limits
the scope of governments to use such instruments without punishment. We also note that, perhaps
due to these institutional constraints, ruling out production subsidies is a widespread practice in
theoretical analyses of trade policy determination in which production subsidies could well improve
welfare, as exemplified in the work of Grossman and Helpman (1994) or Ossa (2011), among many
others.

Denoting country ¢ € {H, F'} variables with ¢ subindices, technologies upstream and downstream

are now characterized by equations
fit+zi(w) = Al (w), w e [0,M], i€{H, F},

and
[+ af(w) = A (@ (W) QW) ™, welo,Mf], ac(01], ie{HF}

Because intermediate inputs are tradable, the bundle of inputs now includes both domestic and
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foreign input varieties:

0
0—

M‘;L L 0—1
Qiw)=| 3 (/0 q;»‘i(w)edw> . 6>1, ic{HF)

JE{H,F}
The representative consumer in country ¢ derives utility according to:

d

M¢ 3 o—1
/ ’ q;li(w)ﬁdw> . o>1, ie{HF). (9)

a-[ 5 |
je{a,Fy \"°

where M ]d is the endogenous measure of firms in country j. Implicit in these equations is the fact
that because trade costs are all ad-valorem and preferences are CES, all firms in all sectors will find
it profitable to sell in both markets. As in our closed-economy model, market structure in both
sectors and both countries is characterized by monopolistic competition and free entry.

As mentioned above, the government imposes tariffs on imports of both final goods and inputs.
Given symmetry across firms, the tariff revenue collected by the government is rebated to households
via lump-sum transfers in an amount

v d~d d
i ~
1_ vglMi Dij%ij +

v¥ d -

(2

e d.d d ti' d
=1 _i_ltszjpinji + 1 _;tuMi M;'p;q5; +

1

7

where p;li and pj; are the prices paid by consumers in ¢ for final goods and by firms in 7 for inputs,
and where ﬁ% and p;; are the prices collected by producers in ¢ when selling final goods and inputs in
country j. When the government also levies production subsidies, this government balance condition

needs to be modified in a straightforward manner.

3.2 An Isomorphic Competitive Economy with External Economies of Scale

It is not complicated to derive the equations characterizing the equilibrium of the above two-country
economy as a function of the parameters of the model and the policy choices of a given country
1, which we will associate with Home. In our analysis of optimal policy, we have however found
it much more convenient to work with the equilibrium conditions of an isomorphic competitive
economy with external rather than internal economies of scale.'* In the remainder of this section,
we develop such an isomorphic characterization, while we relegate a derivation of the equilibrium
conditions of the above ‘Krugman’ economy with internal economies of scale to Online Appendix
B.1.

Consider then a simpler economy in which there are only four goods: a Home final good, a

Foreign final good, a Home intermediate input, and a Foreign intermediate input. Preferences in

14 This isomorphism is inspired by the work of Kucheryavyy et al. (2017). We thank Steve Redding and Ivin
Werning for the helpful suggestion to pursue this direction.
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country i = {H, F'} are given by

o—1

(et at) = (@)™ + () ™) )

where Qf-ll- is ¢’s consumption of its local good, and Q;li are imports by ¢ of country j’s good. As in
our baseline model, the parameter o governs the substitutability between the Home and Foreign
goods.

The final good in each country is produced combining local labor (E?l), the Home intermediate

input (g), and the Foreign intermediate input (qﬁ) Technology is given by

N . o o1 -1 7 (1—a)
x%MW@%%%wW%Qme+ww> ,

where flf is downstream productivity, where o determines the labor intensity of final-good production,
and where 6 governs the substitutability between the Home and the Foreign inputs. Downstream
productivity flf is in turn given by

6(1—a) 'Yd
d

A= (e (onap)) = ()" (@0 ()7 ) ) L e

and is thus a function of country ¢’s aggregate allocation of labor L;-i to the downstream sector, the
aggregate use of country 4’s intermediate input, and the aggregate use of country j’s intermediate
input. The parameter v¢ 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 £ according to

w = AVF () = Ay

(e 2

where upstream productivity is also endogenous and given by
Ay = Ay Ly, (13)

where L} is country i’s aggregate allocation of labor to the upstream sector, and where the parameter
~" governs the scale elasticity of the upstream sector.

We assume that the above technologies are available to a competitive fringe of producers in each
country and sector. These producers take prices of all goods as given, and do not internalize the
effects of their choices on the productivity terms flfl and 1217;‘ Given symmetry, it should be clear
that in equilibrium, Z;-i = L;-i, =LY, g5 = Qj;, and ¢j; = QY; for all firms. We can thus ignore
lower-case variables hereafter.

The key conditions characterizing the decentralized market equilibrium in a given country i
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consist of four resource constraints and four optimality conditions. The four resource constraints

are (i) an aggregate labor market constraint
L; =LY+ L, (14)

(ii)-(iii) two equations equating output produced in each sector to its use (for domestic consumption

or for export)

AVLY = Q5+ Ql; (15)

0(1—a)
0—1

&@ﬂ((fe @ﬁ“> = Q%+ QY (16)

and (iv) a trade-balance condition
Qd +Pu u_ Qd +Pu u (17)

In this last condition, the prices dez and Pj; reflect import prices collected by foreign exporters,
so the domestic (country ) prices paid by the buyers of those goods are (1 + td)Pd and (1 +t}) Pji,
respectively, where remember that tgl and t{* are the import tariffs set by country ¢. Similarly, the
export prices Pd- and Pj; in the trade balance condition (17) correspond to the prices paid by foreign
buyers, so the domebtlc (country 7) price collected by the sellers of those goods are (1 — vf )Pd
and (1 — v )Pfj‘, respectively, where remember that vi and v} denote country ¢’s downstream and
upstream export taxes.

Turning to the four optimality conditions characterizing the decentralized equilibrium, the first
two equations simply equate the marginal rate of substitution in final-good and intermediate-input

consumption to the domestic (country ¢) relative price faced by the buyers of these goods, or

UQ‘Z«L (leza Q;iz) (1 — Vs ) Pd

_ 18)
i (
UQ?i (Q%,Q;@) (1+77) P
d d
Fge (L4QUQE) (- P (19)
U u
g (LQuQy) O+ B

In these equations, subindices on the functions U and F? denote partial derivatives of these functions
with respect to the argument in the denominator. The next optimality condition ensures the equality
between the benefits of exporting the domestic intermediate input to the benefits of using that
amount of domestic inputs to produce an additional amount of the final good that is in turn

exported:
(1 —vj') Pj

AR (14 o Qv = /"
g (2t ) (1—vf) P

1) % ji

(20)

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

i) % J1 1) X ji

F (14,01, Q3) = At Fpy (1Y) By (LY Q1 Q%) (21)

Although we have developed equilibrium conditions (14) through (21) in a competitive model
without meaningful firm-level decisions on entry, exporting, importing and pricing, we prove in
Online Appendix B.2 that our baseline Krugman-style model with internal economies of scale and
imperfect competition delivers the exact same set of equilibrium conditions for an appropriate choice
of the primitive productivity terms A¢ and A¥ in equations (12) and (13), and as long as the scale
elasticities v¢ and " are set to v¢ =1/ (o — 1) and v* = 1/ ( — 1), respectively.

We summarize this discussion as follows (the proof is in Online Appendix B.2):

Proposition 3. The decentralized equilibrium of the two-country model in section 3.1 featuring
internal scale economies, product differentiation and monopolistic competition can be reduced to a
set of equations identical to equations (14) through (21) applying to the competitive model with

external economies of scale developed in this section.

4 Optimal Trade Policy for a Small Open Economy with No Do-

mestic Distortions

In this section, we consider the impact and optimal design of trade policies upstream and downstream
for the special case in which the Home country is a small open economy (in a sense to be formalized),
and in which the downstream sector does not employ labor (i.e., @ = 0). The main implication
of the second assumption is that the allocation of labor across sectors is efficient (see Proposition
1) and independent of trade-policy choices. Furthermore, because firm-level output levels are also
socially efficient (see Online Appendix B.1), trade policies will only seek to affect the measure of
final-good producers entering in each country and the relative wage in the two countries. This
allows us to compare our results more cleanly to those in the important contributions of Gros
(1987), Venables (1987), and Ossa (2011) in “horizontal” models without an input sector. As in
those frameworks, a combination of trade taxes applied to imports or exports will be sufficient to
implement the first-best allocation, so domestic subsidies will be redundant instruments for the time
being (although we consider them briefly later in this section).

Even for the case a = 0, the characterization of the optimal choice of trade taxes is involved so,
as mentioned above, we build intuition by considering the policy choices of a small open economy.
We believe this case isolates the key mechanisms behind our results, and the formulas to be derived
below provide an extremely good approximation for our quantitative findings in section 7.

We proceed in two steps. First, we consider the (unrestricted) set of trade policies that implement
the first-best in our small open economy. Because such an optimal mix necessarily involves export
taxes and these are often are not available to governments (e.g., they are forbidden in the US

Constitution), we later consider the choice of second-best policies, when only import tariffs are
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allowed. As anticipated in section 3.2, we conduct our analysis based our isomorphic competitive

economy featuring external economies of scale because this greatly simplifies the derivations.

4.1 First-Best Policies

To solve for the first-best policies, we closely follow the primal approach in Costinot et al. (2015).
More specifically, we first consider an environment in which a (fictitious) social planner directly
controls consumption and output decisions, and we derive three key conditions characterizing the
structure of the optimal allocation. We then compare these conditions to those from a decentralized
market equilibrium in which the government has access to trade taxes (see section 3.2), and we
finally show how the optimal allocation can be implemented through a simple combination of trade
taxes. We later consider the case in which the government also has access to subsidies on domestic

production or domestic consumption.

A. Optimal Allocation

Consider the problem of a Home social planner who seeks to maximize welfare in equation (11),
subject to the labor-market constraint (14), the output-market constraints (15) and (16), and the
trade balance condition (17). The planner is assumed to control domestic consumption (Q%,,
Q% ), imports (Q% 5, Q%) and exports (Q% -, Q%) of both final goods and intermediate inputs.

Based on our recasting of our model in section 3.2, for the case a = 0, this problem reduces to

choosing {Q%IH, Q%H, jSqp, Q¥ QFms QTIL{F} to

max U (Q?{H,Q%H) = ((Q?{H)U"I + (QdFH)Ual> o1
s.t. AQIL_I (Lu) Ly = Qyy + Qyp
Ay (P @ Qi) ) F* (Qar: Qi) = Qs + Qo

1

PlyQty + PpyQty = Q%F(Q%F)_%Pglw (Q%F) - Qur (QLIL{F)_% Pip (Qfp)

D=

where A%, (Fd (QY s Q%H)) and fqu{ (Lgr) are given in (12) and (13) for aw = 0, respectively, and

where .
d U U u 1 U =1\ -1
F(Qfm, Qpn) = ((QHH) 7+ (Qpn) ? ) . (22)
The trade balance constraint in the above program requires a bit more explanation. First of
-1

all, notice that this equation is derived from (17), after substituting Pd = P, (Q‘Il{ Q% F) /o

and Plp = Php (Q%r/Q% F)fl/ % which correspond to Foreign’s inverse demand for the Home final

and intermediate-input goods, respectively.!® Although we have assumed that Home is a small

open economy, the fact that it produces differentiated final goods and differentiated intermediate

15See Costinot et al. (2020) and Kortum and Weisbach (2021) for other recent applications of this approach.
5These equations can in turn be derived based on the optimality conditions (18) and (19) applying when i = F
and j = H.
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inputs still confers some market power to the Home government, in the sense that this government
perceives a downward sloping demand for its goods. Second, it may seem non-standard to introduce
prices in the constraint of a planner problem, but this is precisely where our assumption of Home
being a small open economy is useful. More specifically, we assume that Home is small in the
sense that its policy choices have no impact on Foreign’s domestic prices Pg, and P¥, or on the
prices Pg g and Ppy; (before import tariffs) collected by Foreign exporters. As a result, the Home
government treats these prices as parameters in the planner problem above.

Working with the first-order conditions of this problem (see Online Appendix C.1), we characterize
the first-best allocations via the three following conditions. First, on the consumption side, the
Home social planner wants to equate the representative consumers’ marginal rate of substitution

with the social relative cost of domestic versus foreign goods

Uy, (@ @bn) _ 22 Pyye
UQ;éH (Q%Hv Q(}i?H) PgH

(23)

Note that the private cost of consuming domestic goods (which is equal to the opportunity cost
Pg 1. of exporting these goods) exceeds its social cost. This wedge reflects a fairly standard rationale
for terms-of-trade manipulation. In particular, for a given level of final-good production, an increase
in domestic consumption Qﬁl{ g necessarily reduces exports, and this in turn raises Home’s export
prices and thus improves its terms of trade, even when Home is a small open economy (see Gros,
1987). Raising the private cost of imported goods or decreasing the private benefit of exporting
goods by a factor o/ (0 — 1) restores the equality of the relative private and social cost of domestic
and foreign goods.!”

The second key efficiency condition is analogous to equation (23) and equates the marginal rate
of substitution between domestic and foreign inputs in the production of final goods to the social

relative cost of these inputs, or

ngﬁH (Qfm, Qen) _ GTTIP}_‘IF

Fdo (Q4p Qby) Py

( (24)
FH

The relative social cost of these inputs is again distinct from their relative private cost. The reason
for this is analogous to the one in equation (23): the social cost of domestic inputs is lower than the
private cost because the Home government perceives a downward sloping demand for its goods, and
thus raising the private cost of imported inputs or decreasing the private benefit of exporting them

is socially desirable.

"One may wonder whether an alternative interpretation of this result relates it to the fact that the markups
charged by domestic firms on domestic consumers generate profits that remain in the Home country (or, more precisely,
they lead to increased labor demand via firm entry seeking to dissipate those profits), while for imported goods,
markups are collected by foreign firms, and thus the private and social marginal cost of those foreign goods coincide.
Nevertheless, as we will further argue in section C.2, our preferred intuition is that this condition reflects market power
in export markets driven by product differentiation, and has little to do with market structure or scale economies.
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The final efficiency condition is given by

0—1

~ = P

(1+7) AL ES,,, (@b Qtn) = 255 (25)
o HF

and equates the benefits of exporting domestic inputs to the benefits of using them to produce
final goods that are in turn exported. This third equation takes into account both the productivity
enhancing effects of boosting domestic production of final goods (the first term 1 + 4% on the
left-hand side), as well as the relative potential for Home to exploit market power in its inputs
versus final goods, which is mediated by the ratio (¢/(c — 1))/ (6/ (60 — 1)) on the right-hand-side
of equation (25). Note that when o and 6 go to infinity, Home’s market power disappears, and
Home becomes a small open economy in the traditional sense, i.e, in the sense of being unable to

affect its terms of trade through relative price effects.

B. First-Best Trade Policies

We are now ready to compare these optimal allocations to those from the decentralized equilibrium
in which the government can set import tariffs or export taxes, as derived in section 3.2. It should
be clear that there is a close connection between equations (18)—(20) applying in this decentralized
equilibrium, and equations (23)—(25) characterizing the socially optimal allocations.!®

There are two key differences between these two sets of equations. First, the market equilibrium
conditions naturally incorporate the effect of taxes in shaping the private choices of individuals
and firms. Second, these decentralized market equations do not incorporate the positive impact of
downstream output expansion on productivity, or the positive effect of curtailing exports of final
goods and of inputs on Home’s terms of trade.

Simple comparison of these sets equations indicates that a combination of import tariffs and

export taxes can achieve the first best as long as it satisfies:

1+t = (1+97) (147); (26)
1+t4 = 1+T; (27)
1-vh = 07_1(1+7d)(1+:ﬁ); (28)
1—v = %(1+T), (29)

for any arbitrary constant such that 1 + 7 > 0.

A few comments are in order. First, note that the level of optimal import tariffs and export taxes
is indeterminate in our setting. This a manifestation of Lerner’s symmetry: optimal policies featuring
a common ratio of gross import tariffs and export taxes (i.e., (1+t}) /(1 —vjy) for s = {d,u})

deliver the exact same market allocations. Second, notice that the ratio of optimal gross import

18Tn section 3.2, we identified a fourth optimality condition — equation (21) — associated with the allocation of
labor across sectors, but this condition is irrelevant when the downstream sector does not use labor (i.e. & = 0).
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tariffs on final goods and on inputs, or the “tariff escalation wedge” ¢s pinned down in our model
and given by
1+td

i1—|—fyd
1+ ty

> 1.

Third, the optimal allocation cannot be achieved with only import tariffs, since implementing
the first best requires distinct export taxes downstream and upstream.'® Fourth, noting that our
isomorphism applies only when 14~ = ¢/ (o0 — 1), setting T' = 0 minimizes the set of instruments
necessary to achieve the first best. In such a case, the first-best policies involve only two instruments:
a downstream import tariff at a level t?l{ =% =1/(0 — 1) and an upstream export tax v equal to

1/6. In sum, we have derived the following result:

Proposition 4. When « = 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 pinned down, the tariff
escalation wedge is necessarily given by (1 + t‘}{) /(1 +t4) =1+4% =0/ (0 — 1) > 1. Furthermore,
the first best can be achieved with just a downstream import tariff at a level t equal to 1/ (o — 1)

and an upstream export tax v} equal to 1/6.

Why do optimal policies involve higher import tariffs on final goods than on inputs? And why
does the government choose to tax imports of final goods while taxing exports of inputs when
using the minimum set of instruments? The key distinction between trade taxes on final goods and
on inputs is as follows. A downstream import tariff or export tax shifts consumers’ expenditures
towards Home final-good varieties, thereby improving Home’s terms of trade (Gros, 1987). The
increased demand for Home’s final goods also raises downstream productivity through increased
entry. While this is similar to prior work on positive relocation effects (Venables, 1987; Ossa, 2011),
when o = 0 the expansion of the downstream sector is due to increased input expenditures rather
than a reallocation of labor. An upstream tariff also redirects Home expenditure towards Home
inputs, which also improves its terms of trade, but raises domestic final-good producers’ costs, which
in turn reduces the downstream sector’s production and thus its efficiency. As a result, the Home
government has a disproportionate incentive to manipulate its terms of trade in the input sector
via an export tax, which also shifts expenditure on inputs towards Home firms without raising
their input costs. This is clear from equations (28) and (29), which show that the incentive to use
upstream export taxes is magnified by a factor 1 4+ ¢ relative to the incentive to use downstream
export taxes. In other words, the returns to scale in downstream production govern the benefits
from increasing the size of that sector. Because the relative size of sectoral import tariffs and export
taxes is constrained by (18) and (19), this in turn manifests itself in the form of a lower import
tariff upstream than downstream.

In sum, this special case of our model illustrates how tariff escalation is a feature of the optimal
set of trade taxes in a vertical model in which intermediate inputs shape the cost faced by the

downstream sector and the productivity of the downstream sector is endogenous to the size of this

9By Lerner symmetry, export taxes are redundant only if they can be set at the same level in all sectors.
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sector. To further buttress the importance of this second aspect of our model, we next consider the

nature of first-best policies in the absence of scale economies.

C. The Case of No Scale Economies

A key advantage of our isomorphic competitive economy with external economies of scale is that
when ¢ — 0, this economy converges to a competitive economy with no scale economies. With
the expressions above, it is then straightforward to derive first-best trade policies in that case.

Specifically, equations (26)—(29) now reduce to

1+t = 14+ T;

1+t = 1+T;
oc—1 -
1—vf = 1+T);
UH p <+ )7
0—1 _

J— u —_— [
L=l = —— (1+7),

for any arbitrary constant such that 147 > 0. It is then immediate that:

Proposition 5. When a = 0, in the absence of scale economies, the first best can be attained with
a combination of import and export taxes. Although, the levels of trade taxes are not uniquely
pinned down, the tariff escalation wedge (1 + t%) / (14 tY%;) necessarily equals 1. Furthermore, the
first best can be achieved with just a downstream export tax at a level vj‘gl equal to 1/0 and an

upstream export tax v} equal to 1/6.

This result shows that the emergence of tariff escalation is intimately tied to the existence of
scale economies in the downstream sector. In their absence, we obtain a result analogous to that
derived 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 final goods) and differential export taxes that optimally exploit Home’s
market power.

We should briefly mention a caveat with the above argument. In particular, the isomorphism
between our economies with internal economies of scale and with external economies imposes
7% = 0=1/(c —1). So it would appear that as v¢ — 0, we must necessarily have o — oo, which
would imply that the Home economy has no market power in downstream markets. Note, however,

that even in such a case, the model without scale economies would still not generate tariff escalation.

D. Generalizations

In this section we briefly comment on a few generalizations of our result in Proposition 4. The goal
is not only to illustrate the robustness of our results, but also to solidify the intuition that we have

favored in interpreting these results.
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A first observation is that, in deriving our main results, we have not invoked the fact that Home
preferences Uy (Q%H, Q%H> in (11) or that the aggregator F9 (QY%, Q%) of inputs in (22) are
CES aggregators governed by o and 6, respectively. More specifically, these aggregators could
be governed by different parameters, or they could be more general (though twice-continuously
differentiable) functions. In other words, the parameters o and 6 in the first-best policies are solely
related to parameters governing preferences and technology in Foreign, not at Home; only the scale

¢ in these formulas is associated with features of the Home economy. This

elasticity parameter
reinforces our interpretation that the appearance of ¢ and 6 in the formulas above is associated with
standard terms-of-trade-manipulation incentives, rather than with the markups faced by domestic
buyers. In other words, even when ¢ — oo and 6§ — oo, so Home ceases to have any market power
in exports, our model continues to rationalize tariff escalation as long as v¢ > 0.

It is tempting to argue that the above discussion also implies that our results are robust to non-
CES functional forms for Uy ( 4 QdFH) and F4(Q%, Q%y), but it is important to remember
that a CES functional form is crucial for the isomorphism we have developed in section 3.2. Hence, the
first-best trade policies of a Krugman-style small open economy featuring monopolistic competition,
CES preferences, and imperfect competition would be a function of the degree of substitutability oy
in Home preferences because remember that ¥ = 1/ (o — 1) in that model (though, in principle,

we could have o # o). We demonstrate this explicitly in Online Appendix C.2.

E. Alternative First-Best Implementations

So far we have focused on implementations of the first-best allocations that involve the use of only
trade taxes. A natural question is whether our rationale for tariff escalation relies on ruling out
the use of domestic tax instruments. At some level, it should not be surprising that expanding the
set of instruments available to the Home government will affect the structure of trade taxes. For
instance, it is well known that, in some settings, it is straightforward to replicate the real effects of
an import tariff with a combination of consumption taxes and production subsidies. Still, if import
tariffs on inputs are unappealing because they reduce entry and industry-level productivity in the
downstream sector, one may wonder whether tariff escalation is still necessary to achieve the first
best once domestic subsidies are available to the government.

In Online Appendix C.3, we explore the structure of first-best policies when the set of available
instruments includes domestic production subsidies, domestic consumption subsidies, or domestic
production/consumption subsidies that only apply to domestic transactions. We relegate the
mathematical details to the Online Appendix, but the main takeaways are as follows. First, the
only way to implement the first-best using only two domestic instruments (analogously to the two
trade policy instruments in Proposition 4) is via the use of discriminatory consumption subsidies
applying only to domestic purchases of final goods and of inputs. More specifically, the first best
can be achieved via a subsidy to the consumption of domestic intermediate inputs at a rate equal to
s% = 1/60 (which coincides with the level that implements the first best in the closed economy)

and a subsidy to the consumption of domestic final goods equal to s%, = 1/0. These subsidies
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serve the role of selectively boosting the size of the downstream domestic sector, while constraining
exports to optimally manipulate the terms of trade. In addition, an import tariff downstream is
a perfect substitute for a discriminatory consumption subsidy downstream, while an export tax
upstream is a perfect substitute for a discriminatory consumption subsidy upstream. It then follows
that the first best can also be achieved with a combination of a subsidy in one sector and a trade
instrument in the other sector. Whether tariff escalation remains a feature of the first-best policies
is sensitive to which precise instruments are used in the implementation.

When discriminatory consumption subsidies are not available — as they typically are not — the
first best cannot be achieved with just two instruments, unless these two instruments are trade
policy instruments, as in our implementation in Proposition 4. If the government chooses to rely on
non-discriminatory production or consumption subsidies, it can achieve the first best combining an
appropriate level of these non-discriminatory subsidies with either export taxes or import tariffs
in both sectors. In particular, production subsidies require export taxes to offset the portion of
the subsidy that accrues to foreign, while consumption subsidies require import tariffs to offset the
subsidy on domestic firms’ and consumers’ purchases of foreign goods. The implied tariff escalation
level is naturally sensitive to which precise instruments are used in the implementation of the first
best. To reiterate, however, any implementation of the first best involving a domestic subsidy
requires at least three tax instruments, rather than just two, as in Proposition 4. In addition, it is
the use of those redundant subsidies themselves that motivates the use of tariffs that do not feature

escalation, rather than the underlying structure of economy.

4.2 Second-Best Import Tariffs

We now consider an environment in which the only policies available to the Home government are
import tariffs on final goods and on inputs. As shown in the previous sections, this pair of tariffs
is not sufficient to achieve the first-best allocation, so a natural question is whether second-best

import tariffs will continue to feature tariff escalation.

A. Second-Best Import Tariffs with Scale Economies

For the case of a small open economy, the primal approach developed in Costinot et al. (2015) is
again very useful to characterize the second-best allocation and how they can be implemented with
only import tariffs. In particular, the second-best optimal allocation seeks to solve the same problem
laid out in section 4.1 expanded to include an additional constraint. Intuitively, the Home planner
can always ensure that the optimality conditions (23) and (24) are satisfied via an appropriate choice

of import tariffs. On the other hand, absent export taxes (v{; = v% = 0), equation (20) reduces to

1
A u u -’ Pu Qu
A?{Féq;{H (QHH7QFH): pu = F),l 5F( dFF)
HF  (QYp) o Pip (Q%r)

Q= I
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which cannot be affected directly via import tariffs. As in the first-best case, the Home government
will internalize (but private agents will fail to internalize) the fact that the ratio of export prices is
shaped by Home’s relative export supply of inputs and final goods.

In Online Appendix C.4, we work with the first-order conditions of the planner problem,
compare them those applying to a decentralized market equilibrium with only import tariffs — which

corresponds to equations (18)—(20) setting v, = v = 0 — and establish that:

Proposition 6. When a = 0, the second-best optimal combination of import tariffs involves an
import tariff on final goods t¢; higher than 1/ (o — 1) and a tariff escalation wedge larger than the
first-best one, so (1+t4)/(1+t%4) > 1+~ =0/(c —1) > 1.

To understand the intuition behind this result, it is useful to remember the role that export taxes
served in the set of first-best trade policies. First, export taxes were key in engineering differential
terms-of-trade manipulation in final-good versus input markets. Second upstream export taxes also
provided a tool to manipulate the terms of trade for inputs in a less distortionary way (for the size
and productivity of the downstream sector) than upstream import tariffs. In the absence of export
taxes, the Home government will find it optimal to use import tariffs on inputs to manipulate the
terms of trade (since it cannot rely on export taxes to do so), but it is also intuitive that such an
incentive is attenuated relative to the incentive to use import tariffs on final goods. Downstream
import tariffs redirect demand toward the Home market, thus generating positive spillover effects
and also curtailing exports and thus improving the terms of trade for final goods. Upstream import
tariffs have similar effects on the upstream market, but at the same time, they increase costs and
reduce the size (and thus the productivity) of the Home downstream sector. As a result of these
forces, even in the second-best policies, the tariff escalation wedge (1 + t%)/(1 + t%) remains above
one, and is in fact higher than in the first-best, as a higher downstream tariff is now necessary to
compensate for the negative impact of upstream import tariffs on entry in the Home downstream

sector.

B. Second-Best Import Tariffs with No Scale Economies

It is also instructive to characterize second-best import tariffs in the absence of scale effects. Do these
also necessarily feature tariff escalation? Characterizing these policies is again quite straightforward,
since we need only consider the case when 7% — 0 in our competitive economy with external scale

economies. In Online Appendix C.4, we prove the following result:

Proposition 7. In the absence of scale economies, the second-best optimal combination of import
tariffs involves tariff escalation (i.e., (1 + t%) /(L4 t%) > 1) if and only if o > 6.

To understand this result it is useful to first focus on the case o = 6. In a competitive Ricardian
model, as long as optimal export taxes are common across sectors (i.e., o = 6 in our setting), the
first-best can be implemented via either export taxes or import tariffs (Costinot et al., 2015; Beshkar

and Lashkaripour, 2020). As a result, second-best import tariffs will achieve the first-best allocations
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in such a case, and they will be necessarily equal across sectors (regardless of their upstreamness).
In such a case, this competitive model with no scale effects deliver no tariff escalation.

Starting from this benchmark, when o # 6, the first-best can no longer be implemented with
only import tariffs. Beshkar and Lashkaripour (2017) show that in a horizontal economy without
vertical links across sectors, second-best import tariffs continue to be common across countries. In
the presence of vertical links, Beshkar and Lashkaripour (2020) instead point out that import tariffs
can partly mimic the effects export taxes by raising the relative price of downstream sectors. If
the planner would like to set a higher export tax in one sector relative to another sector, it can
adjust the relative size of the second-best import tariff on inputs to achieve the desired differential
terms-of-trade manipulation. When o < 6, the desired export tax is higher downstream, so the
government will actually implement tariffs featuring higher tariffs upstream (i.e., tariff de-escalation).
Conversely, when o > 6, the planer would prefer a lower export tax downstream, which can be
partly achieved by setting a lower tariff on intermediate inputs (i.e., tariff escalation), since this

reduces the relative price of exports of the downstream good.?’

5 Optimal Trade Policy for a Small Open Economy with Domestic

Distortions

In this section, we consider environments in which final-good production uses both inputs and labor
in production. As a result, the final-good and intermediate input sectors compete for labor, and as
we showed in section 2, the intersectoral allocation of labor in the decentralized equilibrium will be
inefficient, and will feature too little labor allocated to the upstream sector. This labor misallocation
naturally has ramifications for the set of first-best — as trade taxes will no longer be sufficient to
achieve the optimal allocation — and also for the second-best import tariffs, as the levels of these

instruments will now be set partly with the goal to alleviate this domestic friction.

5.1 First-Best Policies

We begin by studying the optimal structure of first-best policies. As in section 4, we follow the
primal approach in Costinot et al. (2015) and first characterize the optimal allocation, and later show
how to implement it via trade taxes and domestic instruments. Because many of the derivations are
analogous to those in section 4, we relegate many details to Appendix D.1.

Consider first the determination of the optimal allocation. This problem is analogous to that
solved in section 4.1, except that (i) the planner now also controls the allocation of labor across
sectors subject to a labor-market constraint, and that (ii) productivity in both sectors is now

endogenous and shaped by the allocation of labor to each sector. More precisely, the planner chooses

20Interestingly, Proposition 7 continues to hold unaltered when a > 0, which is the reason why its statement does
not impose the proviso a = 0.
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As we show in Online Appendix D.1, manipulating the first-order conditions of this problem
produces three optimality conditions identical to those in equations (23), (24), and (25), except
for the fact that L}l{ now appears as an argument of the partial derivative terms associated with
the function F¢(-) in equations (24), and (25). More substantively, the optimal allocation now also

includes a fourth optimality condition,
Fla (L Qi Qi) = (L+9") A" (L) Fgy (L% Qi Q) (31)

which equates the social value of the marginal product of labor in both sectors in terms of a common
good (i.e., the final good). More specifically, the left-hand-side includes terms associated with the
social marginal product of directly allocating labor to the production of final goods, while the
right-hand-side contains terms related to the social marginal product of allocating labor to the
upstream sector, and then using the resulting intermediate inputs to increase the production of final
goods.?!

We next compare these optimal allocations to those applying in a decentralized equilibrium
in which the government can set taxes or subsidies on all transactions. In section 4.1, and in
particular, in equations (18)—(20), we show how trade taxes affect the market-equilibrium analogues
of conditions (23)—(25). Because condition (31) is an internal optimality condition involving only
domestic transactions, trade taxes cannot possibly affect it. In fact, the only type of taxes that
can affect it are taxes or subsidies affecting the production or consumption of domestic inputs.

In particular, denoting by s% the subsidy applying to transactions of intermediate inputs, the

21 The left-hand-side and right-hand-side of (31) do not ezactly capture the social marginal return to labor because
we have cancelled terms capturing the endogenous increase in productivity associated with the expansion of the
final-good sector (see Appendix D.1).
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market-equilibrium analogue of equation (31) is

1 AU (TU d d u U
T A (Lh) Foy,, (L aQHHvQFH)’ (32)

Py, (L Qi Q) = 1

Comparing equations (31) and (32) — it is clear that the implementation of the optimal allocation

necessarily requires a subsidy equal
SR
14+ @

sy =

which coincides with the optimal subsidy in the closed-economy version of our model (see Proposition
2).

How does the use of this upstream domestic subsidy affect the nature of the other first-best
policies? Analogously to our analysis in section 4, we first focus on the case in which the government
minimizes the use of non-trade taxes. Because downstream domestic subsidies are redundant
instruments in our model, we initially rule them out (though we will consider them below). If the
government has access to an upstream production subsidy s%;, we show in Appendix D.2 that the
first-best instruments implementing the social optimality conditions (23)—(25) must satisfy the exact

same conditions (26)—(29) as in the case a = 0, namely

14ty = (1+97) (147);
1+t% = 1+T;

Loty = T (1) (147);
1—vf = 90%1<1+T),

for any arbitrary constant such that 1+ 7 > 0. As a result, we can conclude that:

Proposition 8. When a > 0, the first-best allocation can be achieved with a production subsidy for
inputs, and (at least two) trade taxes associated with a tariff escalation wedge (1 + t%)/(1 +t%) =
14++%=0/(c —1) > 1. Furthermore, the first best can be achieved with just a downstream
production subsidy s% equal to 1/60, a downstream import tariff at a level t% equal to 1/ (o — 1),

and an upstream export tax v}, equal to 1/6.

In words, once the domestic distortion identified in the closed-economy version of our model is
corrected via a downstream production subsidy, the first-best can then attained via trade instruments
in a manner analogous to that in the case of no domestic distortions (o = 0). As a result, first-best
policies continue to be consistent with trade policies featuring tariff escalation for reasons analogous

to those laid out in section 4.

Alternative Implementations In Online Appendix D.2, we study the robustness of Proposition

8 to the use of a wider set of instruments, other than upstream production subsidies and trade taxes.
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The results are largely analogous to those obtained for the case o = 0. First, if the government
has access to discriminatory upstream subsidies (applying only to domestic transactions involving
intermediate inputs), then the first best can actually be achieved with only two instruments: this
upstream discriminatory subsidy at a level 1/0 and a downstream import tariff equal to o/ (o — 1),
again implying a tariff escalation wedge higher than one. If in addition the government has access to
a downstream discriminatory subsidy, this instrument proves to be a perfect substitutes for an import
tariff. Thus, the first best can also be achieved with these two discriminatory subsidies. Although,
downstream import tariffs and downstream discriminatory subsidies are perfect substitutes, an
upstream export tax and an upstream domestic discriminatory subsidy are mo longer perfect
substitutes when o > 0. Only the latter instrument can ensure that condition (31) is satisfied in
the decentralized equilibrium.

In Online Appendix D.2, we also study the situations in which discriminatory domestic subsidies
are not available, but non-discriminatory production or consumption subsidies are. In those cases,
the first-best always requires the use of a mix of domestic subsidies and trade taxes, but the set
of required instruments is always minimized when downstream domestic subsidies are not used.
When only upstream production subsidies and trade taxes are used, we have argued above that
the first-best policies continue to feature a tariff escalation wedge equal to o/ (0 — 1), while when
upstream consumption subsidies are used, the implied tariff escalation in the first-best policies

depends on the relative size of o and .22

The Case of No Scale Economies As in section 4, it is straightforward to use our analysis
to shed light on optimal policy in the absence of scale economies. This simply amounts to setting
74 = 4% = 0. In such a case, it is straightforward to verify that Proposition 4 continues to apply:
although, the levels of first-best trade taxes are not uniquely pinned down, the tariff escalation
wedge (1 + t%) / (14 t%) necessarily equals one, and the first-best can be achieved with just two

export taxes.

5.2 Second-Best Trade Policies

We now revert back to a more realistic case in which the only policies available to the Home
government are import tariffs on final goods and on inputs. All implementations of the first best
in the previous section involved at least one export tax or at least one domestic instrument, so it
follows that the first best cannot be achieved with only import tariffs. Furthermore, in the absence
of other instruments, import tariffs will seek to mimic the role that those ruled out instruments
played in the first best implementation.

As in section 4, it is straightforward to see that when upstream export taxes are ruled out, the

22The use of downstream consumption subsidies has no bearing on the decentralized equilibrium, while the use
of downstream production subsidies is more material for our finding of tariff escalation, precisely because as noted
above, a downstream production subsidy boosts domestic production in a way similar to a downstream import tariff.
Nevertheless, a downstream production subsidy needs to be complemented by a downstream export tax, and thus the
first-best cannot be attained with less than four instruments.
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Home government will seek to manipulate its terms of trade via upstream import tariffs. Second-best
policies thus involve positive upstream import tariffs. Nevertheless, and as discussed in section 4,
this force is not sufficient on its own to undo the desirability of tariff escalation, as formalized in
Proposition 6. When a > 0, however, the Home government would like to use an upstream subsidy
to reallocate labor from the downstream to upstream sector, thereby increasing productivity not
only upstream but also downstream. Because an upstream tariff partially mimics the effect of the
missing subsidy by shifting final-good producers’ input expenditures towards domestic varieties,
this provides an additional welfare motive for an input tariff in the second-best, particularly when
the downstream sector’s labor share is high. At the same time, as the downstream labor share rises,
inputs are relatively less important for final-good output.

Despite these counterbalancing forces, we have failed to find a single numerical simulation
in which the second-best combination of import tariffs upstream and downstream do not satisfy

t4, > t%. This motivates the following conjecture:

Conjecture 1. Even when a > 0, the second-best optimal combination of import tariffs is associated
with a tariff escalation wedge larger than one, i.e., (1 +t%)/(1+t%) > 1.

In Online Appendix D.3, we attempt to evaluate this conjecture analytically, following the same
approach as in section 4.2. Specifically, we note that the Home planner can always ensure that the
optimality conditions (23) and (24) are satisfied via an appropriate choice of import tariffs, but
conditions (20) with v{, = v% = 0 and (21) become additional constraints in the planner problem.
The complexity of the analysis has however precluded an analytical proof to date.

The special case of our model with no scale economies upstream (i.e., v = 0) proves to be much
more tractable. In particular, we show that the result in Proposition 6 continues to hold even when
« > 0, and thus import tariffs result in a tariff escalation wedge larger than the first-best one, or
(1+t4)/(1+t%4) >1+~%=0/(c — 1) > 1. This highlights again the role of downstream scale
economies in generating tariff escalation. Indeed, when we further set ¢ = 0, so the model features
constant returns to scale in both sectors, we show in Online Appendix D.3 that tariff escalation is a

feature of optimal tariffs only when o > 6, just as in our previous Proposition 7 for the case o = 0.

6 First-Order Welfare Effects of Small Import Tariffs

To build further intuition for our quantitative results, particularly those related to our robust finding
of tariff escalation in the second-best set of policies, we next study the first-order welfare effects
of small tariffs levied by the ‘Home’ government on imported final goods or imported inputs. In
doing so, we revert back to an environment with internal economies of scale, product variety and
monopolistic competition. Relative to our above analysis in the isomorphic competitive economy
with external economies of scale, the tools developed in this section will allow us to better flesh out

the effects of import tariffs on firm relocation. In the rest of this section, we allow the final-good
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sector to use labor in production (i.e., @ > 0), and we no longer restrict Home to be a small open
economy.

Because welfare at Home corresponds to the representative household’s real income, we have

_wyly+ Ry

U ;

where Ry is tariff revenue in equation (10), and where P¢ is the ideal price index at Home.

We are interested in the change in Home’s welfare associated with a change in the tariff schedule
{td,, %} starting from an equilibrium with zero tariffs. For simplicity, and without loss of generality,
we set the Home wage to be the numéraire, so we can focus on the effect of tariffs on tariff revenue
and the price index. The change in Home’s welfare, dUp, around t% = 0 and t% = 0 (and thus

Ry = 0), can then be written as:

dUn dP%  dRy
I , (3)
Ug Py wLg
with iR
B ol dtd + \% x Qpy x dtY, (34)
wpLy
H Mapd, qd . . . .- d Mpd gt .
where by = —E-HIEL s the share of Home income spent on foreign varieties, Ay = = s
HLH wHLHy
the ratio of domestic final-good revenue to national income (with Ry = 0) in country H, and
upfd pu U
QOpy = % is the share of Home final-good revenue spent on intermediate input varieties
HYH"H
from F'.

Consider next the change in Home’s ideal price index. Given the formula for this price index —

see equations (B.6) and (B.8) in Online Appendix B.1 — and given firm symmetry, we have:

dP4 1 dM%  dp? dMé 1 dp?
—(f = bt x ( f + ZHH + b x j + ZFH +dtd | . (35)
PH 1—-0 MH Phy MF 1—0 PE

The ideal (downstream) price index changes because in equilibrium the total measure of firms, in
both Home and Foreign, responds to the change in tariff. At the same time, the change in relative
prices also affects the price charged by downstream producers. The size of each factor’s contribution
to the change in the price index depends on the importance of foreign and domestic goods in the

consumption basket, bf . The change in the unit price of downstream goods is given by:

dp dw; dpP
= o F -9 (36)
with p p
dP* dMm®* 1 dpd: M1 pj;
1- L= : RV . L dtd | Q. 37

This latter equation captures the change in the upstream price index in each country, which is in
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turn shaped by the change in the measure of upstream firms in each country, the change in the
price of individual input varieties, and the relative importance of domestic and foreign inputs in

production, as captured by the terms ; and €2;;. Since we have set Home wages as the numéraire,

. . . : . dpd;  dp?
we have CZ)"—H = 0. Also, since we hold iceberg trade costs fixed in this exercise, we have —#& = “Li,
H i Pi;
. . . . dp% Ay dwp
Finally, since upstream goods only use labor in production, we have ==k
FF FH

Putting all the pieces together — that is, combining equations (33)-(37) — we finally obtain the

following expression for the first-order effect of tariffs on Home welfare:
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This expression contains six terms.? The first one captures ‘factorial’ terms-of-trade benefits
from raising tariffs, which in our Ricardian model operate via changes in relative wages (or foreign
wages, given our choice of numéraire). The next four terms capture relocation effects due to changes
in the masses of domestic and foreign firms in both the upstream and downstream sectors. All terms
enter positively, reflecting the positive effect of increased varieties upstream and downstream on
welfare, but it should be clear that general-equilibrium constraints will preclude all these measures
of firms from increasing in reaction to Home import tariffs. How each of these relocation effects
influence welfare is in turn given by the relative importance of these four types of firms in the
purchases of Home consumers and Home firms.

To provide intuition for the quantitative results to come, notice that due to home bias, we
typically have bfl > bg and also bg > bIPf . Furthermore, Qg <1 —a < 1, and bg will be small
unless Home is a large economy. As a result, it will typically be the case that bg > bgﬂ HH +b§ Qpr.
This carries two significant implications. First, a given percentage increase in the measure of domestic
downstream firms (dM$ /M) has a larger impact on Home welfare than the same percentage
increase in the measure of foreign downstream firms (dM&/M$). Second, a given percentage increase
in the measure of domestic downstream firms (dM /M$) has a larger impact on Home welfare than
the same percentage increase in the measure of domestic upstream firms (dM}y;/M};). This suggests
that, on account of relocation effects, (i) the Home government will have an incentive to levy import
tariffs downstream to attract the entry of final-good producers into its economy — as highlighted in
the work of Venables (1987) and Ossa (2011) —, and (ii) although such an incentive also exists with
regard to entry of upstream firms, the net welfare effects of input producers’ entry are smaller.

The sixth and final term in equation (38) is more subtle and relates to a key term identified in

ZNote that while the downstream tariff has direct effects on the price index and on tariff revenues, these two
effects are exactly offsetting, so that the only net effects on welfare operate indirectly through equilibrium variables.
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the work of Beshkar and Lashkaripour (2020). More specifically, notice that )\‘Il{ — bg represents
the value of exported downstream goods as a share of Home’s GDP. This last term then captures
the extent to which an input tariff is passed on to foreign consumers, thereby mimicking an export
tax, which is part of the unconstrained set of optimal trade taxes in our environment with product
differentiation and Ricardian technologies (Costinot et al., 2015; Beshkar and Lashkaripour, 2020).
For this same reason, this last term only applies to changes in input tariffs.

Because changes in tariffs do not enter the other terms in equation (38) explicitly, it would appear
that (small) intermediate-input import tariffs increase welfare by more than (small) final-good tariffs
on account of this last extra term. Nevertheless, we have already indicated above that final-good
and input tariffs generate differential effects on relative wages (dwp/wr) and on relocation effects
(dMF /M for s = d,u), and we will show in the next section that these channels are quantitatively
dominant. More precisely, and anticipating the quantitative results to come, small final-good tariffs
appear to generate larger welfare gains than small input tariffs, and relocation effects seem to be
the quantitatively dominant force in shaping this differential response. When computing optimal
tariffs for final goods and for inputs, we will find that optimal final-good tariffs are consistently

larger than optimal input tariffs across a wide range of parameter values.

7 Quantitative Results

In this section, we perform a quantitative evaluation of the effects of import and final-good tariffs
on welfare, and we solve for the social-welfare maximizing levels of these tariffs. We carry out this
analysis by mapping world data to our two-country model, interpreting the Home country as the
United States, and the Foreign country as the Rest of the World (RoW, hereafter). Our main result
in this section is that tariff escalation appears to be a robust feature of the structure of optimal
import tariffs. More specifically, when the Home country only has access to import tariffs, we find
that import tariffs on intermediate inputs are systematically lower than tariffs on final goods. Our
finding of a tariff escalation wedge is robust to the inclusion of optimal export taxes and of domestic
subsidies, as long as downstream subsidies are not part of the policies used to implement the first
best.

Figure 2 illustrates the general pattern of tariff escalation for both US tariffs on other countries
and foreign tariffs on the United States, both before and after the recent trade war. Due to their
low initial levels, average input tariffs increased the most on a percent basis, though tariff escalation

remains as a distinct feature.?4

Although we provide quantitative results for a set of parameters anchored on features of US

24Figure 2 displays the trade-weighted average tariffs on intermediate and final goods imposed by the United States
on the Rest of the World (RoW) and by the RoW on US imports. Tariff data at the HTS 6-digit level for ROW
are from the WTO Tariff Download Facility. Tariff data at the HTS 8-digit level for the United States are from
the USITC. Import and export data are from the US Census Bureau. We classify goods into intermediate and final
goods using the UN Broad Economic Categories (BEC). For details on data construction and for a version of Figure 2
without trade weights, see Online Appendix E.1.
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Figure 2: Tariff Escalation Before and After the US-China Trade War
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Notes: Pre: Tariffs in January 2018, Post: Tariffs in December 2019. Tariff data from WTO and USITC, 2015 annual
import and export data for weighted averages from US Census Bureau. Goods are classified as intermediate goods
when their BEC code starts with 111, 121, 21, 22, 31, 322, 42 and 53. Final goods start with BEC code 41, 521, 112,
321, 522, 61, 62, 63 (including capital goods). All other goods have no classification.

data, the qualitative nature of our results — most notably, the fact that optimal tariffs on final goods
are larger than on inputs — remains unaffected when exploring a wider range of parameter values as
demonstrated in section 7.4. These results line up well with our theoretical results in sections 4 and
5, which is not entirely surprising given that the ‘small open economy’ assumption in those sections

provides an accurate description of the US economy through the lens of our model.

7.1 Data and Parameters

In order to quantitatively discipline our model, we need to take a stance on a number of parameters
of the model, and make sure that they provide values for key equilibrium variables consistent with
those observed in the data. More specifically, the key parameters of the model are the elasticities
of substitution upstream and downstream (f and o), the downstream labor share («), iceberg
trade costs upstream and downstream (7% and 7%), productivity upstream and downstream in each
country (A%, A%, Abg and A% 1), fixed costs upstream and downstream (f* and f?), and
the Home and Foreign labor endowments (Lys and Lgew ). Perhaps not too surprisingly given the
isomoporphism we have developed in section 3.2, the fixed cost parameters turn out to be irrelevant
for our quantitative conclusions, so we do not discuss them below.

Our quantitative approach constitutes a blend of calibration and estimation. We first discuss
various approaches to estimating the key elasticities of substitution # and o, we then back out the
downstream labor share o and the labor forces Lyg and Ly from readily available public data,
and we finally estimate trade costs (7% and 7¢) and the productivity parameters (A%, A% .-, A%
and A%,;/) by minimizing the distance between our model and a series of moments obtained from
standard sources.

We next elaborate on the details of our approach.
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Elasticities of Substitution (# and o) We consider four alternative approaches to quantifying
the elasticities of substitution across varieties in the upstream and downstream sectors (6 and o,
respectively). We summarize these approaches here and provide additional details in Appendix E.2.
The first approach is to treat these elasticities as symmetric across sectors. In this first approach,
we fix the values of the elasticities of substitution across varieties in each sector to 5 (o = 6 = 5),
as in Costinot and Rodriguez-Clare (2014). We first consider this symmetric case to rule out the
possibility that differences in demand elasticities across good types are the only source of variation
in the response of welfare to changes in input versus final-good tariffs.

The second approach is to calibrate these parameters from data on mark-ups. Recall that under
monopolistic competition and CES preferences the optimal firm-level mark-up is equal to /(0 — 1)
upstream and o /(o — 1) downstream. Using sales and mark-up data from Baqaee and Farhi (2020)
based on publicly listed firms in Compustat, we compute the sales-weighted average mark-ups of
firms which we assigned to either upstream or downstream based on their primary sector. This
approach leads to estimates of 8 = 4.43 for the elasticity of substitution upstream and of o = 6.44
for the elasticity of substitution downstream.

The third approach is to estimate these parameters based on the response in trade flows to
the US-China trade war in 2018-2019. Specifically, we follow Amiti et al. (2019) and calculate
12-month changes in US imports and US import tariffs at the product-country level. Exploiting
the CES demand structure, regressing the changes in trade flows on the changes in tariffs provides
estimates of the trade elasticity. Our preferred specification from this approach leads to estimates
of § = 2.35 for the elasticity of substitution upstream and o = 3.08 for the elasticity of substitution
downstream. The small magnitude of the trade elasticities is consistent with the findings in Amiti
et al. (2020) and could reflect that the response in trade flows was diminished by uncertainty about
the persistence of these tariff changes.

The fourth (and final) approach is to exploit the isomorphism of our model to a competitive
model with external economies of scale. As discussed in Section 2, these models are isomorphic
provided that the following restrictions between the external economies of scale parameters and
the elasticities of substitution across varieties hold: v* =1/ (6 — 1) and 4% =1/ (¢ — 1). We use
estimates of scale elasticities from Bartelme et al. (2019). We note two important caveats. First, they
estimate these parameters only for 15 manufacturing sectors (we classify nine of these as upstream
and six as downstream). Second, their framework abstracts from intermediate inputs and therefore
their estimates may not be perfectly compatible with our setup. With these caveats in mind, the
average (unweighted) scale elasticities are 0.133 upstream and 0.135 downstream. Exploiting the
isomorphism between this setup and our framework with monopolistic competition and free entry,

we convert, these to § = 8.52 and o = 8.41 for this fourth approach.

Downstream Labor Intensity, Trade and Expenditure Shares and Labor Endowments
We measure the share of inputs in production, 1 — o = 0.45, from usage of intermediate inputs

by downstream sectors based on the WIOD database (see Appendix E.3 for details). Similarly,
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we calculate trade and expenditure shares for the upstream (intermediate-input) and downstream
(final consumption) sectors based on trade flow data provided in the WIOD, taking into account
whether a trade flow is used for final consumption or as an intermediate input).?> We infer the

labor endowment of each country from population data published by CEPII.?6

Estimation of Productivity Parameters and of Trade Costs Finally, we normalize US
productivity in both sectors to one, A?] g = Afyg = 1. This leaves us with four parameters to estimate:
trade costs in each sector {Td, 7"}, and sectoral productivity in the rest of the world {A%OW, %OW}.W
To estimate the model, we search for the vector of parameters {Td, T, AdROW, %o that minimizes
the sum of squares of the differences between model-generated and empirical moments, subject to
our equilibrium constraints. 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 so-called hat algebra approach) and are all

retrieved from the WIOD, as mentioned above.

Panel A in Table 1 presents the estimated values of the RoW’s productivities and iceberg trade
costs in each sector obtained under symmetric elasticities upstream and downstream, § = o = 5.
Trade costs appear slightly higher in the downstream sector, but within the range of standard
estimates of trade barriers. The estimates indicate that the United States is about three times more
efficient in final-good production 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 for the ratio of total sales in the upstream sector to total expenditure
in the downstream sector. Note that in the data, the upstream sector uses intermediate inputs in

production as well — which for simplicity we abstract from in our framework.

7.2 Decomposition of the Welfare Effects from Tariffs

To build intuition for our quantitative results, we begin by quantitatively evaluating the first-order
welfare effects of input versus final-good tariffs following the approach developed in section 6. Using
the calibrated model, we compute the decomposition of welfare changes in equation (38). To do so,
we first solve for the zero-tariff equilibrium, so that we can compute the statistics €2;;, b; and )\;-i in
this environment.?®

Figure 3 depicts the welfare effects of changes in a final-good tariff (left panels) versus changes
in an input tariff (right panels). The top two panels compare the percentage changes in welfare

starting from the zero-tariff equilibrium (solid red line) to the percentage changes predicted by our

25We use data for 2014 which is the latest available year in the WIOD.

268pecifically, we set L“* = 10 x % =0.45 and L™ =10 x M%;:;W = 9.55.

2TWe restrict entry costs f¢ and f* to be symmetric across sectors and countries and fix those values to 1. As
anticipated before, this restriction is without loss of generality, as we have found both model fit and counterfactuals to
be invariant when changing the entry costs to arbitrary (and possibly asymmetric) values.

28Under zero tariffs, these statistics take the values Qg g = 041, Qrg = 0.04, Qrpr = 0.44, Qg r = 0.02,
b =0.93, b = 0.07, A4, = 0.98.
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Table 1: Calibrated Parameters and Moments

A. Calibrated Parameters

Productivity in final-good sector, RoW relative to US, A% 0.325

Productivity in input sector, RoW relative to US, AY,,, 0.142

Iceberg cost for final goods from US to RoW, 79 2.375

Iceberg cost for inputs from US to RoW, 7% 2.032

B. Moments Data Model
Sales share to US from US in final goods 0.943 0.964
Sales share to RoW from RoW in final goods 0.988  0.985
Sales share to US from US in intermediate good 0.897  0.889
Sales share to RoW from Row in intermediate good 0.982 0.978
Expenditure share in US final goods for the US 0.960  0.946
Expenditure share in RoW final good for the RoW 0.981  0.989
Expenditure share in US int. good for the US 0.906  0.921
Expenditure share in RoW int. good for the RoW 0.980 0.9670
Total US sales (int. goods) to total US expenditure (final goods) 0.771  0.466
Total RoW sales (int. goods) to total RoW expenditure (final goods) 1.242  0.446
Total US sales (final goods) to total US expenditure (final goods) 1.018  0.997
Total RoW sales (final goods) to total RoW expenditure (final goods) 0.993  0.999
Total expenditure in final goods by the US relative to RoW 0.303  0.285

Notes: Panel A presents the estimated values of the RoW’s productivities and iceberg trade costs
in each sector obtained under symmetric elasticities upstream and downstream, § = o = 5. Panel
B presents the targeted moments in the estimation. Column 1 presents moments from the data
and column 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.

first-order approximations around zero (dashed-blue line). The first-order approximation works well
for small changes in both final-good and intermediate-input tariffs. Starting from zero tariffs, the
welfare effects of small import tariffs are positive for both types of goods, but turn negative for
input tariffs at much lower rates than for final-good tariffs.

The bottom panels of Figure 3 decompose the approximation of the aggregate effects into
their component parts, as shown in equation (38). Specifically, we decompose changes in welfare
into changes due to: (i) changes in relative wages (dashed green); (ii) the relocation of final good
producers to the United States (solid cyan); (iii) the relocation of input producers to the United
States (dotted yellow); (iv) changes in the mass of final-good producers in the RoW (short-dash
purple); (v) changes in the mass of input producers in the RoW (dash-dot magenta); and (vi) the
gain from passing part of the input tariff onto final consumers in the RoW (solid gray). Although
in the figure we label these by dwp, dM7;, and so on, it should be understood that we are plotting

the full value of each of the six terms in equation (38), with the labels identifying only one element
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Figure 3: First Order Decomposition of Welfare Changes
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Notes: Figure depicts the welfare effects of changes in a final-good tariff (left panel) versus changes in an input tariff
(right panel). The top panels compare the percentage changes in utility starting from the zero-tariff equilibrium (solid
red line) to the percentage changes predicted by our first-order approximations around zero (dashed blue line). The
bottom two panels decompose the approximation of the aggregate effects into the component parts in equation (38).
These are changes in welfare due to: (i) changes in relative wages (dashed green); (ii) the relocation of final good
producers to the United States (solid cyan); (iii) the relocation of intermediate producers to the United States (dotted
yellow); (iv) changes in the mass of final-good producers (short-dash purple); (v) changes in the mass of intermediate

good producers (short-dash magenta); and (vi) the gain from passing part of the tariff onto foreign consumers (solid

gray).

of each term.

Several observations are in order. First, notice that by raising tariffs on final goods, the US
increases welfare not only because it tilts the factorial terms of trade in its favor — i.e., a reduction
in wgp — but also because it induces a relocation of final-good producers into its own country. In
addition, notice that the magnitude of the term associated with dMﬁ, is on average as large as the

term dwp. Hence, this relocation effect is as important as the factorial terms-of-trade channel usually
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emphasized in the literature. Nevertheless, the net entry of final-good producers is accompanied by
a net exit of input producers (yellow-dotted curve), with welfare effects that are about half as large
as those associated with the relocation of final-good producers. The other three effects are largely
negligible (the last one is exactly zero for the case of final-good tariffs). This confirms our previous
claim that our quantitative results are consistent with the US being close to a small open economy,
at least as defined in our model.

Turning to the results for input tariffs, we again see that the relocation effects are similar in
magnitude to the factorial terms-of-trade effects, though these relocation effects now entail a net
negative effect on welfare. Higher import tariffs on intermediate inputs increase entry upstream,
but reduce entry of final-good producers. The negative welfare effect of the latter dominates
quantitatively, which is intuitive based on a comparison of the terms multiplying dMIC_lI and dM}; in
equation (38), as explained in section 6. These terms contain the exposure of the consumer price
index to changes in the measure of downstream and upstream producers, respectively.?? The effect
on welfare from changes in the mass of firms in the rest of the world is largely negligible, while the
last term — the gain from passing intermediate-input tariffs on to foreign consumers — is small in

magnitude.

7.3 Optimal Tariffs

In this section, we use the estimated parameters to compute the optimal tariff levels on final goods
and intermediate inputs for the United States when the rest of the world sets a zero tariff on US

goods.

Optimal Import Tariffs under First-Best Policies We begin by considering optimal policy in
an environment in which the Home government has the necessary instruments to achieve the first-best
allocation. We focus on the set of instruments discussed in Proposition 8, namely import tariffs and
export taxes, as well as an upstream production subsidy. After normalizing the downstream export

tax to zero (by Lerner’s symmetry), we find that the optimal vector of policies is given by
(tth, sty vt ) = (0.253,0.003,0.200,0.200).

In words, even when taking account general equilibrium effects coming from the US not being a
small open economy, we find that the first-best policies are remarkably consistent with the results
from Propostion 8. Tariff escalation is close to o/(c — 1), and the optimal domestic production
subsidy upstream and the optimal upstream export tax are essentially indistinguishable from 1/6.

Note also that the upstream import tariff is virtually zero.

29Note that Qu,r and Qp r are bounded above by 1 — a. The welfare effect associated with a percentage increase
in downstream firms is 0.31, whereas the term multiplying the percentage change in upstream firms is only 0.13 in
equation (38).
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Optimal Import Tariffs under Second-Best Policies Real world trade policies rarely feature
export taxes—they are even disallowed by the US constitution—and production subsidies are rarely
systematically used. For explaining the observed tariff escalation, second best policies that only
feature import tariffs are therefore of particular interest. We again maximize US welfare, taking as
given the the rest of the world place no tariffs on the US. We find that the vector of optimal import
tariffs is given by

(t.t4) = (0.306,0.170).

Tariff escalation thus prevails under second-best policies. Here, under o = 0.45, tariff escalation
is smaller in magnitude under second-best import tariffs compared to the first-best policy results
above. Recall that in the o = 0 case tariff escalation is larger under second best policies as shown
in Proposition 4. Interestingly, however, optimal tariff escalation under second-best policies (around
1.11) is a bit larger in magnitude than the observed tariff escalation observed in the US in Figure 2
(around 1.04).

7.4 Optimal Tariffs: Robustness

We next briefly explore the robustness of our findings to alternative parameter values. We analyze
optimal import tariffs under the three alternative procedures of estimating # and o as well as for
different values for « (i.e., downstream value-added intensity). When changing these parameters,
we re-calibrate the trade and productivity parameters to provide the best fit of the moments from
Panel B of Table 1.

Table 2 provides extensive robustness tests of our optimal import tariffs in the case of first-best
full policies when including a production subsidy and export tariffs as other instruments (panel A)
and in the case of no other instruments except import tariffs (panel B). As is clear, the level of the

tax instruments is quite sensitive to changes in the parameters. However, for all parameter values,
1+td
T+v

the elasticity parameters shown in column 4, the optimal second-best tariff escalation is close in

we have that > 1, and therefore optimal final-good tariffs are higher than input tariffs. Under
magnitude to the observed tariff escalation from Figure 2 (though the level of the import tariffs is
much larger).

Panel A of Table 2 also reveal a systematic property of the tariff escalation consistent with the
results from Proposition 8 derived for a small open economy. Comparing across columns, i—i ~ T
The pattern is striking, though note that this relationship is not exact, and can vary for a given

level of o as other parameters (e.g., ) are changed.

7.5 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 —
displayed in Figure 2 — affected US welfare. These tariff increases largely arose from the US-China

trade war, but also include the US tariffs on washing machines, solar panels, aluminum, and steel, as
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Table 2: Optimal Tax Policy - Robustness for Various Parameter Values

Parameter Values

0 = 4.43 0 = 2.35 0 = 8.52 9 =25 0 =55
c=644  0=308  o=841 o=4 o=4 @=01  a=02 a=0
A. Optimal Trade & Tax Policies
t4 0187 0.488 0.137 0.338 0.339 0.254 0.258 0.265
% 0.003 0.002 0.002 0.003 0.003 0.003 0.003 0.002
oY% 0.227 0.428 0.118 0.426 0.182 0.200 0.205 0.211
s 0.226 0.425 0.118 0.400 0.182 0.200 0.200 0
ijﬁ 1.184 1.484 1.136 1.334 1.335 1.249 1.255 1.262

B. Optimal Import Tariffs

t? 0.224 0.505 0.162 0.365 0.388 0.260 0.334 0.349

t* 0.176 0.314 0.091 0.301 0.151 0.182 0.111 0.056
d

1:;‘ 1.042 1.145 1.065 1.049 1.205 1.065 1.201 1.278

Note: Each column presents optimal tariffs and taxes for alternative values of the parameters described in section
7.1 and their corresponding, re-estimated values of 7¢, 7%, A% ~and A" . The set of calibrated parameters that

Tow row*
corresponds to each column is displayed in Table F.1 in Appendix F.1. Panels A and B present optimal tariffs and
14t
=

taxes for the cases of policy instruments in Section 7.3. Tariff escalation ( > 1) is a robust feature across all

specifications.

well as the retaliatory tariffs from the rest of the world (RoW). As our estimates for the elasticities
of substitution upstream and downstream, we use the values obtained from the data on mark-ups
resulting in § = 4.43 and o = 6.44 (see Section 7.1).

Table 3 displays our results. We consider the case with and without tariff retaliation by the
RoW, both of which are displayed in panels A and B, respectively. The US average import tariffs
increased from 0.7 to 4.8 percentage points for intermediate goods, and from 4.6 to 9 percentage
points for final goods. We find that without tariff retaliation by the RoW, US welfare would have
increased by 0.12% from these tariff changes. The positive welfare gain for the US from the tariff
increase is consistent with our estimates of the sizable unilateral optimal tariff rates for the US in
Section 4 (in the absence of any export taxes or domestic subsidies).

We next evaluate the extent to which this gain was due to larger final-good versus input tariffs.
In the third row of Table 3, we consider only the increase in the final good tariff, whereas row four
considers the case if only the tariffs on intermediate goods had increased. The comparison reveals
that the US welfare gains are driven overwhelmingly by higher final-good tariffs.

The dominant role of final-good tariffs on welfare increases is even more stark when considering
a counterfactual increase in US final-good tariffs (row 5 of Table 3), that would have (naively) raised
the same revenue as the observed tariff increases based on the average tariff rate change and the
2017 trade flows. In this case, US welfare — absent any foreign retaliation — would have risen by

0.11%. If instead the tariff increases had been adjusted so to apply only to intermediate inputs, US
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welfare would have increased by only 0.02%. Recall that all these figures are for a scenario without

any foreign retaliation.

Table 3: Counterfactual Welfare Effects of US-China Trade War

A. RoW tariff at 2017 level B. RoW tariff at 2019 level

Uus Urow UU[{‘;[.JzS(J 17 Uus Urow UUZ‘UQSO 17
US tariff - 2017 level 0.057586  0.172282
US tariff - 2019 level 0.057657 0.172125  1.001228 0.057598 0.172152 1.000217
2019 US tariff only Downstream 0.057632 0.172177  1.000791 0.057573 0.172206  0.999791
2019 US tariff only Upstream 0.057604 0.172235 1.000314 0.057548 0.172263  0.999343
Counterfactual Tariff only Downstream  0.057650 0.172097 1.001122 0.057592  0.172125 1.000106
Counterfactual Tariff only Upstream 0.057597 0.172145 1.000194 0.057541 0.172171  0.999233
Optimal US Import Tariffs 0.057733 0.171737  1.002544 0.057671 0.171757 1.001482
Optimal US Trade & Tax Policies 0.058374 0.171715 1.013684 0.058312 0.171736 1.012608

Notes: Table presents US welfare (Uyg), RoW welfare (Ugow ), and US welfare in each counterfactual

scenario relative to US welfare with actual 2017 tariffs ( %) Panel A computes welfare for various US

tariff and tax policies holding the RoW tariffs at their 2017 levels. Panel B repeats the analysis, but using
the observed 2019 RoW retaliatory tariffs. US tariff - 2017 level provides baseline welfare values using actual
2017 tariff values; US tariff - 2019 level uses actual 2019 US tariffs; 2019 US tariff only Downstream uses
2017 upstream but 2019 downstream tariffs; 2019 US tariff only Upstream uses 2017 downstream but 2019
upstream tariffs; Counterfactual Tariff only Downstream (Upstream) uses a counterfactual US downsteam
(upstream) tariff that generates the same revenue as the actual 2019 US tariffs, based on the observed trade
flows in 2017. Counterfactual tariffs are t* = 0.131 or £* = 0.156; Optimal US Import Tariffs uses the
second-best optimal import tariffs in response to RoW’s trade policy in 2017 (Panel A) or 2019 (Panel B).
The optimal policy vector for panel A is (t‘}{, t}g) = (0.231,0.183) and (tjl{, t}q) = (0.232,0.184) for panel B;
Optimal US Trade & Tax Policy: US chooses optimal import tariffs, export tax, and production subsidy,
as described in Section 4, in response to RoW’s trade policy from 2017 (Panel A) or 2019 (Panel B). The
optimal policy vector is (t%,t%v’fp s}L{) = (0.186,.003,—0.227,0.226) for panel A and (t%,t’lf{,v}}, s“f{) =
(0.186,0.003, —0.227,0.226) for panel B.

In Panel B of Table 3, we repeat these exercises but now take into consideration the observed
retaliation by the RoW, which increased its import tariffs on US intermediate inputs from 3.2 to 5
percentage points and on US final goods from 7.5 to 9.3 percentage points. In this case, the US
welfare gain from the tariff increases shrinks to only 0.02%. Therefore, tariff retaliation by the
RoW largely undermines the US welfare gains from higher tariffs, which in turn are overwhelmingly
driven by higher final-good tariffs (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
0.01%, even accounting for retaliation. If instead those tariffs had only been placed on intermediate
inputs (row 6), US welfare would have declined by 0.06%.

Rows seven and eight present the potential welfare gains from implementing the optimal import
tariffs with and without other tax policy instruments for the United States. Without allowing for
production subsidies, the gains from optimal import tariffs are displayed in row seven of Table 3.

Optimal US import tariffs absent any foreign retaliation could achieve a welfare gain of 0.25%.3°

30The levels of these tariffs are much higher than the ones observed in the data (¢3,¢;) = (0.2313,0.1831).
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Row eight allows for a full set of instruments that include both import and export taxes as well as
production subsidies.?! The optimal trade policy with domestic subsidies lead to a 1.4% increase in
welfare in the case without retaliation by the RoW. We note that these figures assume no foreign
retaliation (or, in panel B, no retaliation above the observed changes from RoW tariffs from 2017 to
2019).

8 Conclusion

In this paper, we provide an efficiency rationale for the fact that import tariffs on final good are
systematically higher those on intermediate 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
this pattern constitutes a social welfare-maximizing policy.

We develop a two-sector model with a final-good sector and an intermediate input sector, both
featuring increasing returns to scale, and show that (i) first-best trade policies are consistent with
tariff escalation, and that (ii) second best import tariffs feature tariff escalation.

Although our model generically features domestic distortions related to the existence of scale
economies upstream, the optimality of relatively lower input tariffs is not explained by a (second-best)
correction of these domestic distortions. If anything, domestic distortions reduce the desirability
of tariff escalation. Instead, input tariffs are less beneficial because they impact the size of the
final-good sector and because the size of the final-good sector shapes its productivity under increasing
returns to scale. It is thus scale economies downstream, rather than upstream, that shape the
optimality of tariff escalation.

Our results are based on a parsimonious model featuring a single factor of production, only two
sectors of production, and homogeneous firms. Future research should elucidate the robustness of
our results to more realistic settings, which should also provide a helpful lens through which to

interpret the drivers of tariff escalation in the data.

31The optimal policy has import taxes (¢3,t;) = (0.1860,0.0027) and export taxes upstream, vj = 0.2269 as well
as production subsidies s, = 0.2261.
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A Closed-Economy Model: Details on Derivations

A.1 Equilibrium

Given the CES assumptions built into our framework and the lack of strategic interactions, firms in both

sectors charge a constant markup over their marginal cost, which delivers

u 0 w
P =T (A.1)
and .
c 1 w*(Pw) ¢
P = il (A2)

o—1A%a%(1—a)

where P" is the price index of intermediate inputs associated with Q“, or

" L
pP* = (/ p“(w)l_edw> .
0

Firms make zero profits due to free entry, which pins down firm size according to:
4 =(0-1)f", 2t = (o —1)f% (A.3)

Naturally, in equilibrium we must have 2% = ¢? and z* = M9%g". The total measure of firms in the economy

can be determined as follows. First, note that from the household’s demand for downstream goods we have

Miptq? = wL, (A.4)
which plugging in (A.2) and (A.3) delivers
a®Ad -1 ., 1-a )

Next, note that labor-market clearing imposes

U u d.d
L = Mu(fAi) _,_Mdﬂ_ (A.6)
“ w

Plugging in equations (A.3) and (A.4), we can solve for the total measure of firms in the upstream sector:

ae = U8 (A7)
Then, equations (A.5) and (6) determine the measure of firms in the downstream sector:
g %Al wnl—a (1 —a)A" T e
=S - (B ) T (a8)

Finally, aggregate welfare is simply given by U = (Md) 7T q?%, where M? is given in (7)and ¢¢ = 2% in (A.3).



When a — 1, we obtain
Ad Easy 4
U= (deL> (0 =1)f%,

which is the standard formula in Krugman (1980).1 Welfare is increasing in market size with an elasticity
equal to —Z5 > 1, reflecting the variety gains associated with living in an economy that provides a larger
number of final-good varieties.

Relative to this “Krugman” benchmark, in the presence of an active upstream sector (i.e., & < 1), our
model continues to feature scale effects, and in fact the elasticity of welfare to market size is larger than in

the model with only a final-good sector. To see this, we can write welfare as
. (19—a)9 e
—~1)A 0—1)A%/0 \ T e—e
o= DA ( L I 7= I (A.9)
(0 =1 fH7 \ (e =1)f*)

where &, is a function of only a and . Note that z_f‘ll > 1, and thus this framework features larger scale

effects than our model without an input sector.
To gain a better understanding of the role of imperfect competition and increasing returns to scale on
welfare in our closed economy, we next turn to characterizing the social optimum in our model, and explore

conditions under which the above market equilibrium is efficient.

A.2 Social Planner Problem

The social planner maximizes the objective in (1), choosing M9, M*, ¢4 ¢* z? and x* subject to feasibility,

or:

-
max U= (Md) o T g
Mda Mu gd fu gd gu

st. L=/0M"+2p

u 11—
« w2 T
fat=A? (Zd) ((M )o-1 Md) .
Working with the first-order conditions of this problem, we find that
(@")" = (0 —1)f" (A.10)
and 0 (1—a)A"L
u\* -«
(M™")" = " a a7 (A.11)
in the upstream sector, and
(z9)" = (o —1)f4 (A.12)

LA small and immaterial point of departure from Krugman (1980) is the fact that we have modeled the productivity
terms A% and A" as shaping both the marginal and fixed costs of production. As a result, firm size is independent of
these productivity parameters, but these parameters affect welfare directly.



and

(1—a)8

(M) = (Z:;)a (9 k a)() if (GRS N (W) Ty (A.13)

in the downstream sector. Comparing equations (A.10)-(A.13) to the corresponding ones in the market

equilibrium, we conclude that:?

Proposition 1. In the decentralized equilibrium, firm-level output is at its socially optimal level in both
sectors, but the market equilibrium features too little entry into both the downstream and upstream sectors
unless a = 1 (so the upstream sector is shut down) or & = 0 (so the downstream sector does not use labor

directly in production).

Why is the market equilibrium typically inefficient? At first glance, it may appear that the only source
of inefficiency is the markup charged by upstream producers, which distorts the choice between labor and
the bundle of input varieties for downstream firms. More specifically, this upstream markup makes inputs
relatively more expensive and, in response, downstream firms substitute towards labor. At the same time,
that markup also incentivizes entry upstream, which generates a variety-productivity effect downstream. To
disentangle these two opposing forces, it is useful to compare the market allocation of labor to the social
planner’s optimal allocation.

Combining equations (2), (A.3), and (A.7), the aggregate decentralized market allocation of labor to the
upstream sector is given by

MU =(1-a)L,

while from equations (A.10) and (A.11), the social planner would allocate a share of labor to that sector

equal to

Thus, the market equilibrium is inefficient, in the sense that it allocates too little labor to the upstream
sector. It might seem intuitive that this inefficiency is associated with upstream markups leading to a
double-marginalization inefficiency. However, note that the market allocation of labor to the upstream sector
is actually independent of the degree of input substitutability (#), and thus, of the level of upstream markups.
In other words, lower input substitutability — and thus higher markups — do not depress the market allocation
of labor to the upstream sector; instead, they increase the social-welfare maximizing allocation of labor to
that sector. This fact does not necessarily rule out the relevance of a double marginalization inefficiency, but
it does suggest that the market inefficiency may alternatively be interpreted as reflecting that, in the market
equilibrium, upstream firms do not internalize the fact that their entry generates positive spillovers for firms
in the downstream sector, with the size of this spillover decreasing in the degree of input substitutability 6.3

When a = 1 or a = 0, all labor is allocated to either the downstream sector (when o = 1) or to the
upstream sector (when a = 0), and because firm-level output is always efficient, there is no scope for a market

inefficiency in those two cases.

0(1—a)

“Notice that for § > 1, (g_;i)a (%) =1 > 1, with equality when « is either 0 or 1.
3This can be verified from the fourth constraint of the social planner problem above, which indicates that

6(1—a)
downstream productivity is proportional to (M*) -1




A.3 Optimal Policy

Suppose we endow a government with the ability to provide subsidies (or charge taxes) on the purchases of
final goods or intermediate inputs. Denote these taxes by s? and s* in the downstream and upstream sectors,
respectively. We assume that subsidy proceeds are extracted from households (or tax revenue is rebated to
households) in a lump-sum manner.

Once we introduce taxes, price indexes become:
PU = (MY (1= st)pr,  PL= (MY)T (1— 59
and household disposable income becomes,
I =wL — M4%pdzd — MUstptat.

It is straightforward to show that taxes and subsidies do not alter the equilibrium firm size, which is still
pinned down by free entry at the (efficient) levels given in (A.3). Turning to the determination of the measure
of firms in each sector, we first invoke households’ demand for downstream goods combined with goods-market

clearing and household total income to obtain

wlL — s*M"“p“x*

d_
MT = pdzd

Next, labor market clearing ensures that equation (A.6) still holds. The equilibrium measure of firms, given

subsidies s and s, is then:

1 (1—a)A“L
1—as® ofu

o 1 z_f(lxozo‘Ad 1—a)A" (1-a)gty
MY =(1-s") ( ) ofd [( Hf") ]

MY =

(6= 1) )7 Lo

1— as

Notice that downstream subsidies s¢ have no impact on the market allocation. Because they are a redundant

instrument, we can safely set them to 0. From the above expressions, it is then clear that:

Proposition 2. The social planner can restore efficiency in the market equilibrium by subsidizing upstream

production at a rate (s*)" = 1/6.

Notice that the subsidy corresponds to the reciprocal of the elasticity of substitution across inputs. As a
result, this subsidy encourages the entry of upstream suppliers especially when the inputs they produce are
relatively less substitutable. There are two potential (and non-exclusive) explanations for this result. First,
the lower is 6, the larger is the market power of and thus the markup charged by input suppliers, and thus
the larger the subsidy required to undo this double marginalization inefficiency. Second, the lower is 6, the
larger are the variety gains associated with upstream entry on the productivity of downstream firms, so to
the extent that those gains are not internalized by input suppliers, again the larger is the required subsidy

upstream.

A.4 Double Marginalization versus External Effects

We next dig a little bit deeper into the source of the market inefficiency. More specifically, we show that

our vertical Krugman economy is isomorphic to a competitive vertical economy with external economies of



scale. In this variant of our model, it is clear that the market inefficiency is due only to upstream suppliers
failing to internalize the positive productivity effects of their entry on downstream firms (since there are no
markups), and an upstream subsidy is again sufficient to restore efficiency.

The vertical economy with external economies of scale features consumers that spend their income on a
single homogeneous final good. On the production side, this final good is produced combining labor and a
homogeneous intermediate input, which is in turn produced with labor. The homogeneous intermediate input

and final good are produced according to the technologies

gt = AN (L)

24 = 7d (Zd)@ (qu)l—a ((Ld)a (Qu)l—a)'yd |
where L* and L¢ are the aggregate allocations of labor to the upstream and downstream sector, Q" is total
production upstream, and 4% and v* measure the magnitude of external economies of scale.

Individual firms are symmetric, competitive, and infinitessimal, so they take the aggregates as given and

price at marginal cost. The resulting prices for the upstream and downstream sector are given by

w

Au

P (O () (e @) T

u o 144
Invoking P4Q% = wL, Q* = A* (L*)'*" and Q¢ = A4 ((Ld) (Q“)l_a) ! , it is straightforward to

infer that the equilibrium allocation of labor across sectors is given by

pu (Lu) -

and

L=(1—-a)L, and L%=alL,

just as in our “Krugman” vertical economy with internal economies of scale. In addition, one can also show
that whenever 7 = 1/ (6 — 1) and ¢ = 1/ (¢ — 1), with an appropriate choice of the technological parameters
A% and A", the equilibria of the two models are fully isomorphic, not just in terms of the allocation of labor
across sectors, but also in terms of prices and welfare.

As in the case of internal economies of scale, this market equilibrium can easily be shown to be inefficient.

In particular, setting up the planner problem,

l+vd

d d A\ (uyl—a
= A ( L ) A4
max Q (L9 (@™ (A.14)
st QU= A" (L")
LY+ L=1L,
it is straightforward to see that this delivers
* 1 + ,yu d\ * 1
LYY =———(1—-«a)L d L = ——al. A.15
(%) 7“(1—a)+1( L, and (L) e +1" (A1)

Clearly, the market equilibrium features too little labor allocated to the upstream sector whenever v* > 0 and
0 < a < 1. Finally, one can also verify that an upstream subsidy equal to (s%)* = v%/ (1 + ) is sufficient
to restore efficiency. While it is perhaps surprising that the planner need not make any correction for the



external economies in the downstream sector, this result is due to the fact that all of that sector’s output is
sold to consumers. By contrast, the fact that inputs are all sold to firms means that their underprovision
requires a subsidy so that it does not distort final-good producers’ purchases of inputs versus labor.

In sum, we have shown that a model with external economies of scales is isomorphic to our model with
internal economies of scale as long as v = 1/ (6 — 1), and that the rationale for the use of upstream subsidies
to restore efficiency can be tied to a love-for-variety productivity effect, rather than it being necessarily driven

by a double marginalization inefficiency.

A.5 Extensions

In this Appendix, we briefly develop two extensions of our closed-economy model, both featuring a more

complex input sector.

I. Roundabout Production Upstream

We first allow the upstream sector to use not only labor in production, but also the same bundle of inputs
Q" used in the final-good sector. More specifically, and focusing on the isomorphic economy with perfect

competition, homogeneous goods, and external economies of scale developed in section A.4, we now assume

o

wt = A (e @) (@)
w = A (@) ()" (Q“)“a)vd :

where § governs the labor instensity of production upstream. It is clear from the second of these expressions

that firms in the downstream sector will spend a fraction of its costs on the upstream sector, or
PUq* = (1 — a) P42
Noting that, due to symmetry, z* = Q* and z¢ = Q%, and that the decentralized market prices for the
downstream sector is given by
11—« d

1 o/ pv _a\ 7
Pd — (E) ((Ld)a (Qu)l (1) )
Ad \ 11—«

d

@ —« T4y .
Invoking P?Q? = wL and Q% = A¢ ((Ld) (Q“)1 ) we thus obtain

1 o (PUQu\'T? o
ﬁ(%) (1—Qa> Ad(Ld) = wk

or

(2)" wr)' = (19" = wL,

from which it is immediate that
L*=(1—-a)L, and L%=alL,

just as in our baseline model



We next consider the planner problem,

T+
d d A\ (Huyl—a
=4'((x )
max Q (9" (@")
_g\ 17"
st Q= (17 (@"'7)
L“+ L4 =L
Noting that the second constraint can be written as
Q" = A (Lu)l-‘r’?“ ,

where

Av = (AYyTTEEEm
cu 7
L= (1=8)(1+~v)

it then becomes clear that this program is identical to the one in our baseline model, except for the fact that
the scale elasticity upstream is now not given by %, but by 4* > ~* (the program also features a rescaled
upstream productivity, but that is immaterial). Note that the gap between 4% and * is decreasing in £.
Analogously to equation (A.15), the socially optimal allocation of labor is given by
« 1444 1
(L") = ————— i (1—a)L, and (Ld)* =_—————al.
Fu(l—a)+1 Fe(l—a)+1
Clearly, the market equilibrium features too little labor allocated to the upstream sector whenever v* > 0
and 0 < a < 1, just as in our baseline model, but the inefficiency is now decreasing in 8. Finally, one can
also verify that an upstream subsidy equal to (s*)" = 5%/ (1 + 4“) is sufficient to restore efficiency. Because

A% > 4", this subsidy is now higher than in our baseline model, and it is decreasing in .

I1. Multi-Stage Production

We next develop a multi-stage extension of the model. We begin with a simple three-stage production process

with a downstream sector, a midstream sector, and an upstream sector. The technologies are given by
o= A (@)
Sy
z = Aty (@) (@9 7)

w= A ) () @)



Using the fact that, in a decentralized equilibrium, we have

PIQ? = wL;
+’yd

Q' = Aty @)

Poe () (e )T
PmQ™ = (1-0a)PQ,

we immediately obtain
LY =alL.

Next, because

rPmQm = (1-a)wlk;

m

14+~

Qr o= A (@mT@y'Y)

m 1 w ’ P e m\B (Huy1—8 777”.
o= = (5) () (erer) T
P = (1-B)PUQ",

we obtain
L'""=p(1l-a)L, and L*=(1-8)1—-«)L.

Now consider the planner problem

1+’yd

d _ 4d A\ [ Amy1—a
Jm, @=at ()T @n'™)
1+‘y’(l
s.t. Qm —A™ ((Lm)ﬁ (Qu)l—ﬁ)
Qu — A% (Lu)1+’yu
LY+ L™+ L% =L.
which delivers
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L) = ara—aarmBra-paryy AL
mak 1+9™ o

L = et era—parm b
(9" = ! al.

at+(l—a)d+y™)(B+1-F)1+")

Notice that the gap between the socially optimal and the market allocation of labor is higher the more

upstream the stage. Does that mean that subsidies are higher, the more upstream a sector?



Consider the following key conditions identify a market equilibrium with subsidies:

Pde wl — SumQm _ SuPuQu

1+’yd

Q' = AL @)
Po= () (e > (9 @) "

o l—«
(1—s")PmQ™ = (1-a)PiQ?

on = am (@)
= e (5) () ey
(1-s")P Q" = (1-p8)PrmQ™

Note that . C s
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We thus have that the subsidies s™ and s“ need to satisfy

o 1
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and

5((1:072) _ 14~m B(1—a)
I+ 2 (l—a)+ 20 (1 —a) at(@-a)(1+y")(B+1-B)1+79") ’

which delivers "

u

As is clear from this expression, subsidies in all sectors producing inputs are positive, but notice that subsidies
are higher upstream relative to midstream only if v* > ~™, i.e., only if the scale elasticity is higher upstream
than midstream. This contrasts with the results of Liu (2019), who finds that optimal subsidies should
necessarily be higher, the more upstream the sector. The reason is that, unlike in Liu’s work, we solve for
first-best subsidy policy: when the government can only set subsidies in one sector, the size of the subsidy
would be higher, the more upstream the sector, because as we have seen above, the gap between the social
optimal and market allocation of labor is highest in the upstream sector.

11



B Open Economy Model: Details on Derivations

B.1 Open Economy Equilibrium with Internal Economies of Scale

In this Appendix, we outline the equilibrium conditions corresponding to the two-country model featuring
internal scale economies, product differentiation and monopolistic competition outlined in section 3.1. We
will then work with these equations in Appendix to demonstrate the isomorphism claimed in Proposition 3.

Import tariffs on the downstream sector create a wedge between consumer prices in country ¢ and producer
prices in country j. More specifically, given CES preferences, consumer prices in ¢ for goods originating in j

are given by:

w 11—« d
d a0 al (%‘)O‘ b L+t7 4
L= (1) —— (L = B.1
Pji = ( +l)a—17— A;l e 11—« l—v;lp” (B-1)
Similarly, import tariffs on the upstream sector create a wedge between the price paid by final-good producers
in ¢ for inputs from j, and the producer price for those inputs obtained by suppliers in country j. In particular,
we have
Jwi 14+t

U u 0 7 ~U
P = (1+1t) 9-17 Av 1 pulii (B.2)
j j

In equation (B.1), the price index P! is given by

?

pr=| 3 ()T, (B.3)

JE{H,F}

with
b=

u Mju o 1-6
Pl = /0 (0 (@) dw] : (B.4)

When setting j = i, the above pricing equations also characterize domestic prices in country j after setting
td =t =vd =¥ =0 and 7¢ = 7% = 1. Note that p, = p¢ and pl = p%.
Next, utility maximization implies that when consuming country j varieties, consumers in ¢ allocate to

each variety w a share of spending equal to

P () g (@) <pga- ® )

dd d
Pji i sz’

(B.5)

of their total spending on country j varieties, where

dei = ./0 ' (p;iz (w))l_o dw] N . (B.G)

Consumers’ (aggregate) spending on Home and Foreign varieties is in turn determined by

1—0o
PiQd — (Pﬁ) (wiL; + R;) (B.7)
J1 %1 Pid 144 1)y .
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where Pid is the aggregate consumer price index in ¢

S DI B3

JE{H,F}

and R; is tariff revenue, which we have defined in equation (10).
We now turn to profit maximization by downstream producers in country i. First note that free entry
implies that firm revenue (net of tariffs) will equal total costs, and that a share of those costs will go to pay

labor. As a result, labor compensation by each final-good producer in ¢ is given by

1—od

d ~d d i ~d d

wilf =« (piiqii + dPijQij) . (B.9)
1+ £

Next, when purchasing inputs from upstream producers in country j, final-good producers in country ¢, will

demand an amount of each variety w from country j equal to

-0

Dji
qj;(w) = Qf; () <j> :
ji Ji Pﬁ‘

while aggregate spending on all country j’s input varieties is given by

da 1=vf 4y P e d
PLQY; = (1 — o) | pgis + z‘~“Q'.‘ (P]“) M. (B.10)

i

Aggregate spending on Home and Foreign intermediate inputs in country ¢ is then given by

1 -
PrQY = (1—a) (ﬁzqz N wqug) v (B.11)

Our final set of equilibrium conditions impose market clearing. First, labor-market clearing in both
countries implies that
Li = M{¢ + Mpey, (B.12)

where /¢ is given in (B.9), and (% = (f* + z¥) JA®.* Second, goods-market clearing imposes
@ + i, = ¢ (B.13)
and
d_u d_uw uw __ _u
Mg + Mit"q; = xi'. (B.14)

Note that free entry upstream and downstream implies that firm revenue is equal to total costs, which
delivers

W=Dl at=0-1)f (B.15)

for i = {H, F'}. Firm-level production levels are thus independent of tariff choices, and the only way in which

tariffs can affect the allocation of labor across sectors is by changing the measure of firms in each of the two

4Naturally, equilibrium also requires trade balance, but this is ensured by the other equilibrium conditions outlined
in this section.

13



sectors. As a result, optimal trade policies will seek to achieve a social-welfare maximizing allocation of labor
across sectors, with no concern for the allocation of labor within sectors (across fixed costs of entry versus
marginal costs of production).

Despite the simple structure of the model and relatively simple equilibrium conditions, an analysis of how
the market equilibrium is affected by input and final-good tariffs set by the Home country is complex, so we
begin by considering the special case in which downstream production only uses inputs (and no labor) in

production, or a = 0.

B.2 Equilibrium of Isomorphic Competitive Economy with External Economies
of Scale

In this Appendix we prove the isomorphism claimed in Proposition 3. More specifically, our goal is to show
that equilibrium conditions of the decentralized equilibrium of the two-country model in section 3.1 featuring
internal scale economies, product differentiation and monopolistic competition can be reduced to a set of
equations identical to equations (14) through (21) applying to the competitive model with external economies

of scale developed in this section.

Preferences We begin by noting that given symmetry in final-good production, we can express preferences

as
M(i
- g ()]
JjE{H,F}
= | M + M) ]
N =2\ 7T

= (( &) 7 +(ji)”)

where

d= (M7 gl QL= (M ¢ (B.16)

J

Starting from (9), we have thus derived (11), which are preferences in the isomorphic economy with two final

goods (a Home one and a Foreign one) and external economies of scale.

Labor-Market Clearing Next, remember that (¢ and ¥ are the firm-level amounts of labor used

downstream and upstream to cover fixed and variable costs. Hence, defining

L¢ = M&d, LY = MMy, (B.17)

(B

we have that equation (B.12) in the monopolistic competition model implies equation (14) in the external
economies model, or
L; = M&¢ + Mey = LY + LS.

Upstream Market Clearing and Upstream Endogenous Productivity Next let us define

b= MEMYTT gl QY = M (MY gl (B.18)

)"
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Given these definitions in (B.18), and given the definition of the input aggregate Q¥ (w) in the monopolistic
competition model, that is

M 01 o
Qiw) =] Y (/0 q}%(w')f’dW> , 0>1, ie{H F},

JE{H,F}
we have that the total usage of inputs by firms in country 7 is given by

6—1 0—1

Q= Mﬁczﬂw):[M;‘(qx)e v (q;w]“

[(Mﬂ ey gg) T+ ()7 () ] :

[( 8T+ ( }2)"}“7 (B.19)

and thus is analogous to a CES aggregator of only two inputs: a Home and a Foreign one, as defined in
equation (B.18). These inputs are either produced domestically or are imported.
Now consider the domestic production of those inputs. Let us start from the definition of upstream

technology in the monopolistic competition model, that is
i+l (w) = A (w), we0,M}], ie{H, F}.

Imposing symmetry and firm-level output in equation (B.15) — i.e., ¥ = (6 — 1) f* —, and invoking the
definition of L} in (B.17), we have

Ay 0—1
X} = (Mz“)"%1 xy = (szu) 0-1)f (L?)% (B-20)
or
Xp = AyFr () = Ay (L)'

where .

_ Au\ 71

AY = : 0—1)f;

() o
and
V=1/(0-1).

Because this domestic production X}* is sold domestically or exported, we have
_ L
ALIHTT = Qi+ Qs

K

which corresponds exactly to equation (15) in the external economies model.

Downstream Market Clearing and Downstream Endogenous Productivity We can proceed

analogously for final-good production. We begin with the definition of technology in the downstream sector

15



in the monopolistic competition model:
fltal(w) = Al w)Qiw)!'™  welo,M], aecl0,1], iec{HF}

Imposing symmetry and (B.15), we obtain

Ad —a
M = L Ore )" (M1QY)!
or ;
A
Xt = (M) af = A @9@0@f(<zf?+<;)e) ) s
where

_ Ad\ 71
m=(2) " o=

This aggregate output X¢ is sold domestically or exported, and thus

d
o(1—a)\ Y
0—1 =

e (e @) ) —eial

where
=1/(c—-1).

In sum, starting from the monopolistic competition model, we have derived equation (15) in the external

economies model.

Trade Balance Consider next the trade balance condition. Starting from the monopolistic competition

economy, we have

d 7 ~d
Pii_ppagt ¢ P ppanpugn - P ypaga p” MM (B.22)
T gd oGt MM G = T a Mty Ty i

which equates the import revenue in ¢ paid to exporters in j with export revenue collected from j by producers
in 4.

Now from equations (B.5) and (B.6), notice that we have

P () gl (@) <p;z- ® >

dd d
P55 P
and 1
d fers
J l1-0o
dei = / (p;'li (W)) dw] )
so given symmetry, we have
d d
P = (M) (B.23)
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and )
d Hd d\o=1 . d d\o=T d d.d d
L7 ji:(Mj) lpjiX(M‘) 1qii:Mjpjiqii~

3
Similarly, for inputs
s o
PLQ5 = (M]u) 0 pY; X M (M)7= qj; = p?iMidM;'Lq;‘lr

This implies that we can write total imports in the trade balance condition (B.22) as

d
bji d 4 Fji uw — pdod 4 puou
I R B

1

which corresponds to the left-hand-side of the trade balance condition (17) for the economy with external
economies of scale after noting that dei and Pﬁ- are the prices collected by country j (or Foreign) exporters
(not those paid by domestic or country i consumers).
Now consider revenue from exporting final goods. Notice that, regardless of whether the Foreign
government imposes import tariffs or not, we have that export revenue is
RN

ﬁy.
M2 ij
T o 1% T

MM g

Prices paid by country j are pf;/ (1 — vf) and ¥/ (1 — v}*), so following analogous steps, the right-hand-

side of (17) becomes

pd pu _ _

(] d vJ u _ pdnd U YU

—d Qi T Qi = Py + P,
[ [

1

where ]5% and }5;; are the prices paid by country j (or Foreign) importers (not those paid collected by country
i exporters).

Note: In the main text, we denote Pﬁ-, 15;-‘1-, 155-, and 15;; as simply del-, P, P{j-, and F;;. We do so not to
clutter the notation, but these are distinct from the price indices applying to the monopolistic competition

model, which are always built based on prices paid by consumers, regardless of their country.

Optimality Conditions We have so far shown that the four ‘resource’ constraints (14) through (17) of
our isomorphic economy can be derived from our baseline model with monopolistic competition and internal
economies of scale. We next turn to an analogous derivation for the optimality conditions (18) through (21).

Given our functional forms for utility and technology, these optimality conditions in the model with

external economies of scale are given by

d 7 1—vd) P4
(%) - 5% o

< ) - o may
v (4T Py T
Jv 1 Jt
0 9(01_01) 1 ( )9% (1 ,Uu)]Bu
A o o1, e e “ — ) Py
a-adt(w) (@07 + @) T g e = iy @
QYT +(Q%) Y
0—1
| W) 1
fQn T+ (@) :
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Optimal in Final-Good Consumption Let us begin with the first one, equating the marginal rate of
substitution in final-good consumption to relative prices. Given equation (B.7) in the model with monopolistic

AN
o \ri)

where Q%,, Q4 dei and P]% are defined in (B.18) and (B.23). Thus, we have

Jjir g
- d\ pd
i U:Pg:(l_vi) ij
Q?i dez (1 + T’Ld) jC{i7

where P = (1 - vid) Pg because of the indifference between selling domestically or exporting to country j

competition, we have

|~

.

(remember that, in the external economies of scale model, Pg is the price paid by consumers in j for final
goods from 7). We have thus derived equation (B.24), which corresponds to (18) in the external economies of

scale model.

Optimal in Input Consumption The derivation of equation (B.25), equating the marginal rate of
substitution in input consumption to relative prices, is completely analogous. In particular, from equation

(B.10) in the model with monopolistic competition, we have

-0
Lo (P)
Q;'Ji Pjui

4, Pji and Pj; are defined in (B.18) and (B.23). Thus, we have

u
jir s

where Q

w) 7 opr (1-w) Py

where P} = (1 — vf) 15;} because of the indifference between selling domestically or exporting to country j

(remember that, in the external economies of scale model, P;; is the price paid by consumers in j for final
goods from j). We have thus derived equation (B.25), which corresponds to (19) in the external economies of

scale model.

Optimality Domestic Input Allocation We next move to the third optimality condition (20), which
equates the benefits of exporting domestic intermediate inputs with the benefits of using those additional
domestic inputs to produce an additional amount of the final good that is in turn exported.

We begin with equation (B.11), and note that aggregate input use in country ¢ in the monopolistic

competition model is given by

U YU ~ 1- Uid ~
PQ¢=(1-a) (p%qgi +7 dp?jqu> M. (B.28)
+

d
To reiterate this, note from (B.2) that %jﬁfj = 79pd, and plugging in equation (B.13), we obtain
i

PrQY = (1—a)pf; (¢ + %) M = (1 — o) plai M. (B.29)
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Next invoke equation (B.10) applied to PZQ? to obtain (after plugging in (B.28)):
puy 01
rar=rias(1h) (B.30)

Combining (B.29) and (B.30), we obtain:

puy 01
1-— dxd M = prQY [ =2
( Oé) pllzl K3 kX3 kX3 <PZu> k)
which we decompose as
0—1
=1 _o pPv
(1= ) x (3) 7 ot (017 af = ot () (B.31)

Now remember from equation (B.21) derived above that
o\ 1l—a7] =1
-z - « « -1 o—1\ 0-1
oy ot = |ty (2" (1007 + @) ) |

=1
and also from (B.23) that (M{)"~" pf, = P2, so we can write (B.31) as

0(1—a)

A N = RS = S e | L (P!
Pg(]—_a)A?(L{ii) (( i) ° +( ji) 9) QZ:PM<PZ> .

u puy
Q?(H“) ’

0—1 0—1

)
R a N uy St 6—1 1 o Z I
Pia-a) i) (@ @) T ge=r () T

which given the definition of Q¥ in (B.1) delivers

Now invoke (B.10)

to obtain

A o o1 o1\ T u) S
P -0 at 1) (@0 + @) T) T Gt
(QE) T +(QY)°

The final step is to note, as we did above, that indifference between selling domestically and exporting,

delivers P = (1 — o) }53 and P = (1 —vf) P, where remember that }53 and ]5;; are the prices paid by

170
country j residents. In sum, we have derived equation (B.26), or

6(1— 0—1 —

e (it o S5 QT (1) Py
(- a2 (@) +@)T) T G -
( ) ( J) QY (QZ)OT"‘( ;Ll)T (I—Ufl) Pi‘j-

Optimal Labor Market Allocation We finally tackle the fourth optimality condition, associated
with the optimal allocation of labor across sectors. We begin with the firm-level monopolistic competition
model, equating the wage paid in both sectors. Because of free entry, total revenue upstream must equal total

wage payments, while in the downstream sector, wage payments are a share « of total revenue, as indicated
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in equation (B.9), or

~d od o 1=vf =d d ~u A rd 1} Sy 3 rd
a (piiqii + 1+t;§ pijqij) i Mg + 1+t;@ pisMi g

Iz e

1—v

¢ sd d,d 1
Dy = 7pf; (and analogously
5

1;:;3 Py = TUpt), and plugging in

Now noting that from (B.2), we have

equations (B.13) and (B.14), we have

d .d U U
apdxf piat

ui _ Pui B.32
04 £} ( )

Next, invoke the price index definitions — see equation B.23) — as well as the definitions L¢ = M2¢¢ and
LY = MM, to write (B.32) as

x? Midﬁ u
apt )Tyl

Next, plugging (B.20) and (B.21), delivers

]
U\ G=T U
M) @
LY ’

K2

11—«
an ~ «@ o -1 6-1 % N
P A (n) ((L?) (@)™ + @)™) ) - PAY,

(3

where remember that A% and A% are defined in equations (12) and (13) in the main text.

The next step is to note, as we did above, that indifference between selling domestically and exporting,
delivers P = (1 —vf) P& and P4 = (1 —v{) P%, where remember that P and P are the prices paid by
country j residents, so we have

9 11—« —
g ~d d\ @ d\ & 9;1 u % T — Auwﬁ
LdAi (Lf) ((Lz) <( 57+ (Q5) ) ) =4 (1—v) P

(2

The final step is to plug optimality condition (B.26) and cancel terms to obtain

1 uy g
%:(I_Q)Agi ( “)

0— 19
2]

Q@)™ + (1)

which corresponds to the last optimality condition (B.26).

This completes the proof of the isomorphism claimed in Proposition 3.
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C Optimal Trade Policy for a Small Open Economy with No

Domestic Distortions: Derivations

C.1 First-Best Policies

We begin by characterizing the solution to the program

max U (Qfyy: Qfn)

st AYLp = Q% + QY

Ad d u u
AHF ( HH» <" FH

-1 5 U w \—% pu u
PEyQby + PhyQty = Qb p(QYp) ™7 Pip (Qbr) " + Qp (Qip) ™ Pip (Qfp)

where A%, and A% are given by

and

respectively. We also note that

U (Q%{H’ Qty)

and that

) = Q%u + Qbr

d

Al}{ = A?{ (Fd (Q%Hv Q%H))7

I
7 N\
O

T
z
q
al
+
)
&
z
!
N——
1

F Qs Q) = (@) ™ + Qi) ™)

but this will prove immaterial for the derivations below.

We first write the Lagrangian of this problem

U (Q(IifH’ QdFH) + Lty {Aqﬁ (LH>1+WH - Qfn — QT;IF] + Hd [A?{ (Fd (Q%{H7Q%‘H))

14y?

=

)

Q- @%F]

s [ Qb (@) P (Qhr)” + Qi Qi)™ i (@) — PhyQby — P @]

The first order conditions associated with the choices of Q% 5, Q% y, Q% py QY% y, Q% g, and QY. are as

follows:

Ugs, . (Qfrn, Qb xr)
Uqs,, (Qfw,QFr)
Hd

™

urePry

M

Had

,UTBPgH
oc—1
Z__ " pd
HTB pu HF
d
- ¥
Hd (1 + Vd) A(Jiq (Fd (Qfrs Q%‘H)) FggH Q¥ Qrm)
d
1 u u v u u
pa (L+7%) Af (F Qg QFm)) Fou (Qtrw, Qbp)

6—-1_,
;U'TBTPHF
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Dividing equation (23) by equation (C.2), and plugging in (C.3), we obtain obtain:

UQEH (Qtli-IHvQ(Ii:‘H) UT—lng

UQ‘}DH (Q?{H’Q%H) B PgH 7

which corresponds to the first optimality condition (23) in the main text.

Next, we divide equation (C.4) by equation (C.5), and plugging in (C.6), delivers

ch}‘rw (Qtm: Qem) QE%P}‘IF

Fg, Qum Qbm)  Pin

which corresponds to the second optimality condition (24) in the main text.
Finally, combining equation (C.4) with the ratio of equations (C.3) and (C.6) produces
d\ Ad d u u v d u u 0;% PIT-lIF
(1 +7 )AH (F (QHHvQFH)) FQ“HH Q¥ QFr) = 573 pd
% YTHF

o

which corresponds to the third optimality condition (25) in the main text.

C.2 Generalizations

As demonstrated in the derivations in the above Appendix C.1, we have made no use of the properties of the
functions U (Q% 7, Q%) and F? (QY 4, Q% ). In particular, we could assume that

9H

U (@ @hn) = (@) 7+ (0h) 7 )

and that

6

FO QY Q) = ((Q%Hf’gf?l Q) ) ”*1,

with potentially o # o and 0y # 6. It is clear from the derivations in section 4.1 that the first-best trade
policies will continue to satisfy

1+t = (1499 (1+7T);

L+tY = 14T;

1—vd = ”;1(1+7d)(1+f);
—1 _

1—vf = 09 (1+7T).

The only significant difference in this case is that if we want to invoke our isomorphism to claim that these
policies also implement the first best in the Krugman vertical economy with internal economies of scale, then
we necessarily need to impose v¢ = 1/ (0 — 1), and thus the level of the tariff escalation is closely related to
the degree of differentiation in the final-good sector. This is not particularly surprising, since love-for-variety

effects will be more powerful, the lower the degree of substitutability across final goods.
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C.3 Alternative First-Best Implementations

In this Appendix, we explore the structure of first-best policies when the set of available instruments includes
domestic production subsidies, domestic consumption subsidies, or domestic production/consumption subsidies

that only apply to domestic transactions.

C.3.1 Discriminatory Domestic Subsidies

We first consider the case in which the Home government has access to discriminatory domestic subsidies
5% and s%p that apply only to purchases of final goods and of intermediate inputs involving only Home
residents. The inclusion of these instruments alters the decentralized market equilibrium conditions (18), (19)
and (20) as follows:

UQ‘;’,H (Q%m Qf
UQ‘}H (Q(IiJHv Qfn

HH )
(L+14;) Py
Fé%H Q% Qbr) = (1= sty (1—v%) Py
F8u  (Qlry, Qby) T (Ut ty) Py
. 1 —vf) Py
Ad qu u u _ 1— u ( H HF.
HY QY (Quw Qrm) ( Strm) (1 _ v%) ng

Comparing these equations to those characterizing the optimal allocations, that is equations (23), (24), and
(25), it is clear that the first best can be achieved by setting

1+t (1-shy) = Q1+ (Q+1);
1+t = 1+T;
-1 -
1—vh = "0 (1+74) (1+T);
0—1 .

These equations illustrate that a downstream discriminatory subsidy is a perfect substitute for the downstream
import tariff (only the product (1 + t%,) (1 — 5% H) matters), while an upstream discriminatory subsidy
is a perfect substitute for the upstream export tax (only the product (1 —s% ) (1 —v},) matters). A
straightforward implication of this result is that, whenever 1+~ = ¢/ (o — 1), as imposed by our isomorphism,
the first best can be attained by setting (1 +t%) (1 — s%, ) =0/ (c — 1) and (1 — s ) (1 —v¥) = (0 — 1) /6.
Thus, the first best can be achieved with only discriminatory subsidies, or with a combination of a subsidy in
one sector and a trade instrument in the other sector. When only domestic instruments are used, we necessarily
have s¢;,; = 1/0 and s%; = 1/6. Whether or not the resulting first-best policies entail tariff escalation
depends on the level of the downstream domestic subsidy, since (1+t%) /(1 +t%) = (1+~%) /(1 = s45)-

C.3.2 Production Subsidies

We next consider the case of production subsidies s‘fq and s%; that apply to Home production of final goods

and intermediate inputs, regardless of where those goods are sold (domestically or exported). The inclusion

23



of these instruments alters the decentralized market equilibrium conditions (18), (19) and (20) as follows:

o Qbw Qfn)  (1—0f) PR
UQ‘i Qi Q) (1+1%) ?
o @l Q) (1) fir.
L Qi Qpp) (L +t5) Ppy
_ P
A4 FS, | Qi Qbn) = (b%)ﬁ_ﬁfi .
H

Comparing these equations to those characterizing the optimal allocations, that is equations (23), (24), and

(25), it is clear that the first best can be achieved by setting

1+t = (1-s4) Q1+ (Q1+71);
1+t = 1+T;

Toofy = T (L) (1 o) (14 7);
1oy = D).

Notice that, as long as s¢, > 0, the set of first-best policies will entail this subsidy and at least two additional

trade instruments. For instance, when setting s% =~/ (1 + vd), the first best can be achieved with this

production subsidy and two export taxes (1 — v = (0 — 1) /o and 1 — v = (§ — 1) /6), while setting all

import tariffs to zero. Alternatively, when setting s¢, = (1 +7%) /4" = (0 — 1) /0, the first best can be

achieved with this production subsidy and two import tariffs (t4 = 1/ (o0 — 1) and t% =1/ (0 — 1)).
Regardless of the actual implementation, the tariff escalation wedge is given by:

1+t
1+tY

f(lsz)(lJr’y)

C.3.3 Consumption Subsidies

We finally consider the case of consumption subsidies sjlq and s%; that apply to Home consumption of final
goods and of intermediate inputs, regardless of where those goods are purchased (domestically or imported).
The inclusion of these instruments alters the decentralized market equilibrium conditions (18), (19) and (20)

as follows:

L (Qhm Q)
UQd (QHHvQF )
FQ“ (QHHaQF )

L )

H’QFH

Af FQ“ Q¥ Qry) = (1*571)(7

These equations are completely analogous to those applying to the case of prouduction subsidies, with s

replacing s?{, so the conclusions that arise from it are also analogous.
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C.4 Second-Best Import Tariffs

In this Appendix we characterize the second-best import tariffs when the government only has access to
import tariffs upstream and downstream.

A. Second-Best Import Tariffs with Scale Economies

As mentioned in the main text, the second-best optimal allocation will seek to solve the same problem laid
out in section 4.1 expanded to include the additional constraint:

R Pd u *% P u
Al gy, (Qrap Qi) = i~ Qhne) 7 Pir (@)
HF  (QYp) "7 Py (Q%p)

Q=] o=

More specifically, the planner problem is now

max U (Q%H’ Q(Ii«“H)

st A%WLy = QY + QY p
ALFY QY g, Qby) = Qb + Qe )
U u -1 ra U U -3 U U
PIU«EHQ%H + PpyQipy = ‘;IF( (;IF) “ng (Q%‘F) +Qr (Qup) ° Pip (QFr)

7l u u
Ad qu ( u 7C)u ): (Q¥r) o Prp(QFr)
G T Q) # P (@)

D=

Q] <

where A%, and A% are given by
d

Allii = Allii (Fd (qu—IHa Q%H))7

and

u

Apy = Ay (Lu)"

respectively.

We first write the Lagrangian of this problem

U (Q?{Hv Q(Ii?H) + fh {f_llﬁ (LH)HWH - Q% — QuHF] + la [/_1?{ (Fd (Q%H?Q%H))Hﬂd

- Qb — Qe
+urB [Q%F(Q?{F)fipgzr (Qtli?F) ; + Q% r (QZIF)_% Prp (Q%F)% — PEyQ%y — P;T‘LHQ%H]

(QYp) 7 Php (Qtp)
( ?{FV%P}%F (Q%F)

Q= =

+uss A(}{Fg}g,{ (Q¥rm, Qpw) —

The first order conditions associated with the choices of Q% ;, Q% , Q% py QYy, Q%py, and QY are as
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follows:

Ugs,  (Qtrw, Qb rr)
Uqs,, (Qfrw,QFp)

Hd

[t

prePrg

[t

Hd (C.7)
/JTBPgH (C-S)
oc—1 1 1 P
UTB Pfip — psB=— PZIF (C.9)
OWgr 'gr

Hd (1 + Vd) Afy (Fd (Qfrm, Q%H))V Ffé};H (Qfru: QFn)

-H«LSBA?{ (Fd (Q%HvQ%H))’Y F&H (Qum Qrm)

. ng;H QY QFy) nguHH,Q;;H (Qtrr, Q) (C.10)
FO (@ Qbr) Py, Qi Q)
B d
pa (14+4%) Ay (F* Qb Qb)) Fy,, (Qirars Q)
B d
+usp A (F4 (Q?IH?Q%'H))'Y Fé%H (Qfrrr, Q)
oatan, @l Qbn) Py, ap, (@hn Qhn) (C.11)
F Qb Qbr) — Foy, Qi Q) |
0—1 1 1 Pyp
s Plip + psp (6.12)
o ~HF 0 QY Pirp

In these derivations, note that we have used

9 (Asa (P4 (@, Qb)) Py %H,stm)

Q¥

and

0 (4 (P Q- Qb)) By, @i Q)

— A (P Qb Qi) Ey Qs Q)

JEFSy Qb Qbr)  Fou o, (Qm Q%HW

F QY Qfpr) Fé;m( Y Q)

X

9Qky

= A4 (FY(Q%u, Qtn))" Fou (Qtiy, Qbr)

Fou, Qb Qbn)  Fou ov, Qi Q%HW

o QFn
FUQyw QFw)

X
Fg)”HH (QuHHaQ%H)

From equations (C.7), (C.8), and (C.9), we obtain:

Ugt,, (@ Qbu) _ Piy ( o usp 11 P;;,F)
UQj{,H (Q%H’ QdFH) Php \o—1 pfa 0 —1Q% Py

Because in a competitive equilibrium with import tariffs we have

Ugs,, (Qn Qfn) P
Uor Q% Q) (1+1h) B (€13)
Q4 \Wrm WrH HF
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we can establish that
psp 1 1 Pyp

1+t = : C.14
oc—1 Ld U_leHFPIU—lIF ( )
Also, note from equations (C.7) and (C.8), as well as (C.13), that
d
1404, = Bl (C.15)
Hd
In a competitive equilibrium with import tariffs, we also have that
d
FQ’;IH( fri Q) B Py p (C.16)
d u u - u u .
FQ;H( e Qb)) (L+1) Pog
Furthermore, the last constraint in the planner problem can be written as:
1 u u 74 u u Py
Ai*l{ (Fd (QHH7QFH)) Fé;m (Qtrm, Q) = ﬁ' (C.17)
Now combine equations (C.11), (C.15), (C.16), and (C.17) to obtain
d u u d u u
1+t g4ty 1SB dFQ};H Q¥ Qrr) FQ};H,Q;H Q¥ Qrn) (C.18)
[y v |\ F Qb Qi) Fdy Qi Q)

We next work with equations (C.10) and plug in (C.11) and (C.17) to obtain

FSu (Qrps Qfpr) P
Qun HH> ®FH HF
prePpy = lby + [LSB
Fg. ) Pip

Fdy ou Q. Qi) Foy gu (Qhy Qi)
(@ @ e Qi Qi) Fdy Qe Q)
And plugging p,, from equation (C.12), we get

F§ Qb QFr)  Fou ou (QhmQim)
HH’“HH

%Ql + Can®rn _
u qu u , u Fd“ u , u
UT B o HF QY (QHH QFH) QY (QHH QFH)
P - Fd u u
HsB PZIF Pu Chy (QHH’QFH) _6-1 Pu
HF FH [ HF

Fau (QinQin)

Invoking equation (C.16) we can simplify this last expression further to

d . d
11 n FQlIfIH’Q}i:‘H Q¥ QFr) B FQuHH’QuHH(Q%H’Q}H)
u d " ” ¥l — -
HUTB g 0 Qfp FQ%H(QHH,QFH) FQ;'IH(QHH’QFH)
s HE = T— (C.19)
HsB ) =

The three equations (C.14), (C.18), and (C.19) are sufficient to characterize the properties of second-best

import tariffs. In particular, these equations can be reduced to

o 1+t 0—-1 A
14+t4 = — {Htf ; (1+t‘}{)]0 (C.20)
H
1+ 4 a . [1+t 6-1 I\ B
= 1 - —— 1+t = C.21
L+t AR el G et (G.21)
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where

1 1 Py
A = o >0
0~ 1Q%4r P
o aFBy, @ Qba) | P&y, 0, Qi Qbn)
FUQ¥w QFpr) Fgu Qi Qbp)
c - 11 nguHH,Q;H (Qfn, Qen) B Fé;H,Q;{H (Qra Qrm)
Qe Fh Qb Qim) Fy Qi Qi)

Using

6
6—1

F Qb Q) = (Qir) ™ + Qb))

it is easy to verify that

u u u u 6-1
5o ety Qi Qtn) | Foy, op, Qi @n) < d+1) 1 (Qfrp) ° >0
- d u u d u u - u 6—1 0—1
FHQYyu: Qrn) FQ;H (Qru> Qrp) 0 HH (Q% ) 7 +(Q%g)
o - 11 Fggng,Q;H (Qtrw> Q¥ ) 3 qug%H,Q;}H Q¥ Qrpr) _ 1( 1 N 1 > S 0.
0Qur | Fl, Qb Qi) Fd Qi Qbn) 0\ Qi | Qir
Now note that, manipulating (C.20) and (C.21), we obtain
o 1+t4 6-1 A
1+tf = " 1+t%) | =
T U—1+{1+t}‘{ g (+th)| ¢
1+t4 g [T+t 6-1 41 B
= 1 ——— (1+t%)| =
1+t R e (L+1h)| &
Solving this system delivers
d
o 1= g + 22 %
1 +t3'l1 = —-11 B gii A
g —ctw e
and fod
0-1A _ 6-1 51 B
1+t (14++%) 1+5%°¢ -7 5ic
Ty, V7 11 014 _B
H g C_C

Noting that 1 +~% = =75 in our isomorphism, immediately implies

o
14+t > ——
i oc—1

and

1+t d o
>1+qt= 2
e T

This proves Proposition 6.
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B. Second-Best Import Tariffs with No Scale Economies

Given the above derivations, it is straightforward to prove Proposition 7. Simply set v¢ = 0 in the system
(C.20) and (C.21), and obtain

B, o—1A
and
1+, 1+ 558 -G g
Tty 148242

d
From the second equation, is is clear that ﬁif > 1 if and only if 00%1% < 1, or 0 > 0. Furthermore, when
H
0 = o, we have
o
1+t =14+1t% = =

0
c—1 6-1
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D Optimal Trade Policy for a Small Open Economy with Domestic

Distortions: Derivations

D.1 First-Best Policies with an Upstream Production Subsidy

We begin by characterizing the solution to the program

o—1

wisx U (@ Q) = (@)™ + (@) ™)

st. LY+ LY =Ly
{1?1 (Ly) Ly = Q% + Qfp
Aty (F* (L Qs Qkn)) P (L Qb Q) = Qo + Qi

U u -1 T U u -2 U u
PiyQby + PipQby = Qb p(QYp) 7 Php (Qbr)” + Qe (Qr) ™ ° Php (Qhp)?,

=

where AY% and A% are given by

d

Al = A4 (F (LY, QY. Qby))”

and

u

AIIL{ = AIIL{ (LH)’Y )
respectively. We also note that

o—1

U QY Q%y) = <(QCIZJH) 7+ (Q%H)oal> .

and that
F (L Qs Q) = (L) (@Q1) ™ + @) ™)

but this will prove immaterial for the derivations below.
We first write the Lagrangian of this problem

U (Q(}{H’ Q%H) + UL [LH — Ly — L%I] + Hu {Alﬁ (LH)HW” - Qfn — Q?IF}
+pq [A?{ (Fd (chl{, Q¥ Q%H))Hw — Q% — Q(}{F]
+urs {Q%{F(Q%F)_%PgF (QdFF) : + Qur (Q%IF)_% Ppp (Q%F)% — PpQby — PTFLHQ%H} .

The first order conditions associated with the choices of Q% 5, Qky, Q% p, Q% gy Q%yy, Q% p, LY, and LY
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are as follows:

Ugs (Qfrm QFr) = 1a (D.1)
Ugs,, (Qhm, Qbr) = nrePiy (D.2)
i = prsl—tPi, (D3)

e = i (L4 2%) Ay (PO (L, Qi Q) e (L Qi Q) (D)

prePiy = (149 A% (F (LY, Qi Qb)) By (L Qi Qi) (D)

Hu = NTB%PﬁF (D.6)

pe = pu (149" A (L) (D.7)

e = pa (LAY Ay (P (LS Qi Qb)) Fly (L Qi Qb)) (D)

Dividing equation (D.1) by equation (D.2), and plugging in (D.3), we obtain obtain:

UQ}‘{H (QtliiHvQ(Ii?H) UT_lpng

UQ%H (Q?{H’Q%H) - PgH ’

which corresponds to the first optimality condition (23) in the main text.

Next, we divide equation (D.4) by equation (D.5), and plugging in (D.6), delivers

d d —
Fgo (L4, Qfp Qbn) 1Py,

Fg. (L% Qb Qry) Py

which corresponds to the second optimality condition (24) in the main text.
Next, combining equation (D.4) with the ratio of equations (D.3) and (D.6) produces
dY fd (pd (7d v ad d % Piip
(L+~7) Ay (P (L%, Q> QFn)) Fau (Lo Qtr: QF ) = o1 pd

o

which corresponds to the third optimality condition (25) in the main text.

Finally, from equations (D.7) by equation (D.8), and plugging in (D.4), we obtain
Fly (L Qs Q) = (L+7") Aty (L) Fly (L Qi Qi)
which corresponds to equation (31) in the main text, after noting that AY (L H)'Yu = Ay

D.2 First-Best Policies with Alternative Instruments

In this Appendix, we explore the structure of first-best policies when the set of available instruments includes
instruments other than domestic upstream production subsidies and trade taxes.

D.2.1 Discriminatory Domestic Subsidies

Consider first the case in which the Home government has access to discriminatory domestic subsidies 5%,

and s% 5 that apply only to purchases of final goods and of intermediate inputs involving only Home residents.
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The inclusion of these instruments alters the decentralized market equilibrium conditions (18), (19), (20),
and (21) as follows:

UQ%H (Q%IH’ Q%H)

v p; = (1_SCIl-IH)7d d
F&, (Ll Qb Q) (1 sy L= vi) Piip
. (L Qi Q) (U ) Pi
Ad od d u u _ u (1 —vg) Php
APy, (L Qtur Qbn) = (L= shn) (7= Gt
1 .
Fia (L Qi Qin) = %A“( i) Foy,, (Ui Qi Qi)

Comparing these equations to those characterizing the optimal allocations, that is equations (23), (24), (25),
and (31), it is clear that the first best can be achieved by setting

(i) (=) = (49" (1 +T):
1+t = 14T
-1 _
L—vf = o= (149" (1+1);
01 _
(I—shy)(1—vg) = T(l‘f‘T);
1 61
1-s%y N 0

These equations illustrate that a downstream discriminatory subsidy is a perfect substitute for the downstream
import tariff (only the product (1 + tj{,) (1 — s‘}i H) matters), while an upstream discriminatory subsidy is no
longer a perfect substitute for the upstream export tax, as it was in the case in which a = 0. More specifically,
because the first-best calls for s¥,; = 1/6, we must necessarily have

1—v =1+t4 =1+T.

A straightforward implication of this result is that, whenever 1 +~¢ = o/ (o — 1), as imposed by our
isomorphism, the first best can be attained by setting (1+t;) (1 — s4y) =0/ (0 —1), 1 =55 = (6 — 1) /6,
and v¥% = v = t% = 0. Thus, the first best can be achieved with only two discriminatory subsidies,
or with a combination of an upstream subsidy and a downstream import tariff. When only domestic
instruments are used, we necessarily have 54, = 1/0 and s% = 1/6. Whether or not the resulting

first-best policies entail tariff escalation depends on the level of the downstream domestic subsidy, since
(1448) / (14 8) = (1479) / (1= sthy).

D.2.2 Production Subsidies

We next consider the case in which the Home government uses a nondiscriminatory downstream production
subsidy s% in addition to a nondiscriminatory upstream production subsidy, as in our baseline implementation.

The inclusion of this instrument does not affect the market equilibrium condition (21), while it alters the
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decentralized market equilibrium conditions (18), (19), (20) in a manner analogous to the case o = 0, that is:

o Qb Qb)) (1—v§) Php

UQ‘i (QHHvQF ) (1 + t%[) Py’

L Qi Qi) (1—0Y) Php

L (QF QEy) - (L+ty) Py
A Fh, Qi Qi) = (1 o) V) D
o (1) Pip

Comparing these equations to those characterizing the optimal allocations, that is equations (23), (24), and

(25), it is clear that the first best can be achieved by setting

1+t = (1-s4) Q1+ (Q1+71);
1+t = 1+T;

Toofy = T (L) (1 o) (14 7);
1oy = D).

Notice that, as long as s¢, > 0, the set of first-best policies will entail this subsidy and at least two additional
trade instruments. For instance, when setting sﬁl{ =~/ (1 + vd), the first best can be achieved with this
production subsidy, the upstream production subsidy at a level s¥ = 7"/ (14 ~*) and two export taxes
(1—v4 =(0c—1)/oand 1 —v% = (0 — 1) /), while setting all import tariffs to zero. Alternatively, when
setting 5% = (1 +7%) /% = (6 — 1) /0, the first best can be achieved with this production subsidy and two
import tariffs (t4 =1/ (o0 — 1) and t% =1/ (0 — 1)).

Regardless of the actual implementation, the tariff escalation wedge is given by:

1+t
1+tY

(1_5H) (1+’Y)

When only upstream production subsidies and trade taxes are used, the first-best policies continues to feature
a tariff escalation wedge equal to 1 ++% = 0o/ (0 —1).

D.2.3 Consumption Subsidies

We finally consider the case of consumption subsidies s% and s% that apply to Home consumption of final
goods and of intermediate inputs, regardless of where those goods are purchased (domestically or imported).
The inclusion of these instruments does not affect the market equilibrium condition (21), as long as s¥ is set
at s% = 1/6. Furthermore, the decentralized market equilibrium conditions (18), (19) and (20) become:

o Qi QFn) _ (1-of) Py
(QHHvQF ) (1—|—t§l[) PgH’
(HHuQF) _ (1—vf) Php
u, (@t Q) (L+1%) Pry’
1—v}y) Py
AYFGy Qi Q) = (1—5%)21_25;19?
H HF
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These equations are completely analogous to those applying to the case of prouduction subsidies, with s%

replacing s% . but note that we now necessarily have s% = 1/6. As a result, replacing 1 +~+% = ¢/ (0 — 1), we
p g H» y H ’ p g ’Y bl

obtain
1+t = H;J(1+7ﬂ(1+fy
1+t% = 14T
1—o0d = 951@+Ty
1—vfy = 0;1(1+T).

In such a case, it is clear that the relative size of 1 + t‘}{ and 1+t depends on 00%1 (1 + ’yd) = %ﬁ, and

thus on the relative size of o and 6.

D.3 Second-Best Policies

In this Appendix we characterize the second-best import tariffs for the general case a > 0 when the government
only has access to import tariffs upstream and downstream. We first derive the key equations characterizing

tariff levels and tariff escalation, and we later explore special cases.

A. Second-Best Import Tariffs with Scale Economies: Key Equations

The second-best optimal allocation will seek to solve the same problem laid out in section 4.1 expanded to
include the additional constraints:

R Pd Qu —% Pu u
A, Qi Qi) = it = el Phe (3Ee)
HF  (Qyp)” 7 Pep (QFF)

Q= =

and
Ffy (L%, Qg Qi) = A" (LY) FGy | (LY, Qbrn, Qn) -

Second-Best Planner Problem and First-Order Conditions More specifically, the planner sets
{L?—Iﬂ L{Ijab Q?{Hv Q%H? Q%IFﬂ QuHHv Q%Hv Q%F} to

o—1

w0 (@ Q) = (@) T + @17 )

st. L%+ LYy =Ly
Aty (L) Ly = Qy + Qi
Agp (P (L, Qb Qb)) F* (Liy Qi Q) = Qo + Qi
PRuQby + PiyQty = Qhp(Qhr) 7 Php (QFr)” + Q¥ (Q%IF)_% Py (Q%‘F)%

AdHFgu (Q%H7Q7}L’H) — (Q?IF)iéP;F(Q;‘F)%
HH E

Q)7 Pio(Qhr)7
Fg% (L%Iv 1}1‘IH7Q11{3‘H) = Au (LTI{I) Fg;m (L?{’Q%IH,Q%H)
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where A% and A% are given by

d

and
Ay =A% (Ly)

respectively.
We first write the Lagrangian of this problem

U (@ @) + s [y (L5 = Qs = Q] + o | A (7 (L. Qbr Q) ™" = Qi — Q|
+uTB :Q?{F(Q?{FV%PI‘«ZF (Q%F) ¢ + Q% r (Q?IF)_% Pypp (Q%F)% - PyQfy — P;HQ%H]

(Qp) " Pip (Qhp
( ?{FV%P}%F (Q%F)

N
Q=] =

+iusp A‘;{ngH (L, Qfrm, Qo) —
[l (L Qi Qn)
| FGu (L Qi Qb

+uLc

) - Au (LUH)]

The first order conditions associated with the choices of Q% 5, Q% g, Q% p, Q% g, Q% gy, Q% p, LY, and LY

are as follows:
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Ugs (Qfrm: QFr) = ta (D.9)

UQ%H (Q%IHaQ%H) = uTBPﬁH (D.IO)
o—1 1 1 Py
Hd = HTB i —HsB5d PI;F (D.11)
HF -~ HF
d
1 2l
po = pa(1+9%) A4 (F4()" Fde ()

tusp Ay (F0)" Fdy ()

o Fo, O Foy ey, )
YR TR, O
Py an, O Figy O Féy oy, 0
FC%”HH(.) 7F$1;IH(.) Fi. () ] (D.12)

Qi

+HLC

_ d
proPrg = pa(L+7) A% (F4()7 Fy ()
T, 0
Fd(.)
d . d (. d
Fraop, O Fig O Fgy op,
d a d
FE, () Fd, (O Fd, ()
0—1 1 1 P¢
u Py HE
H HTB ™ HFJFMSBGQ Pl
W) = eyt A (L) (D.15)
d
d )’Y ng[ ()

tuspAly (F ()" Fgy () x "

d
FQy au, ©)
FL ()

HH

()

+pLe (D.13)

(D.14)

pr = l‘u(l'i"Y) uH(
pr = pa(1++%) A4 (F
P

+NSBAH

()
R Rl 0+ R0

Fd Ld () FdeH () Fgu ()]

ANCI T o b

+thre (D.16)

In these derivations, note that we have used

(4 (0 0)" Py, )
Qi

A (F* ()" ()
ng}J{H () FC%HH’QQ;IH ()
TR Fd, ()

HH

X

and

0 ([1% (F1()" Fa, (-))

— A (FU) R, ()

Qg
Fé;‘H () FgHH Q ( )
X Vd F() + Fgu () .
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Useful Expressions with Our Functional Forms Remember that technology is given by

6(1—a
6-1 (9—1)
6

PO (L, Qi Q) = (L) (Qe) ™ + (@b ™ ) 7

and define .
(Qfw) ™
6—1

(Qu) T + Qi) T

u
THH

and

A u u 147
chjlr = AdH (Fd (QHHaQFH)) !

We next note that:

(L Q. Q)

Fo (LY Qirn: Qinr) =

LY
w u Fd<L(}{aQuHH’QuH) u
ng;m (L(JjﬁlaQHHvQFH) = (1-a) u - THH
HH
Y F4 (LY, Q. QF u
Fc%;H (L(IiinHHvQFH) = (1-q) ( = uHH FH) (I —7fm)
FH
w w Fd (L?{’Q%IH7Q%H)
Fg?aL?{ (L%, Qb QFn) = ala—1) L4 L4,
d d u u Fd (leq’ Q}L{H’ QIIL?H) Tr%IH u 1 u
FQ;,H,Q;IH (LH7 Qun QFH) = (1-q) w m TOTHH T g (1 —7irm)
HH HH
Fy on (L Qb Qi) = (1—a) F (L Q. Q) it Tt (1 - a)
QHH’QFH ’ ’ ’ ’ Q%H QuHH 9
Fd (Ld u Qu ) T
d d w u o i H><YHH»YFH HH
FLdH’QZH (LH,QHH7QFH) = a(l-oa) L’fq .
Fd (Ld Qu Qu ) 1— 7
d d . HYaH YFH HH
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First-Order Conditions with Functional Forms We can now plug some of the above expressions

into our first-order conditions

Ugs,, (Qfin,QFn) = pa (D.17)
Uge . (Qfm. Qbn) = proPiy (D.18)
o—1 1 1 P#
fa = pTB Pfip — psp——7— k. (D.19)
o Qyp Php
d d W%H X;—lI W%H d u u 1 u
o = (1497) (1= 0) X S + s (1 ) S22 S |y (1= ) wyy — amlyy — 57k
HH fn Qirn
1 a 11—7%
— 14 --__"HH D.20
+”LCL¢},(1—Q)[+9 e ] (D-20)
U 1—7Y w4 1—7% 1
prePpy = pa(l1+ ’yd) (1-a) X?ITHH +pusp (1 —«) Xﬁ,%fw {yd (1-a)+ (9 — a)}
Qfy wr QFm
a 0-11 1—7%, Q!
+uLc ~a uHH 5[H (D.21)
l—a 0 LY Q% Thy
0—1 1 1 PH
_ pu 1 HE D.22
Hu pre—p—Piip + ussy Qu Pi, (D.22)
pr = pu(L+9") AY (LY) = prey" A (L) 7 (D.23)
aXx? a(l—a) X4 14y a 1 I
pr = pa (1+7 +psp (1+7* IH — prc - (D.24)
( ) Ly ( ) Ly Qlrn 1—a LY LG iy

Manipulating the First-Order Conditions From equations (D.17), (D.18), and (D.19), we obtain:

Uga, (Qfw: QFp) _ P, ( o usg 11 PﬁF)

Uge (Qhm QFn)  Php \o—1 pa o= 1Q%y Php

Because in a competitive equilibrium with tariffs we have

UQ;H (Q?{Hv Q%‘H) - gy Py
; — = (1+75) B (D.25)
UQdHH (QHHa QFH) HF
we can establish that ) L pu
g usB HF
147184 = : D.26
T T T e —1qL, Pi, (D-26)
Also, note from equations (D.17), (D.18), and (D.25) that we have
Pd
147y = HIBHE (D.27)
Hd
and in a competitive equilibrium with import tariffs (but no export taxes)
d u u ”
Q. Q> Qrm) _ Py p . (D.28)
Foy Qi Qbm) (L 14) Py
Furthermore, the penultimate constraint in the initial optimization can be written as:
X R Q. Qi) = DT (D.29)
FI(Qyyy, Q) i I P '
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and the last one as

o nm _ Xp
—HA = D.30
l—any,LY LY ( )
Now combine equations (D.21), (D.27), (D.28), (D.29), and (D.30)
1+t¢ 7 1 -1 1 Pg
+fl+7d+“53”1ﬁ“‘1[yd(1a)+<aﬂ#“o a — HE (D.31)
1+t pa Q% g 0 pe 1—a 0 LY Php

We next plug equation (D.21) into equation (D.20) to obtain

T QY X& w1 1 a 11
P HH FH _ 1—a H HH = - - - _ =
wrBPrg %Hil_ﬂ-%]H fu + psB ( ) QU MLcLill_aeﬂ?IH

Next, plugging u, from equation (D.22), and invoking equation (D.28) and (D.29), we obtain

1 0—1 d THH 1 1 1 a 1 1
— MLC

1
Pipl—— T  gpr(1—a) X o« -
HTS HF[H% f } wsog =) X g, Qor T Qi I (0—a) by,

HH

Next, invoking equation (D.28) and (D.29), we can simplify this to

. 1 0—1 1. 4 Ty 1 1 « 11 1
pre Py |:u_:| = psp5Xp (1 —a) =4 ot e | T HLCT—Tr
1+ Ui o o1 ( ) Qfn |Qur  Qfn l-«a Lﬁlq Oy

And, plugging in (D.27). this delivers

1+ 6-1 :MSBl[ 1 1 ]_uLc a 11 1 P, (D.32)

- (14T + —
L+t 0 (i) pa 0 1Q%r  Qipm pa 1—a Ly 0mfy Php
We finally seek to solve for pupc as a function of usp. We begin with equation (D.15) and (D.24)

(L+9%) aX? psp L+7) a(l—a) X§ nfhy  prc 1 a 1 QY

Hu 74 u “ U AU u -
=AY (L) = + + [’Y Ay (L) T -

[hd (L+~%) LG pg 1+ LYy Qfy pa 1+ l—a LY LY iy

Next, plug equation (D.12) and using (D.30), we obtain

1+ 44) o X¢ 1+ 4 1 1(1— 7
1+ X%+MSB (1-a) H;THH ( V)Vu_ (1+( ;THH))
(1+~v) hd Q%y |1+ 1-« 6 w4y

- w11 urd 1 11— 7
d al+~ \ LY 1—a 0 7%y

which we can express as

(1+y) Q% (1+v)
fre _ o . (D.33)

A vel1_ 1 (2L 1 11-7y
Hd Ay (L) {E T+y® ( L;'IH - 1) T 1-a (1 +3 w};ZHﬂ

()" yra Xy | () o 1 1 (-mfy)
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Recap of Key Equations

1_"_7_% _ g HUsB 1 1 P}}F
o-1 pa 0 —1Q%y Php
144 1 6—1 1 Pé
-l (R (R IR e e S
1+t td Q% 0 pe 1—a 0 LY Php
Lm0y ey - psplf 1 1] e o 111 Pffm
L+ty 0 " pa 01 Qhyr  Qun pa 1—o LY 07, Php
()" vad |, & xgr | (4?) ) 1 (A=mf)
w0 ) S e ot (1)
- A “ y“LY 1-7
S T e RN (R

We have not been successful in proving any general results, so let us study some special cases.

B. Second-Best Import Tariffs with No Scale Economies

Given the above derivations, it is straightforward to prove that Proposition 7 applies even when o > 0.
Simply set 7¢ = 4% = 0 in equations (D.31), (D.32)and (D.33). First note, equation (D.33) becomes

Xt 1(-7gpy)
HLC  MSB (1-a) Qs {1 o (1 + ”}”;:IH

pa ma Ry (L) L4 ik (1+ jpha )]

and plugging (D.30), G
21+ l%

mrLc _ HUsB (1 —a)2 X%L?{ <7THH>

O HH 1+9WHH'

HH

Plugging this expression for “:—f into (D.31), delivers

1+t%(:1 1SB Ti (1_a)|:0¢+7r%1H(1_a):|
1+t% ta Q%w a+mlhy (0 —a)

And finally, plugging "lf—dc into equation (D.32) delivers

1+74 60— 1(1+ ) = ,U/SBl|: 1 1 (1—a)97r“IfIH)]
a

1ty 6 QYp QYo+l (60—

In sum, we can write the system as

g
L4miy _ oy, BsBp
1+t Hd
1+TI‘?I 0—1 d HUsSB
-— 1+ = =2c¢
1+ty 0 (L5 73) [t

where
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1 1 P
A = —— 4L >0
o—1Cyr Pip
7Tl}éIH (1 _ a) |:a+771;IH (1 _0‘):| 0
o a+ g (0 —a)
o 1{ i u1 (1—ua)97r}g,H ]>o
0 br Qi o+ iy (0—a)

s
|

So we have

o 14 7¢ 0—1 A
1+ -d _ FH _ 1 d 4
T TrH a1+{1+tuH g L+ 7rn) | &
1478y <1+T;iH 4 \0—1\B
T gy (T () T2
1+t% 1+t% 0 C
When solving this system, we obtain
c 0-1B |, 0—1A
l+rgy _1-55%ct5 ¢
u o B 0-1A ’
L+t l-e+5%¢

which is higher or lower than 1 depending on the relative size of o and 6. More specifically, when o > 6,
ﬁele < 1, and we have tariff escalation. But when ¢ < 6, then ﬁ% > 1, and we have tariff

de-escalation.

C. Second-Best Import Tariffs with No Scale Economies Upstream (7" = 0)

We next study the case in which ¢ > 0 but v* = 0 . In that case, equation (D.33) reduces to

oo XETEy {L( ;(14}‘”;))}
(1 Oé) Run 1-a 1+9 THH

HLc _ HsSB

Hd [ Au {1 L( 11*7%4)]
AH oz+17a 1+9 Ty

)

and we can write

a
1+7184 = 071+%A
Lt = 1+'yd+@B
1+t Hd
1474 6-1 d [sB
_P 1 _ HMsBg
T g (L H7H) i
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with

i 1 )
_ Thm d X%[1+§ ”}‘{I;{H)} -1 1 Php
B = m Y (1 Oz)+ 9—(1 + — PR 9 Tpu
HH Ay [%4—(1—&—% HH)} Ly Prr
i 1 (A=7%p)
o 1 [Ha - } o—1
= i {yd(l—a)-k(e—a)]—k - ( le_Tru) 7
HH [%4, (1+§ UHH):|
L H
_ Thm (l_a)W}‘IH(Q—l)—&—aa—l—w}‘{HJ(l—a) 50
HH (=1 (a(l=7fpg) + mhy0)
and
1(-7%y)
oot af (i) )
0Qhr Qunf

5+ (1 5 )
Given B > 0 and C > 0, it is then straightforward to use the same steps as in the proof of the & = 0 case in
Online Appendix C.4 to show that
o
1 d > —
tTH o—1

and

1+t

>14~%
1+t
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E

E.1

Data Appendix

Data Construction for Figure 2

US Tariff Data.

o We use US import tariff data at the 8-digit level from the US Harmonized Tariff Schedule (HTS)

available at https://dataweb.usitc.gov/tariff/annual. We use the most-favored-nation (MFN) ad
valorem tariff rate whenever possible. In approximately 25% of the cases, the MFN ad valorem rate is
not available and instead a “specific” tariff rate is applied such as “68 cents/head”, “1 cents/kg”, “0.9
cents each” etc. In these cases we perform an imputation by calculating an ad valorem equivalent tariff

rate using unit values obtained from the US Census Bureau.

In a next step we use the imputed ad valorem tariff rate to calculate applied MFN ad valorem tariff
rates for all goods, taking trade agreements between the US and other countries into account. This
is, we calculate the applied MFN ad valorem tariff rate as an import weighted average of the MFN
ad-valorem rate and the tariff rate that is paid by countries that are members of a trade agreement.’

US import data for the year 2015 come from the US Census Bureau.

Data on tariffs imposed in February and March 2018 on almost all countries (washers; solar panels;
iron and steel; aluminum) come from Fajgelbaum et al. (2020) and all subsequent tariffs imposed on
imports from China throughout 2018 and 2019 from Chad Bown (available here).

ROW Tariff Data.

e We use tariff data for 115 countries plus the European Union at the 6-digit HS code level from

the WTO Tariff Download Facility available at http://tariffdata.wto.org/default.aspx. We use the
most-favored-nation (MFN) ad valorem tariff rate which constitutes the simple average duty of all

products within a 6-digit HS code classification.

We use data on retaliatory tariffs imposed by China throughout 2018 and 2019 from Chad Bown
(available here). Data on retaliatory tariffs imposed by the European Union, Canada, Mexico, India
and Turkey stem from Li (2018). Using data on these tariff waves we adjust the MFN applied tariff
rates taking 2015 US export value weighted averages with US export data coming from the US Census

Bureau.

Intermediate and Final Goods Classification

e We classify goods into intermediate and final goods using the UN Broad Economic Categories (BEC).

The cross-walk between HTS10 codes and end-use categories is available here). We classify goods as
intermediate goods when their BEC code starts with 111, 121, 21, 22, 31, 322, 42 and 53. Final goods
(including capital goods) start with BEC code 41, 521, 112, 321, 522, 61, 62, 63. All other goods have

no classification.

®We currently account for the following trade agreements: Generalized System of Preferences (GSP, 41 countries),
The Agreement on Trade in Civil Aircraft (32 countries), NAFTA (3 countries), Caribbean Basin Initiative (CBI, 17
countries), African Growth and Opportunity Act (AGOA, 40 countries), Caribbean Basin Trade Partnership Act
(CBTPA, 8 countries), Dominican Republic-Central America FTA (6 countries) and the Agreement on Trade in
Pharmaceutical Products (7 countries).
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https://www.piie.com/blogs/trade-and-investment-policy-watch/phase-one-china-deal-steep-tariffs-are-new-normal
https://www.piie.com/blogs/trade-and-investment-policy-watch/us-china-trade-war-guns-august
https://unstats.un.org/unsd/tradekb/Knowledgebase/50090/Intermediate-Goods-in-Trade-Statistics

Tariff Fscalation Unweighted

e As alternative to Figure 2 which shows trade-weighted tariff rates, Figure E.1 displays an unweighted
version of the tariff increase on intermediate and final goods by the ROW on imports from the US

throughout the trade war and vice versa.

Figure E.1: Comparison ROW and US (Unweighted)

(a) ROW average tariffs on US (b) US average tariffs on ROW
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Notes: Pre: Tariffs in January 2018, Post: Tariffs in December 2019. Tariff data from WTO and USITC. Goods are
classified as intermediate goods when their BEC code starts with 111, 121, 21, 22, 31, 322, 42 and 53. Final goods
start with BEC code 41, 521, 112, 321, 522, 61, 62, 63 (including capital goods). All other goods have no classification.

E.2 Elasticity Estimation

We now explain the estimation of elasticities of substitution in the upstream and downstream sectors using
three different approaches: trade elasticity approach, sectoral markup approach and scale elasticity approach.

We present results for all three approaches and demonstrate how they differ.

Sectoral Markup Approach Our first elasticity estimation approach relies on sectoral markups.
Information on firm-level markups allow us to derive elasticities in a straightforward manner since equations
(A.1) and (A.2) illustrate that markup = % We thus compile data for this exercise as follows:

We obtain upstream/downstream sector classifications using WIOD. We use 2014 sales of the US to the
US and RoW to calculate the share of total sales per sector that goes to final consumers. We then classify a
sector as upstream when the share of total sales to final consumers is below the median across all sectors
and as downstream when the share is above the median. This yields a dataset which shows upstream and
downstream classifications for 87 sectors at the 2-digit NACE level (European industry classification). This
2-digit NACE data we combine with a NACE-NAICS concordance file that maps 4-digit NACE (we only
use the first 2 digits) to 6-digit NAICS. If there exists multiple NACE 2-digit codes for a NAICS 6-digit
code we choose the NACE 2-digit code that has larger total US sales. This yields a final dataset that shows
upstream and downstream classifications for 1,175 different NAICS 6-digit codes. This dataset we combine
with data kindly provided by Baqaee and Farhi (2020) (BF) based on 6-digit NAICS codes. The BF data
lists markups and sales for 31,683 different firms from 1978 4AS 2018. They provide three different types of

markups calculated based on a user cost / production function / or accounting profits method. We select their
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data between 2012 and 2017 and focus on the markups calculated using the production function estimation

approach. We further exclude firms that have markups smaller than 1 (14% of all firm-year observations).

Table E.1: Elasticities

mean sd min p5 p25 p50 p75  p95 max count
Upstream 443 426 1.10 1.15 1.60 2.75 5.04 16.50 16.50 11045
Downstream 6.44 6.05 1.29 146 244 4.03 7.49 2224 2224 14773

Notes: The table shows weighted mean elasticities for upstream and downstream sectors between 2012 and 2017 across all firms
in the WIOD that have markups greater than 1. Elasticities stem from the production function estimation approach. Weights
represent the share of firm sales in total sales. We winsorize elasticities and sales at the 5-95th percentile by sector.

markup

and winsorize elasticities and sales at the
markup—1

We then calculate firm-level elasticities as elasticity =
5-95th percentile by sector. Finally, we calculate weighted mean elasticities for upstream and downstream
sectors across all firms where weights represent the share of firm sales in total sales. Table E.1 presents

elasticities for upstream and downstream sectors pooling all years from 2012 to 2017.

Trade Elasticity Approach In our second elasticisty estimation approach, we estimate elasticities
in the upstream and downstream sectors by measuring the response of imports in the up-and downstream
sectors to changes in import tariffs. More specifically, we calculate the changes in US import values in both
sectors during the US-China trade war (January 2018 to December 2019) that raised US import tariffs on
upstream goods by 4.1 percentage points and downstream goods by 4.4 percentage points. We obtain data
on import values at the country-HTS10-month level from the US Census Bureau’s Application Programming
Interface (API). Data on US import tariffs is constructed as described in Section E.1.

We regress 12-month log changes in import values on 12-month log changes in tariff rates via the following

regression specification:

Aln(vijt) = Qjy + i + 5Aln(1 + Tav"iffijt) + Wijt (El)

where ¢ indicates foreign countries, 7 denotes products and ¢ corresponds to time; «; is a product fixed
effect; 7;; is a country-time fixed effect; and w;j, is a stochastic error. We denote import values by v;;;. We
estimate equation E.1 separately for intermediate and final goods using both log differences and the inverse
of the hyperbolic sine transformation, log[x + (22 + 1)°%], to be able to estimate changes when import values
are zero in t or t — 12.% The results are presented in Table E.2.

Column 1 (3) suggests that a one percent increase in tariffs on intermediate (final) goods is associated
with a 1.05 (1.81) percent decrease in import value. However, since tariffs can lead to zero imports, which
will be dropped from the regression, columns 2 and 4 perform the same regression this time using the inverse
hyperbolic sine instead of the log change. This adjustments leads to greater trade elasticities for both types
of goods. A one percent increase in tariffs on intermediate (final) goods is associated with a 2.35 (3.08)
percent decrease in import value. Note that the estimates from this specification correspond to an elasticity
of substitution between intermediate (final) goods of 2.35 (2.08).

5Note that regression coefficients based on the hyperbolic sine transformation are sensitive to the scale of the
import values. This is, results vary depending on whether import values are measured in thousands, millions, etc.
Following Amiti et al. (2019), we measure import values in single US dollars.
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Table E.2: Impact of US Tariffs on Import Values

Intermediate Goods Final Goods

(1) (2) (3) (4)
Log Change Inv. Hyperb. Log Change Inv. Hyperb.
Import Value Import Value Import Value Import Value

Aln(vijt) Aln(viﬁ) Aln(vijt) Aln(vijt)
log change tariff
Aln(1+ Tarif fije) -1.05%** -2.35%** -1.81%** -3.08%**
(0.07) (0.44) (0.08) (0.35)
N 1302744 2220920 1253577 2251844
R2 0.027 0.048 0.022 0.045

Notes: Observations are at the country-HTS10-month level for the period January 2018 to December 2019. Since the specification
is in 12-month changes, the data includes obesrvations from January 2017 onwards. Robust standard errors in parentheses.
Variables are in twelve-month log change. All columns include product-level and country-time fixed effects. The dependent
variables are the log change and the change in the inverse hyperbolic sine of US import values of intermediate and final goods,
respectively. We use the inverse of the hyperbolic sine transformation, log[x + (x2 + 1)0'5}7 to be able to estimate changes when
import values are zero in t or t — 12. *p < 0.05, **p < 0.01, ***p < 0.001.

Scale Elasticity Approach Our final elasticity estimation approach exploits the isomorphism of our
model to a model with external economies of scale. As discussed in Section 2, these models are isomorphic
provided that the following restrictions between the external economies of scale parameters and the elasticities
of substitution across varieties hold: 7* =1/ (6 — 1) and ¢ = 1/ (o — 1). Data on 4* and v? thus allow us
to easily derive information on elasticities.

Data on scale elasticities comes from Bartelme et al. (2019). The authors provide 2SLS estimates on
scale elasticities for 15 manufacturing industries presented in Table E.3. We classify these industries into
upstream and downstream industries following the same procedure as in the Sectoral Markup Approach and

then calculate the average scale elasticity in those sectors.
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Table E.3: Scale Elasticities

Industry NACE Rev. 2 | WIOD class. | Scale elast.
Food products, beverages and tobacco 10, 11, 12 downstream 0.16
Textiles 13, 14, 15 downstream 0.12
Wood and products of wood and cork 16 upstream 0.11
Paper products and printing 17, 18 upstream 0.11
Coke and refined petroleum products 19 upstream 0.07
Chemicals and pharmaceutical products 20, 21 upstream 0.2
Rubber and plastic products 22 upstream 0.25
Other non-metallic mineral products 23 upstream 0.13
Basic metals 24 upstream 0.11
Fabricated metal products 25 upstream 0.13
Computer, electronic and optical products | 26 downstream 0.13
Electrical equipment 27 upstream 0.09
Machinery and equipment, nec 28 downstream 0.09
Motor vehicles, trailers and semi-trailers 29 downstream 0.15
Other transport equipment 30 downstream 0.16

Notes: Industries and 2SLS scale elasticities stem from Bartelme et al. (2019). Upstream and downstream classifications stem
from WIOD where we classify a sector as upstream when the share of total sales to final consumers is below the median across

all sectors and as downstream when the share is above the median.

For the upstream sector we obtain an average scale elasticity of 0.133 and for the downstream sector an
average scale elasticity of 0.135. Exploiting the isomorphism between this setup and our framework with

monopolistic competition and free entry, we convert these to § = 8.52 and o = 8.41.

E.3 Share of Inputs in the Downstream Sector

As in the “Sectoral Markup Approach," we classify sectors into upstream and downstream depending on
whether he share of total sales to final consumers is below or above the median across all sectors. From the
WIOD in 2014 we calculate the share of inputs in the downstream sector as the ratio of intermediate inputs

to sales in the downstream sectors leading to an estimate of 1 — o = 0.45.

F Additional Quantitative Results

F.1 Robustness
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Table F.1: Calibrated Parameters - Robustness

d u

d
T T Arow  ARow

=443 and 0 =6.44 1.787 2.2986 0.289 0.114
0 =2.35and 0 =3.08 5.021 8.536 0.248  0.102
0 =852and 0 =841 1.508 1.446 0.301 0.121

f=25and o =4 3.007  6.878 0.260  0.103
0=55and o =4 3.007  1.877 0.281 0.116
a=0.75 2.249  2.040 0.196 0.114
a=0.25 2.239  2.042 0.119  0.124
a=0 2.375  2.073 0.598  0.128

Notes: This table reports the re-calibrated parameters
in our robustness exercise.
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