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A B S T R A C T

We derive a new formula for the optimal uniform tariff in a small-country, heterogeneous-
firm model with roundabout production and a nontraded good. Tariffs are applied on imported
intermediate inputs. First-best policy requires that markups on domestic intermediate inputs
are offset by subsidies. In a second-best setting where such subsidies are not used, roundabout
production and the monopoly distortion in the traded sector create strong incentives to
lower the optimal tariff on imported inputs. In a quantitative version of our two-sector small
open economy, we find that the optimal tariff is lowered under nearly all parameter values
considered, and can be negative.

1. Introduction

The use of tariffs to protect traded goods such as manufactures has a long history. In his famous Report on Manufactures, Alexander
Hamilton argued for moderate tariffs combined with direct subsidies to promote manufacturing. Opposition to these subsidies came
from Thomas Jefferson and James Madison, who favored even higher tariffs, and Madison’s administration would put in place the
first protectionist tariff in the United States (Irwin, 2004). The administration of President Donald Trump enacted tariffs, often
at 25%, to protect several manufacturing industries and against a broad range of products from China. Significantly, the Chinese
products were initially selected to minimize the direct impact on consumer prices, leaving American businesses facing the brunt of
tariffs on their imported inputs (Fajgelbaum et al., 2020).

Does modern trade theory offer any new answer to this old question of whether to protect the traded sector? To answer this, we
investigate a small open economy (SOE) with two sectors – one traded and the other nontraded – and with heterogeneous firms,
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monopolistic competition and CES preferences (as in Melitz, 2003). We adopt a Pareto distribution for productivity (as in Chaney,
2008) and also roundabout production.1 As described in Section 2, the differentiated intermediate inputs in each sector are bundled
into a finished good that is sold to home consumers and firms in that sector, but not traded, while the differentiated inputs are
traded in one sector. A tariff is applied to imports of these differentiated intermediate inputs.

Demidova and Rodríguez-Clare (2009) obtain a formula for the optimal uniform tariff in a SOE with one sector, no roundabout
production and heterogeneous firms which we denote by 𝑡ℎ𝑒𝑡. Because there is no roundabout production, we can think of this
ariff as applying to imported final good varieties. They argue that this single tariff instrument obtains the first-best by offsetting
wo distortions: the need to correct for the markup on domestic final goods (by applying a tariff equal to that markup) and the
xternality present because imported varieties bring surplus that is not taken into account in domestic spending (by slightly lowering
he tariff). When there is roundabout production, however, then 𝑡ℎ𝑒𝑡 does not correct for the markup on domestic input varieties
hat is passed-through to the price of the bundled finished good, which is further used as an input to the production of other
ifferentiated inputs. Labor is also used in production, so that markup distorts the use of the finished good relative to labor. In
ddition, the presence of a second (nontraded) sector creates a further monopoly distortion. The question we address is: what is the
ptimal tariff on the imported inputs, in the absence of other policy instruments?2

In a closed economy, analyzed in Section 3, we show that the distortion created by the markup on differentiated inputs is
orrected by applying subsidies to the finished good purchased in both sectors.3 In the open economy analyzed in Section 4, first
est policy requires subsidies on the finished goods in addition to the tariff 𝑡ℎ𝑒𝑡. When subsidies are not used, however, then the
econd-best policy in an open economy is to lower the import tariff below 𝑡ℎ𝑒𝑡, thereby lowering the price of the finished good in
he traded sector. Our key result shows conditions under which the optimal second-best tariff on imported varieties is below 𝑡ℎ𝑒𝑡, due to the
resence of roundabout production and the monopoly distortions in both sectors.

We obtain the optimal uniform, second-best tariff as a fixed-point of a formula described in Section 5 that has two new terms:
term 𝑀 that reflects the relative monopoly distortion between the traded and nontraded sectors; and a term 𝑅 that reflects

oundabout production in the traded sector as well as the monopoly distortion there. In Section 6 we consider a quantitative version
f our two-sector SOE, where we find that the optimal tariff is lower that 𝑡ℎ𝑒𝑡 under nearly all parameter values considered, and can
e negative.4 Further conclusions are in Section 7.

.1. Related literature

Costinot et al. (2020) analyze optimal tariffs on final differentiated goods with very general tastes and technologies, and they
how that optimal tariffs can be lowered (and even made negative) by having a non-Pareto distribution for productivity or linear
oreign preferences. They are the first to extend the analysis to nonuniform tariffs, and they find that the importing country should
se an import subsidy on the least efficient foreign exporters. Haaland and Venables (2016) demonstrate a potential second-best
ole for reduced trade taxes to offset a monopoly distortion, as does the earlier work by Flam and Helpman (1987). These papers
ll focus on trade in final goods, while the impact of tariffs on inputs along global supply chains is examined by Antràs and Chor
2021), Beshkar and Lashkaripour (2020), Blanchard et al. (2016) and Grossman and Helpman (2021).

Recently, Antràs et al. (2022) have analyzed ‘‘tariff escalation’’, which means higher (optimal) tariffs on final goods than on
ntermediate inputs. Their model and ours differ in many of the details: they have two sectors with sequential production, with the
trongest results obtained when labor is used in the downstream sector; whereas we have two sectors with roundabout production,
nd no labor used downstream. Despite these differences, we believe that the underlying distortion is the same and arises from the
arkup on domestic inputs. As a result, subsidizing domestic inputs (in the first-best) or lowering the tariff on imported inputs (in

he second-best) is needed to offset those markups.5
Our work is most closely related to Lashkaripour and Lugovsky (2020) and Lashkaripour (2021). The former authors analyze

ptimal uniform first-best tariffs with multiple sectors and input–output linkages. When considering second-best tariffs, however,
hey do not incorporate these linkages. Still, we build on their result that the first-best policy in the presence of input–output linkages
ill be to offset the markups charged by sellers of intermediate inputs by providing a subsidy to those buyers (and we show the

1 Roundabout production means that the output of a sector is used as an input into the same sector: see Krugman and Venables (1995) and Yi (2010).
2 We are assuming that the imported differentiated good is not purchased by consumers directly. If so, and if the government could prevent resale between

onsumers and firms, then it is possible that a different tariff should be applied on the two groups. But this action would not offset the need to charge a low
tariff on the input varieties that firms purchase – as we shall argue – so as to offset the markup on the domestic varieties, that is passed-through to the price
of the bundled, finished good sold to firms

3 For consumers, the first-best subsidy is in relative terms (see Section 3), since it does not matter if the consumer prices in both sectors are high provided
that the tax revenue is redistributed. But for firms purchasing the finished good, the subsidy must exactly offset the markup that is passed-through from the
input varieties.

4 In our working paper Caliendo, Feenstra, Romalis and Taylor (CFRT, 2021), we analyze a 186-country, 15-sector quantitative model for 2010 with a general
input–output structure. For manufacturing, the one-sector, no roundabout, first-best tariff is 27.3% for our parameter values. We find that the optimal second-best
tariff has a median value of only 10% (or 7.5% for countries with above-median shares of manufacturing production), and is negative for five countries: Bhutan,
Myanmar, New Caledonia, Hong Kong, and Spain.

5 There is one important distinction between our models, which arises from the impact of a tariff on intermediate inputs on domestic entry into that sector.
Because we have only one traded sector, the import tariff is equivalent to an export tax on that sector (due to Lerner symmetry) and it inhibits entry. In contrast,
Antràs et al. (2022) have two traded sectors, so that a tariff on the upstream sector alone is not equivalent to an export tariff on that sector, and it is quite
possible that entry increases as in the firm-delocation literature. See further discussion in Sections 2.1 and 7.
2
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Fig. 1. Schematic production structure.

same result in a closed economy). Our main interest is in the second-best optimal tariff in the absence of the subsidy offsetting the
markup.

Lashkaripour (2021) analyzes the second-best use of tariffs in a setting that incorporates input–output linkages. He assumes that
there is ‘‘duty drawback’’ on the tariffs applied to imported intermediate inputs, meaning that those duties are forgiven when the
imported inputs are used in the production of exported goods. We do not rely on this assumption. Despite differences in the questions
that we address (Lashkaripour analyzes Nash-equilibrium tariffs whereas we investigate tariffs for a SOE), there are similarities in
our results. Lashkaripour stresses that the welfare impact of tariffs depend on their ability to raise wages in the importing country,
and that input–output linkages reduce the calculated optimal tariffs. We similarly show that the wage impact of tariffs is reduced
due to roundabout production in the traded sector, which is one reason for the optimal tariff to be lowered. In the presence of
markups, Lashkaripour (2021) argues that the second-best tariff should offset those domestic distortions. We likewise find that the
monopoly distortion in the traded sector – in conjunction with roundabout production there – is another reason to lower the optimal
tariff. Adding the nontraded sector creates a further distortion, and whether this increases or decreases the tariff depends on which
sector is more distorted.

2. Two-sector economy with roundabout production

We analyze a two-sector Melitz (2003)–Chaney (2008) model with roundabout production, similar to Arkolakis et al. (2012,
section IV) and Costinot and Rodríguez-Clare (2014). We summarize key equations here and Online Appendix A describes the full
model with heterogeneous firms, while Appendix B outlines the model with homogeneous firms.

There are two countries, where the home country is a small open economy (SOE) and the foreign country is denoted by an
asterisk. As illustrated in Fig. 1, there are two sectors 𝑠 = 1, 2 at home, where sector 1 is traded and sector 2 is nontraded. In both
sectors, firms produce differentiated inputs under monopolistic competition, which are costlessly bundled into a finished good in CES
fashion, with elasticity 𝜎𝑠 > 1. The finished good is nontraded in both sectors, and it is sold to domestic consumers as a final good
and also to domestic firms in the same sector as an intermediate input, used to produce differentiated inputs (e.g., firms produce
machinery parts using machines). In sector 1, the imported differentiated inputs are subject to iceberg costs and a tariff, where one
plus the ad valorem tariff is denoted by 𝑡1.

The finished output in each sector has quantity 𝑄𝑠, price index 𝑃𝑠, and value 𝑌𝑠 ≡ 𝑃𝑠𝑄𝑠. With roundabout production, the
marginal cost of producing a differentiated input for a firm with productivity 𝜑𝑠 = 1 in sector 𝑠 is

𝑐𝑠 ≡ 𝑤(1−𝛾𝑠)𝑃 𝛾𝑠
𝑠 , (1)

where 0 < (1 − 𝛾𝑠) ≤ 1 is the labor share so that 𝛾𝑠 indicates the amount of roundabout production. We refer to (1) as the input cost
index.

A mass of firms 𝑁𝑒
𝑠 incur fixed labor costs of entry 𝑓 𝑒

𝑠 to enter in each sector. In both the homogeneous and heterogeneous firms
models, that mass is endogenously determined from the full-employment conditions for the economy. With homogeneous firms, all
firms receive a productivity of unity; with heterogeneous firms, each firm receives a productivity draw from a Pareto distribution,
𝐺𝑠(𝜑𝑠) = 1−𝜑−𝜃𝑠

𝑠 , with 𝜑𝑠 ≥ 1 and 𝜃𝑠 > 𝜎𝑠 −1. As is familiar in the Melitz–Chaney model, firms choose to produce the differentiated
input for the domestic market or to export if their productivities exceed some cutoff levels, and in each case, the firms then incur
additional fixed labor costs.
3
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Consumers have Cobb–Douglas preferences over final goods in the two sectors, with

𝑈 = 𝐶𝛼1
1 𝐶𝛼2

2 , 𝛼1 + 𝛼2 = 1, 𝛼1 > 0 and 𝛼2 ≥ 0, (2)

where 𝛼𝑠 is the expenditure share on the sector 𝑠 = 1, 2. Consumer income 𝐼 includes labor income 𝑤𝐿 (labor is the only factor of
production), plus rebated tariff and tax revenue 𝐵, while free entry ensures that expected firm profits equal zero.

Domestic consumer demand for finished goods equals 𝛼𝑠(𝑤𝐿+𝐵) in sector 𝑠. The finished good is also sold to firms in the same
sector who are producing the differentiated intermediate inputs. To compute those sales, we start with the value of the finished
good 𝑌𝑠, which reflects the value of all intermediates – local and imported – that are bundled together. Let 𝜆𝑑𝑠 denote the share of
differentiated inputs that are purchased locally, where 𝜆𝑑1 ≤ 1 in the traded sector 1 but 𝜆𝑑2 = 1 in the nontraded sector 2. Then
𝜆𝑑𝑠𝑌𝑠 is the value of locally-produced differentiated inputs. We also need to eliminate the markup on those inputs by dividing by
𝜎𝑠∕(𝜎𝑠 − 1) to obtain their costs of production, and then we take the share 𝛾𝑠 to obtain the value of finished goods that are sold as
an input to firms. We denote the markup-adjusted cost share by

�̃�𝑠 ≡ 𝛾𝑠𝜌𝑠 with 𝜌𝑠 ≡
(𝜎𝑠 − 1)

𝜎𝑠
. (3)

The market clearing condition for the nontraded sector 2 is then 𝑌2 = 𝛼2(𝑤𝐿 + 𝐵) + �̃�2𝑌2 where 𝜆𝑑2 ≡ 1. In sector 1, the market
clearing condition is more complex, with

𝑌1 = 𝛼1(𝑤𝐿 + 𝐵) + �̃�1
(

𝜆𝑑1𝑌1 + 𝜆𝑥1𝑌
∗
1
)

. (4)

The term �̃�1𝜆𝑑1𝑌1 on the right reflects the sale of the finished good to home firms. The next term, �̃�1𝜆𝑥1𝑌 ∗
1 reflects the home finished

good used in the production of the sector 1 differentiated inputs that are exported (remember that the finished good is not directly
exported). To obtain this term, we start with the foreign value of the finished good 𝑌 ∗

1 , and we define 𝜆𝑥1 as the home share of
intermediate inputs that are bundled together to obtain 𝑌 ∗

1 . Then 𝜆𝑥1𝑌 ∗
1 is the value of home exports of differentiated inputs, and

once again we apply the parameter �̃�1 to obtain the finished good that is sold to home firms to create those exports.
The expenditure shares are determined in equilibrium: in a heterogeneous firm model these depend on the optimal choice of

cutoff productivities by firms, while in a homogeneous firm model the productivities are exogenously fixed at unity.6 The cutoff
productivities depend on the fixed costs of domestic production and exporting, and we assume that all fixed costs are paid in terms
of labor in the source country, with the foreign wage chosen as the numeraire (𝑤∗ ≡ 1.)

To close the model, we need to use trade balance. As noted above, the term 𝜆𝑥1𝑌 ∗
1 in (4) is the value of home exports of the

differentiated inputs. Under balanced trade, this must equal the net-of-tariff value of imports. Letting 𝑡1 denote one plus the ad
valorem home import tariff in sector 1, the trade balance condition is then

𝜆𝑥1𝑌
∗
1 =

𝜆𝑚1
𝑡1

𝑌1, (5)

where 𝜆𝑚1 is the share of intermediate inputs used in sector 1 that are imported, with 𝜆𝑑1 + 𝜆𝑚1 = 1.7
As described by Demidova and Rodríguez-Clare (2013), the trade balance condition determines the wage 𝑤 in the SOE, taking

the foreign wage 𝑤∗ as the numeraire. The equilibrium conditions of the SOE assume that changes in the tariff 𝑡1 have a negligible
impact on the foreign price index 𝑃 ∗

1 and value of output 𝑌 ∗
1 . Fixing the values of 𝑃 ∗

1 and 𝑌 ∗
1 means that the location of the foreign

demand curve for a home exported variety is itself fixed, though that CES demand curve is not infinitely elastic as in a small-country
competitive model. This means that trade policy has an impact on the small country’s export price and therefore on its terms of trade.8
We stress that the definition of a small open economy from Demidova and Rodríguez-Clare (2013) allows for a wide range of values
for the home expenditure share, 0 < 𝜆𝑑1 < 1, and likewise for its import share, 0 < 𝜆𝑚1 = 1−𝜆𝑑1 < 1. A special case of the small open
conomy would be to consider 𝜆𝑑1 → 0, so that the small country is importing nearly all of its intermediate inputs from abroad. We
ill not make use of this condition except as a limiting example after deriving our main results.

.1. Response of output and entry to the tariff

Before examining optimal policy, we describe the response of the finished good 𝑌1 and entry into each sector to the tariff. Using
trade balance in (5), we can rewrite market clearing (4) as

𝑌1 = 𝛼1(𝑤𝐿 + 𝐵) + �̃�1𝛬1𝑌1, with 𝛬1 ≡
(

𝜆𝑑1 +
𝜆𝑚1
𝑡1

)

. (6)

The first term on the right (6) is the demand for 𝑌1 as a final good, whereas the second term is the demand for 𝑌1 as an intermediate
input, where 𝛬1 equals the domestic share plus the duty-free import share. While this term is unity under either free trade (𝑡1 = 1)
or autarky (𝑡1 → +∞ so 𝜆𝑑1 = 1 and 𝜆𝑚1 = 0), it has a lower value 𝛬1 < 1 for all finite tariffs 𝑡1 > 1.

6 The full equilibrium conditions are in Online Appendix A, Definition 1 for heterogeneous firms, and Appendix B, Definition 2 for homogeneous firms.
7 Note that the import share is evaluated using the foreign export prices 𝑝∗𝑥1 that are inclusive of the iceberg costs of trade, the markup, and the tariff 𝑡1. In

other words, we are assuming that the tariff is applied to the c.i.f. value of imports — including the markup. See further discussion in note 34. For simplicity,
we assume no foreign tariff.

8 To use the apt phrase of Bartelme et al. (2019), a small country is ‘‘an economy that is large enough to affect the price of its own good relative to goods
4

from other countries, but too small to affect relative prices in the rest of the world’’.
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We can simplify (6) by substituting for tariff revenue 𝐵 = 𝑡1−1
𝑡1

𝜆𝑚1𝑌1. Using 𝜆𝑑1 + 𝜆𝑚1 = 1, we can re-express tariff revenue as
𝐵 =

(

1 − 𝛬1
)

𝑌1, and substituting above we obtain

𝑌1 = 𝛼1[𝑤𝐿 + (1 − 𝛬1)𝑌1] + �̃�1𝛬1𝑌1. (7)

We see that starting at free trade, a tariff exerts two different forces on the value of the finished good, 𝑌1. On one hand, it raises
tariff revenue 𝐵 =

(

1 − 𝛬1
)

𝑌1 and increases consumer demand. On the other hand, it lowers duty-free imports and therefore lowers
exports and 𝛬1. Which of these forces dominates depends on the parameters 𝛼1 and �̃�1. We can readily solve for real output 𝑌1∕𝑤
from (7) as

𝑌1
𝑤

=
𝛼1𝐿

𝛼2 + (𝛼1 − �̃�1)𝛬1
. (8)

We see that these two forces just offset each other when 𝛼1 = �̃�1, in which case 𝑌1∕𝑤 does not vary with the tariff. When 𝛼1 > �̃�1,
then consumer demand dominates and 𝑌1∕𝑤 is a ∩-shaped function of the tariff (i.e., the inverse shape of 𝛬1). In contrast, when
𝛼1 < �̃�1 then exports dominate and 𝑌1∕𝑤 is a ∪-shaped function of the tariff.

Substituting (8) back into 𝐵 =
(

1 − 𝛬1
)

𝑌1, we obtain

𝐵
𝑤

=
𝛼1𝐿

(

1 − 𝛬1
)

1 − �̃�1 − (𝛼1 − �̃�1)(1 − 𝛬1)
=

𝛼1𝐿
1−�̃�1
(1−𝛬1)

− (𝛼1 − �̃�1)
. (9)

Because �̃�1 < 1, from this final equation we see that 𝐵∕𝑤 is monotonically decreasing in 𝛬1, so their critical points are at the
same tariff which we refer to as the maximum (real) revenue tariff. It follows from (8) that 𝑌1∕𝑤 also has a critical point at that
tariff.

The ambiguity in the shape of 𝑌1 does not extend to the entry of firms producing differentiated inputs in sector 1. Entry is
proportional to the demand for those inputs for home sales, 𝜆𝑑1𝑌1, plus the demand for exports, 𝜆𝑥1𝑌 ∗

1 = 𝜆𝑚1
𝑡1

𝑌1, which sum to 𝛬1𝑌1.
Using output in (8), entry is then

𝑁𝑒
1 =

(𝜎1 − 1)𝛬1𝑌1
𝑓 𝑒
1𝜃1 𝜎1

=
𝛼1(𝜎1 − 1)
𝑓 𝑒
1𝜃1 𝜎1

⎡

⎢

⎢

⎣

𝐿
𝛼2
𝛬1

+ (𝛼1 − �̃�1)

⎤

⎥

⎥

⎦

. (10)

he ∪-shape for 𝛬1 means that 𝑁𝑒
1 is also ∪ -shaped provided that 𝛼2 > 0: it falls as the tariff is increased from free trade, has a

inimum at the maximum-revenue tariff, and then rises again to the same value in autarky and free trade. The intuition for this
esult is Lerner symmetry (Costinot and Werning, 2019): the import tariff acts like an export tax, and starting from free trade the
ariff depresses entry into the traded sector and moves resources into the nontraded sector. In particular, entry into the nontraded
ector is

𝑁𝑒
2 =

𝛼2(𝜎2 − 1)
𝑓 𝑒
2𝜃2 𝜎2(1 − �̃�2)

(

𝐿 + 𝐵
𝑤

)

,

hich is a ∩-shaped function of the tariff because of tariff revenue. When 𝛼1 = 1 and there is no nontraded sector, however, then
ntry into the traded sector does not change with the tariff.

While the above equations have used the Pareto parameter 𝜃𝑠 from the heterogeneous firm model, the same conditions are
btained with homogeneous firms (see Appendix B) where we replace 𝜃𝑠 with:

𝜃𝑠 = 𝜎ℎ𝑜𝑚𝑠 − 1. (11)

aking this substitution in the equations above, the homogeneous firm model has the properties just discussed: in the presence of a
ontraded sector, entry into the traded sector is reduced for an increase in the tariff starting from free trade, and then returns to its
utarky value as the tariff becomes prohibitive. Condition (11) is familiar from Arkolakis et al. (2012), who demonstrate that the
eterogeneous and homogeneous firm models are very similar in certain respects that include, as we have just argued, the impact of
tariff on entry.9 We will see, however, that selection still plays a distinct role on the impact of a tariff with heterogeneous firms,

specially in the presence of roundabout production.10

These results on entry contrast with the quite different results in the firm-delocation literature that combines a monopolistically
competitive traded sector with a competitive traded outside good (see, e.g., Venables, 1987; Melitz and Ottaviano, 2008; Ossa,
2011), where a tariff attracts firms into the country applying it. In those models, the freely-traded outside good produced pins down
the relative wage across countries, and a tariff on the monopolistically competitive imports is not the same as an export tax on those
goods (since Lerner symmetry in this case implies that a uniform import tariff is equivalent to an export tax across both sectors).
We return to this contrast in our concluding section.

9 The full isomorphism between the models requires, however, that the fixed costs of exporting use resources of the destination country, as Arkolakis et al.
2012) explain. That is not our assumption, so there will be some differences between the models for this reason: see note 16.
10 Note that Costinot and Rodríguez-Clare (2014) also find a distinct role for selection in the presence of multiple sectors and roundabout production, as we
5

iscuss in note 17.



Journal of International Economics 145 (2023) 103824L. Caliendo et al.

d

a

N
o
m
𝛾
c

4

d

3. Optimal consumer and producer taxes in a closed economy

Before considering a tariff, we discuss the distortions arising in a closed economy from having monopolistic production of the
ifferentiated inputs, where both sectors 𝑠 = 1, 2 are nontraded. The markup on the differentiated inputs is fully passed-through to

the price of the bundled, finished good. That distortion then operates on two margins: consumer purchases of finished goods; and
firm purchases of finished goods as inputs, where the higher price on the finished good leads to inefficiently low purchases of the
finished good as compared to labor. Rather than correcting the monopoly distortion at its source (i.e., in the price of differentiated
inputs), it will be instructive to explore how one could correct it by using taxes/subsidies on purchases of the finished goods on
these two margins. So we consider both consumer and producer taxes/subsidies on purchases of the finished goods, where one plus
the ad valorem rates are denoted by 𝑡𝑐𝑠 and 𝑡𝑝𝑠 , respectively.

With heterogeneous firms, the cutoff productivities chosen in each sector do not depend on these tax/subsidy instruments (see
Appendix C). It follows that the optimal policy with homogeneous firms or heterogeneous firms is identical. We consider two
solutions to the closed-economy problem: first, choosing both the consumer and producer taxes/subsidies optimally; and second,
using only the consumer tax/subsidy while setting 𝑡𝑝𝑠 ≡ 1. When both instruments are used, we obtain the solution

𝑡𝑝𝑠 = 𝜌𝑠 =
(

𝜎𝑠 − 1
𝜎𝑠

)

< 1 and
𝑡𝑐1
𝑡𝑐2

=
𝜌1
𝜌2

. (12)

The optimal producer subsidies 𝑡𝑝𝑠 < 1 exactly counteract the markups on differentiated inputs which would otherwise be fully
passed-through to finished goods prices.11 With these subsidies, firms pay prices for finished goods that reflect their marginal costs.
In addition, optimal consumption taxes/subsidies are needed so that, in relative terms, these prices offset the markups implicit in
finished goods’ prices faced by consumers.

In contrast to this first-best case, consider the second-best policy that involves consumption taxes/subsidies only. In that case,
the distortion that arises from having a high price of the finished good as an input (due to the markup on differentiated inputs that
is fully passed-through to the finished good price) is not corrected. It is instructive in this case to solve for the price of the finished
good. That price index, in the absence of imports, is

𝑃𝑠 =

(

𝑁𝑒
𝑠 ∫

∞

𝜑𝑑𝑠

𝑝𝑑𝑠 (𝜑)1−𝜎𝑠 𝑔𝑠 (𝜑) 𝑑𝜑

)
1

1−𝜎𝑠
=

(

𝑁𝑑𝑠
)

−1
(𝜎𝑠−1)

(

𝜎𝑠
𝜎𝑠 − 1

)

𝑐𝑠
�̄�𝑑𝑠

, (13)

where 𝑁𝑒
𝑠 is the mass of entering firms and 𝜑𝑑𝑠 is the cutoff productivity to remain in the market, while 𝑁𝑑𝑠 = 𝑁𝑒

𝑠 [1 − 𝐺𝑠(𝜑𝑑𝑠)] is
the mass of surviving firms (equal to domestic product variety) and �̄�𝑑𝑠 is their average productivity,12 so that

(

𝜎𝑠
𝜎𝑠−1

)

𝑐𝑠
�̄�𝑑𝑠

is their
verage price. We now substitute from the input cost index in (1) to solve for the price index,

𝑃𝑠 =
(

𝑁𝑑𝑠
)

−1
(1−𝛾𝑠 )(𝜎𝑠−1) 𝑤

(

𝜎𝑠
𝜎𝑠 − 1

1
�̄�𝑑𝑠

)
1

(1−𝛾𝑠 )
. (14)

Notice that the impact of product variety on reducing the price index has increased from 1∕(𝜎𝑠 − 1) in (13) to 1∕(1 − 𝛾𝑠)(𝜎𝑠 − 1)
in (14). That change carries through to other equations for the closed economy equilibrium, so the economy with roundabout
production is effectively acting like a closed economy without roundabout but with a lower elasticity of substitution, defined by

�̃�𝑠 ≡ 1 + (1 − 𝛾𝑠)(𝜎𝑠 − 1) < 𝜎𝑠. (15)

A change in entry in (14) changes the price index with the exponent 1∕(�̃�𝑠 − 1), so that �̃�𝑠 is the effective elasticity of substitution.
We find the second-best optimal consumption taxes/subsidies (see Appendix C) are given by

𝑡𝑐1
𝑡𝑐2

=
(

�̃�1 − 1
�̃�1

)/(

�̃�2 − 1
�̃�2

)

. (16)

otice that the consumption taxes/subsidies in (16) are similar to those in (12), but are now evaluated using the effective elasticities
f substitution: the sector with the lowest effective elasticity must have the lowest tax (i.e., greatest subsidy) to offset the effective
onopoly distortion. Even if the elasticities 𝜎𝑠 ≡ 𝜎 > 1 are identical then the sector with the stronger roundabout production (higher

𝑠) will have the lower effective elasticity in (15) and should be subsidized. The role of the effective elasticities in this second-best
ase for a closed economy will be useful as we examine tariffs on trade, to which we turn next.

. First-best uniform tariff in a small open economy

Demidova and Rodríguez-Clare (2009) analyze a SOE with one sector and no roundabout production. They identify two
istortions arising from monopolistic competition. The first is the markup charged on the domestic differentiated varieties which

11 The need for such subsidies in a dynamic monopolistic competition model was noted by Judd (1997, 2002).
12 This average productivity is defined as in Melitz (2003) and equals �̄� = 𝜑

(

𝜃𝑠
)

1
𝜎𝑠−1 .
6
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can be corrected by subsidizing domestic buyers of those inputs, where one minus the ad valorem subsidy is set equal to the inverse
of the markup,

𝑡𝑑1 = 𝜌1 =
𝜎1 − 1
𝜎1

. (17)

Alternatively, the markup on domestic varieties can be offset by using a tariff on imported varieties equal to the markup, 𝑡ℎ𝑜𝑚 =
1
𝜌1

= 𝜎1
𝜎1−1

, which offsets the domestic markup in relative terms by introducing the same distortion on import prices. This is the
ptimal tariff in a one-sector SOE with monopolistic competition and homogeneous firms (Gros, 1987).

With heterogeneous firms, however, Demidova and Rodríguez-Clare (2009) find that there is a second distortion: each new
oreign variety brings surplus, which domestic buyers do not take account of in their spending. One way to correct this externality
s to use an import subsidy, and they find that one minus the optimal ad valorem subsidy is

𝑡𝑚1 =
𝜃1𝜌1

(

𝜃1 − 𝜌1
) < 1, (18)

where the inequality follows from 𝜃1 > 𝜎1 − 1. So the first-best is achieved by using the two subsidies 𝑡𝑑1 , 𝑡𝑚1 < 1. Furthermore,
they argue that an equivalent policy is to multiply the tariff 𝑡ℎ𝑜𝑚 = 1

𝜌1
by the import subsidy in (18), and then both distortions are

corrected by a single instrument, which is the optimal tariff in a one-sector model with heterogeneous firms,

𝑡ℎ𝑒𝑡 ≡ 𝑡ℎ𝑜𝑚 × 𝑡𝑚1 =
𝜃1

(

𝜃1 − 𝜌1
) > 1. (19)

It is immediate that 𝑡ℎ𝑒𝑡 < 𝑡ℎ𝑜𝑚 when evaluated with the same parameter 𝜎1, since 𝑡𝑚1 < 1.13 But even when we do the more exact
omparison across models, then we still find that 𝑡ℎ𝑒𝑡 < 𝑡ℎ𝑜𝑚 because 𝜃1 > 𝜎ℎ𝑒𝑡1 − 1 and so using (11), 𝜎ℎ𝑜𝑚1 > 𝜎ℎ𝑒𝑡1 and 𝜌ℎ𝑜𝑚1 > 𝜌ℎ𝑒𝑡1 .14

If we add a second sector or roundabout production, then the equivalence of using the policy 𝑡𝑑1 , 𝑡
𝑚
1 < 1 and the optimal tariff

ℎ𝑒𝑡 > 1 no longer holds, however. To see this, suppose that we ‘‘scale up’’ 𝑡𝑑1 , 𝑡
𝑚
1 by dividing by 𝜌1 (i.e., multiplying by 𝜎1

𝜎1−1
), thereby

obtaining 𝑡𝑑1 = 1 and the import tariff of 𝑡ℎ𝑒𝑡, and then use a subsidy of 𝜌1 on the finished good to offset this scaling-up. With a single
sector and no roundabout production, this subsidy does not make any difference because consumers cannot substitute away from
the finished good and firms do not purchase it. But once we add multiple sectors and/or roundabout production, then substitution
by consumers and firms means that the subsidy of 𝜌1 is needed to avoid the downstream impact of the markup 𝜎1

𝜎1−1
, as we found in

the closed economy. In general, for an open economy with multiple sectors and input–output linkages, Lashkaripour and Lugovsky
(2020) argue that such subsidies must be applied in the first-best: in that case, the first-best tariffs for a small country are the same

ith and without input–output linkages.15 Our interest is in the second-best tariff obtained in the absence of such subsidies, which
e turn to next.

. Second-best uniform tariff in a small open economy

We now add the nontraded sector 2, which can also have roundabout production, and we suppose that the only policy instrument
available is a uniform import tariff (or subsidy) 𝑡1 with an optimal second-best value 𝑡∗1. The fact that a subsidy on the finished good
is not used creates a robust reason for lowering the optimal tariff below 𝑡ℎ𝑒𝑡. A slight reduction of the tariff below its first-best value
ordinarily causes only a second-order loss in welfare, but it now brings a first-order gain in welfare because it lowers the price of
the finished good purchased by firms. There are two other reasons to have 𝑡∗1 < 𝑡ℎ𝑒𝑡, which arise from the response of wages and
the response of entry to changes in the tariff. We consider each of these in the following sections.

5.1. Response of the home wage to the tariff

A key insight of Demidova and Rodríguez-Clare (2013) is that in the monopolistic competition model, even a SOE experiences an
increase in its wage from applying a tariff. That wage increase results in a rise in its export prices, which is analogous to the terms
of trade effect of a tariff that occurs in competitive models. Lashkaripour (2021) stresses the importance of this wage elasticity in
determining the welfare impact of tariffs changes, and therefore the Nash-equilibrium tariffs in his model.

When solving for the impact of the tariff on wages, we would like to compare the solutions with homogeneous firms and
heterogeneous firms, and also understand the impact of roundabout production in either case. We begin by examining the trade
balance condition (5) in the homogeneous firm model, where the export share 𝜆𝑥1 equals

𝜆𝑥1 = 𝑁𝑒
1

(

𝜎1
𝜎1 − 1

𝑐1 𝜏𝑥1
𝑃 ∗
1

)1−𝜎1

, (20)

13 The same small-country formula for the optimal tariff as (19) is obtained by Felbermayr et al. (2013), who show that the optimal tariff in a large country
s higher.
14 From (11) and (19) we then have 𝑡ℎ𝑒𝑡 = 1∕[1 −

(

𝜌ℎ𝑒𝑡1 ∕𝜃1
)

] < 1∕[1 −
(

𝜌ℎ𝑜𝑚1 ∕𝜃1
)

] = 1∕[1 −
(

1∕𝜎ℎ𝑜𝑚
1

)

] = 𝑡ℎ𝑜𝑚.
15 See their Section 4(ii) and especially footnote 23, which explains that for a small open economy the equations for the first-best taxes and tariffs are identical

with and without input–output linkages.
7
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where 𝑁𝑒
1 is the endogenous entry of firms into sector 1, 𝜏𝑥1 are iceberg trade costs, and 𝑃 ∗

1 is the foreign price index in sector 1
hich is exogenous for the SOE. The import share 𝜆𝑚1 equals

𝜆𝑚1 = 𝑁𝑒∗
1

(

𝜎1
𝜎1 − 1

𝑐∗1 𝜏
∗
𝑥1 𝑡1
𝑃1

)1−𝜎1

, (21)

where 𝑁𝑒∗
1 is the entry of foreign firms into sector 1 and 𝑐∗1 are their input costs, both of which are exogenous. The home price

index 𝑃1 is endogenous, but given its value then an increase in the tariff 𝑡1 reduces the import share, and reduces the tariff-free
import share 𝜆𝑚1∕𝑡1 even more. Given 𝑌1, then to satisfy trade balance this reduction in duty-free imports 𝜆𝑚1𝑌1∕𝑡1 would need to
be matched by a reduction in exports 𝜆𝑥1𝑌 ∗

1 . That can be achieved by an increase in home wages, which raise the input costs 𝑐1 in
(20). This reasoning illustrates the positive terms of trade impact of a tariff in the SOE, but it needs to be sharpened to take into
account the endogenous price index 𝑃1 and also roundabout production.

To solve for 𝑃1, we proceed indirectly by focusing on the domestic share, which equals

𝜆𝑑1 = 𝑁𝑒
1

(

𝜎1
𝜎1 − 1

𝑐1
𝑃1

)1−𝜎1
. (22)

Inverting this equation we obtain an expression for the sector 1 price index,

𝑃1 =

(

𝜆𝑑1
𝑁𝑒

1

)
1

(𝜎1−1) 𝜎1𝑐1
(𝜎1 − 1)

. (23)

Replacing the domestic share 𝜆𝑑1 by 1 − 𝜆𝑚1 in this expression, and also substituting from (1), we solve for the price index as

𝑃1 =

(

1 − 𝜆𝑚1
𝑁𝑒

1

)
1

(1−𝛾1)(𝜎1−1)

𝑤
(

𝜎1
𝜎1 − 1

)
1

(1−𝛾1) . (24)

Notice that the impact effect of the tariff on reducing the import share 𝜆𝑚1 will increase the price index 𝑃1, and this index is
ncreasingly sensitive to the import share as the extent of roundabout production grows, so that 𝛾1 rises.

Substituting 𝑃1 back in the input cost index in (1), and totally differentiating, we obtain

𝑐1 = �̂� − 1
(𝜎1 − 1)

(

𝜂𝑚1�̂�𝑚1 +
𝛾1�̂�𝑒

1
(1 − 𝛾1)

)

where 𝜂𝑚1 ≡
𝛾1𝜆𝑚1

(1 − 𝛾1)(1 − 𝜆𝑚1)
. (25)

ntuitively, after the impact effect of the tariff on reducing duty-free imports, think of the equilibrium being restored by a rise in the
nput costs 𝑐1, which reduces exports. In the absence of roundabout production, the rise in 𝑐1 is achieved by an increase in the wage.

ith roundabout, however, we see from (25) that the fall in the import share itself – by raising the price index in (24) – contributes
o restoring equilibrium, so that a smaller increase in the wage is needed. The coefficient 𝜂𝑚1 on �̂�𝑚1 in (25) is an endogenous
ariable that depends on the import share, and it is increasing in the amount of roundabout production 𝛾1. By this argument, the
age impact of the tariff is moderated by the extent of roundabout production, as will be confirmed below. In addition, notice that

he induced exit from sector 1 – as we discussed in Section 2.1 – also moderates the increase in the wage needed to obtain a given
ise in 𝑐1.

The argument we have just made on how roundabout production reduces the terms of trade impact of the tariff applies with
eterogeneous firms, too, in which case selection effects come into play. The above equation for the change in marginal costs (see
ppendix A.6) then becomes

𝑐1 = �̂� − 1
𝜃1

(

𝜂𝑚1�̂�𝑚1 +
𝛾1�̂�𝑒

1
(1 − 𝛾1)

+
𝛾1(𝜃1 − 𝜎1 + 1)
(1 − 𝛾1)(𝜎1 − 1)

(𝑌1 − �̂�)

)

. (26)

Using the parameter restriction (11), we see that the fall in the import share has the same impact in (25) and (26), and reduces the
increase in the wage needed to restore equilibrium. Induced exit from sector 1 also moderates the increase in the wage. In addition,
a third term appears on the right of (26), and that is the change in real output 𝑌1∕𝑤. Recall from our discussion in Section 2.1 that
an increase in the tariff from free trade increases (decreases) the real value of output 𝑌1∕𝑤 when 𝛼1 > (<) �̃�1. The presence of this
term in (26) reflects the selection effect of real output on the cutoff productivity for domestic firms. In particular, when roundabout
production is strong enough so that �̃�1 > 𝛼1 and 𝑌1 − �̂� < 0, then this selection effect in the domestic market increases the cutoff,
reduces product variety and increases the price index, further moderating the increase in the wage needed to restore equilibrium to
the trade balance. This result is our first illustration of how selection due to heterogeneous firms – in conjunction with roundabout
production – influences the impact of a tariff.

There is another selection effect that also reduces the terms of trade impact of the tariff with heterogeneous firms, even in the
absence of roundabout production. Consider the share of home exporters in the foreign market, which is

𝜆𝑥1 = 𝜑−𝜃1
𝑥1 𝑁𝑒

1

(

𝜎1 𝑐1 𝜏𝑥1
∗

)1−𝜎1

, (27)
8
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where 𝜑𝑥1 > 1 is the cutoff productivity for home exporters with average productivity �̄�𝑥1. The first terms on the right, 𝜑−𝜃1
𝑥1 𝑁𝑒

1 ,
quals the mass of exported varieties and is influenced by the selection of exporters. By solving for the cutoff productivity (see
ppendix A.6), we obtain an alternative expression for the export share,

𝜆𝑥1 = 𝑁𝑒
1

(

𝜎1
𝜎1 − 1

𝑐1 𝜏𝑥1
𝑃 ∗
1

)−𝜃1 (

𝜎1𝑤𝑓𝑥1
𝑌 ∗
1

)1− 𝜃1
(𝜎1−1)

(

𝜃1
𝜃1 − 𝜎1 + 1

)

. (28)

This expression is very similar to the export share in the homogeneous firm model in (20), except for the middle term on the right
of (28), involving 𝑤∕𝑌 ∗

1 , that reflects the selection of home exporters. The rise in wages from a tariff increases this middle term,
which raises the cutoff productivity for home exporters and reduces their export share. This selection effect works in the direction of
restoring equilibrium in the trade balance, and therefore reduces the increase in wages needed for equilibrium.16 This is our second
illustration of how selection influences the impact of a tariff.

To summarize, we have argued the impact of the tariff on home wages is reduced when there is roundabout production, and
reduced when firms are heterogeneous. To confirm these results, we solve for the marginal impact of the tariff and sector 1 entry
on the wage (see Appendix D.1) for either homogeneous or heterogeneous firms as denoted by the superscript 𝑧, writing this as

�̂� = 𝑧
1 (𝛾1)𝑡1 + 𝑧

2 (𝛾1)�̂�
𝑒
1 , for 𝑧 = ℎ𝑜𝑚, ℎ𝑒𝑡, (29)

where �̂�𝑒
1 denotes the change in entry into sector 1 and the elasticities 𝑧

𝑛 (𝛾1), 𝑛 = 1, 2 are the marginal impact of the tariff and entry
n the wage that depend on 𝛾1 ∈ [0, 1) and the market structure 𝑧 = ℎ𝑜𝑚, ℎ𝑒𝑡 (as well as on other parameters and the endogenous
mport share). With only a single sector, 𝛼1 = 1, the tariff has no impact on entry in sector 1 so that �̂�𝑒

1 = 0. When evaluating at
ree trade for simplicity, so that 𝑡1 = 1, then we can compare the marginal impact of the tariff on wages depending on the amount
f roundabout production.

We confirm (see Appendix D.1) that with either homogeneous or heterogeneous firms, an increase in the extent of roundabout
roduction moderates the wage impact of the tariff, a result we state as:

For 𝛼1 = 𝑡1 = 1 and 𝜎1 > 2 ∶ 𝑧
1 (0) > 0 and 𝑧

1 (𝛾1) is declining in 𝛾1, with ℎ𝑜𝑚
1 (𝛾1) < 0

for 𝜂𝑚1 >
𝜎1

𝜎1−2
and ℎ𝑒𝑡

1 (𝛾1) < 0 for 𝜂𝑚1 >
𝜎1

𝜎1−2+𝜆1𝑚
. (30)

As expected from our arguments above, the marginal impact of the tariff on the wage is reduced by the extent of roundabout
production (which in this statement is a parametric increase in 𝛾1 while holding the import share constant). Surprisingly, we find
that 𝑧

1 (𝛾1) < 0 so the wage falls rather than rises with the tariff when the extent of roundabout and the import share – as reflected by
𝑚1 – are sufficiently large. This occurs because of the large impact of the reduced import share on the price index 𝑃1 and therefore

the input costs in (25) and (26), so that a fall in the wage is needed to restore equilibrium. In that case, an import subsidy rather
than a tariff would be needed to raise the home wage. We will explore in later results whether an import subsidy can be the optimal
second-best policy.

We compare across the two market structures using the parameter restriction in (11) (and assuming the same import share under
free trade), with no roundabout production for simplicity, to obtain:

For 𝛼1 = 𝑡1 = 1, 𝜎1 > 2 and using (11): ℎ𝑒𝑡
1 (0) < ℎ𝑜𝑚

1 (0). (31)

This result shows the impact of selection in reducing the terms of trade effect in the heterogeneous firm model, and by continuity
it continues to hold for a range of positive values for 𝛾1.

5.2. Entry and welfare

Aside from its reduced impact on the wage, another reason for the tariff to be lower in a second-best setting is through changing
the entry of firms. Starting from free trade we found in Section 2.1 that an increase in 𝑡1 from free trade leads to the exit of firms
from the traded sector 1 and entry into the nontraded sector 2. To solve for the impact of that exit and entry on welfare, we start
with indirect utility corresponding to (2), which is (up to a constant): 𝑈 = (𝑤𝐿 + 𝐵)∕(𝑃 𝛼1

1 𝑃 𝛼2
2 ). We totally differentiate utility for a

hange in the tariff, using the expressions for the price indexes (see Appendix D.2), to obtain

�̂� = −
𝛼1

𝜃1(1 − 𝛾1)
�̂�𝑑1+

∑

𝑠=1,2
𝛼𝑠

[

1 +
(1 − 𝛤𝑠)
𝜃𝑠(1 − 𝛾𝑠)

(

𝜃𝑠
𝜎𝑠 − 1

− 1
)]

𝐵
𝑤𝐿 + 𝐵

(�̂� − �̂�)

+
∑

𝑠=1,2
𝛼𝑠

[

(1 − 𝛤𝑠)
𝜃𝑠(1 − 𝛾𝑠)

+
𝛤𝑠

(𝜎𝑠 − 1)(1 − 𝛾𝑠)

]

�̂�𝑒
𝑠 , (32)

16 This extra impact of a tariff due to selection arises from our assumption that the fixed costs of exporting use domestic labor rather than using foreign labor
whose wage is fixed as the numeraire). Likewise, when foreign firms pay their fixed costs of exporting using their own labor, then there is an extra impact of
election on the import share at home, as discussed in Appendix A.6. When we make the alternative assumption that the fixed costs of exporting use labor in
9

he destination country, then these two extra impacts disappear.
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where 𝛤1 ≡ �̃�1𝛬1 denotes the fraction of the sector 1 finished good used as an input in (8), with 𝛤2 ≡ �̃�2, and 1−𝛤𝑠 = 𝛼𝑠 (𝑤𝐿 + 𝐵) ∕𝑌𝑠
is the fraction used as a final good in each sector. Note that 𝛤𝑠 is another way to measure the extent of roundabout production in
a sector.

The first term in (32) is the change in the domestic share in sector 1 and is familiar from Arkolakis et al. (2012), where it is a
sufficient statistic for the welfare change due to a change in iceberg trade costs in a one-sector model with no roundabout. Using a
tariff introduces the second term in (32), reflecting the change in real tariff revenue 𝐵∕𝑤. Most important for our purposes is the
third term in (32), which is related to entry. If there is no roundabout production so 𝛾𝑠 = 𝛤𝑠 = 0, then the third term is simply
the weighted sum of �̂�𝑒

𝑠∕𝜃𝑠 across sectors using the weights 1∕𝜃𝑠(1 − 𝛾𝑠) that appear in the first term. When there is roundabout
production, however, then a new mechanism comes into play. The effect of entry in the final term of (32) now depends on 𝛤𝑠, the
raction of finished output used as an intermediate input. The coefficient of that term is 1∕(𝜎1 −1)(1− 𝛾𝑠), which exceeds 1∕𝜃𝑠(1 − 𝛾𝑠)
ecause 𝜃𝑠 > 𝜎1 − 1. It follows that when the finished output arising from new entry is used more heavily downstream as an
ntermediate input to other firms, rather than just sold to consumers (in which case 𝛤𝑠 = 0), then these forward linkages create a
agnified effect of entry on welfare.17

These results can be contrasted to the case with homogeneous firms. Then using the parameter restriction (11), the weights
ppearing in the final bracketed term in (32) are both replaced by 1∕(𝜎ℎ𝑜𝑚𝑠 − 1)(1 − 𝛾𝑠), so this final term would appear as

∑

𝑠=1,2
𝛼𝑠

[

(1 − 𝛤𝑠)
(𝜎ℎ𝑜𝑚𝑠 − 1)(1 − 𝛾𝑠)

+
𝛤𝑠

(𝜎ℎ𝑜𝑚𝑠 − 1)(1 − 𝛾𝑠)

]

�̂�𝑒
𝑠 =

∑

𝑠=1,2

𝛼𝑠�̂�𝑒
𝑠

(𝜎ℎ𝑜𝑚𝑠 − 1)(1 − 𝛾𝑠)
. (33)

We see that entry under homogeneous firms has the same impact whether the finished good is used as an intermediate input or a
final good, so the share 𝛤𝑠 no longer appears. Comparing (33) with the final bracketed term of (32), we also see that in both cases
the welfare impact of entry depends on 1∕(1 − 𝛾𝑠), so that entry into sectors with more roundabout production (higher 𝛾𝑠) will have
a greater welfare benefit — holding constant the other parameters. But with heterogeneous firms, the finished output arising from
new entrants that is used as an intermediate input has a magnified impact in (32) when 𝛤𝑠 > 0, because 𝜃𝑠 > 𝜎𝑠 − 1. These results are
a third and final illustration of how selection with heterogeneous firms influences the welfare impact of a tariff.18

To fully solve for the impact of entry and the tariff on welfare, we focus the remainder of the paper on the heterogeneous
irm model: from our arguments above, we are therefore focusing on the case with the greatest potential to lower the second-best
ariff. Using the change in the tariff and in wages to compute the change in the expenditure share �̂�𝑑1 in (32), and also solving

for the change in tariff revenue, we obtain the following reduced-form expression for the change in welfare due to selection and
entry:19

�̂� = 𝛼1
[

𝜑 �̂�𝑥1 +𝐷(𝑡1)�̂�𝑒
1
]

, (34)

where

𝐷(𝑡1) ≡
[

�̃�1
(�̃�1 − 1)

−
�̃�2

(�̃�2 − 1)
𝛬1(1 − �̃�1)
1 − �̃�1𝛬1

− 𝑑
]

. (35)

To interpret (34), the first term appearing on the right in brackets summarizes all the selection effects from the change in the
tariff. The second term is the change in sector 1 entry �̂�𝑒

1 times 𝐷(𝑡1), which denotes the marginal welfare impact of entry into the
raded sector – holding the cutoff productivities constant – relative to the size of that sector (𝛼1). From (35), the marginal impact
f entry equals the terms: �̃�1

(�̃�1−1)
, which is the effective distortion in sector 1; minus the effective distortion in sector 2 multiplied

y 𝛬1(1−�̃�1)
1−�̃�1𝛬1

(which is ≤ 1 for 𝑡1 ≥ 1) that reflects tariff revenue; minus the term 𝑑 > 0 that we interpret as the deadweight loss of
the tariff, which is an inefficient instrument to influence entry.20

We see from (35) that 𝐷(𝑡1) > 0 so that entry into the traded sector leads to a welfare gain – and exit leads to a welfare loss –
when that effective distortion there is sufficiently above the effective markup in the nontraded sector. We want to allow the effective
distortion in the traded sector to be greater or less than that in the nontraded sector, but we do not want the latter distortion to be
too high. Accordingly, we will impose an upper-bound on the distortion in the nontraded sector,

�̃�2
(�̃�2 − 1)

< 𝜅0 + 𝜅1
�̃�1

(�̃�1 − 1)
, (36)

where the parameters 𝜅0, 𝜅1 will be specified in Theorem 1 below. Our aim is to allow for a wide range of effective distortions
in (36).

17 We stress that a weighted sum of the log changes in entry across sectors (using their labor shares as weights) equals zero, as we show in Appendix D.2.
o utility can rise only if the beneficial impact of entry in one sector exceeds the cost from reduced entry in the other.
18 Because this difference between the results with homogeneous and heterogeneous firms arises even when we impose the parameter restriction (11), it

hows that the two models are not isomorphic in the presence of roundabout production when entry is changing across sectors, as also found by Costinot and
odríguez-Clare (2014): compare columns 5 and 6 of their Table 4.3 (p. 232).
19 Note that the elasticity 𝜑 incorporates changes in 𝜑𝑥1 and all other cutoffs, while 𝐷(𝑡1) incorporates the change in both 𝑁𝑒

1 and 𝑁𝑒
2 . In addition, (34)

incorporates the change in the wage and in tariff itself, which is inverted so that it is a function of �̂�𝑥1 and �̂�𝑒
1 : see Appendix D.4.

20 All script variables 𝑛, 𝑛 = 𝜑, 𝑑, 𝑎, 𝑚 depend on sector 1 parameters including 𝛾1 and 𝜆𝑑1 and therefore depend on the tariff. They are defined in Appendixes
D.4 and D.5.
10
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5.3. Optimal second-best tariff

We can now state a general formula for the optimal second-best tariff 𝑡∗1, as compared to 𝑡ℎ𝑒𝑡 (see Appendix E). Specifically, 𝑡∗1
s obtained as a fixed point of the equation

𝑡∗1 = 𝑡ℎ𝑒𝑡 𝐹 (𝑡∗1), with 𝐹 (𝑡1) ≡
[

1 − 𝛾1𝑅(𝑡1)
1 + 𝛼2𝑀(𝑡1)

]

, (37)

where 𝑀(𝑡1) captures the impact of the higher monopoly distortion in the traded versus the nontraded sectors, and is defined by

𝑀(𝑡1) ≡  ×

(

𝑚 −

(

𝑡1 − 1
)

𝑡1
𝜃1

)

𝐷(𝑡1)
𝐴(𝑡1)

with  > 0 a constant, 𝑚 > 0, (38)

and 𝐴(𝑡1) is defined by

𝐴(𝑡1) ≡ 𝛼1 − �̃�1 + 𝛼2𝑎 with 𝑎 > 0, (39)

while 𝑅(𝑡1) reflects the impact of roundabout production and is defined by

𝑅(𝑡1) =  ×

[

𝜃1 − 𝜌1
(

1 − 𝜆𝑑1
)

𝛬1
− 𝜃1𝜌1

]

, (40)

with

 =
{

𝜆𝑑1
𝜃1

(𝜎1−1)

(

𝜃1
𝜎1−1

− 1
𝜎1

) [

(�̃�1 − 1)
(

1 + 𝜎1
𝛬1

)

+ 1
]}−1

> 0. (41)

To explain these terms, recall that the distortion term 𝐷(𝑡1) measures the marginal welfare impact of firms moving from the
nontraded to the traded sector, and notice that it enters 𝛼2𝑀(𝑡1), which appears in the denominator of (37), reflecting the impact
f the relative monopoly distortion on the optimal tariff. When 𝛼1 = 1 so there is only the traded sector, then this term vanishes
ecause there is no impact of the relative distortion between traded and nontraded goods. But there is still a monopoly distortion in
raded goods alone, where the markup distorts the use of the finished good as an input relative to labor. Notice that  > 0 in (41)
s declining in the effective elasticity (�̃�1 −1) = (𝜎1 −1)(1− 𝛾1), so as that elasticity falls then the term 𝑅(𝑡1) in the numerator of (37)

rises, which tends to pull down the optimal tariff. This illustrates a complementary relationship between roundabout production
and the monopoly distortion in the traded sector in reducing the optimal tariff. If there was not monopoly distortion, then we would
have  = 0 and the presence of roundabout production would not matter for the optimal tariff.21

When 𝛼1 = 1 and 𝛾1 = 0 in (37), then we are back in the one-sector, no-roundabout model and that formula immediately gives
∗
1 = 𝑡ℎ𝑒𝑡. Outside of that special case, there will be a lower optimal tariff, 𝑡∗1 < 𝑡ℎ𝑒𝑡, whenever 𝛼2𝑀(𝑡∗1) ≥ 0 and 𝛾1𝑅(𝑡∗1) ≥ 0 with one
f these inequalities holding strictly. For example, suppose that 𝛼1 = 1 so there is only a traded sector, but 𝛾1 > 0 so there is some
oundabout production. Then we prove below that 𝑅(𝑡∗1) > 0 at the fixed point of (37), so that roundabout production lowers the
ptimal tariff. Thus, we will find that the optimal tariff is lowered by the monopoly distortion in sector 1, even in the absence of
he nontraded sector.

Next, suppose we add the nontraded sector so that 𝛼2 > 0, in which case the denominator of 𝐹 (𝑡∗1) which is [1 + 𝛼2𝑀(𝑡∗1)] comes
nto play. If the relative distortion in the traded sector is positive, 𝐷(𝑡∗1) > 0, then provided that the other terms in (38) are positive
e will have 𝑀(𝑡∗1) > 0, so the denominator further reduces the optimal tariff. One of those other terms is 𝐴(𝑡1). Recall that we
efined 𝐷(𝑡1) in (35) as the marginal impact of entry into sector 1 relative to the size of that sector (𝛼1), and we loosely interpret
(𝑡1) as the effective size of sector 1. As a regularity condition we need to impose 𝐴(𝑡1) > 0, which is guaranteed by the sufficient
onditions specified in the following main theorem (proved in Appendix E).

heorem 1.
(a) Pure roundabout: If 𝛼1 = 1 and 𝛾1 > 0, then 𝑅(𝑡∗1) > 0 and the optimal tariff is 𝑡∗1 < 𝑡ℎ𝑒𝑡.
(b) No roundabout: If 𝛾1 = 𝛾2 = 0 then (i) 𝐷(𝑡∗1) > 0 and the optimal tariff is 𝑡∗1 < 𝑡ℎ𝑒𝑡 when

𝜎2
(𝜎2 − 1)

<
𝜎1

(𝜎1 − 1)
− 1

𝜃1
. (42)

(ii) If 𝜎2
(𝜎2−1)

≥ 𝑡ℎ𝑒𝑡 𝜎1
(𝜎1−1)

, then 𝐷(𝑡∗1) < 0 and the optimal tariff is 𝑡∗1 > 𝑡ℎ𝑒𝑡.
(c) Two sectors with roundabout: Assume that 𝛼2 > 0 and the following two conditions hold:

𝛾1 ≤
𝜎1
𝜌1

(

𝜃1 − 𝜌1
) (

1 − 𝜌1
)

1 + 𝜎1
𝜌1

(

𝜃1 − 𝜌1
) (

1 − 𝜌1
) , (43)

𝛼2 ≤ max

⎧

⎪

⎨

⎪

⎩

1 − �̃�1,

𝜃1(1−𝜌1)
𝜌1

+ (1 − 𝛾1)𝜃1
𝜃1(1−𝜌1)

𝜌1
+ 𝜌1

(

1 + 𝛾1
𝜎1(1−𝛾1)

)

⎫

⎪

⎬

⎪

⎭

. (44)

21 Holding fixed the ratios 𝜃1∕(𝜎1 − 1) in (41), we see that as 𝜎1 → +∞ then  → 0, so that roundabout production does not have any impact on the optimal
11

ariff when the differentiated inputs become very strong substitutes and the monopoly distortion in the traded sector vanishes.
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Then 𝐴(𝑡1) > 0 for 𝑡1 > 𝑡′1, where 𝑡
′
1 < 1 is an import subsidy. Furthermore, if there is enough roundabout production so that

𝛾1 ≥
𝜌1

[

𝜃1(1 − 𝜌1) + 𝜌21
] (

𝜃1 − 𝜌1
) , (45)

and the upper bound in (36) holds as

�̃�2
(�̃�2 − 1)

<
(𝑡ℎ𝑒𝑡 − �̃�1)
(1 − �̃�1)

�̃�1
(�̃�1 − 1)

+ 𝜅0, (46)

where 𝜅0 is independent of the share 𝜆𝑑1,22 then the optimal tariff is 𝑡∗1 < 𝑡ℎ𝑒𝑡 with 𝑅(𝑡∗1) > 0.

The proof of Theorem 1 does not use the fixed-point formula (37) directly, but rather, uses a slight transformation of it. Taking
he difference between the numerator of 𝐹 (𝑡1) times 𝑡ℎ𝑒𝑡 and the denominator times 𝑡1, we obtain

𝐻(𝑡1) ≡ 𝑡ℎ𝑒𝑡
[

1 − 𝛾1𝑅(𝑡1)
]

− 𝑡1
[

1 + 𝛼2𝑀(𝑡1)
]

. (47)

he function 𝐻(𝑡1) is a continuous function of the tariff provided that 𝐴(𝑡1) > 0 in the interval of tariffs we are interested in, in
hich case 𝑀(𝑡1) will not have any discontinuities. Our approach for each part of Theorem 1 is to find high and low tariffs at
hich the sign of 𝐻(𝑡1) switches, and then we apply the intermediate value theorem to obtain a point where 𝐻(𝑡∗1) = 0, which by

onstruction is a fixed-point of (37) so that 𝑡∗1 is the optimal tariff.
Part (a) of Theorem 1 shows that roundabout production in a one-sector model always lowers the optimal tariff. This result is the

implest demonstration that the tariff 𝑡∗1 on intermediate inputs is less than the tariff 𝑡ℎ𝑒𝑡 that applies in a model with differentiated
inal goods. To prove this result, we note that with 𝛼1 = 1 then 𝑀(𝑡1) disappears from (47) because there is no monopoly distortion
etween sectors, and we only need to work with the term 𝑅(𝑡1) that incorporates roundabout production and the monopoly distortion
ithin sector 1. We first establish (see Appendix E.1) that at 𝑡ℎ𝑒𝑡 > 1 then 𝑅(𝑡ℎ𝑒𝑡) > 0, so that we obtain 𝐻(𝑡ℎ𝑒𝑡) = −𝑡ℎ𝑒𝑡𝛾1𝑅(𝑡ℎ𝑒𝑡) < 0 for
1 > 0. Next, we establish that there is a low enough tariff 𝑡𝑅0 < 1 at which 𝑅(𝑡𝑅0) = 0, which means that the effect of roundabout
roduction is neutralized.23 Because 𝛼1 = 1 by assumption, it follows from (47) that 𝐻(𝑡𝑅0) = 𝑡ℎ𝑒𝑡 − 𝑡𝑅0 > 0. It follows from the
ntermediate value theorem that there exists a tariff 𝑡∗1 with 𝑡𝑅0 < 𝑡∗1 < 𝑡ℎ𝑒𝑡 at which 𝐻(𝑡∗1) = 0. By construction, this optimal tariff is
fixed point of (37) with 𝑡∗1 < 𝑡ℎ𝑒𝑡.

Part (b) deals with the opposite case where there is no roundabout production. In that case, the term 𝑅(𝑡1) disappears from (47)
o we only need to work with the term 𝑀(𝑡1) reflecting the monopoly distortion between sectors. It turns out that 𝐴(𝑡1) > 0 is
uaranteed in this case, so the sign of 𝑀 is determined by the sign of 𝐷. Condition (42) used in part (b)(i) ensures that the relative
istortion in the traded sector sufficiently exceeds that in the nontraded sector so that 𝐷(𝑡1) > 0 for 𝑡1 ∈ [1, 𝑡ℎ𝑒𝑡]. It follows that
(𝑡ℎ𝑒𝑡) = −𝑡ℎ𝑒𝑡𝛼2𝑀(𝑡ℎ𝑒𝑡) < 0. We further show that there exists a sufficiently low tariff 𝑡𝐷0 < 1 at which 𝐷(𝑡𝐷0) = 0, so the monopoly

istortion between sectors is neutralized.24 In that case, 𝐻(𝑡𝐷0) = 𝑡ℎ𝑒𝑡 − 𝑡𝐷0 > 0. It follows once again from the intermediate value
heorem that there exists an optimal tariff 𝑡∗1, with 𝑡𝐷0

1 < 𝑡∗1 < 𝑡ℎ𝑒𝑡.
On the other hand, if the nontraded sector is sufficiently more distorted than the traded sector, with 𝜎2

(𝜎2−1)
≥ 𝑡ℎ𝑒𝑡 𝜎1

(𝜎1−1)
,

then we have the reverse outcome with 𝐷(𝑡∗1) < 0 and 𝑡∗1 > 𝑡ℎ𝑒𝑡. In this case we find that 𝐷(𝑡ℎ𝑒𝑡) < 0 and 𝑀(𝑡ℎ𝑒𝑡) < 0, so
(𝑡ℎ𝑒𝑡) = −𝑡ℎ𝑒𝑡𝛼2𝑀(𝑡ℎ𝑒𝑡) > 0. The negative sign for the monopoly distortion indicates that resources should be shifted away from

ector 1. We further show that there is a high enough tariff 𝑡′′1 > 𝑡ℎ𝑒𝑡 at which 𝑀(𝑡′′1 ) = 0, so the monopoly distortion is neutralized.25

hen we find from (47) with 𝛾1 = 0 that 𝐻(𝑡′′1 ) = 𝑡ℎ𝑒𝑡 − 𝑡′′1 < 0. It follows from the intermediate value theorem that there exists an
ptimal tariff 𝑡∗1, now with 𝑡ℎ𝑒𝑡 < 𝑡∗1 < 𝑡′′1 . So the general conclusion is that without roundabout production, the tariff on final goods
an be greater or less than that found in a one-sector model, depending on the relative monopoly distortion across sectors.

In part (c) we allow for two sectors and roundabout production, and so we need to ensure 𝐴(𝑡1) > 0. We establish that 𝐴(𝑡1) > 0
or 𝑡1 > 𝑡′1, where 𝑡′1 < 1 is an import subsidy specified in the proof, under the sufficient conditions (43) and (44): the former is an
pper-bound on 𝛾1 and the latter is an upper-bound on 𝛼2 (but also depending on 𝛾1). There are two further conditions in part (c),
nd these are used to establish the sign of 𝐻(𝑡1) at two tariff values chosen like in the proof of part (a): namely, 𝑡𝑅0 and 𝑡ℎ𝑒𝑡, which
ive the values

𝐻(𝑡𝑅0) = (𝑡ℎ𝑒𝑡 − 𝑡𝑅0) − 𝑡𝑅0𝛼2𝑀(𝑡𝑅0), (48)
𝐻(𝑡ℎ𝑒𝑡) = −𝑡ℎ𝑒𝑡

[

𝛾1𝑅(𝑡ℎ𝑒𝑡) + 𝛼2𝑀(𝑡ℎ𝑒𝑡)
]

. (49)

e can establish that 𝑀(𝑡𝑅0) < 0 provided that conditions (43) and (44) hold so that 𝐴(𝑡𝑅0) > 0 (see Appendix E.5), and it follows
hat 𝐻(𝑡𝑅0) > 0. Then the remaining conditions (45) and (46) in part (c) are used to show that 𝐻(𝑡ℎ𝑒𝑡) < 0 in (49), because
1𝑅(𝑡ℎ𝑒𝑡) > −𝛼2𝑀(𝑡ℎ𝑒𝑡). We know that 𝑅(𝑡ℎ𝑒𝑡) > 0 and we are allowing the relative monopoly distortion to be of either sign, so in the
ase where 𝑀(𝑡ℎ𝑒𝑡) < 0 then we see that (49) requires a sufficient amount of roundabout production, i.e., 𝛾1 > −𝛼2𝑀(𝑡ℎ𝑒𝑡)∕𝑅(𝑡ℎ𝑒𝑡) > 0.

22 The formula for 𝜅0 is specified in the Appendix, Lemma 11, and is of either sign.
23 This result is obtained in Appendix E.1 because for 𝑡1 < 1 then 𝛬1 > 1, and so we can prove that the term in brackets in (40) equals zero at a point 𝑡𝑅0 < 1.
24 This result is obtained in Appendix E.3 because for 𝑡1 < 1 then 𝛬1 (1−�̃�1 )

1−�̃�1𝛬1
> 1, and so under condition (42) we can prove that the terms in (35) sum to zero

t a point 𝑡𝐷0 < 1.
25 This result is obtained in Appendix E.4 because we prove that there exists a high tariff 𝑡′′1 > 𝑡ℎ𝑒𝑡 at which 𝑚 − [

(

𝑡′′1 − 1
)

∕𝑡′′1 ]𝜃1=0 in (38), and therefore
𝑀(𝑡′′) = 0.
12
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In that case we can apply the intermediate value theorem one last time to obtain the optimal tariff 𝑡∗1 with 𝑡𝑅0 < 𝑡∗1 < 𝑡ℎ𝑒𝑡.
ondition (46) is an upper-bound on the effective distortion in sector 2 relative to sector 1, and it generalizes condition (42) to
ow allow for roundabout production. We argue in the next section that the constraints (43)–(45) are satisfied for all countries in
ur sample, while the upper-bound in (46) is satisfied for most.

We conclude this section by noting that the optimal tariff can be negative, as we earlier suggested following (26) when 𝜂𝑚1 is
ufficiently large. Consider the limiting case as 𝜆𝑑1 → 0, so that 𝜂𝑚1 → +∞. For simplicity, let us focus on a one-sector economy, so
hat 𝛼1 = 1. In that case, we can take the limiting value of the fixed-point formula in (37) (see Appendix E.6) to show that

lim
𝜆𝑑1→0

𝑡∗1 =
𝜃1𝜌1

(

𝜃1 − 𝜌1
) < 1, when 𝛼1 = 1 and 𝛾1 > 0. (50)

Remarkably, we find that the optimal tariff in this limiting economy exactly equals the subsidy in (18) found by Demidova and
Rodríguez-Clare (2009): that subsidy is needed to correct the externality arising in a model with imported differentiated goods,
whereby each new foreign variety brings surplus that domestic buyers do not take account of in their spending. Because the share
of domestic inputs in the economy is vanishingly small, it appears that the additional tariff of 𝑡ℎ𝑜𝑚 = 1∕𝜌1 identified by Gros (1987)
and used by Demidova and Rodríguez-Clare in conjunction with the subsidy to obtain 𝑡ℎ𝑒𝑡 (see Eq. (19)) is not needed anymore, so
we are left with just the subsidy as the optimal policy in this limiting case. By continuity, any economy with a sufficiently small
domestic share will also have a negative optimal ad valorem tariff.

This is not the only example of a negative optimal tariff, however. In Caliendo et al. (2020), we examine the conditions to ensure
that the optimal tariff is negative in a model with two symmetric countries, where only one country is applying the tariff. We find
that a negative optimal tariff applies in two cases: Highly Linked Economies that have high roundabout production (high 𝛾1) and
are very open (low 𝜆𝑑1); and Remote Economies, with a small traded sector and with 𝜆𝑑1 → 1, so that the economy is nearly closed
to trade due to high iceberg costs, as may occur for very distant countries. The Highly Linked Economies are very similar to the
negative optimal tariff found in (50) (except that (50) holds for all 𝛾1 > 0, so it does not require a high amount of roundabout
production). The Remote Economies are different, however, and apply at the other extreme of the domestic share when 𝜆𝑑1 → 1.

6. Second-best tariffs around the world

We now take the model to the data and solve for second-best optimal tariffs. We use data from EORA 26 (Lenzen et al., 2012,
2013) for the year 2010 which contains information for the world economy. Before we compute the optimal tariffs we need to
aggregate the data into a two-country two-sector world. We define the Tradable goods sectors as sectors 1 through 12 from the
EORA classification and the Nontradable goods sectors as sectors 13 through 25 from EORA classification (sector 26 is re-exports).
For each country in EORA we aggregate all variables into these two sectors, and then for each country we aggregate all the others
into the rest of the world (RoW). EORA contains information for 189 countries, many of which are small economies. However, as
a preliminary step, and in order to determine the reliability of the data, for each country in the sample we compute the total GDP
documented in EORA relative to the value documented by the World Bank indicators. Some countries had GDP values in EORA that
represented more than 2 times or less than half the GDP value documented by the World Bank. We excluded these countries from
the sample. We also excluded countries in the sample for which we do not have 2010 tariff data, which are needed to calibrate the
model. As a result, we end up with a list of 164 countries in our sample (and for each country the RoW).26

The requirements to take the model to the data for each country are the following: the values of the finished goods produced
in each sector 𝑌𝑠, the domestic expenditure shares 𝜆𝑑1, the labor share in each sector in our model, 1 − 𝛾𝑠, which more generally
should be measured as the share of value added (i.e., payments to labor and capital) in the variable costs of production. We also
need information on the elasticities of substitution in each sector 𝜎𝑠, and the Pareto share parameter 𝜃𝑠. We first describe how we
obtain these variables and then describe how we obtain the elasticities.

When taking the model to the data we need to deal with three issues. First, in order to measure the share of value added in
production one cannot take the shares of industry revenue that go to value added directly from the data since the share of value
added also includes profits (or ‘‘operating surplus’’). Second, total intermediate goods includes purchases from your own sector and
other sectors, but our model only has purchases of intermediates from your own sector. Third, our model assumes a sector with no
trade, but the service industries in EORA have some trade.

For the first issue, we compute the share of intermediate goods in the cost of production for the Tradable and the Nontradable
sectors as the intermediate goods purchased from the same sector divided by the sum of the compensation of employees, the
consumption of fixed capital and the total intermediate goods purchased. So the latter three terms are used to measure the costs of
production (and in particular they exclude ‘‘operating surplus’’, or profits). For the second issue, we include only the intermediate
goods purchased from the same sector in roundabout production, but we cannot simply ignore the off-diagonal elements of the input–
output matrix. By including all intermediate purchases in the cost of production, we are essentially attributing the expenditure on
goods from other sectors into value added. Note that this is a conservative approach to measuring roundabout production, since it
increases the share of value added in production and therefore reduces the share of intermediates. For the final issue, we excluded
international trade in services from our calculations, so services is our Nontradable sector.

We measure the value of final goods produced in sector 1, 𝑌1, as the sum of the total domestic purchases plus total imports. In
the case of sector 2 we have that 𝑌2 is equal to the total domestic purchases. We calculate the domestic expenditure share 𝜆𝑑1 as the

26 See Appendix G, Table 3 for the full set of countries.
13
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Table 1
Elasticities.

Sector(s) 𝜎𝑠𝜃𝑠
𝜎𝑠−1

− 1 𝜃𝑠 𝜎𝑠 Global share

Agriculture and Fishing 9.11 8.4 5.8 0.16
Mining and Quarrying 13.53 12.8 8.3 0.09
Manufacturing Sectors 5.55 4.8 3.7 0.75
Total Tradable Sector (above 3 sectors) – 6.1 4.5 1
Total Nontradable Sector (all services) – 3.1 2.8 –

Table 2
Distribution of parameters by countries and sectors.
Statistic Tradable Nontradable

𝛼𝑠 (𝑝10) 0.21 0.60
𝛼𝑠 (𝑚𝑒𝑑𝑖𝑎𝑛) 0.25 0.75
𝛼𝑠 (𝑝90) 0.40 0.79
(1 − 𝛾𝑠) (𝑝10) 0.34 0.75
(1 − 𝛾𝑠) (𝑚𝑒𝑑𝑖𝑎𝑛) 0.45 0.84
(1 − 𝛾𝑠) (𝑝90) 0.57 0.89
�̃�𝑠 = 1 + (1 − 𝛾𝑠)(𝜎𝑠 − 1) (𝑝10) 2.20 2.35
�̃�𝑠 = 1 + (1 − 𝛾𝑠)(𝜎𝑠 − 1) (𝑚𝑒𝑑𝑖𝑎𝑛) 2.57 2.51
�̃�𝑠 = 1 + (1 − 𝛾𝑠)(𝜎𝑠 − 1) (𝑝90) 3.01 2.60

share of domestic purchases over 𝑌1. It follows that 𝜆𝑚1 = 1−𝜆𝑑1. Then, given the level of tariffs, we can measure 𝛬1 ≡ 𝜆𝑑1+(𝜆𝑚1∕𝑡).
iven estimates of 𝜎𝑠 and the definitions in (3), we solve for total value added as

𝑤𝐿 =
(

(1 − 𝛾1) +
1

𝜎1 − 1

)

𝜌1𝛬1𝑌1 +
(

(1 − 𝛾2) +
1

𝜎2 − 1

)

𝜌2𝑌2, (51)

and finally, the share of final goods in consumption is obtained using

𝛼1 =

(

1 − �̃�1𝛬1
)

𝑌1
𝑤𝐿 +

(

1 − 𝛬1
)

𝑌1
. (52)

In order to obtain estimates for the elasticity of substitution and the Pareto parameter we use the estimates from Caliendo and
Parro (2015). They show that by triple differencing the gravity equation one can identify the elasticities using tariff policy variation.
In the context of our model the elasticity that is estimated is given by 1 − 𝜎𝑠 𝜃𝑠∕(𝜎𝑠 − 1), and those values are reported in the first
olumn of Table 1. In order to separately identify 𝜃𝑠 and 𝜎𝑠 we rely on estimates from the literature to obtain 𝜃𝑠∕(𝜎𝑠 − 1). The two
ost cited studies to deal with this issue are Chaney (2008) and Eaton et al. (2011). Chaney finds that 𝜃𝑠∕(𝜎𝑠 − 1) = 2 from U.S. sales
ata, while Eaton et al. (p. 1472) find an initial estimate of 𝜃𝑠∕

(

𝜎𝑠 − 1
)

= 1.75 using French data on exporting firms. We rely on the
atter estimate and apply it to the first column of Table 1 to obtain values for 𝜎𝑠 of 5.8, 8.3, and 3.7, respectively, for Agriculture and
ishing, Mining and Quarrying, and Manufacturing.27 Gervais and Jensen (2019) find that services have an elasticity of substitution
hat is three-quarters the size of the elasticity in manufacturing (though they obtain rather high values for both elasticities using
ccounting data).28 We follow them by setting 𝜎2 = 0.75×3.7 = 2.8 for services, our Nontradable sector. Finally, we take a weighted
verage of the elasticities across the Tradable sector using the global shares of output shown in the final column of Table 1, obtaining
1 = 4.5. We therefore have 𝜎1 for Tradable goods considerably higher than 𝜎2 for Nontradable services, generating higher markups
n the latter sector.

Table 2 reports the shares of industry final consumption, 𝛼𝑠 as well as the share of industries revenue that go to value-added,
1 − 𝛾𝑠). As expected, the share of expenditure on final goods in the Tradable sector is lower than in the Nontradables sector in
ur sample. The median share is 25% for Tradables (𝛼1) and 75% for Nontradables (𝛼2). We can see that the value added share
or Tradables varies across countries from 34% at the 10th percentile to 57% at the 90th. Also reported is the effective elasticity
̃𝑠 ≡ 1 + (1 − 𝛾𝑠)(𝜎𝑠 − 1) in each sector. We find that the median effective elasticity in Tradables (2.57) is quite close to the median
ffective elasticity in Nontradables (2.51), so the effective monopoly distortion in the two sectors has similar median but still differs
cross countries.

To compute the optimal tariffs we then solve numerically the system of equations of the small open economy model using the
‘hat-algebra’’ method for large changes. We then verified that the solution coincides with the exact solution to the optimal tariff
sing our formula 𝐻(𝑡∗1) = 0 in (47).29 Fig. 2 reports the distribution of optimal tariffs for the 164 countries in our sample. The
ertical dashed line represents the tariff value of 𝑡ℎ𝑒𝑡 = 𝜃1𝜌1

(𝜃1−𝜌1)
= 1.146 or an ad valorem value of 14.6%. As we can see, almost

all countries in our sample have an optimal tariff that is below 𝑡ℎ𝑒𝑡, and the median ad valorem optimal tariff is 11%, with much
variation across countries.

27 These elasticities are slightly revised from our working papers, CFRT (2020, 2021).
28 This estimate of 0.75 comes from their working paper, Gervais and Jensen (2013).
29 See Appendix F, where Figure 5 presents a scatter plot between the numerical solution from the hat-algebra and the exact solution, which are closely
ligned. Table 3 in the Appendix includes the optimal tariff for each country in our sample along with the parameter values.
14
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Fig. 2. Distribution of optimal second-best tariffs (exact solution) compared to 𝑡ℎ𝑒𝑡 shown by the dashed line.

Fig. 3. Parameter restrictions.

The parameters in Table 2 can be used to illustrate how our optimal tariffs from the quantitative model accord with the
predictions of Theorem 1. Each scatterplot dot in Fig. 3 corresponds to the values of 𝛼2 and 𝛾1 for the 164 countries in our sample,
nd we graph the constraints (43)–(45) from Theorem 1. We see that these constraints are satisfied for all countries in our sample.30

The final constraint that should be checked in Theorem 1 concerns the upper-bound on the effective distortion in Nontradables
s compared with Tradables, given by (46). This constraint depends on 𝛾2, so it cannot be graphed here, but rather needs to be

30 There is one country that is omitted from our sample that lies on the edge of a constraint, and that is Kuwait. However, we found that 𝛾1 for Kuwait is
very sensitive to how we measure value-added: i.e., whether is consists of payments to labor and capital (as followed in this paper), or alternatively, whether
it consists of all categories of value-added included in EORA (as followed in our working papers CFRT, 2020, 2021), which in addition to payments to labor
and capital also includes operating surplus (i.e., profits), taxes paid, and a miscellaneous category of ‘‘mixed income’’. We did not observe this sensitivity in 𝛾1
15

depending on how value-added is measured for other countries, and for this reason, we have excluded Kuwait from our sample.
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Fig. 4. Optimal tariff 𝑡∗1 versus roundabout parameter 𝛾1.

checked on a country-by-country basis. There are six countries that are highlighted in the lower-portion of Fig. 2 with relatively
low values of roundabout production 𝛾1: these countries all have 𝑡∗1 > 𝑡ℎ𝑒𝑡 and they violate the constraint in (46).31 In other words,
these six countries have high enough values for the effective distortion in Nontradables that the (modest) amount of roundabout
production in the Tradable sector is not enough to lead to 𝑡∗1 < 𝑡ℎ𝑒𝑡, contrary to what we find for other countries.

There is also one country highlighted at the top of Fig. 3 and that is Myanmar (MMR), which has 𝑡∗1 = 0.85 so the optimal ad
valorem tariff is −15%. Myanmar (formerly Burma) is an extremely closed country, and its domestic share evaluated at the optimal
tariff is 𝑡∗1 is 𝜆∗1 = 0.998. Just below Myanmar are two other labeled countries that have optimal ad valorem tariffs very close to zero,
i.e., 𝑡∗1 ∈ (1, 1.02), and are very open: Singapore (SGP, 𝜆∗1 = 0.27) and Malta (MLT, 𝜆∗1 = 0.48). Burkina Faso (BFA) is also labeled
at the top of Fig. 3 with 𝑡∗1 ∈ (1, 1.02), and it is relatively closed with a domestic share 𝜆∗1 = 0.76, above the median of 0.70. We
will show in a sensitivity analysis below that in an alternative calibration where we modestly increase the value for 𝜎2 to a still
plausible value, which acts to reduce the distortion in the Nontradable sector, then Singapore, Malta, Burkina Faso can also then
have negative optimal tariffs.

To gain further insight, we performed a variance decomposition in the spirit of Eaton et al. (2004) to determine the contribution
to the variance of the optimal tariff coming from roundabout production in the numerator of (37) versus the relative distortions
across sectors in the denominator. Specifically, we write the numerator as ln[𝑡ℎ𝑒𝑡

(

1 − 𝛾1𝑅(𝑡∗1)
)

] and the denominator as ln[1+𝛼2𝑀(𝑡∗1)].
Using each of these as dependent variables, we run a regression with ln 𝑡∗1 on the right. By construction, the two regression coefficients
sum to unity, and they indicate the fraction of the variance in ln 𝑡∗1 explained by the numerator and the denominator of the fixed-
oint formula. We find that roundabout production explains 47% while the relative distortions across sectors explains 53% of the
ariation. Thus, in our calibrated model, roundabout production and the relative monopoly distortion are about equally important
n explaining the variation in the optimal tariffs.

Recall that in our calibration of elasticities, we have relied on Gervais and Jensen (2013, 2019) who found that 𝜎2 for services is
hree-quarters that of 𝜎1 in manufacturing. That gave us the value 𝜎2 = 2.8 = 3.7× 0.75 used in our benchmark analysis. Because we
lso aggregate the Tradable sector over Manufacturing, Mining and Agriculture (see Table 1), we obtain a higher value for 𝜎1 = 4.5
n Tradables overall than in Manufacturing, so the elasticity used in Nontradables is considerably lower than that used in Tradables.
s an alternative sensitivity check, we make a different assumption: we apply the factor of 0.75 from Gervais and Jensen to the
lasticity used in the Tradable sector overall, obtaining the higher value of 𝜎2 = 3.4 = 4.5 × 0.75 for the Nontradable sector.

In Fig. 4 we graph the optimal tariff against 𝛾1 for our benchmark calibration (with 𝜎2 = 0.28) and for this alternative sensitivity
check (with 𝜎2 = 0.34). In both cases, we see that there is a remarkably strong nonlinear relationship between 𝑡∗1 and 𝛾1. Raising
𝜎2 lowers all the optimal tariffs. With 𝜎2 = 0.34 we find that Myanmar is joined by Burkina Faso, Malta and Singapore in having
egative optimal tariffs, with South Korea (KOR) now having an optimal ad valorem tariff very close to zero. This set of countries

illustrate the theoretical result mentioned at the end of the previous section: negative optimal tariffs are likely to be found for both
Highly Linked and Remote economies, but in all cases we find empirically that having a high value for 𝛾1 – indicating high roundabout
production – is an essential feature.32 Furthermore, by raising 𝜎2 we now find that there are no countries having a high optimal
ariff, with 𝑡∗1 > 𝑡ℎ𝑒𝑡.

31 In addition, there are seven other countries – generally appearing in the lower portion of Fig. 3 – that violate (46), which is a sufficient but not necessary
onditions to have 𝑡∗1 < 𝑡ℎ𝑒𝑡. The median value of 𝜅0 in our sample is −0.184, which is not too different from the value −1∕𝜃1 = −0.164 appearing in constraint
42) in Theorem 1. But the presence of 𝜅1 = (𝑡ℎ𝑒𝑡 − �̃�1)∕(1 − �̃�1) in (46), with a median value of 1.26, makes this a notably weaker constraint due to the presence
f roundabout production than (42).
32 As mentioned in note 4, in CFRT (2021), we analyze a 186-country, 15-sector quantitative model for 2010 with a general input–output structure, and we
16

ind a negative optimal tariff for five countries, including Myanmar. In Caliendo et al. (2020), we analyze the same quantitative model for 1990, and we find
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7. Conclusions

We began by asking whether modern trade theory has anything new to say about arguments for protecting the traded sector.
t does, but the answer is nuanced. Gros (1987) showed that the Krugman model of monopolistic competition calls for a positive
ptimal tariff even for a small country. While we have explained that this tariff equalizes the monopoly markup on the price of
omestic goods with the tariff distortion (i.e., one plus the ad valorem tariff) on the price of imports, other interpretations are

possible. In particular, because of product differentiation in the Krugman model, the foreign demand curve for a home export
variety is not infinitely elastic for a small country, but slopes downward. An import tariff – which is equivalent to an export tax by
Lerner symmetry – reduces exports and therefore raises the export price, which is a terms of trade gain for the SOE applying the
tariff. Even without imperfect competition, the presence of product variety on its own leads to a positive optimal tariff for a small
country.33

The market structure in the SOE influences the optimal tariff, however. Demidova and Rodríguez-Clare (2009) found that the
optimal tariff in a SOE with one sector and heterogeneous firms is lower than that obtained with homogeneous firms, so as to correct
an externality in attracting foreign varieties. We have introduced a nontraded sector into the model, with roundabout production in
both sectors. We find that there are strong reasons for the optimal tariff to be lower still, though this result is not guaranteed. With
roundabout production, the idea of introducing a tariff distortion equal to the domestic markup breaks down: this policy would
increase the price of the finished good that is bundled from the imported and domestic varieties, so that firms use too little of
this finished good as compared to labor. To offset this distortion in the absence of any other policies, a lower value of the tariff is
generally needed. The only exception to this rule occurs when the nontraded sector itself has a higher monopoly markup than the
traded sector, which argues for a higher tariff to shift resources towards the nontraded good. For the vast majority of countries in
our sample, the incentive to lower the tariff (to offset the distortion in the price of the finished good) is greater than the incentive
to raise the tariff (when the nontraded sector is more distorted), and we find that the optimal tariff is lowered, and can be negative.

Our results stand in contrast to another literature that to some extent argues in favor of import protection. Specifically, this
is the firm-delocation literature that combines a monopolistically competitive traded sector with a competitive traded outside good
(see, e.g., Venables, 1987; Melitz and Ottaviano, 2008, Section 4; Bagwell and Lee, 2020). The traded numeraire good pins down
relative wages between countries, so the country applying tariffs is ‘‘small’’ in the sense that its wages do not respond to its tariff. In
this literature, encouraging entry into traded goods requires positive import tariffs. Essentially, the ability to attract firms into the
home country takes the place of a conventional terms-of-trade motive for tariffs, so that the optimal tariff is positive even though
wages are fixed. Of course, with multiple countries pursuing this motive for protection, there is ample scope for trade agreements
to reduce the deadweight losses due to the tariffs (Ossa, 2011; Bagwell and Staiger, 2015).

The major differences between this class of models and our own are: (i) roundabout production, so that tariffs are applied on
imported intermediate inputs rather than final goods; and (ii) the nontraded service sector, which does not fix relative wages between
countries. Lerner symmetry holds in the traded sector, so that import tariffs are equivalent to export taxes and inhibit entry into that
sector. That logic does not apply when the numeraire good is traded, which gives firm-delocation models a very different flavor: they
act like partial equilibrium models because wages are fixed, and perhaps are most appropriate to narrowly targeted tariffs, whereas
our results depend on Lerner symmetry, which is a general equilibrium property and depends on having broad tariffs applied to the
traded sector. Determining the most appropriate range of applications for each class of models, and therefore the policy implications,
is one important area for further research.

A second area for research is to investigate whether the optimal second-best tariff is low in other models beyond those we have
investigated here. As we noted in Section 5.1, in the presence of roundabout production the positive impact of an import tariff on
the home wage can be reversed: evaluated at free trade, a rise in the tariff can lead to a fall in the home wage, and this is more likely
under heterogeneous firms than with homogeneous firms. That negative terms of trade impact is crucial to obtaining an optimal
tariff that is negative, and the question is whether this result extends outside the monopolistic competition framework. Consider,
for example, the perfect competition Armington and Eaton–Kortum models. In the absence of intermediate inputs, Caliendo and
Feenstra (2022) have shown that there is a formula for the optimal tariff that depends critically on the wage impact of the tariff,
and this formula holds under monopolistic competition and in these perfect competition models. What has not been investigated is
whether the terms of trade impact itself can become negative in these competitive models due to input–output linkages.

Extending this question further, consider the perfect competition model with external economies of scale as analyzed by Bartelme
et al. (2019). They have shown that the optimal policy in a small economy is to have production subsidies to internalize the
external economies of scale and export taxes to internalize the terms-of-trade externalities. Furthermore, they show that this policy
combination continues to hold with intermediate goods and an input–output structure. When production subsidies are not feasible,
so that we are in a second-best setting, other questions for research are whether the terms of trade impact of a tariff/tax is reduced
due to input–output linkages, and therefore whether the second best tariff/tax is lower than in the first-best.
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a negative optimal tariff in ten countries: China, Hong Kong, India, Israel, Vietnam, and five more remote countries. Having a negative optimal tariff suggests
that the welfare gains to these countries from unilateral tariff reductions from 1990 were of the first-order.

33 This point is made by Caliendo and Parro (2022) in the context of a small country in the Eaton–Kortum model.
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Data availability and online appendix

The dataset and Online Appendix can be found at https://rcfeenstra.github.io/CFRT/.

ppendix A. Supplementary data

Supplementary material related to this article can be found online at https://doi.org/10.1016/j.jinteco.2023.103824.
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