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Abstract
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traditional positive optimal-tariff argument can be reversed. This result occurs if the markups
in the traded sectors or their own-sector linkages are sufficiently high as compared to the nontraded sector, so that production in the traded sectors is sub-optimal. Applying tariffs on the
imported intermediate inputs in these sectors will amplify this distortion, even though those
tariffs are needed to offset the monopoly markup on home-produced intermediate inputs. We
show analytically that negative optimal tariffs on the intermediate inputs can arise for either
very high own-sector linkages (Highly Linked Economies) or very low linkages and little trade
(Remote Economies). We then examine a 189-country, 15-sector version of our model and quantify the country gains (or losses) from the reduction of tariffs under the Uruguay Round and the
further move to free trade. The countries gaining from the elimination of tariffs have a strong
rank correlation with those that gain from a negative optimal tariff, which comprise one-quarter
of the countries in the world.
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Introduction

The use of tariffs to protect manufactures has a long history in the United States. In his famous
Report on Manufactures, Alexander Hamilton argues for moderate tariffs combined with direct
subsidies to benefit manufacturing industries using the tariff revenue. Opposition to the subsidy
portion of the plan came from Thomas Jefferson and James Maddison, who were nevertheless in
favor of even higher import tariffs, and Maddison’s administration led to the first protectionist
tariff in the United States (Irwin, 2004). Jumping to the present time, the administration of
President Donald Trump has enacted tariffs to protect various manufacturing industries, including
solar panels, steel and washing machines, and against a broad range of products from China.
Significantly, the products selected for Chinese tariffs were intended to minimize the direct impact
on consumer prices, so that American businesses have faced the brunt of the tariffs on their use of
imported inputs (Fajgelbaum, Goldberg, Kennedy and Khandelwal, 2019).
We present a new, second-best argument for trade policy to promote manufacturing, but with
subsidies rather than tariffs applied to imports of intermediate inputs. We obtain this result in a
multisector model that features monopolistic competition as in Melitz (2003) and Chaney (2008)
and allows for roundabout production in each sector. That is, the differentiated varieties in each
sector are treated as traded intermediate inputs, which are bundled into a nontraded finished good,
that is sold to consumers and back to firms. This model, outlined in section 2, has the conventional
monopoly distortion whereby the sector with a lower elasticity of demand and higher markup is
producing too little as compared to the social optimum. This distortion is amplified, however, when
each sector uses its own finished good as an input: firms then apply a further markup on their use
of the finished good as an input, so there is effectively a double-marginalization.1 In section 3, we
solve for policies under autarky to offset this distortion, which involve producer subsidies to the
purchase of differentiated inputs to offset the markup, combined with consumer subsidies (taxes)
to the sectors with higher (lower) markups.2
Now open the economy to international trade, with one sector as described above (traded
intermediate inputs) which we think of as manufacturing, and another nontraded, competitive
sector which we think of as services.3 Due to markups and roundabout product in manufacturing,
the corrective policy calls for increased production of that sector. If consumer and producer taxes
are not used in practice, then a second-best instrument in the open economy is a tariff or subsidy
on trade. It might appear that to encourage production of the manufacturing sector we would
want to use an import tariff, and that is in fact what Demidova and Rodrı́guez-Clare (2009) and
Felbermayr, Jung and Larch (2015) find in a one sector model, as we explain in sector 4. Demidova
1
This double-marginalization of the markup plays a role in the empirical literature examining markups defined
over gross output as compared to value-added: see Basu and Fernald (1997, 2002)
2
Judd (1997, 2002) appears to be the first to recognize that subsidies are needed to offset the markups on
domestically-produced intermediate inputs, which he treats as capital.
3
In the calibrated model the traded sectors also include agriculture and mining, and there is a small amount of
trade in services, which we treat as monopolistically competitive.
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and Rodrı́guez-Clare find a simple formula for the positive optimal import tariff that offsets the
monopoly distortions in a small open economy, and Felbermayr, Jung and Larch show that the
optimal tariff is higher for a large economy.
But once we add the nontraded service sector, then the opposite result occurs: to encourage
production in manufacturing, an import subsidy is needed. This result arises in part because we
have modeled trade as occurring in intermediate inputs, so that import subsidy on those inputs is
also a subsidy to the manufacturing firms relying on the bundled input as a finished good. But the
firms relying on the finished good are themselves producing intermediate inputs, so it is surprising
that they benefit from an import subsidy. That result follows from Lerner symmetry:4 an import
tariff is equivalent to an export tax, and we show that starting from low tariffs, any increase in
the tariff inhibits the entry of firms producing the differentiated inputs. Thus, to offset the initial
distortion, a lower import tariff than would otherwise be applied is needed. Because the optimal
tariff to exploit terms of trade gains is positive, and offsetting the distortion requires a lower tariff,
it is possible that the optimal tariff becomes negative. We work out the conditions for this result
to hold in the two-sector model and find that it is more likely when: (a) the extent of roundabout
production is high and trade costs are low (which we refer to as Highly Linked Economies); or
(b) the extent of roundabout production is low and trade costs are high (which we refer to as
Remote Economies). In either case, the possibility of a negative optimal tariff is more likely when
the manufacturing sector is small, which explains why this result does not arise in the one-sector
Melitz-Chaney model.
To determine whether our theoretical results have empirical relevance, we turn to a calibrated
version of our model in section 5. We utilize the EORA input-output database that includes 189
countries (see Lenzen, Moran, Kanemoto and Geschke, 2013).5 In Caliendo, Feenstra, Romalis,
and Taylor (2019) we combine this dataset with comprehensive tariff data and calibrate the model
to tariff cuts under the Uruguay Round. Here we use the same calibrated model for a different
purpose: to determine whether starting at free trade, it is optimal for any countries to impose a
import subsidy that is uniform across all traded sectors. Following Gervais and Jensen (2013) we
use an elasticity of substitution for services (which are largely nontraded) that is lower than in
manufacturing, so that monopoly markups are higher in services; but that is offset by fact that
services make relatively little use of their own outputs as inputs. As a result, services are overproduced and the possibility of import subsidies as a second-best policy to expand manufacturing
arises. We find that 12% of the countries in the world have such negative optimal (uniform) tariffs.
These countries tend to fall into two groups, following the cases we identify in our theory: (a)
Highly-Linked Economies, which include Belgium, France, Israel, Italy, Portugal, Philippines, and
Russia; and (b) Remote Economies, which include many small island countries.
4

Costinot and Werning, 2018, provide a modern treatment of Lerner symmetry, emphasizing that it holds under
imperfect competition once we rule out cross-border ownership of assets, such as with multinational firms.
5
We exclude the rest of the world, which is the 190th country in EORA but a very small entity with incomplete
data.
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We should highlight that our results contrast with another strand of literature that assumes
a monopolistically competitive traded sector, but combined with a competitive numeraire good
that is also traded. The traded numeraire good pins down relative wages across countries. In
contrast to our results here, encouraging entry into the manufacturing sector(s) requires the use of
a positive import tariff in what is referred as firm-delocation.6 The major difference between this
class of models and our own is that we use a nontraded service sector, which does not fix relative
wages across countries. Because that sector is nontraded, Lerner symmetry applies to the traded
manufacturing sector, so than an import tariff is equivalent to an export tax and inhibits entry
into that sector. The same logic does not apply when the numeraire good is traded, giving these
firm-delocation models a very different flavor.7 Reconciling which class of models is most relevant
for the analysis of trade policy, possibly depending on whether tariffs are applied economy-wide or
to particular industries, is an important direction for further research.

2

Multisector Melitz-Chaney Model

The model we shall consider is a multisector Melitz-Chaney model that is very close to the extension of that model in Arkolakis, Costinot, and Rodrı́guez-Clare (ACR, 2012, section IV). Our
exposition will therefore be brief. Each sector sells a traded differentiated goods, which we model
as intermediate inputs, to firms in the same sector that have a CES production functions over these
inputs: think of a finished good like autos being assembled from automobile parts. Firms in sector
s of country i can source these inputs from countries j = 1, ..., N , and the CES price indexes over
the differentiated inputs purchased from each country j and in total are:


Z∞


Pji,s ≡ Nj,s



pji,s (ϕ)1−σs gs (ϕ) dϕ

1
1−σs

, Pi,s


 1
1−σs
M
X
≡
Pji,s 
,

(1)

j=1

ϕ∗ji,s

where Nj,s are the mass of entrants in each of countries j who sell at the prices pji,s (ϕ), depending
on their productivities ϕ with distribution gs (ϕ). The cutoff productivity ϕ ≥ ϕ∗ji,s needed to sell
from country j to i will be derived below.
Inputs sourced from other countries have iceberg costs of trade, but there are no domestic
iceberg costs or other tariffs or taxes in this section. It will be convenient to solve for the price
index of inputs sourced domestically, which is Pii,s . From the usual CES markup of prices over
6

The firm-delocation literature started from Venables (1985), with contributions by Melitz and Ottaviano (2008,
section 4), Ossa (2011), a survey by Bagwell and Staiger (2015), and the recent work of Bagwell and Lee (2018)
7
Davis (1998) argues that the home market effect, which is related to de-localization, depends on having smaller
transport costs in the traded numeraire good than in the differentiated good. While our simplified model in section
4 assumes that the numeraire sector is non-traded, the argument of Davis suggests that in order to rule out delocalization, it is enough for the numeraire sector to have higher transport costs. Indeed, the quantitative results in
section 5 do not depend on the numeraire sector (services) being fully nontraded or being perfectly competitive.
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marginal costs, the prices pii,s (ϕ) equal:
σs xi,s
,
σs − 1 ϕ

pii,s (ϕ) =

(2)

where xi,s is the marginal cost for a firm with productivity ϕ = 1, or what we refer to as the input
cost index. This cost for producing an input variety in sector s depends on the wage and also
on the price of other inputs that are purchased by the firm. For simplicity, we suppose that the
intermediate input producers rely on inputs of the domestic finished good from their own sector.8
The input cost index is given by the simple Cobb-Douglas form,
γ

1−γi,s

xi,s ≡ Pi,si,s wi

.

(3)

We follow Melitz (2003) in defining the average productivity:




Z∞

ϕσs −1 h


ϕ̃i,s ≡ 
ϕ∗ii,s

gs (ϕ)
1 − G(ϕ∗ii,s )

1
σs −1

i dϕ


.

(4)

Noting that the domestic variety available to agents after the exit of firms with productivity ϕ <
ϕ∗ii,s is Nii,s = Ni,s [1 − G(ϕ∗ii,s )], we can substitute the above expressions into equation (1) for Pii,s
to obtain:
Pii,s = (Nii,s )

1
(1−σs )



σs
σs − 1



γ

1−γi,s

Pi,si,s wi

(5)

ϕ̃i,s

Furthermore, we can solve for the overall price index Pi,s by using the fraction of differentiated
goods in sector s that country i sources from itself, which is:
Ni,s

R∞

pii,s (ϕ)1−σs gs (ϕ) dϕ

ϕ∗ii,s

λii,s =
PM

j=1 Nj,s

R∞

=
pji,s (ϕ)

1−σs

gs (ϕ) dϕ

1−σs
Pii,s
1−σs
Pi,s

.

(6)

ϕ∗ji,s

We can make use of the final equality above and (5) to solve for:
1
(σs −1)

Pi,s = Pii,s λii,s

"
= wi

λii,s
Nii,s



1
(σs −1)



σs
σs − 1



1
ϕ̃i,s

# (1−γ1 i,s )
.

(7)
1/(σs −1)

From this expression , we see that the domestic price index Pii,s must be multiplied by λii,s
8

in

Thus, we are assuming that the production of finished goods use intermediate inputs from the same sector, which
are traded, and that production of the intermediates uses the finished good from the same sector, but for convenience
these finished goods are treated as not traded. In the calibrated model of section 5 we allow for production of
intermediates to use domestic finished goods from other sectors, too.

5

1/(σs −1)

order to obtain the overall price index Pi,s . That term λii,s

is precisely the variety correction

discussed by Feenstra (1994) that takes into account the ability to source inputs from foreign
countries and not just domestically. Further, in expression (5) a variety correction in the form
1/(1−σs )

Nii,s

also appears, which takes into account the mass of domestic products Nii,s and also

the use of a sector’s own finished good as an input into production of the intermediates. Taken
together, it follows that the ratio of these two terms appearing on the right of (7) is a correction for
both domestic and foreign varieties, with a fall in this term indicating greater overall variety and
a fall in the price index. The remaining terms on the right of (7) besides the markup are the wage
and average productivity, adjusted for intermediate input use, which reflect the costs of production
without correcting for variety.
To make further headway we need to solve for the product variety terms, using the zero-cutoffprofit (ZCP) condition for domestic firms. The cutoff domestic productivity ϕ∗ii,s is obtained from
the profit-maximization problem for an input-producing domestic firm facing the CES demand:

qii,s (ϕ) =

pii,s (ϕ)
Pi,s

−σs

Yi,s
,
Pi,s

(8)

where Yi,s is the value of output of the finished good s in i, using differentiated inputs from all
sources. In the following sections we will solve for the value of that output, which is sold to domestic
consumers and firms but not exported; by assumption, only the differentiated intermediate inputs
are traded. For the remainder of this section we treat Yi,s as known and solve for other variables
within each sector. Profits of the input-producing firm from selling to the home market are:

πii,s (ϕ) =

max
pii,s (ϕ)≥0


xi,s
pii,s (ϕ)qii,s (ϕ) −
qii,s (ϕ) − wi fii,s ,
ϕ

(9)

where fii,s are the fixed costs (in units of labor) to sell to the domestic market. We have already
noted the optimal price in (2), and substituting that into the above expression, we can readily solve
for the cutoff productivity ϕ∗ii,s at which profits are zero,
πii,s (ϕ∗ii,s )

= 0 =⇒

ϕ∗ii,s


=

σs
σs − 1



σs wi fii,s
Yi,s



1
(σs −1)



wi
Pi,s

1−γi,s
.

(10)

It will be convenient to now assume the Pareto distribution of productivities Gs (ϕ) = 1 − ϕ−θs ,
with shape parameter θs > σs −1. We note that for the Pareto distribution, the average productivity
is proportional to the cutoff productivity, as is seen by evaluating the integral in (4),
ϕ̃i,s =

ϕ∗ii,s



θs
θs − σs + 1



1
σs −1

.

(11)

Then substituting (10) into (11), and using that result in (7), we obtain a simple but unfamiliar
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equilibrium condition:


Yi,s
wi fii,s




=

Nii,s
λii,s



θs σ s
θs + σ s − 1


.

(12)

The first term on the right, when raised to the power 1/(σs − 1), has already been interpreted as
the overall variety of domestic and foreign goods in the price index (7). Importantly, we see that
variety depends directly on the total sales of the finished good Yi,s .
Consider the case where these is a single sector producing differentiated inputs, which are
bundled as a finished good for consumers and also used as in intermediate input in that sector.
According to the input cost index in (3), a fraction 1 − γi,s of costs goes to labor with the rest
used to purchase the finished good as an input. The value Yi,s of the finished good equals the
value of all differentiated inputs used to assemble it, and with balanced trade in the differentiated
inputs, it follows that (1 − γi,s )Yi,s equals value-added in the economy and therefore equals the
value of the labor input wi Li . Substituting (1 − γi,s )Yi,s = wi Li into (12), we see that a fixed labor
endowment means that overall product variety is also fixed. In other words, there are no gains
in this economy due to changing product variety, because any increase in import variety is offset
by reduced domestic variety. The only gains from trade in the one-sector economy come through
improvement in the average productivity ϕ̃i,s , appearing as the final term on the right of (7).
Indeed, we can easily show how the change in average productivity is related to the familiar
gains from trade formula in ACR. The selection equation for firms in the domestic market is:
Nii,s = Ni,s [1 − G(ϕ∗ii,s )] = Ni,s (ϕ∗ii,s )−θs ,

(13)

using the Pareto distribution. Consider taking the ratio of the average productivity between two
equilibria, one of them denoted by a prime, and between which foreign variables including trade
costs can change. Then using (11), (12) and (13) , we obtain:
0

0

ϕ∗i,s
ϕ̃i,s
= ∗ =
ϕ̃i,s
ϕi,s

0

0

Nii,s /Ni,s
Nii,s /Ni,s

!− 1

0

θs

=

λii,s
λii,s
0

!− 1

θs

0

0

Yi,s /Ni,s
Yi,s /Ni,s

!− 1

θs

.

(14)

0

The first ratio appearing on the right of (14) is (λii,s /λii,s )−1/θs , which is the familiar formula
for the gains from trade in the single-sector Melitz-Chaney model. That ratio reflects the rise in
average productivity and rise in real wages because the other terms appearing in (14) are constant
0

between the two equilibria: Yi,s = Yi,s as argued just above when there is a single sector, in which
0

case Ni,s = Ni,s is also fixed by the labor force Li . When there are multiple sectors, however, then
the labor allocation across sectors will change in response to foreign shocks, and so the sectoral
variables Yi,s and Ni,s both change and likewise for product variety from (12). These results are
apparent from a close reading of Arkolakis, Costinot, and Rodrı́guez-Clare (2012, section IV), to
be sure, but they are not as familiar as the single-sector formula. We will need to keep track of all
these variables as we now derive optimal policies in a multisector economy under autarky.
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Optimal Consumer and Producer Taxes under Autarky

We assume that agents have Cobb-Douglas preferences over the final goods:
Ui =

S
Y

(Ci,s )αi,s ,

(15)

s=1

where αi,s are the expenditure shares on consumed goods Ci,s . We let Ri represent the income
of the agents in country i. In the presence of taxes, agents derive income from labor income and
rebated tax revenue, while expected firm profits equal zero by the assumption of free entry. We
shall consider both consumer on their purchases of the finished goods and producer tax/subsidies
on their purchases of the finished good from their own sector.9 Suppose that in each sector s,
consumer and producer taxes are applied at the ad valorem rates of ρci,s and ρpi,s , respectively.
We continue to let Pii,s denote the own-country prices index in each sector net of the consumer
taxes, and under autarky this equals the sectoral price index Pi,s . We multiplying this index
by (1 + ρci,s ) to obtain the consumption price, so that (1 + ρci,s )Pi,s Ci,s = αi,s Ri is the value of
consumption of the final good in sector s. It follows that Ci,s = αi,s Ri /Pi,s (1 + ρci,s ) is the quantity
of final consumption, which we can substitute into (15). Then the optimal policy is to choose the
consumer and producer taxes to maximize utility:
max Ri

ρci,s ,ρpi,s

S
Y
s=1

αi,s
(1 + ρci,s )Pi,s

!αi,s
.

(16)

To solve this problem, we need to express income and the sectoral price indexes in terms of the
consumer and producer taxes.
Income Ri is readily obtained as labor income wi Li plus tax revenue:
Ri =wi Li +

=wi Li +

M
X
s=1
M
X

ρci,s Pi,s Ci,s +

M
X

ρpi,s γi,s Yi,s =

s=1

ρci,s αi,s Ri /(1

s=1

+

ρci,s )

+

M
X

(17)
ρpi,s γi,s Yi,s ,

s=1

where in the second line we used the solution for Ci,s derived just above.
The value of output of the finished good at net-of-tax prices equals Yi,s , and under autarky this
equals the value of intermediate inputs produced. Of that value, γi,s Yi,s is used as intermediates into
the production of differentiated inputs in the same sector. It follows that the remaining (1−γi,s )Yi,s
is the value of consumption in that sector at net-of-tax prices, so that (1 − γi,s )Yi,s = Pi,s Ci,s =
αi,s Ri /(1 + ρci,s ). We therefore obtain the value of output as Yi,s = αi,s Ri /(1 − γi,s )(1 + ρci,s ), which
9
We do not introduce any tax/subsidies on the competitive industry in each sector that bundles the differentiated
intermediate inputs into the finished good, though such instruments would not influence our optimal solution below.
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we can substitute into (17) to obtain the following expression for income, Ri :

Ri = wi Li 1 −

S
X



αi,s


s=1

1 + ρci,s



ρci,s +

γi,s
1 − γi,s


 −1
ρpi,s  .

(18)

To solve for the sectoral price indexes under consumer and producer taxes, note first that the
producer tax ρpi,s on purchases of the finished good implies that the input cost index (3) becomes:
h
iγi,s
1−γ
xi,s = (1 + ρpi,s )Pi,s
wi i,s .

(19)

Then price index of inputs sourced domestically, Pii,s , becomes:


1

Pii,s = (Nii,s ) 1−σs

σs
σs − 1

h
i
 (1 + ρp )P γi,s w1−γi,s
i,s
i
i,s
ϕ̃i,s

.

(20)

Since in autarky Pii,s = Pi,s , we can use this expression to solve for the overall price index:



1

Pi,s = (Nii,s ) (1−γs )(1−σs )

σs
σs − 1



1
1−γi,s



1+

ρpi,s



γi,s
1−γi,s

wi

1
1−γi,s

(21)

ϕ̃i,s

Substituting this price index into (8) and (9) we can solve for the new cutoff productivity ϕ∗ii,s
at which the input-producing firms’ profits are zero:
ϕ∗ii,s


=

σs wi fii,s
Yi,s



1
σs −1

ϕ̃i,s

.

1

(22)

1−σs
Nii,s

Here we can use the proportionality of the average and cutoff productivities from (11), to obtain a
simplified version of the equilibrium condition (11) with λii,s = 1 in autarky:
Yi,s
= Nii,s
wi fii,s



σ s θs
σ s + θs − 1


.

(23)



Using Yi,s = αi,s Ri / 1 + ρci,s (1 − γi,s ), we can solve for the number of domestic varieties, Nii,s ,
which we then use in (21) to obtain a parsimonious expression for the overall price index:

Pi,s = wi 

Ai,s Ri
(1 + ρci,s )

!

−1
(σs −1)



σs
σs − 1

with Ai,s ≡ [αi,s (θs + σs − 1)] / [θs σs (1 − γi,s )wi fii,s ].
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 1
 (1−γi,s )
1 
,
ϕ̃i,s

(24)

Our final step is to argue that the average productivity ϕ̃i,s appearing in (24), which is determined by the cutoff productivity ϕ∗ii,s , is not affected by the taxes. To see that result, we use the
determination of the cutoff productivity that was developed by Melitz and Redding (2014b). From
the CES demand structure in (8) and profits in (9), using the ZCP condition π(ϕ∗ii,s ) = 0, it folh
i
lows that profits before deducting the fixed costs of entry are: π(ϕi,s ) = (ϕ∗ii,s /ϕi,s )σs −1 − 1 fii,s .
Integrating this expression over all successful entrants with productivities from ϕ∗ii,s to ∞ using
E , we obtain a
the distribution gs (ϕ), and setting the result equal to the fixed costs of entry fi,s

condition that uniquely determines ϕ∗i,s . This determination of the cutoff productivity in sector s
under autarky depends on the fixed costs, of course, but it does not depend on the value of output
Yi,s or on either the consumer or the producer taxes on the finished good.
Making use of the fact that the cutoff productivity ϕ∗ii,s under autarky is fixed, we can substitute
(18) into (24) and (16) and take the first order conditions with respect to consumer and producer
taxes, respectively:
"
1+

S
X
s=1

#
"

#
αi,s
1
γi,s
Ri
1
p
c
1−
ρi,s +
,
ρi,s
=1+
c
(σs − 1) (1 − γi,s ) wi Li
1 + ρi,s
1 − γi,s
(σs − 1) (1 − γi,s )
"
#
S
X
Ri
1
αi,s
1
1+
c = 1 + ρp .
(σ
−
1)
(1
−
γ
)
w
L
1
+
ρ
s
i,s
i i
i,s
i,s
s=1

(25)

Simplifying these conditions, the optimal consumer and producer taxes are:
1+

1+

ρpi,s

ρci,s


=

σs − 1
σs


=K



σs − 1
σs

< 1,
1+


, K≡

S
P
s=1

S
P
s=1

αi,s
1+ρci,s

αi,s
(σs −1)(1−γi,s )

h
1+

γi,s
(1−γi,s )σs

(26)
i.

Notice that the optimal producer tax is actually a subsidy, which exactly counteracts the markup
in the price of differentiated inputs that is fully passed-through to the price of the bundled, finished
good. In this way, firms are paying a price for the finished good that reflects it marginal cost. The
optimal consumption taxes also offset the markup implicit in the price of the finished good, but
only up to a factor of proportionality K, which can be chosen to balance the budget. By offsetting
the monopoly distortions, we believe that these tax/subsidies are a first-best allocation for the
autarky economy.10 The subsidy to producers is not a familiar property of any tax system such
as value-added taxes (VAT), however, because under VAT producers are rebated for taxes paid so
that they face zero (but not negative) taxes.
10
That is, we believe that the cutoff productivities ϕ∗ii,s are at the first-best level. This result follows from Dhingra
and Morrow (2019), who show that the equilibrium of a one-sector Melitz-Chaney model is socially optimal. Because
the tax/subsidies in (26) offset any distortion in consumption due to monopoly pricing across sectors, then we would
likewise be at the social optimum of the multisector economy.
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Accordingly, we will now focus on the special case, when only consumer taxes are used as a
policy instrument. If ρpi,s = 0, then using this in the first-order conditions (25) we can readily solve
for the optimal consumer taxes that also balance the budget:11
(1 +

ρci,s )




 X

S
(σr − 1)(1 − γi,r ) + 1
(σs − 1)(1 − γi,s ) + 1
=
αi,r
.
(σs − 1)(1 − γi,s )
(σr − 1)(1 − γi,r )

(27)

r=1

Notice that the right of (27) is constant across sectors, so the optimal consumption tax is inversely
proportional to the bracketed term on the left. To interpret that term, consider first the case where
γi,s = 0 so that a sector’s output is not used as an intermediate input. Then the bracketed term on
the left of (27) equals σs /(σs − 1), so once again the optimal consumer tax is inversely proportional
to the monopoly markup. But when γi,s 6= 0 then the own-sector usage of intermediate inputs also
enters into the optimal consumer tax. As a sector exhibits strong input-output linkages, so that γi,s
is higher, then the optimal consumer tax falls. This solution reflects the double-marginalization of
markups, whereby input-producing firms apply a markup on their total marginal cost, including
the finished good used as an input that already incorporates a markup. In this second-best solution
when only consumption tax/subsidies are used, higher amounts of roundabout production will lead
to lower consumer taxes, even if the elasticity of substitution σs and monopoly markups are the
same across sectors. This result will help us to understand the potential for negative tariffs as a
second-best policy in an open economy, which we investigate in the next section.

4

Optimal Tariffs with Trade

Let us now open the economy to trade in the differentiated goods. In our model, the finished good
will bundled from home-produced and imported varieties, and sold to home consumers and firms.
The first-best policy in a one-sector economy has been developed by Demidova and Rodrı́guez-Clare
(2009) and Felbermayr, Jung and Larch (2015). Demidova and Rodrı́guez-Clare analyze a small
economy, and find that the first-best policy involves a subsidy on the domestic purchases of the
differentiated good, just as we found above for firm purchases of the finished good: in both cases,
that subsidy offsets the monopoly markup. With a single sector, however, an equivalent policy is
to tax the imported varieties, so that one plus the ad valorem tariff equals σ/(σ − 1), where we
drop the sectoral subscript s. In this way, both imported and domestic varieties have the same
price wedge, which is due to the markup on domestic varieties and the tariff on imported varieties.
They further find that there are too few imported varieties as compared to the social optimum, so
to offset both distortions they arrive at an smaller but still positive optimal tariff, σ/(σ − κ−1 ),
where κ ≡ θ/(σ − 1) > 1. Felbermayr, Jung and Larch show that the tariff is higher than this
amount in a large country, reflecting its ability to improve its terms of trade.
11

When solving for ρci,s with ρpi,s = 0, the right of (27) is divided by [1 −

αi,r ρc
i,r
]
r=1 (1+ρc
i,r )

PS

P
=[ S
r=1

free to choose ρci,s such that this expression equals unity, which means that zero revenue is raised.
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αi,r
].
(1+ρc
i,r )

We are

Costinot, Rodrı́guez-Clare and Werning (2016) have further shown that optimal tariffs are positive even in a multisector Melitz-Chaney model, i.e. assuming a Pareto distribution of productivities
in each sector. That result is obtained because their model implicitly starts from a situation with
no domestic distortions, so that tariffs are only influencing the terms of trade. An explicit solution
for the underlying consumer and producer taxes needed to eliminate domestic distortions in a multisector model with trade has not been obtained, and we shall not attempt to do so here. Rather,
we will consider a case where an import tariff or subsidy is the only policy instrument that is used.
Our goal is to see whether the optimal tariff continues to be positive, or in contrast, whether there
is a second-best rationale for the optimal tariff to become negative.
Crucially, when we are outside of a one-sector model, then the equivalence noted by Demidova
and Rodrı́guez-Clare between subsidizing purchases of the home-produced good and putting a tariff
on imported varieties no longer holds. That tariff would raise the price of the finished good and, with
endogenous consumption across sectors, would need to be offset by a increased subsidy to consumers
and firms for purchases of the finished good. In other words, the use of positive tariffs identified as
first-best in a (small or large) one-sector economy does not necessarily carry-through to a multisector
model when domestic distortions are present. In the next section we explore this issue in a simplified
two-country, two-sector model with one sector that has trade in the differentiated intermediate input
(but not in the finished good), along with monopolistic competition and roundabout production:
we call that sector “manufactures”. The second sector is perfectly competitive and nontraded: we
call that sector “services”. Because services are competitive and manufacturing is not, there is
too little consumption of the finished manufactured good, and this distortion is magnified by the
roundabout production in that sector.
Notice that the trade tariff or subsidy applied on imports of the intermediate inputs in manufacturing is one instrument that is acting on three distinct distortions: (1) the distortion to firm
purchases of the finished manufactured good as an input, because it has a implied markup from
the use of home-produced differentiated inputs; (2) likewise, the distortion to consumer purchases
of the finished manufactured good; (3) and the usual distortion created by the ability of the home
country to improve its terms of trade with a tariff.12 An import tariff improves the first distortion
(offsetting the markup on home-produced inputs by raising the price of foreign inputs); but it worsens the second distortion (by raising the price of the finished manufactured good); and it improves
the terms of trade. Conversely, an import subsidy will improve the second distortion through lowering the price of the finished manufactured good, but worsen the other two distortions. We will
establish conditions under which the optimal (second-best) tariff can indeed be a subsidy, meaning
that the gain from lowering the price of the finished manufactured good more than outweighs the
cost of subsidizing those inputs and worsening the terms of trade.
12

As found by Demidova and Rodrı́guez-Clare (2009), that terms of trade distortion also extends to influencing the
range of imported varieties.
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4.1

Illustrative Two-Country, Two-Sector Model

We suppose that there are two initially identical countries and two sectors, with only the home
country i = H applying a tariff tH ≡ t on intermediate inputs imported from the foreign country,
j = F . As we shall see, this case allows us to obtain a closed-form solution for the comparative
statics with respect to small changes in the home tariff dt. The first sector (manufacturing) will be
as we have assumed earlier, with traded intermediate inputs and a nontraded finished good that is
consumed and is also used as a material in the production of intermediate inputs domestically. We
let γ with 0 ≤ γ < 1, denote the cost-share of the finished good in the input price index like (3),
but with i = H and omitting the subscript s.
The second sector is much simpler and will consist of purely nontraded consumer services, which
are produced with labor and which neither use nor are used as intermediate inputs. In other words,
this residual sector has no backward or forward linkages. This second sector plays a role mainly on
the demand side where it has a consumption expenditure share of 1 − α, while the first sector has
an expenditure share of α. For convenience, we assume that this second service sector is perfectly
competitive and that, without loss of generality, its productivity level is unity so that the price of
a unit of the service equals the wage, which for convenience we normalize at unity, wH ≡ 1.
The labor force in both countries is of the same size L, and the foreign wage wF will be
determined endogenously. We assume that there are iceberg costs of trade given by τ > 1. We
start with a zero tariff on the traded intermediate imports in both countries, t = 0, which we refer
to as the symmetric free trade equilibrium (SFTE). In this situation, the iceberg costs τ > 1 ensure
that λHH = λF F > 0.5. We then suppose that the home country applies a small change of tariff dt.
The income of agents at home becomes RH = L + TH , where TH is tariff revenue. Indirect utility
takes the same form as in (16), but without the consumer or producer taxes, ρci,s = ρpi,s = 0. For
notational simplicity, we let PH denote the price index in the manufacturing sector, while wH ≡ 1 is
the price index in the competitive sector. Totally differentiating indirect utility using RH = L+TH ,
we obtain:

dUH
dPH
dTH
= −α
+
.
UH
PH
L + TH

(28)

The earlier expression for the price index in the differentiated sector (7) still holds, relabeled
as PH , and we use (12) to replace the term (Nii,s /λii,s ) with Yii,s , relabeled as YH . Unlike in the
autarky equilibrium, we now must take into account changes in the cutof and average productivities
due to changes in the tariff. We can totally differentiate (14) with respect to the primed equilibrium
and evaluate at the original equilibrium to compute dϕ̃i,s /ϕ̃i,s , and use this in the derivative of (7)
to obtain:


dPH
1
dλHH
dNH
dYH
θ
=
−
− (κ − 1)
, with κ ≡
> 1.
PH
(1 − γ) θ λHH
NH
YH
σ−1

(29)

Here we see that any reduction in entry or in the output of the differentiated sector raises its price
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index, and therefore lowers welfare in (28) unless there is some offsetting change in tariff revenue.
To explain this result, the presence of the competitive, service sector means that too few resources
are devoted to the differentiated sector. This creates a domestic distortion that is exacerbated by
any reduction in entry or output of the differentiated sector. The question we need to address is
whether protecting the sector with an import tariff will lead to such a reduction in entry or output.
While that outcome may sound counter-intuitive, recall that by Lerner symmetry, an import tariff
will be equivalent to an export tax. We would not be so surprised if an export tax reduces entry
and/or output in the differentiated sector, and that is what we explore next.
Output and Entry Consider next the goods market clearing conditions. The total value of
production of all differentiated intermediate goods at home is given by

σ−1
σ

(λHH YH + λHF YF );

namely, the value of differentiated inputs that are sold locally and abroad adjusted by markups.
A share γ of this gross production is spent on the home finished good used in production, giving

γ̃ (λHH YH + λHF YF ) where γ
e ≡ γ σ−1
σ . To this demand for the home finished good we add
consumer demand, so that market clearing for the home finished good is,
YH = γ̃ (λHH YH + λHF YF ) + α (L + TH ) .

(30)

Market clearing for the foreign finished good is,

YF = γ̃ λF F

λF H
YF +
YH
1+t


+ α wF L,

(31)

with the home country H imposing an ad valorem tariff of t on its imports of the differentiated
intermediate inputs. Home tariff revenue then equals,
t
λF H YH ,
1+t

(32)

λF H
YH = λHF YF .
1+t

(33)

TH =
and the trade balance condition is,

Finally, the free entry conditions turn out to be:13
NH
NF

=

λHH YH + λHF YF
,
f E θ σ/(σ − 1)

(34)

=

FH
λF F YF + λ1+t
YH
,
wF f E θ σ/(σ − 1)

(35)

13
We have not discussed the free entry conditions in any detail, so (34) and (35) can be obtained from our working
paper.
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where recall that we have normalized the home wage at unity, wH ≡ 1, and the tariff only applies
to the home country imports of foreign intermediate inputs.
We now differentiate these conditions and evaluate them at the initial SFTE. In the symmetric
equilibrium we have that λHH = λF F ≡ λ, and that λHF = λF H ≡ 1 − λ. While the shares
are changing with the tariff in the above equations, when evaluated at t = 0 these changes all
conveniently cancel out, because λii + λji = 1 ⇔ dλii + dλji = 0, for j 6= i. Then, for a small
change in the home tariff dt, from (30) using (32) and (33), we obtain, with t = 0 in the SFTE,
dYH
α − γ̃
= ∆ (1 − λ) dt, with ∆ ≡
≤ 1.
YH
1 − γ̃

(36)

Similarly, using (31) and (33), we obtain:
dwF
dYF
=
.
YF
wF

(37)

Changes in entry are obtained in much the same way. From (34) and (35), using (33), we have:
dNH
NH
dNF
NF

= (∆ − 1) (1 − λ) dt,

(38)

= 0.

(39)

From expression (36), we see that the value of output in the differentiated sector falls if and
only if ∆ < 0, meaning that α < γ
e. We see from (38) that entry falls due to a rise in the tariff
if and only if α < 1 so that ∆ < 1, meaning that the second sector exists to absorb some of the
redistributed tariff revenue. Without the second sector, however, the tariff applied to the revenue
cost of imports does not affect entry (though it still affects sectoral output).
We have shown that entry falls for a slight increase in the tariff from the SFTE. What about
for a large increase in the tariff? As t → ∞, then trade is eliminated and we are in the autarky
equilibrium for both countries, which is again symmetric, so that we can treat wF = wH as unity.
The conditions (34) or (35) will give the same level of entry as in the SFTE, because output of
the finished good from (30) and (31) equals YH = YF = αL/(1 − γ
e) under either autarky or in the
SFTE, so entry is likewise the same.
We can summarize these results for the two-country, two-sector model in the following theorem,
where part (c) is proved in our working paper (Caliendo, Feenstra, Romalis and Taylor, 2019).
Theorem 1 The mass of entering firms Ni is the same under free trade and prohibitive tariffs.
If and only if α < 1, then: (a) near the free trade equilibrium reducing the tariff will increase
entry; (b) near the prohibitive tariff, reducing the tariff will decrease entry; (c) entry is lower at all
intermediate tariff levels than under free trade or prohibitive tariffs.
To go a little further, we can turn to numerical simulations of the model to see more clearly
15

Figure 1: Entry effects of tariff changes in the two-sector model

Note: This figure shows how the level of firm entry NH and the domestic share λ = λHH vary as the tariff t changes,
for different values of the traded sector share α ∈ {1, 0.75, 0.5, 0.25}. For each of these four cases, tariffs vary in the
range t ∈ (0, ∞), i.e., from the symmetric free trade equilibrium (SFTE) to autarky (AUT). Iceberg costs are set
at τ = 1.1, which creates a small home bias even under free trade, with λ ≈ 0.66. The other model parameters are
γ = 0, σ = 2, θ = 4, fD = fii = 1, fX = fij = 1.1, and fiE = 1. See text.

how entry is affected by tariffs in different configurations of the model. Figure 1 shows how the
level of firm entry NH and the domestic share λHH varies as the tariff level t changes over the
range from free trade to autarky, for different values of the traded sector share α. Entry is the
same under free trade and autarky. Entry is also constant when the nontraded sector is absent
and α = 1. Otherwise, starting from free trade, entry falls as tariffs increase, before then rising
again in a ∪-shape after some point as tariffs approach infinity. The ∪-shape is more pronounced
as the nontraded sector grows in size (i.e., as α falls further below 1). Theorem 1 shows that this
∪-shape holds in general for changes in the home tariff, i.e., that the graph of entry has a single
local minimum.14
Home Welfare

The reduction in entry that we have found for a small increase in tariffs, assuming

that α < 1, necessarily reduces welfare in (28), but this effect is potentially offset by any increase
in output YH and also by any increase in tariff revenue rebated. Evaluated at the SFTE, the
increase in tariff revenue can be calculated from (32) as dTH = dt (1 − λ) YH = dt (1 − λ) α L (1 − γ
e).
14
The fact that entry is reduced for all tariffs short of the prohibitive level shows a key contrast between this twosector model with a non-traded, competitive sector, compared to a multisector model with all differentated-goods
sectors. When all sectors have heterogeneous firms, changes in entry are constrained to have a weighted sum of zero,
as shown in our working paper.
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Substituting this expression along with (36) and (38) into (29) and (28), we obtain,
dUH
UH

= −
t=0

α
dλHH
α (1 − λ)
α (1 − λ)
+
(κ∆ − 1) dt +
dt .
(1 − γ) θ λHH
(1 − γ) θ
(1 − γ
e)
|
{z
}
{z
}
{z
}
|
|
entry+output

trade volume

(40)

tariff rebate

The first term on the right of (40) is the effect of changes in trade volume (which is a sufficient
statistic for welfare in ACR for the case of changes in iceberg trade costs and a single sector). Beyond
this, the second and third terms reflect changes in the entry and output of the differentiated sector
and in the tariff revenue rebate, respectively.
α
Looking at (40), if we are in the case where d ln UH > − (1−γ)
θ d ln λHH , so that the positive

impact of the tariff rebate term overwhelms any negative impact of reduced entry, then we get the
seemingly normal result that welfare rises with a small tariff provided that the home share λHH
falls. But this result isn’t guaranteed: if, on the other hand, the second two terms on the right of
(40) are negative for dt > 0 and overwhelm the first term, then we would have that d ln UH < 0
and welfare would rise by applying a trade subsidy, i.e. the optimal tariff would be negative.
We now show that a negative optimal tariff can occur for both high and low values of γ.
For high values, γ → 1,in which case the model is not well-behaved, with the price elasticity
d ln PH /dt approaching infinity.15 To obtain a bounded expression for welfare we consider the limit
of (1 − γ) d ln UH /dt. It turns out that the revenue effect in (40) is bounded as γ → 1, so when
multiplying by (1 − γ) that term become vanishingly small. It follows that in this case we obtain a

welfare loss due to a small tariff, as shown in part (a) of the following Theorem.
Theorem 2 Consider an economy near an SFTE with zero tariffs initially, but with τ > 1. Then
for small increases in the home tariff dt > 0, the welfare change is:
(a) For γ → 1 (strong linkages):
lim (1 − γ)

γ→1

d ln UH
dt

<0

(41)

t=0

for all 0.5 < λ < 1 and 0 < α ≤ 1. It follows that the optimal home tariff is negative.
(b) For γ = 0 (no linkages):
lim

λ→1

for 0 < α <

κ−(θ−1)(σ−1)
2(κ+θ)−1

1
d ln UH
(1 − λ) dt

<0

(42)

γ=t=0

< 0.5. It follows again that the optimal home tariff is negative.

We have already motivated part (a). That result can be seen mathematically in (40), where the
coefficient α/θ(1 − γ) on the trade volume term approaches infinity as γ → 1, but the coefficient
α (1 − λ)/(1 − γ
e) on the tariff rebate term remains bounded since γ
e = γ(σ − 1)/σ < 1. These
15

Melitz and Redding (2014) likewise find that the gains from trade approach infinity as the production linkages
become very strong.
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findings are not just a peculiarity of having the fixed costs in our model paid in labor, however. We
have found that similar results continue to hold even in other specifications for the fixed costs, with
a negative optimal tariff for high values of γ.16 It is noteworthy that we obtain a welfare decline
when γ → 1 and also α = 1 in part (a), since in that case the tariff has no impact on entry. In
our decomposition of welfare, the negative optimal tariff arises because there is always an efficiency
loss due to the tariff (even without the added loss due to declining entry), and that loss becomes
infinitely large than the revenue gain as γ → 1.
Part (b) is more surprising, and shows that negative optimal tariffs can be obtained even in
the absence of any production linkages. To find whether the optimal tariff can still be negative, we
focus on high trade costs τ so that both countries are nearly in autarky, with λ close to unity. It
turns out that all the terms in (40) are proportional to (1 − λ) so they are close to zero in that case.
To determine the sign of (40) near to autarky, we divide it by (1 − λ) and take the limit as λ → 1,
obtaining the result in part (b). In order for a nonempty range of α to satisfy the condition in part
(b) just below (42), we must have that κ − (θ − 1)(σ − 1) > 0. Using θ > σ − 1, this condition
can satisfied only if σ < 2.62. In other words, in this two-sector two-country model starting with
symmetry, Theorem 2(b) can be satisfied only for a relatively low elasticity of substitution and
high markups. In our more general quantitative model discussed below, however, we will find
that negative optimal tariffs can arise for remote economies even without such low values for the
elasticity of substitution: these economies are always very small, island countries, and thereby differ
from the symmetry assumption that we have used in Theorem 2.
Is the negative optimal tariff empirically relevant? To find out, we evaluate whether these results
will hold in a more realistic setting than our two-country, two-sector model, using a multi-country,
multisector quantitative model. There are several important differences between the quantitative
model and our simple illustrative model in this section. Most important, in the quantitative model
we do not treat the services sector as having no production linkages with the rest of the economy, or
as being perfectly competitive: those assumptions were made here just for convenience. Rather, we
will allow the services sector to be composed of heterogeneous firms operating under monopolistic
competition, as explained before—which, all else equal, by placing a domestic distortion in the
nontraded sector as well as in the traded sector, might be expected to bias against a finding of
negative optimal tariffs.
16
We have assumed that fixed costs are paid entirely in terms of labor and do not use any materials, which indirectly
use imported inputs. In the alternative case where the fixed costs are paid in terms of the same input bundle as
variable costs, then the coefficient γ
e in the goods equilibrium condition would instead be γ, as discussed in footnote
12. In that case, the coefficient on the tariff revenue term in ( 40) would be α(1 − λ)/(1 − γ), which approaches
infinity as γ → 1. With this alternative specification of fixed costs, however, we find that the efficiency loss of the
tariff is also higher, because the tariff has a direct impact on raising fixed costs and reducing entry. It turns out that
the efficiency cost of the tariff approach infinity as γ → θ/(θ + κ) < 1 , in which case the tariff revenue gain is still
bounded. So once again, under this alternative specification, we find that the efficiency cost of the tariff dominates
its revenue gain when production linkages become strong enough.
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4.2

Optimal (Uniform) Tariffs in a General, Calibrated Model

We evaluate the analytical results obtained in the simplified model of the previous section by turning
now to a fully general, quantitative model. We make use of the 189 country/15 sector EORA dataset
that provides full input-output matrices for all countries (Lenzen, Moran, Kanemoto and Geschke,
2013). We generalize the multisector Melitz-Chaney model of section 2 by allowing for a different
elasticity of substitution ωs between home and foreign goods in each sector than the elasticity σs
that applies across varieties of a good purchased from different foreign countries. That is, the CES
price indexes Pji,s defined in (1) are combined as:

h

F
Pi,s = (Pii,s )1−ωs + Pi,s

1−ωs

i

1
1−ωs

F
, Pi,s


 1
1−σs
X
1−σs 

.
=
(Pji,s )

(43)

j6=i

Allowing for ωs 6= σs is important for the model to be able to reproduce the growth in trade results
from the drop in actual tariff between 1990 the 2011 in a global equilibrium, as explained in our
working paper.17
Calibration

The elasticities we use to calibrate the model are displayed in Table 1. The estimates

of the the elasticity of substitution and the Pareto parameter are taken from Caliendo and Parro
(2015). We also need an elasticity for the service sector. Gervais and Jensen (2013) find that
services have an elasticity of substitution that is smaller than for manufacturing: about threequarters the size of the elasticity in manufacturing (though they obtain rather high values for both
elasticities using accounting data). Given this, we likewise adopt an elasticity of substitution in
services that is below what we use for the manufacturing sector. In particular, for services we use a
value of σs = 2.8 and, given θs / (σs − 1) = 1.5, this implies θs = 2.7. It is notable that σs for nontraded goods exceeds σs for traded sectors, which means that markups are higher in the nontraded
sector. Nevertheless, the own-usage of intermediate inputs is lower in nontraded goods, so in the
monopolistically-competitive equilibrium we still have too little production of manufacturing.
Table 1: Elasticities
σs θ s
σs −1

Sector(s)
Agriculture and Fishing (1 sector)
Mining and Quarrying (1 sector)
Manufacturing Sectors (all 8 sectors)
Nontraded services (all 5 sectors)

−1

9.11
13.53
5.55
—

θs

σs

8.6
13.0
5.1
2.7

6.7
9.7
4.4
2.8

Finally, we also need an elasticity for home versus foreign input substitution, ωs . We obtain
this elasticity by calibrating the model to the baseline year of 1990 and then solving the model
17

See Caliendo, Feenstra, Romalis and Taylor (2019). The use of ωs < σs is also needed to avoid corner solutions
in our model, as explained more fully in Kucheryavyy, Lyn, and Rodrı́guez-Clare (2016).

19

after adding the actual, observed, tariff changes. We do this for different values of ωs , while fixing
all other elasticities, and choose the value of σs /ωs such that we match the actual growth rate of
imports/GDP which was 35%. We find that the best fit is achieved with a value of ωs = σs /1.25
and in all our quantitative results below we use this elasticity.
Reduction in Actual Tariffs

We further calibrate the quantitative model to the existing world-

2010.18

In our first two exercises, we show the changes to welfare in each

wide tariff structure in

country from the actual reduction in tariffs from 1990 to 2010, and then from complete elimination
of all tariffs, i.e. moving the world to free trade.
Figures 2 and 3 present the welfare effects in a world map from actual changes in tariff and
from moving to the free trade equilibrium from the level of 2010 tariffs. The average gains across
countries in our sample are +1.83% from the 1990-2010 reduction in MFN tariff due to the Uruguay
Round, +1.87% for the reduction in Uruguay Round tariffs plus additional Preference agreements
during those years, and +2.16% for Free trade .As we can see, there is substantial heterogeneity in
terms of winners and losers. Importantly, we find gains for some countries, notably some Emerging
and Developing countries, from the move to complete free trade. That will help to motivate the
next exercise, which is the investigation of negative optimal tariffs.
Figure 2: Welfare effects from tariff changes, world, detail, 1990–2010 - Percentage change
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See our working papers for details. We collected tariffs for all 189 countries in the EORA database using a variety
of sources. The tariff database used has complete information on MFN tariffs, but still incomplete information on
tariffs in preferential agreements, which we are continuing to improve.
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Figure 3: Welfare effects from actual 2010 tariffs to Free Trade - Percentage change
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Optimal tariffs Our goal is to find whether optimal tariffs – when applied uniformly across all
sectors – are negative for any countries. To determine this we start at a free trade equilibrium
for the world, and use a grid search over positive and negative tariffs for each of the 189 countries
in the EORA dataset.
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We find that a negative tariff is optimal for 12% of the countries in

the world, or 22 out of 189 countries. A minority of these are economies that appear to enjoy
strong production linkages, as suggested by the sufficient conditions for a negative optimal tariff
in Theorem 2(a): these are Belgium, France, Israel, Italy, Portugal, Philippines, and Russia. The
vast majority of these countries are not suggestive of strong production linkages, however, and are
Emerging or Developing economies that are mostly remote from other other countries, including
a number of islands.20 These economies are suggestive of the sufficient conditions for a negative
optimal tariff in Theorem 2(b), which requires remoteness from other countries and therefore a
high share of expenditure on home production.
If we rank countries by the negative of their optimal tariff, and also by the magnitude of
gains from the complete removal of tariffs starting from their 2010 values, then we obtain a rank
correlation of 0.49. Thus, it appears that the countries gaining from the complete removal of tariffs
benefit more from the removal of their own tariffs than from the removal of tariffs in the rest of
the world. In comparison, if we rank countries by the negative of their optimal tariff and also by
19

Concretely what we do is to evaluate the welfare effects from imposing unilateral uniform tariffs across sectors
in the range between -20% to +20%. We do this in an interval of 2.5% one country at a time.
20
These Emerging and Developing economies with negative optimal tariffs are: Angola, Bahrain, British Virgin
Islands, Croatia, Haiti, Liberia, Libya, Macao, Macedonia, Moldova, Rwanda, Samoa, Thailand, Saudi Arabia, and
Tome and Principe.
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the magnitude of gains from the actual removal of tariffs over 1990–2010, then we obtain the lower
rank correlation of 0.37. Sensibly, the removal of tariffs in the rest of the world plays a greater role
when evaluating the welfare gains over the entire two decades.
It might be thought that with a lower elasticity in services as we have used in our quantitative
model, and therefore a higher markup than in manufacturing, the social planner would want to
expand the services sector and contract manufacturing. But that is not what we find for 12% of
countries. Rather, we find that small tariffs in the manufacturing sector tend to worsen welfare for
the country applying them, so that the optimal tariffs on these industries are negative. The reason
for this result depends not only on the markups charged in different industries, but also on the extent
of their openess and production linkages. The manufacturing industries in our quantitative model
are more highly linked to the rest of economy than are the services industries. The distortions that
are present in the economy must take into account both monopolistic pricing and these production
linkages and the extent of openess, as we have shown in Theorem 2. By not treating the services
sector in our quantitative model as perfectly competitive, as we did in the illustrative two-sector
model, we are in effect “stacking the deck” against finding negative optimal tariffs in manufacturing.
Despite that, we still find that tariffs in manufacturing create a domestic distortion that, in 12%
of the countries, reverses the (positive) optimal tariff.

5

Conclusions

Our results deviate from the conventional view of a positive optimal tariff, but arise quite naturally
in a multisector Melitz-Chaney model due to the monopoly distortions that are present. It is worth
asking why the negative optimal tariff in this model has not been noted in the literature earlier.
Costinot and Rodrı́guez-Clare (2014), for instance, analyze tariffs in a multisector Melitz-Chaney
model with tariffs, but they focus mainly on uniform tariff reductions, equal across sectors and
countries. That approach does not lend itself to finding negative optimal tariffs. Spearot (2016),
on the other hand, investigates tariff reductions that are specific to individual countries, but does
not have input-output linkages in his model. So that rules out finding any negative optimal tariffs
which depend on those linkages, such as we have found in Theorem 2(a) and in our quantitative
model for Belgium, France, Israel, Italy, Portugal, Philippines, and Russia. That still leaves open
the possibility of finding negative optimal tariffs for Remote Economies, as in Theorem 2(b) and as
we have found in the quantitative model for a number of small, island economies. But to find those
it is necessary to work with a dataset that includes such small, remote countries, which the EORA
database is particularly well-suited to provide. In contrast, other widely used databases such as
WIOD (Timmer et al., 2015) does not include these small, remote countries.
In fact, it was by quite by chance that we discovered the possibility of negative optimal tariffs in
our working paper, where we set out to expore the consequences of the tariff cuts under the Uruguay
round. When examining the Uruguary Round tariff cuts for the North and the South countries
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separately, we found that both groups of countries gained from the reduction in tariffs in either
group. This is not the expected outcome when optimal tariff are positive, in which case reducing
tariffs without mutual tariff reductions abroad will not necessarily raise welfare. In contrast, in a
multisector Melitz-Chaney model, there is the potential for mutual gains from a country or set of
countries reducing its tariffs. Exploring the implications of this finding in for tariff negotations –
and the opposite of negotiations, which are tariff wars – is a topic that we leave for future research.
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