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1 Introduction

Models with product differentiation hold strong promise for the analysis of trade policy. We include

in this framework the simplest model of product differentiation due to Armington (1969); the

Ricardian model with stochastic technology due to Eaton and Kortum (2002); the monopolistic

competition model with homogeneous firms due to Krugman (1979, 1980); and with heterogeneous

firms due to Melitz (2003), while using a Pareto distribution as in Chaney (2008). Arkolakis,

Costinot and Rodŕıguez-Clare (2012) established the similarity of these models for the analysis of

the gains from trade, and here we show their similarity – and differences – for the analysis of tariffs

in a small open economy (SOE).

Demidova and Rodŕıguez-Clare (2009, 2013) were the first to explore a SOE in the context of

the Melitz model. In this setting, the large foreign country has a demand curve for each home

export variety of the form B∗p−η, where η > 1 is the elasticity of demand for an export variety

with the price p. The export demand curve is fixed by the location parameter B∗ > 0 but has

a negative slope. As stressed by Demidova and Rodŕıguez-Clare (2013), the wage in the SOE is

endogenous through trade balance, and since the wage influences the export price, then a tariff

applied by the small country has a “terms of trade” impact. Demidova and Rodŕıguez-Clare (2009)

explore trade policy in this setting. They derive a new formula for the optimal tariff that corrects

for both the domestic monopoly distortion and the externality present because changes in the

home wage impacts import variety (through trade balance). Their formula modifies that from Gros

(1987) obtained with homogeneous firms under monopolistic competition. Felbermayr, Jung, and

Larch (2013), in turn, extend that formula of Demidova and Rodŕıguez-Clare (2009) to a large

economy, and Costinot, Rodŕıguez-Clare and Werning (2020) extend the analysis further to allow

for nonuniform tariffs (depending on the productivity of firms) and in many other directions. In

addition to other theoretical contributions, there is a large quantitative literature that analyzes the

impact of tariff reductions in actual economies.1

1Balistreri, Hillberry and Rutherford (2011) and Costinot and Rodŕıguez-Clare (2014) examined uniform reduc-
tions or increases in tariffs across products and countries in a quantitative Melitz-Chaney model with multiple sectors.
They find greater welfare gains from tariff cuts in the presence of input-output (IO) linkages. Caliendo and Parro
(2015) used a quantitative Eaton-Kortum model with IO linkages to analyze the NAFTA tariff cuts. Spearot (2016)
examined Uruguay Round tariff cuts over 1994-2000 in a quantitative Melitz-Ottaviano (2008) model, but in the
absence of any IO structure. Caliendo, Feenstra, Romalis and Taylor (2015, 2020) use a multisector quantitative
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We believe that the small country analysis of Demidova and Rodŕıguez-Clare (2009, 2013) is very

important as a simplifying device, but that it is lacking in its theoretical foundation. In particular,

if the foreign country grows large enough then it appears that the country 1 expenditure share on

domestically-produced varieties, or λ11 in the usual notation, should approach zero in the limit, as

we demonstrate in section 2.1. We refer to this outcome as a “truly small” economy.2 Demidova

and Rodŕıguez-Clare (2009, 2013) do not impose this share as zero in their analysis of a SOE,

however, but treat it as an endogenous variable that responds to tariffs. Likewise, in quantitative

models of a SOE, such as Caliendo, Feenstra, Romalis and Taylor (2021), the model is calibrated

to the observed domestic expenditure shares that are never zero.

Our main theoretical result in this paper is to establish conditions under which a SOE has a

limiting value of the home expenditure share that is neither zero nor unity. We obtain this solution

by allowing the number or size of its trading partners to approach infinity while trade costs also

approach infinity. These trade costs can represent the distance between countries or any other

factors that lead to trade costs of the iceberg type (i.e. we do not include tariffs within the trade

costs that approach infinity). The trade of the SOE with the foreign countries approaches a finite

limit, with export demand per variety of B∗p−η, where the effective export price p is the ratio

of the c.i.f. export price to the trade costs.3 The foreign countries can be either infinitely many

SOEs, or alternatively, one or many large countries with domestic expenditure shares that approach

unity. In sections 2 and 4 we establish these results for the Armington model and the Krugman

model, respectively, where we show that η = σ reflects the elasticity of substitution. In section 3

we consider the Eaton-Kortum model where η reflects the Fréchet parameter, and in section 5 we

examine the Melitz model assuming that exporter fixed costs use labor in the source country, in

which case η = θσ
σ−1 > σ where θ > σ − 1 is the Pareto parameter.

model with IO linkages to analyze both Uruguay Round tariff cuts over 1990-2010 and optimal tariffs, and they
found some negative optimal tariffs. Lashkaripour and Lugovskyy (2020) theoretically analyze optimal first-best tar-
iffs with multiple sectors and input-output linkages, and second-best tariffs in the absence of input-output linkages.
Recently, Balistreri and Tarr (2022) analyze a quantitative model with input-output linkages under the Armington,
Krugman and Melitz market structures, for both global tariff cuts and optimal tariffs, which they find are low under
monopolistic competition. Models with product differentiation have also been used to analyze quantitative models
of tariff negotiations and wars, as in Ossa (2014), Bagwell, Staiger and Yurukoglu (2021) and Lashkaripour (2021).

2We thank Elhanan Helpman for this phrase.
3As we shall show, the effective export price still includes a component of iceberg costs denoted by τ0, so those

iceberg costs can be incorporated into the SOE model.
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As an application of our results, in section 6, we consider the optimal tariff for a SOE. When

export demand takes the form B∗p−η then we establish that the optimal ad valorem tariff is

1
η−1 > 0. So in the Armington model, we therefore obtain a positive optimal tariff purely due to

the downward slope of the export demand curve, leading to a “terms of trade” effect, and without

any monopoly distortion. In the monopolistic competition model with homogeneous firms we have

η = σ, so the optimal ad valorem tariff for the SOE is 1
σ−1 > 0, which is the result found by Gros

(1987). But for the monopolistic competition model with heterogeneous firms, when the fixed costs

of exporting is paid using domestic labor, then we find that η = θσ
σ−1 . So in this case we find that

the optimal ad valorem tariff for a SOE is 1
η−1 = ρ

θ−ρ with ρ ≡ σ−1
σ , which is the formula found by

Demidova and Rodŕıguez-Clare (2009).4 These results integrate the SOE optimal tariff formulas

found in the literature. Further conclusions are discussed in section 7.

2 Armington Model

We suppose that there are N countries, and in each country i the representative consumer has

a CES utility function defined over consumption qji of the variety purchased from each country

j = 1, ..., N :

Ui =

[∑N

j=1
q
(σ−1)/σ
ji

]σ/(σ−1)
, σ > 1. (1)

Each country has a labor endowment of Li and labor productivity of ϕi, so their “effective” labor

endowments are ϕiLi. The wage in each country is wi and the cost of producing each unity is

wi/ϕi. With one plus the ad valorem tariff denoted by tji and iceberg costs of τji ≥ 1, then the

price of the variety sold from country j to i is

pji = τjitji

(
wj
ϕj

)
. (2)

Denote total income in country i by Ii = wiLi + Ti, where Ti is tariff revenue. Then using

the CES utility function, we can solve for the share of expenditure in country i on the country j

4As we shall discuss, if we assumed instead that export fixed costs use labor of the destination country, then
η = θ + 1 and the optimal ad valorem tariff is 1

θ
. A similar result holds for the Eaton-Kortum model, as shown by

Caliendo and Parro (2022), where θ reflects the Fréchet parameter; see note 17.
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variety, which is given by

λji =
τjitjiwjqji
Iiϕj

=

(
pji
Pi

)1−σ
, (3)

where

Pi =

[∑N

j=1
p
(1−σ)
ji

]1/(1−σ)
. (4)

2.1 One Large and One “Truly Small” Economy

Suppose that N = 2, and for the moment ignore tariffs. We allow country 2 to grow without bound

by letting ϕ2 → +∞. We can normalize w1 ≡ 1 and also choose ϕ1 = 1 for simplicity, but then we

need to solve for w2 from trade balance, which is

(1− λ11)L1 = λ12w2L2.

Using (3), trade balance is

1− 1[
1 +

(
τ21w2
ϕ2

)(1−σ)]
L1 =


τ
(1−σ)
12[

τ
(1−σ)
12 +

(
w2
ϕ2

)(1−σ)]
w2L2.

If w2 remains bounded above as ϕ2 → +∞, then it is readily seen that the left side of this

expression approaches L1 but the right side approaches zero, which is a contradiction. So it must

be that w2 → +∞. On the other hand, if w2/ϕ2 remains bounded away from zero as ϕ2 → +∞,

then the left side approaches a finite value (zero if w2/ϕ2 → +∞) but the right side approaches

+∞ (because w2 → +∞), which is another contradiction. We conclude that as ϕ2 → +∞,

then w2 → +∞ but at a slower rate than ϕ2, so that w2/ϕ2 → 0. It follows immediately that

λ11 =
[
1 + (τ21w2/ϕ2)

(1−σ)]−1 → 0, which is what we call a “truly small” economy.5 This result

can be avoided by letting trade costs approach infinity, as we discuss next for various Armington

(denoted by A) cases.

5We have also found that λ11 → 0 as L2 → +∞ while holding foreign productivity ϕ2 fixed.

5



2.2 CASE A1: N Small and Distant Economies

We now model the iceberg costs of trade as

τji ≡ τ0 τ for τ0, τ ≥ 1 and j 6= i, (5)

with τii = 1. We will let τ → +∞, which we can think of as growing distance between countries,

as measured by geography or any other differences such as language or culture. For convenience in

this section we set ϕi = 1 for all countries. Country 1 has a labor endowment of L1 and the wage

w1. The labor endowment of the other countries is Lj = LF , and by symmetry, the wage in the

other countries will be identical and is denoted by wj = wF for j = 2, ..., N . We can choose wF

as the numeraire and hold it fixed (though we do not insist that wF ≡ 1). We suppose that only

county 1 imposes a tariff of tj1 = t1 for j 6= 1, with tji = 1 otherwise.

To provide a first illustration of how a SOE can be obtained, we suppose that the number of

foreign countries j = 2, ..., N is growing with τ according to

N − 1 = τβ, β > 0. (6)

In the limit, the price index in country 1 is then given by

lim
τ→+∞

P1 = lim
τ→+∞

[
w

(1−σ)
1 +

∑N

j=2
(τ0τt1wF )(1−σ)

]1/(1−σ)
= lim

τ→+∞

[
w

(1−σ)
1 + (N − 1) (τ0τt1wF )(1−σ)

]1/(1−σ)
= lim

τ→+∞

[
w

(1−σ)
1 + τβ+(1−σ) (τ0t1wF )(1−σ)

]1/(1−σ)
.

It is immediate that this price index is finite if: β = (σ − 1) . (7)

After imposing this condition, we obtain the domestic price index

lim
τ→+∞

P1 =
[
w

(1−σ)
1 + (τ0t1wF )(1−σ)

]1/(1−σ)
.

Notice that this domestic price index looks like that for country 1 facing a single foreign country
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with the home tariff t1 and variable trade costs τ0, so that the effective foreign price net of the

tariff is τ0wF . Then the country 1 expenditure share on the domestic variety is given by

λ11 =
w

(1−σ)
1

w
(1−σ)
1 + (τ0t1wF )(1−σ)

. (8)

Thus, in this simple example we have shown how country 1 can face an infinite number of trading

partners but still maintain a strictly positive domestic share. This is our first requirement for a

country that is “small” but not “truly small”.

A second requirement for a SOE is that the location parameter of its export demand is fixed.

That condition is satisfied in our example because the limit of the foreign price index is independent

of the home wage w1. For any foreign country F , its price index is:

lim
τ→+∞

PF = lim
τ→+∞

[
(τ0τw1)

(1−σ) + (N − 2) (τ0τwF )(1−σ) + w
(1−σ)
F

]1/(1−σ)
=

[
0 + lim

τ→+∞
(N−2)
(N−1)τ

β+(1−σ) (τ0wF )(1−σ) + w
(1−σ)
F

]1/(1−σ)
using (6),

= τ0wF

[
1 + τ

(σ−1)
0

]1/(1−σ)
, using (7).

To see how this fixes the location parameter of the foreign export demand curve, use (6) and (7)

and the above to take the limiting value of home exports:

lim
τ→+∞

(N − 1)wFLF

(
τ0τw1

PF

)1−σ
=

wFLF

1 + τ
(σ−1)
0

(
τ0w1

τ0wF

)1−σ
.

We have already noted that τ0wF is the effective foreign price for exports, and likewise, τ0w1 is

the effective country 1 price for exports. It follows that the limiting value for the quantity of home

exports is obtained by dividing the above by τ0w1, obtaining

wFLF[
1 + τ

(σ−1)
0

] (τ0w1)
−σ

(τ0wF )1−σ
= B∗ (τ0w1)

−σ with B∗ ≡ LF

[τ
(1−σ)
0 + 1]w−σF

. (9)

Thus, we have established the limiting value of export demand facing country 1, and since B∗ is

independent of the home wage, then country 1 is an SOE. Actually, all N countries in this example
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are SOEs, with each foreign country having a domestic expenditure share that is strictly positive

can differ from (8) because they purchase from themselves at the price determined by their own

wage and they do not impose any tariffs.6 Export demand for country 1 in (9) compares with the

SOE export demand of B∗(τ0w1)
−η as stated in section 1. It follows that for the Armington model,

the export elasticity is η = σ.

2.3 Infinite Trade Costs: A Taxonomy of Cases

We continue with the specification of trade costs in (5), and with assuming that only country 1

imposes a tariff. For simplicity we continue to set ϕ1 = 1, but we now allow the foreign countries

j = 2, ..., N to have the identical labor productivities of ϕF . We generalize our illustrative example

and allow both the number and size of foreign countries to grow with τ according to:

N = 1 + τβ, β ≥ 0, (10)

ϕj ≡ ϕF = τγ γ ≥ 0 and j = 2, ..., N, (11)

Lj ≡ LF = LF0τ
δ δ ≥ 0 and j = 2, ..., N. (12)

If we choose β = 0 then there are only two countries, N = 2. If we also choose γ = δ = 0 then

it is easily shown that with allowing trade costs to approaching infinity leads to autarky in both

countries, so that λ11 → 1. We want to avoid that limiting value for the domestic share just as

much as avoiding λ11 → 0, so at least one of the parameters β, γ, δ must be strictly positive. We

will show that having any one of these parameters positive and equal to a certain value will ensure

that limτ→+∞ λ11 ∈ (0, 1), and more generally, a linear combination of them must equal a certain

value (related to σ).

The share of country 1 expenditure on the domestic product is

λ11 =
w

(1−σ)
1[

w
(1−σ)
1 + (N − 1)

(
τ0τt1

wF
ϕF

)(1−σ)] =
1

1 + τβ−(1−γ)(σ−1)
(
τ0t1wF
w1

)(1−σ) , (13)

6 Specifically, the domestic expenditure share in each foreign country j equals w
(1−σ)
j /[w

(1−σ)
j + (τ0wF )(1−σ)],

where wj is their own wage and wF is wage in the other N − 2 foreign countries. Export demand facing each foreign
country is identical to that shown in (9), but using their own wage wj rather than w1.
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where in the second equality we have made use of (10) and (11). In order to have limτ→+∞ λ11 ∈

(0, 1) we therefore require

k ≡ lim
τ→+∞

τβ−(1−γ)(σ−1)w
(1−σ)
F ∈ (0,+∞), (14)

where this notation indicates that the limiting value of the expression must be strictly greater than

zero and finite.

Equation (14) is the first limit that we will use to solve for the parameters β, γ, δ consistent

with a SOE in country 1. We consider only economic environments in which limτ→+∞wF > 0,

though we allow the foreign wage to approach infinity (as we have seen in section 2.1). It follows

from (14) that we must have β ≥ (1 − γ)(σ − 1). If β = (1 − γ)(σ − 1) then we see immediately

from (14) that wF = k
1

(1−σ) , which suggests that specifying a value for k is equivalent to choosing

the foreign wage as numeraire. More generally, as β > (1− γ)(σ − 1) then we find from (14) that

wF → +∞, but along a path that still depends on k. So we will argue below that specifying k is

like choosing a numeraire.

The implication of (14) for the foreign wage in various cases can be summarized in the following

taxonomy:

lim
τ→+∞

λ11 ∈ (0, 1) ⇐⇒



Parameters Foreign Wage

Case A1: β = (σ − 1), γ = δ = 0 wF = k
1

(1−σ)

Case A2: β = 0, γ = 1, δ > 0 wF = k
1

(1−σ)

Case A3: β = 0, γ > 1, δ ≥ 0 wF → τ (γ−1)k
1

(1−σ)

Case A4: β = (1− γ)(σ − 1) > 0, γ > 0 wF = k
1

(1−σ)

Case A5: β > (1− γ)(σ − 1) > 0, γ > 0 wF → τ
β

(σ−1)
+(γ−1)

k
1

(1−σ)

Case A1 corresponds to our example of section 2.2 where we assumed γ = δ = 0, and we found

that β = (σ−1) > 0 is needed to keep the domestic price index finite and the domestic expenditure

share strictly positive. Cases A2 and A3 have β = 0 and so there are only two countries, N = 2.

In that case, it is immediate from (14) that wF remains finite if and only if γ = 1, in Case A2.7

7We will show in section 2.4 that δ > 0 is required in Case A2, so we add that condition into the taxonomy.
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Otherwise, if γ > 1 then (14) implies that wF approaches infinity at the rate shown in Case A3. In

Cases A4 and A5 we return to the case where β > 0 so there are many countries, N → +∞ from

(10), but now we allow for γ, δ > 0 so that foreign countries grow in their number and size. Then

wF remains finite if and only if β = (1− γ)(σ − 1) > 0, while for β > (1− γ)(σ − 1) > 0 then the

foreign wage approaches infinity as τ → +∞.8

We stress three points. First, requiring k ∈ (0, 1), which is equivalent to limτ→+∞ λ11 ∈ (0, 1),

imposes restrictions on the parameters of our model: we have begun to identify these restrictions in

the various cases outlined in the taxonomy and we add further restrictions throughout this section.

Given that k is non-zero and finite, however, then specifying its exact value is like choosing a

numeraire in the model. We have already seen this result from the taxonomy in the case where the

foreign wage remains finite, so wF = k
1

(1−σ) and choosing a value for wF or k is equivalent. More

generally, even if wF approaches infinity then notice that by using (14), the limiting domestic share

in (13) can be expressed as

lim
τ→+∞

λ11 =
w

(1−σ)
1[

w
(1−σ)
1 + k (τ0t1)

(1−σ)
] . (15)

It is apparent that this limiting value for the share is homogeneous of degree zero in the variables(
w

(1−σ)
1 , k

)
, and this property will hold in all other equilibrium expressions, such as trade balance.

So in this sense, even when w2 → +∞, we are free to specify k as the numeraire and then w
(1−σ)
1

will adjust in proportion to it.

Second, while the foreign wages shown in the above taxonomy are needed to obtain a limiting

value for λ11 ∈ (0, 1), we have not yet proved that the equilibrium value of the foreign wage is finite

(in Cases A2 and A4) or infinite (in Cases A3 and A5). To determine the foreign wage, we use

trade balance. Tariff revenue in country 1 is T1 and income is I1 = w1L1 + T1. Imports valued

at their price inclusive of trade costs and tariffs are (1 − λ11)I1, so that imports net of tariffs are

(1− λ11)I1/t1 and tariff revenue is T1 = (t1 − 1)(1− λ11)I1/t1. It follows that income is

I1 =
t1w1L1

1 + (t1 − 1)λ11
. (16)

8 We add γ > 0 as a condition in Case A4 to distinguish it from Case A1. In addition, we shall argue in section
2.5 that γ > 0 is also needed in Case A5 in order for that case to not be empty.
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We must divide (1 − λ11) by t1 to obtain the duty-free import share, and then multiplying by

income in (16), trade balance is

(1− λ11)
w1L1

1 + (t1 − 1)λ11
= (N − 1)λF1wFLF ,

where λF1 is the expenditure share from each of the (N−1) foreign countries on country 1 imports.

This share is readily obtained from (2) and (3), so that trade balance is

(1− λ11)
w1L1

1 + (t1 − 1)λ11
= B(τ0w1)

(1−σ), with (17)

B =
(N − 1) τ (1−σ)wFLF

(w1τ0τ)(1−σ) + (N − 2)
(
τ0τ

wF
ϕF

)(1−σ)
+
(
wF
ϕF

)(1−σ) . (18)

Notice that on the right of (17) we have demand for the country 1 variety, with the location

parameter B and the downward slope generated by (τ0w1)
(1−σ). Even though the trade costs and

the price of a good exported from country 1 approach infinity, we absorb τ within the location

parameter and we treat the effective export price as τ0w1. The SOE requires a fixed location

parameter for its export demand curve. So dividing the numerator and denominator of B by τ (1−σ)

and using (10)–(11) and k from (14), we require that

B∗ ≡ lim
τ→+∞

B = lim
τ→+∞

 (N − 1)wFLF

(w1τ0)(1−σ) + (N−2)
(N−1)k

(
τ
τ0

)(σ−1)
+ kτ2(σ−1)−β

 ∈ (0,+∞), (19)

and we also require that this limiting value is independent of the home wage w1, so that the first

term in the denominator must vanish. This expression gives us a second limit that must be satisfied

to obtain a fixed location parameter for export demand. We need to prove that this limit is positive,

finite, and independent of w1 by constraining the parameters β, γ, δ ≥ 0.

Third, instead of using the trade balance condition at home, as in (17), we could have taken the

limiting value of the trade balance condition(s) abroad. We have already argued that we can use

the foreign wage as the numeraire, either because it is finite or – even if it is infinite – by choosing

the parameter k. In either case, it is immediate from how the tariff enters the effective import price
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τ0t1 in (15) that there is full pass-through of the tariff to import price, much as we would expect

in a conventional small-country model with a zero optimal tariff. Nevertheless, we will argue that

the optimal tariff for the SOE model with product differentiation is positive. That outcome occurs

because even with full pass-through of the tariff, the wage in the SOE will increase due to the

tariff, which raises the effective export price along the export demand curve on the right of (17).9

This terms of trade gain does not depend on whether we examine the trade balance condition at

home or abroad (and by Walras’ Law, imposing this condition at home ensures that it also holds

in the symmetric foreign countries).

We generalize the discussion of this section – so that it applies beyond the Armington model –

with the following definition:

Definition 1. The small open economy (SOE) model with product differentiation has a trade

balance condition given by

(1− λ11)
w1L1

1 + (t1 − 1)λ11
= (M e

1 )1−αB∗τ1−ε0 w1−η
1 , ε, η > 1, (20)

where M e
1 denotes the mass of entering firms/varieties in country 1, and the location parameter B∗

is independent of the country 1 variables but depends on initial foreign labor LF0. The domestic

expenditure share is

λ11 =
L1−α
1 w1−η

1(
L1−α
1 w1−η

1 + L1−α
F0 τ1−ε0 t1−η1 k

) , (21)

where k = w1−η
F if foreign wages are finite, and if they are infinite then k can be still chosen as a

numeraire. The parameter α = 1 in the Armington and Eaton-Kortum models, and α = 0 in the

standard monopolistic competition (Krugman or Melitz) model.

We have already found that ε = η = σ in the Armington model, though more generally we

allow ε and η to differ. We introduced the export demand curve B∗p−η in section 1, and in (20) the

elasticity η applies to an increase in the home wage while in (21) it applies to increases in the home

9To use the apt phrase of Bartelme, Costinot, Donaldson and Rodŕıguez-Clare (2019), a small country is “an
economy that is large enough to affect the price of its own good relative to goods from other countries, but too small
to affect relative prices in the rest of the world”.
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wage and the tariff.10 We will find in all models that the parameter B∗ depends on initial foreign

labor as measured by LF0 and also on k. With monopolistic competition, variety M e
1 enters on the

right of (20). We also see that (21) depends on home and foreign labor with the parameter α, which

we introduce to nest the competitive (Armington and Eaton-Kortum) models, where α = 1, and the

monopolistically competitive (Krugman and Melitz) models, where α = 0, and labor determines

product variety. We will give a further interpretation to α under monopolistic competition by

drawing on Arkolakis (2010), but now, we turn to the various cases for the Armington model.

2.4 CASES A2 and A3: One Small and One Large Economy

In Cases A2 and A3 we assume that β = 0 so N = 2. Using this in (19), the second term in

the denominator vanishes and the third term (which approaches infinity) certainly dominates the

first term (which remains finite) as τ → +∞. That result is important because it shows that the

home wage – which appears in the first term – has no impact on the limiting value of the location

parameter limτ→+∞B. Therefore, the limit in (19) becomes

B∗ = lim
τ→+∞

wFLF

kτ2(σ−1)
∈ (0,+∞). (22)

It follows that wFLF → +∞, but this can happen through LF → +∞ or wF → +∞ (or both).

We need to show that the limits (14) and (22) are consistent with some parameter values for

γ and δ, given that β = 0. In Case A2, with a finite foreign wage wF = k
1

(1−σ) , we require γ = 1.

Then using (12) in (22) we obtain

B∗ = lim
τ→+∞

k
1

(1−σ)LF0τ
δ

kτ2(σ−1)
∈ (0,+∞) ⇐⇒ δ = 2(σ − 1). (23)

We have therefore solved for the growth in the foreign labor force in (12) required to obtain a SOE

in country 1, namely:

LF = LF0τ
2(σ−1) =⇒ B∗ = LF0k

−σ
(σ−1) . (24)

To summarize these results, specify a value for k which pins down the foreign wage, and also specify

10If ε = η then the natural definition of the SOE effective export price is p = τ0w1, but we will find that ε 6= η in
the Melitz model, so the elasticity applying to the export price depends on the source of its change.
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the foreign labor force as shown in the first equation of (24). The initial value LF0 combined with

k determine the limiting location parameter B∗ as shown in the second equation. Then in the limit

as τ → +∞, we obtain a SOE in country 1 with the home wage obtained from trade balance.

Alternatively, consider case Case A3 where now we specify γ > 1 which implies that wF →

τ (γ−1)k
1

(1−σ) . We consider solutions where LF maybe be finite or not. The limit (19) becomes

B∗ = lim
τ→+∞

τ (γ−1)k
1

(1−σ)LF0τ
δ

kτ2(σ−1)
∈ (0,+∞) ⇐⇒ γ + δ = 2σ − 1, (25)

in which case we obtain the same value for B∗ as in (24). Note that if δ = 0, so that LF remains

fixed at LF0, then we still obtain a SOE provided that foreign productivity grows fast enough, i.e.

with γ = 2σ − 1 > 1. As we allow δ > 0 so that LF grows with trade costs, then the combination

of foreign productivity and population growth at a combined rate of γ + δ = 2σ − 1 is required to

obtain a SOE in country 1.

Finally, in both Cases A2 and A3 we have argued that w2L2 → +∞ but limλ11 ∈ (0, 1). From

trade balance (1− λ11) I1/t1 = (1− λ22)w2L2 it follows that λ22 → 1, so the foreign country is

large in two senses: its value of GDP approaches infinity; and its domestic share approaches unity.11

Because of it immense size combined with infinite trade costs, however, we still obtain trade balance

with the SOE that has a finite value of trade flowing between the two countries.

2.5 CASES A4 and A5: One Small and Many Large Economies

Now consider the case β > 0, so from N = 1 + τβ the number of countries grows without bound as

τ → +∞. Then (N−2)
(N−1) → 1 and the limit in (19) becomes

B∗ = lim
τ→+∞

 τβwFLF

(w1τ0)(1−σ) + k
(
τ
τ0

)(σ−1)
+ kτ2(σ−1)−β

 ∈ (0,+∞). (26)

The middle term in the denominator approaches infinity as τ → +∞, so it dominates the first term

which remains finite. Once again, this shows that the home wage has no impact on the limiting

11Having a domestic share approaching unity is also a feature of the large foreign country in Demidova and
Rodŕıguez-Clare (2009, 2013), who analyze the SOE in a Melitz model. So we should not be surprised to find the
same outcome in the Armington model.
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value of the location parameter for export demand. Dropping the first term in the denominator

and also substituting for LF from (12), the above limit becomes

B∗ = lim
τ→+∞

 τβwFLF0τ
δ

k
(
τ
τ0

)(σ−1)
+ kτ2(σ−1)−β

 ∈ (0,+∞). (27)

Consider first Case A4, where β = (1− γ) (σ − 1) > 0 and wF = k
1

(1−σ) is finite. In this case we

obtain solutions where LF maybe be finite or not. We see that the second term in the denominator

above has the exponent 2 (σ − 1)−β = (1 +γ) (σ − 1), which equals the exponent on the first term

if γ = 0 and dominates it if γ > 0. So in either case, the denominator grows at the rate τ (1+γ)(σ−1)

for large τ . So the above limit holds with finite wF if and only if β + δ = (1 + γ) (σ − 1) , so that

using our initial specification β = (1− γ) (σ − 1) we obtain

β = (1− γ) (σ − 1) and δ = 2γ (σ − 1) =⇒ β

σ − 1
+

γ + δ

2σ − 1
= 1. (28)

Since γ > 0 in Case A4 (to distinguish it from Case A1), then foreign productivity rises with trade

costs and from (28) we see that β < (σ − 1) and δ > 0. In this case, all three parameters are

positive and work together to ensure that the limiting location parameter is B∗ ∈ (0,+∞), and

from (26) it turns out to be B∗ = k
−σ

(σ−1)LF0 once again, as we found in (24).

To check the foreign economies in Case A4, we express trade balance for each foreign country

by modifying (17) and (18) to become

(1− λFF )wFLF = BF

(
τ0wF
ϕF

)(1−σ)
, with (29)

BF =
τ (1−σ) [w1L1 + (N − 2)wFLF ]

(w1τ0τ)(1−σ) + (N − 2)
(
τ0τ

wF
ϕF

)(1−σ)
+
(
wF
ϕF

)(1−σ) = B

[
w1L1 + (N − 2)wFLF

(N − 1)wFLF

]
. (30)

Notice that BF is changed only in the numerator as compared with B, because each foreign country

sells to country 1 (with income w1L1) and to N−2 other foreign countries (each with income wFLF ).

But the difference between BF and B – which is the term in brackets at the end of (30) – approaches

unity as N → +∞. Therefore, the limit of B and BF both equal B∗. The foreign wage wF is finite
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in Case A4, but because γ > 0 so that ϕF → +∞, it follows that the right of (29) approaches

infinity. Of course, LF → +∞ on the left, too, because δ > 0 and the foreign labor force is rising

with trade costs. Therefore, to evaluate the limit of λFF , we move wFLF from the left of (29) to

the right:

lim
τ→+∞

(1− λFF ) = lim
τ→+∞

BF
wFLF

(
τ0wF
ϕF

)(1−σ)
= lim

τ→+∞

B∗τ
(1−σ)
0 w−σF

LF0τ δτγ(1−σ)
.

From (28) we had δ = 2γ (σ − 1) and it follows that the above limit is zero, so that λFF → 1.

Thus, in contrast to Case A1 where the foreign countries are all SOEs, in Case A4 we see that the

foreign countries are all large, with wFLF → +∞ and domestic shares approaching unity.

Finally, consider Case A5 where β > (1− γ) (σ − 1) > 0 and wF → τ
β

(σ−1)
−(1−γ)

k
1

(1−σ) → +∞

as τ → +∞. Then ignoring the first term in the denominator of (26) because it is small compared

to the other terms, this limit becomes

B∗ = lim
τ→+∞

τ
βτ

β
(σ−1)

−(1−γ)
k

1
(1−σ)LF0τ

δ

k
(
τ
τ0

)(σ−1)
+ kτ2(σ−1)−β

 ∈ (0,+∞).

At first glance, it seems that either of the two terms in the denominator can dominate, depending on

whether β >< σ− 1. For example, suppose that β ≤ (σ − 1) so that the second term dominates or

has an equal exponent to the first term. Then the exponents on τ in the numerator and denominator

are equal when

β

σ − 1
+

γ + δ

2σ − 1
= 1 if β ≤ (σ − 1) . (31)

Alternatively, if β > (σ − 1) then the first term in the denominator dominates, and it has the same

exponent as on τ in the numerator when

β

σ − 1
+
γ + δ

σ
= 1 if β > (σ − 1) . (32)

If β > (σ − 1), however, then the above condition can be satisfied only if γ + δ < 0, which we

have ruled out in our initial specification that β, γ, δ ≥ 0. It follows that the correct parameter

restriction in Case A5 is (31). It can also be confirmed that the foreign countries are large once

again.
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2.6 Summary of Cases

We have considered an environment where the number of foreign countries and their size and

productivity are weakly increasing in trade costs, i.e. β, γ, δ ≥ 0 in (10)–(12). The parameter

restrictions introduced in the taxonomy of cases ensured that limτ→+∞ λ11 ∈ (0, 1), but we also

require that the limiting location parameter satisfy limτ→+∞B ∈ (0,+∞) and independent of any

country 1 variables. This second condition has led to parameter restrictions that we have developed

for the three cases. All of these parameter restrictions are encompassed by the following, general

restriction:

β

σ − 1
+

γ + δ

2σ − 1
= 1 and (1− γ) ≤ β

σ − 1
≤ 1. (33)

The first condition above encompasses our results for all Cases as shown by (7), (23), (25), (28) and

(31). The second condition has been used to restrict our attention to cases where the foreign wage

does not approach zero as trade costs rise. The differences between these cases occur because as

we vary parameters, then we can have an infinite number of foreign countries that are themselves

SOEs (in Case A1), or just one large foreign country (in Cases A2 and A3), or an infinite number

of large foreign countries (in Cases A4 and A5). Note that this range of possibilities has been

limited because we have assumed symmetry in the foreign countries. We expect that by allowing

for asymmetric foreign countries (and perhaps some with wages that might approach zero) then

we could generate a wider range of outcomes as trade costs approach infinity. Rather than explore

this generalization, however, we turn next to results for other models.

3 Two-Country Eaton-Kortum Model

For convenience, we consider the two-country version of the Eaton and Kortum model (2002) model

that becomes a specific form of Dornbusch, Fischer and Samuelson (DFS, 1977). In those models,

there is a continuum of goods indexed by z over the interval z ∈ [0, 1], and we assume a CES utility

function defined over consumption qi(z) in each country j = 1, 2:

Ui =

[∫ 1

0
qi(z)

(σ−1)/σdz

]σ/(σ−1)
, σ ≥ 1. (34)
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Note that we allow for σ = 1 which is the Cobb-Douglas specification used by DFS. We let ϕi(z)

denote the productivity of labor in producing product z in country i = 1, 2, which is distributed

according to the Fréchet distribution

Fi(ϕ) = 1− e−Tiϕ−θ
, ϕ > 0 with F (0) = 0. (35)

The Fréchet shape parameter θ > 1 is common across countries but the location parameter Ti

differs, with higher Ti indicating higher mean productivity in country i.

Recall that in DFS, ai(z) is the amount of labor needed for one unit of output in country i, so

this is related to productivity by ai(z) = 1/ϕi(z). DFS measure comparative advantage by the ratio

A(z) ≡ a2(z)/a1(z), where goods are ordered so that A is a non-increasing function of z. Thus, the

lower values of z have higher relative productivity in country 1. Under the Fréchet distribution in

(35), Eaton and Kortum (2002, note 15) note that the functional form of A(z) is:12

A(z) =

(
T1(1− z)
T2 z

)1/θ

. (36)

We model the the iceberg costs of trade as in (5), with τii = 1, and again suppose that only

county 1 imposes a tariff of t1. As explained by DFS, in the presence of the iceberg costs and

the tariff, country 1 only will produce goods and export in the range [0, z1), both countries will

produce goods in the nontraded range [z1, z2], and country 2 only will produce and export goods

in the range (z2, 1]. The value z1 is determined by the equality of the export price from country 1

and the local price in country 2:

τ0τw1a1(z1) = w2a2(z1) ⇐⇒
τ0τw1

w2
= A(z1),

while value z2 is determined by the equality of the export price from country 2 and the local price

in country 1:

w1a1(z2) = τ0τw2a2(z2) ⇐⇒
w1

τ0τw2
= A(z2).

12The steps to derive (36) are outlined in Feenstra (2016, pp. 184-185, problem 6.6) and we thank Andrés Rodŕıguez-
Clare for providing this derivation.
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Notice that we can use (36) to solve for these values z1 < z2, given the country wages:

z1 =
T1(τ0τw1)

−θ[
T1(τ0τw1)−θ + T2w

−θ
2

] , z2 =
T1w

−θ
1[

T1w
−θ
1 + T2(τ0τw2)−θ

] . (37)

With country 1 consuming its own goods in the range [0, z2), and symmetric demand across

goods from the CES utility function in (34), then this solution for z2 equals the country 1 domestic

share λ11 as derived by Eaton and Kortum (2002). Likewise, the country 2 domestic share λ22

equals 1 − z1. To close the model we use trade balance between the countries, which is given by

(1− λ11) I1/t1 = (1− λ22)w2L2, with country 1 income I1 as in (16). Making use of λ22 = 1− z1,

we can write trade balance in the notation of Definition 1 as:

(1− λ11)
w1L1

1 + (t1 − 1)λ11
= z1w2L2 = B(τ0w1)

−θ, (38)

with

λ11 =
w−θ1[

w−θ1 + T2
T1

(τ0τw2)−θ
] , B =

τ−θw2L2

(τ0τw1)−θ + T2
T1
w−θ2

. (39)

We can compare these equations from the Eaton-Kortum model to the Armington model with

N = 2, so that from (13) and (17)-(18) we have:

(1− λ11)
w1L1

1 + (t1 − 1)λ11
= B(τ0w1)

(1−σ),

with,

λ11 =
w

(1−σ)
1[

w
(1−σ)
1 +

(
τ0τt1

w2
ϕ2

)(1−σ)] , B =
τ (1−σ)w2L2

(w1τ0τ)(1−σ) +
(
w2
ϕ2

)(1−σ) .
It is apparent that if θ = σ − 1 and T2

T1
= ϕσ−12 , then these sets of equations are isomorphic,

so the SOE Eaton-Kortum model is obtained under the same parameter restrictions as the SOE

Armington model. That is, with β = 0 because we are assuming N = 2, we specify that relative

technologies grow according to T2
T1

= ϕσ−12 = τγ(σ−1) from (11), and that L2 grows according to

L2 = LF0τ
δ from (12). Then by imposing the restriction in (25), i.e. γ+ δ = 2σ− 1, country 1 will

approach a SOE as trade costs become very large, τ → +∞.
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To understand where these results are coming from, let us start with the simplest case where

only T2
T1

grows, keeping trade costs fixed (and also assuming t1 = 1 for simplicity). Then the trade

balance equation in (38)-(39) is simplified as:

T2
T1

(τ0τw2)
−θ[

w−θ1 + T2
T1

(τ0τw2)−θ
]w1L1 =

τ−θw2L2[
(τ0τw1)−θ + T2

T1
w−θ2

](τ0w1)
−θ. (40)

We normalize w1 ≡ 1. With T2
T1
→ +∞, if w2 approaches a finite limit that the right of this

equation approaches zero but the left approaches w1L1, which is a contradiction. So w2 → +∞.

On the other hand, if T2
T1
w−θ2 approaches a finite limit then the right of this equation approaches

infinity along with the country 2 wage w2, but the left approaches a finite limit, which is another

contradiction. We therefore conclude that T2
T1
w−θ2 → +∞, which indicates the country 2 goods

are becoming extremely inexpensive. Substituting this condition back into (37), it is immediate

that z1 → 0 and z2 → 0, so that the range of goods [0, z2) that country 1 specializes in vanishes,

λ11 → 0, while country 2 is producing and exporting small amounts of all the goods, with λ22 → 1.

So country 1 has become a “truly small” economy.

We avoid this outcome by allowing trade costs to approach infinity, along with the relative

technologies and the country 2 labor force growing at the rates described above. Then the condition

γ + δ = 2σ − 1 ensures that the country 1 domestic share approaches a limit strictly between zero

and unity, while B approaches a positive and finite limit B∗.

4 Monopolistic Competition with Homogeneous Firms

Under monopolistic competition with homogeneous firms, the number of entering firms and varieties

in country 1 is M e
1 and in the other countries is M e

j = M e
F for j 6= 1, and all the varieties from

each country are exported. Then utility is

Ui =

[∑N

j=1
M e
j q

(σ−1)/σ
ji

]σ/(σ−1)
, σ > 1.
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The equilibrium market shares are given by

λji =
M e
j τjitjiwjqji

Ii
= M e

j

(
pji
Pi

)1−σ
,

where the prices include a markup:

pji =

(
σ

σ − 1

)
τjitjiwj
ϕj

, j 6= i, and pii =

(
σ

σ − 1

)
wi
ϕi
.

The price index is then

Pi =

[∑N

j=1
M e
j

(
σ

σ − 1

τjitjiwj
ϕj

)(1−σ)
]1/(1−σ)

.

As before, we treat county 1 as having its own tariff tj1 = t1 for j 6= 1 and for simplicity we

suppose that tji = 1 for i 6= 1. The labor endowment of country 1 is L1 and the labor endowment

of the other countries is Lj = LF for j 6= 1. We continue to assume the parameters in (10)–(12), so

that all foreign countries are treated symmetrically. We let w1 denote the wage of country 1 and

the wage in the other countries will be identical and is denoted by wj = wF for j 6= 1.

We allow fixed costs to be a function of country size. In particular we let

f1 = f0L
α
1 , and fi = fF = f0L

α
F for i = 2, ..., N, with 0 ≤ α ≤ 1. (41)

This specification is motivated by the simplest case of advertising costs considered by Arkolakis

(2010).13 He assumes the advertising costs depend on the population of the destination market.

Since there are no fixed costs of exporting in the Krugman model, we are treated fixed costs in

(41) as proportional to the domestic market size, but we will re-specify this in the next section

as we consider the Melitz model. In both cases we refer to α = 0 as the standard monopolistic

competition model, but allowing for the non-standard parameters 0 < α ≤ 1 from Arkolakis (2010)

will enable us to nest the Armington and Eaton-Kortum models into our analysis, when α = 1 so

that variety M e
1 and labor L1, LF0 do not enter Definition 1.

13Arkolakis has a second parameter β that influences the function form for advertising costs, which we are treating
as unity in the simple specification (41).
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To solve for the number of varieties, we use the labor market clearing condition for country 1:

L1 = M e
1f1 + (σ − 1)M e

1

π1
w1
, (42)

where the first term on the right is the labor used for fixed costs, and the second term is the labor

used for variable costs. Because profits are zero in equilibrium we have π1
w1

= f1. Then we obtain

product variety in country 1 and in the other countries as

M e
1 =

L1

f1σ
=
L1−α
1

f0σ
, M e

F =
LF
fFσ

=
L1−α
F

f0σ
. (43)

Income in county 1 is still given by (16), and the share of country 1 expenditure on domestic

varieties is

λ11 = M e
1

( σ
σ−1w1

P1

)1−σ
=

L1
f1

(w1)
1−σ

L1
f1

(w1)
(1−σ) + (N − 1)LFfF

(
τ0τt1wF
ϕF

)(1−σ) .
Using (10)–(12), (41) and (43), the domestic share in country 1 becomes

λ11 =
1

1 +
(
LF0
L1

)1−α
τβ+(1−α)δ−(1−γ)(σ−1)

(
t1
τ0wF
w1

)(1−σ) . (44)

Notice that if we set α = 1 then the share equation above is identical to (13) from the Armington

model, and all our results from the Armington model will carry through. More generally, for all

0 ≤ α ≤ 1, we re-specify the limit (14) as

k ≡ lim
τ→+∞

τβ+(1−α)δ−(1−γ)(σ−1)w
(1−σ)
F ∈ (0,+∞). (45)

When (45) holds then limτ→+∞ λ11 ∈ (0, 1), which is the first limit that must hold for country 1

to be a SOE. The second limit is obtained from export demand. Trade balance under monopolistic

competition with homogeneous firms is

(1− λ11)
t1w1L1

1 + (t1 − 1)λ11
= M e

1B(τ0w1)
(1−σ), with (46)
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B =
(N − 1) τ (1−σ)wFLF

M e
1 (w1τ0τ)(1−σ) +M e

F (N − 2)
(
τ0τ

wF
ϕF

)(1−σ)
+M e

F

(
wF
ϕF

)(1−σ) . (47)

Export demand on the right of (46) will be the same as in Definition 1 once we establish the limiting

value B∗, provided that we use the parameter values ε = η = σ Using (10)–(12), (41), (43) and k,

we obtain the limiting value of B:

B∗ = lim
τ→+∞

σf0wFLF0τ
β+δ

L1−α
1 (w1τ0)(1−σ) + L1−α

F0

[
(N−2)
(N−1)k

(
τ
τ0

)(σ−1)
+ kτ2(σ−1)−β

] . (48)

This limit looks quite similar to (19) in the Armington model, except that L1−α
F0 and L1−α

1 appear

in the denominator reflecting product variety.

The solution for the foreign wage is summarized in the following taxonomy for the Krugman

model:

lim
τ→+∞

λ11 ∈ (0, 1) ⇐⇒



Parameters Foreign Wage

Case K1: β = (σ − 1), γ = δ = 0 wF = k
1

(1−σ)

Case K2: β = 0, γ = 1, δ > 0 wF → τ
(1−α)δ
(σ−1) k

1
(1−σ)

Case K3: β = 0, γ > 1, δ ≥ 0 wF → τ
(1−α)δ
(σ−1)

+γ−1
k

1
(1−σ)

Case K4: β = (1− γ)(σ − 1) > 0, γ > 0 wF → τ
(1−α)δ
(σ−1) k

1
(1−σ)

Case K5: β > (1− γ)(σ − 1) > 0, γ > 0 wF → τ
β+(1−α)δ

(σ−1)
+γ−1

k
1

(1−σ)

Case K1 is identical to Case A1, because with no growth in the foreign labor force or productivity,

then the number of varieties at home and abroad are all constant. So the condition β = (σ − 1)

on the growth of countries still applies in the Krugman model, and guarantees a SOE in country 1

and in all the foreign countries. Note that the first term in the denominator of (48) is vanishingly

small as compared to the other terms, as also occurs in cases K2-K5.

In cases K2 and K3, N = 2 so there is a single foreign country, and its wage approaches infinity

in either case provided that α < 1 (so there is growth in foreign varieties). Combining these cases by

specifying γ ≥ 1, we substitute the solution for foreign wages into (48), and find that B∗ ∈ (0,+∞)
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provided that the exponents on τ sum to zero:

(1− α) δ

(σ − 1)
+ γ − 1 + δ − 2(σ − 1) = 0 ⇐⇒ γ + δ +

(1− α) δ

(σ − 1)
= (2σ − 1), (49)

which is identical to (25) when α = 1.

Finally, in cases K4 and K5, the foreign wage again approaches infinity provided that α < 1.

Combining these two cases by specifying β ≥ (1− γ)(σ − 1) > 0, we again substitute the solution

for foreign wages into (48), and find that B∗ ∈ (0,+∞) provided that the exponents on τ sum to

zero. After some simplification, this general condition is stated as:

β

(σ − 1)
+

γ + δ

(2σ − 1)
+

(1− α) δ

(2σ − 1)(σ − 1)
= 1 and (1− γ) ≤ β

σ − 1
≤ 1, (50)

which is identical to our general condition for the Armington model in (33) when α = 1. Notice

that in the standard Krugman model with α = 0, we can rewrite (50) as

β

(σ − 1)
+
γ + σ

(σ−1)δ

(2σ − 1)
= 1 and (1− γ) ≤ β

σ − 1
≤ 1. (51)

This condition looks different from that obtained in the Armington model, because increases in the

effective foreign labor through productivity (the parameter γ) versus population (the parameter δ)

have differing impacts when the latter brings with it an increase in the number of varieties in the

Krugman model.

5 Monopolistic Competition with Heterogeneous Firms

We continue to assume (10)–(12), with β, γ, δ ≥ 0. With heterogeneous firms, we specify the Pareto

distribution for productivity draws in country j as:

Gj(ϕ) = 1−
(
ϕ

ϕj

)−θ
, ϕ ≥ ϕj with ϕ1 = 1 and ϕj = ϕF , j = 2, ..., N. (52)

Thus, the specification ϕF = τγ in (11) becomes the lower bound to the foreign productivity draw,

and for simplicity we treat this lower bound as unity for country 1. We modify the specification of
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fixed costs that were used in the previous section by now assuming that the fixed costs of domestic

sales and exporting are:

fij = f0L
α
j , i, j = 1, ..., N, j 6= i. (53)

These specifications for advertising costs at home and abroad are similar to (41), except that

now we more accurately reflect that fixed cost specification from Arkolakis (2010) which are fixed

operating rather than entry costs. Arkolakis further assumes that the fixed exporting costs use

labor of both country i and j in a Cobb-Douglas fashion. The case where exporting costs use

labor of the destination country has been shown to be isomorphic to the Krugman and Armington

models by Arkolakis, Costinot, and Rodŕıguez-Clare (2014) (in a setting where trade costs along

with labor endowments and productivity do not change). If we assumed that fixed exporting costs

used labor in the destination country, then we expect that the Melitz model analyzed in this section

will give results similar to the Krugman model, except that the elasticity of export demand will

be ε = θ + 1 rather than ε = σ as obtained in the Krugman model.14 So we highlight here the

difference obtained by using the alternate assumption that fixed exporting costs use labor of the

source country. Finally, we assume that entry costs fe are identical across countries and use labor

of the source country, as is standard in the Melitz model.

Given expenditure Ii in country i, CES demand for variety ϕ sold from country j to i is

qji(ϕ) =

(
pji(ϕ)

Pi

)−σ Ii
Pi
. (54)

The CES price indexes over the varieties purchased in country i from all sources j = 1, ..., N are

Pji ≡

M e
j

∞∫
ϕ∗
ji

pji (ϕ)1−σ g (ϕ) dϕ


1

1−σ

and Pi ≡

 N∑
j=1

P 1−σ
ji

 1
1−σ

, (55)

where M e
j is the mass of firms entering in country j and ϕ∗ji is the cutoff productivity for sales to

14See section 5.1 for this argument. To obtain equivalence between the two models we should also assume α = 0
in both cases, since then the different use of this parameter in (41) and (53) would vanish.
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country i. The profits in country j from supplying varieties to country i are

πji(ϕ) = max
pji(ϕ)≥0

{
pji(ϕ)

tji
qji(ϕ)− wj

ϕ
τji qji(ϕ)− wj fji

}
, (56)

where τji = τ0τ for j 6= i, τii = 1, and the only tariff is for sales to country 1, tji = t1 for i = 1, j 6= 1

and tji = 1 otherwise. Solving this problem, we obtain as usual the price as a markup over marginal

costs, pji(ϕ) =
(

σ
σ−1

)
wjτjitji

ϕ . Using this, we readily obtain the cutoff productivity ϕ∗ji at which

profits are zero:

πji(ϕ
∗
ji) = 0 =⇒ ϕ∗ji =

(
σ

σ − 1

)(
σwjfjitji

IiP
σ−1
i

) 1
(σ−1)

wj τjitji. (57)

Expected profits in each country must equal the fixed costs of entry, so for a country i firm:

N∑
j=1

∞∫
ϕ∗
ij

πij(ϕ)gj(ϕ)dϕ = wif
e. (58)

To evaluate this integral we follow the approach of Melitz and Redding (2014) to obtain

N∑
j=1

Jj(ϕ
∗
ij)fij = fe with Jj(ϕ

∗) ≡
∞∫
ϕ∗

[(
ϕ

ϕ∗

)σ−1
− 1

]
gj(ϕ)dϕ.

Using the Pareto distribution in (52) and fixed costs in (53), for country 1 we have

(
σ − 1

θ − σ + 1

)ϕ∗−θ11 f0L
α
1 +

N∑
j=2

ϕ∗−θ1j f0L
α
F

 = fe. (59)

The share of country i expenditure on the differentiated good coming from country j is obtained

from CES demand as λji = (Pji/Pi)
1−σ. We obtain these shares by computing the integral in (55):

P 1−σ
ji = M e

j

(
ϕ∗ji
ϕj

)−θ ∞∫
ϕ∗
ji

pji (ϕ)1−σ
gj (ϕ) dϕ

1−Gj(ϕ)

= M e
j

(
ϕ∗ji
ϕj

)−θ [
σwj τjitji
(σ − 1)ϕ∗ji

]1−σ (
θ

θ − σ + 1

)
. (60)
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Then substituting for ϕ∗ji from (57) we have

λji = M e
j

(
ϕ∗ji
ϕj

)−θ (
wj fjitji

Ii

)(
σθ

θ + 1− σ

)
. (61)

From the labor market clearing condition for country 1, we have that

L1 = M e
1f

e +M e
1

N∑
j=1

f1j

∞∫
ϕ∗
1j

g1 (ϕ) dϕ+ (σ − 1)M e
1

N∑
j=1

 ∞∫
ϕ∗
ij

π1j
w1

(ϕ) g1 (ϕ) dϕ+ f1j

∞∫
ϕ∗
ij

g1 (ϕ) dϕ

 ,
which has the interpretation of summing the labor used in fixed and variable costs, as in (42).

Using (58) to eliminate π1j and then (59) to further simplify, we quickly obtain

M e
1 =

(σ − 1)L1

σθfe
. (62)

Thus, entry in the Melitz model is proportional to the labor force, just as we found in the Krugman

model in (43) if we used α = 0 there.

We can now substitute entry and the cut-off threshold into the domestic share in (61), to obtain

after some simplification:

λ11 = C11

(
w1

P1

)−θ
with C11 = M e

1

(
σ

σ − 1

)−θ (σw1f11
I1

)1− θ
(σ−1)

(
θ

θ + 1− σ

)
. (63)

Similarly, we obtain the import share of each foreign country in country 1 expenditure

λF1 = CF1

(
wF τ0τt1
ϕFP1

)−θ
with CF1 = M e

F

(
σ

σ − 1

)−θ (σwF fF1t1
I1

)1− θ
(σ−1)

(
θ

θ + 1− σ

)
, (64)

where fF1 = f0L
α
1 from (53) are the foreign fixed costs of exporting. The domestic and import

shares sum to unity, so that λ11 + (N − 1)λF1 = 1. Summing the above equations in this way, we

can solve for the price index in country 1 as

P1 =

(
C11 (w1)

−θ + (N − 1)CF1

(
wF τ0τt1
ϕF

)−θ)−1/θ
. (65)
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Using these various equation for the Melitz model, we can now proceed to bound the limit of

λ11. From (10)–(12), (53) and (63)-(64), the country 1 domestic share is

λ11 = C11

(
w1

P1

)−θ
=

1

1 + (N − 1) CF1
C11

(
wF τ0τt1
w1ϕF

)−θ
=

1

1 + τ−θ0

(
t1
w1

)1−η
LF0
L1
τβ+δ−(1−γ)θw1−η

F

,

where

η ≡ θσ

σ − 1
= θ + 1 +

θ − σ + 1

σ − 1
> θ + 1 > σ since θ > σ − 1. (66)

Then limτ→+∞ λ11 ∈ (0, 1) if and only if

k ≡ lim
τ→+∞

τβ+δ−(1−γ)θw1−η
F ∈ (0,+∞). (67)

Notice that the exponent on foreign wages in (67) is 1 − η, whereas in (45) and (14) for the

Krugman and Armington models, respectively, it is 1 − σ. Anticipating our results in the next

subsection, we will show that η is the elasticity of export demand, and we see that it exceeds θ+ 1

and σ. So selection in the Melitz model leads to export demand that is more elastic than obtained

in the Armington or Krugman models, where η = σ, and also more elastic than would be obtained

in the Melitz model if we made the alternative assumption that the fixed costs of exporting used

labor of the destination country, so that η = θ + 1. However, if the models were calibrated to an

estimated value of the tariff elasticity from the data,15 which would fix η, then we can conclude

that: (i) the implied value of θ in the Melitz model, with exporter fixed costs using labor of the

source country so (66) applies, would be less than the implied value of θ in the Melitz model with

exporter fixed costs using labor of the destination country, so that η = θ + 1; and (ii) the implied

value of σ in the Melitz model, with exporter fixed costs using labor of the source country so (66)

applies, would also be less than the implied value of σ in the Krugman or Armington models, in

which case η = σ. These relationships should be taken into account in any quantitative comparison

between models.

15These tariff elasticities are estimated by Caliendo and Parro (2015), for example. It can be expected that the
method of Feenstra (1994) would also measure η if the primary variation in import prices comes from tariffs.
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We can solve for foreign wages in various cases to ensure that the limit in (67) holds. Then for

the Melitz model we obtain the taxonomy:

lim
τ→+∞

λ11 ∈ (0, 1) ⇐⇒



Parameters Foreign Wage

Case M1: β = θ, γ = δ = 0 wF = k
1

1−η

Case M2: β = 0, γ = 1, δ > 0 wF → τ
δ

η−1k
1

1−η

Case M3: β = 0, γ > 1, δ ≥ 0 wF → τ
δ−(1−γ)θ
η−1 k

1
1−η

Case M4: β + δ = (1− γ)θ > 0, γ > 0 wF = k
1

1−η

Case M5: β + δ > (1− γ)θ > 0, γ > 0 wF → τ
β+δ−(1−γ)θ

η−1 k
1

1−η

We find finite foreign wages in Cases M1 and M4. We still need to confirm that the wages shown

are consistent with trade balance, and that the location parameter for export demand does not

depend on the country 1 wage or tariff.

5.1 Trade Balance in the Melitz Model

Duty-free imports in sector 1 of country 1 are (
∑N

j=2 λj1I1)/t1 while exports are
∑N

j=2 λ1jIj . Trade

balance therefore requires
N∑
j=2

λj1I1
t1

=

N∑
j=2

λ1jIj .

Using the shares in (61) and also the symmetry of the foreign countries, trade balance becomes

(N − 1)θ

θ + 1− σ
ϕ∗ −θF1 M e

F wF fF1 =
(N − 1)θ

θ + 1− σ
ϕ∗ −θ1F M e

1 w1 f1F . (68)

Two features of this trade balance equation should be highlighted.

First, the term ϕ∗ −θ1F M e
1 on the right is the mass or variety of the country 1 firms who export

to the (N − 1) foreign countries. In cases M1, M4 and M5 where the number of foreign countries

approaches infinity, export demand will remain finite only if this mass of export variety approaches

zero, so that (N − 1)ϕ∗ −θ1F M e
1 approaches a finite value. Because M e

1 is fixed from the home

labor supply in (62), this finite limit is obtained only if ϕ1F → +∞, so that only the very most

productive country 1 firms export. That result is not surprising because we are assuming that
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trade costs approach infinity, so it would take an infinitely productive exporter to overcome these

costs. But it begs the question of how to interpret the finite productivity of an exporter in the

SOE model. Recall that in the Armington and Krugman models we found that the effective export

price is the actual price divided by the trade costs τ . Likewise, in the Melitz model we will find

that the effective export productivity of the SOE is the actual productivity divided by τ , or ϕ1F /τ ,

which we will find approaches a finite value.

Second, because exporting uses fixed costs in the Melitz model, the value of country 1 imports

on the left of (68) and the value of exports on the right, can be expressed fully in terms of those

fixed costs and the cutoff productivities.16 We have assumed that the fixed costs of exporting

use source country labor, so it is foreign wage wF appearing on the left (country 1 imports) and

the country 1 wage w1 that appears on the right (its exports). Of course, wages affect the cutoff

productivities, too. We can use ϕ∗1F =
(

σ
σ−1

)(
σw1f1F
YFP

σ−1
F

) 1
(σ−1)

w1τ0τ from (57) to re-express export

demand as:

(1− λ11)
I1
t1

=
(N − 1)θ

θ + 1− σ

 σ

σ − 1
w1τ0τ

(
σw1f1F

wFLFP
σ−1
F

) 1
(σ−1)

−θ M e
1w1f1F (69)

= M e
1 B τ

−θ
0 w1−η

1 ,

where

B =
(N − 1)θ

θ + 1− σ

( σ

σ − 1

)(
σf1F

wFLFP
σ−1
F

) 1
(σ−1)

τ

−θ f1F . (70)

Notice that the country 1 wage w1 appears three times on the right of (69): first multiplying τ0

with exponent θ, and then twice multiplying the fixed costs of exporting f1F . Using the notation

of Definition 1, the combined exponent on w1 is 1− η = 1− θσ
σ−1 and the component on the iceberg

transports cost is 1 − ε = −θ so ε = θ + 1. If we had assumed instead that the fixed costs of

exporting were paid using labor in the destination country, then w1 would appear only the first

time in (69), with the same exponent −θ that appears on τ0. So in that case, the elasticity of the

value of export demand with respect to the effective export price w1τ0 would be −θ.
16Note that the left and right of (68) exactly equal country 1 imports and exports, respectively, by multiplying

both sides by the constant σθ
θ+1−σ , which is the last term appearing in (61).
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In order for country 1 to be a SOE, we require that the limit of B is positive and finite, and

independent of the country 1 variables. To obtain this limit, we first express the foreign price index

in a manner analogous to (63)–(65):

PF =

(
C1F (w1τ0τ)−θ + CFF

(
wF
ϕF

)−θ
+ CFF (N − 2)

(
τ0τwF
ϕF

)−θ)−1/θ
, (71)

CFF = M e
F

(
σ

σ − 1

)−θ (σwF f0LαF
wFLF

)1− θ
(σ−1)

(
θ

θ + 1− σ

)
, and

C1F = M e
1

(
σ

σ − 1

)−θ (σw1f0L
α
F

wFLF

)1− θ
(σ−1)

(
θ

θ + 1− σ

)
.

Notice that w1 appears within C1F since it affects the cutoff export productivity, and it also appears

in the first term of the price index PF . So to ensure that B∗ ≡ limτ→+∞B does not depend on w1,

this first term will have to vanish. Substituting PF into B, dividing the numerator and denominator

by τ−θ, and using (10)–(12), (53), (63)-(64), and k from (67), we obtain:

B∗ = lim
τ→+∞

θfe

(σ−1)wFLF0τ
β+δ

L1τ
−θ
0 w1−η

1 + LF0

[
(N−2)
(N−1)k

(
τ
τ0

)θ
+ τ−2θ0 kτ2θ−β

] . (72)

5.2 Cases in the Melitz Model

Case M1 with δ = 0 is identical to Cases A1 and K1, because with no growth in the foreign labor

force or productivity, then the number of varieties at home and abroad are all constant. From (72)

we see that the the condition β = θ on the growth of foreign countries guarantees a SOE in the

Melitz model, because then τ θ appears in both the numerator and the second and third term of

the denominator. Furthermore, we can solve for the home productivity that appears on the right

of (68) to obtain

M e
1

(
ϕ∗1F
τ

)−θ
=

(1− λ11)I1
t1σ wF f1F

(
θ − σ + 1

θ

)
.

The limiting values of (1 − λ11) and wF on the right are both positive and finite, so we see that

ϕ∗1F /τ on the left has a finite limit, even though ϕ∗1F → +∞ as τ → +∞. This demonstrates our

earlier claim that only the very most productive home firms export, but the ratio of their cutoff

productivity to trade costs approaches a finite limit.
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In cases M2 and M3, N = 2 so there is a single foreign country, and its wage approaches infinity

in either case. Combining these cases by specifying γ ≥ 1, we substitute the solution for foreign

wages into (72), and find that B∗ ∈ (0,+∞) provided that the exponents on τ sum to zero:

γ +
ηδ

θ
= (2η − 1).

This condition is very similar to that obtained in the Krugman model in (49) provided that we

use α = 0 to obtain the standard monopolistic competition framework, and it is identical to the

standard Krugman model when we set η = σ and θ = σ − 1.

Finally, we combine cases M4 and M5 by specifying β ≥ (1−γ)(σ− 1) > 0, we again substitute

the solution for foreign wages into (72), and find that B∗ ∈ (0,+∞) provided that the exponents

on τ sum to zero, After some simplification, this general condition is stated as:

β

θ
+

γθ + δη

θ(2η − 1)
= 1 and (1− γ) ≤ β

σ − 1
≤ 1.

This parameter restriction is identical to the general condition (51) obtained in the standard Krug-

man model when we set η = σ and θ = σ − 1.

6 Application: Optimal Tariffs

We have shown that trade balance in a SOE is given by Definition 1. As stressed by Demidova and

Rodŕıguez-Clare (2009, 2013), using trade balance we can obtain an upward sloping relationship

between the wage in the SOE and the import tariff t1 (using the foreign wage or k as the numeraire).

We now solve for the optimal tariff, which balances this terms-of-trade gain from a tariff against

the change in tariff revenue so as to maximize utility.

We begin with several preliminary expression that summarize the general model. First, we

simplify the domestic expenditure share shown in Definition 1 as

λ11 =
L1−α
1 w1−η

1(
L1−α
1 w1−η

1 + L1−α
F0 τ1−ε0 t1−η1 k

) =
1(

1 + (t1/w1)1−ηk̃
) ,
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with k̃ ≡ k(LF0/L1)
1−ατ1−ε0 . Totally differentiating this share, we can solve for

d lnλ11
d ln t1

= (1− λ11)(η − 1)

(
1− d lnw1

d ln t1

)
. (73)

Using the above share, we can rewrite trade balance from Definition 1 as

(t1/w1)
1−ηk̃w1L1 = B̃w1−η

1

(
t1 + (t1/w1)

1−ηk̃
)
.

with B̃ ≡M e
1 B
∗τ1−ε0 . It follows that the equilibrium wage solves

wη1 = B̃

(
1 +

1

k̃
tη1w

1−η
1

)
. (74)

This equation neatly summarizes the relationship between the wage and the tariff, or the terms of

trade effect in the Armington, Eaton-Kortum, Krugman and Melitz models. Totally differentiating,

we obtain

d lnw1

d ln t1
=

ηt1λ11
η (1− λ11) + (2η − 1) t1λ11

> 0. (75)

This positive slope shows that there is a unique solution for the SOE wage given any tariff.

Per-capita utility in country 1 is given by

U1 =
I1

P1L1
.

We solve for the price index in the Melitz model by substituting I1 = U1P1L1 into (63) and

simplifying to obtain:

P1 = w1

(
M e

1

λ11

) 1
1−η
(

σ

σ − 1

) θ
η−1
(
U1L1

σf11

)− θ−σ+1
(η−1)(σ−1)

(
θ

θ + 1− σ

) 1
1−η

.

Also using income I1 from (16) we can then solve for utility as:

U1 =

[
w1t1

1 + (t1 − 1)λ11

/
w1

(
M e

1

λ11

) −1
η−1

] η−1
θ (

L1

σf11

) θ−σ+1
θ(σ−1) (σ − 1)θ

1
θ

σ(θ + 1− σ)
1
θ

. (76)
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This solution from the Melitz model shows that utility is a monotonic transformation of the term in

brackets. The tariff term appearing in that numerator adds per-capita tariff revenue to the wage,

as in (16). The term in the denominator is readily interpreted as the price index as it would appear

in a Krugman model, with η = σ, or in the Armington model if we further specified M e
1 = 1. In

the Krugman model, the domestic expenditure share is λ11 = M e
1

(
w1σ
(σ−1)/P1

)1−σ
, from which we

quickly solve for P1 =
(
Me

1
λ11

) −1
σ−1 w1σ

(σ−1) . Ignoring the markup and replacing σ with η, this gives us

the price index shown in the denominator in (76). Remarkably, we have therefore shown that all

four models have an isomorphic measure of utility in (76), which uses the parameter η = σ under

the Armington and Krugman models, and η as in (66) in the Melitz model under our assumptions,

or η = θ + 1 in the Melitz model if we made the alternative assumption that exporter fixed costs

uses labor in the destination market.

Taking the natural log of (76), setting d lnU/d ln t1 = 0 and using (73), we obtain the first-order

condition for the optimal tariff:

t1 − 1 =
d lnw1
d ln t1

ηλ11

(
1− d lnw1

d ln t1

) . (77)

This expression shows the tight relationship between the terms of trade effect d lnw/d ln t1 in all

of our four models and the optimal tariff: if d lnw/d ln t1 = 0 then the optimal tariff is zero, and

we obtain a positive ad valorem tariff if 0 < d lnw/d ln t1 < 1. We can substitute for the wage

elasticity from (75) to obtain

t1 − 1 =
t1

η (1− λ11) + (η − 1) t1λ11
=⇒ t1 − 1 =

1

η − 1
. (78)

The above quadratic equation in t1 has two solutions: t1−1 = 1
η−1 and t1 = −(1−λ11)

λ11
. The negative

solution for t1 can be ignored since it implies negative prices, so we conclude that there is a unique

maximum for utility at the optimal ad valorem tariff 1
η−1 .

This general formula incorporates several existing results for the optimal tariff in a SOE as

mentioned in section 1: the ad valorem tariff of 1
σ−1 > 0 found by Gros (1987), which also holds

in the Armington model; the optimal ad valorem tariff in the Melitz model of 1
η−1 = ρ

θ−ρ with
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ρ ≡ σ−1
σ , which is the formula found by Demidova and Rodŕıguez-Clare (2009); or the optimal ad

valorem tariff of 1
θ in the Melitz model if we made the alternative assumption that exporter fixed

costs use labor of the destination country.17

7 Conclusions

Our goal in this paper was to provide a firm justification for the small open economy (SOE) model

in a general context with product differentiation. The issue that arises when the foreign country

grows very large is the the home country devotes a greater share of expenditure to imports, so

that the domestic share potentially grows vanishingly small: what we have called a “truly small”

economy, with a domestic share of zero. To avoid this outcome, we have introduced trade costs

that grow to infinity as either the number or size of foreign countries (or both) grow to infinity.

Specifically, we have modeled the the number, productivity, and labor force size of the symmetric

foreign countries as depending on trade costs with exponents β, γ, δ ≥ 0. We have found that

regardless of the model considered – Armington, Eaton-Kortum, Krugman or Melitz – a SOE can

be obtained as trade costs go to infinity when these parameters satisfy a linear restriction between

them.

Generally, the restriction between the parameters allows for either a single foreign country

(β = 0 and N = 2) that must grow in either productivity or labor size (γ or δ or both), or

the number of foreign countries growing to infinity with less growth in productivity or labor size.

The precise nature of this restriction between differs slightly across models. Under Armington or

Eaton-Kortum, the growth in foreign productivity and the foreign labor force enter the parameter

restriction symmetrically. Under monopolistic competition, however, growth in the foreign labor

force leads to greater entry of firms, but growth of productivity – which we have applied to only

the variable costs of production – does not impact entry. The entry of firms leads to great product

variety and an “effective” price drop for that reason, which is different from the price drop that

occurs from the growth in productivity. Therefore, these two parameters (γ and δ) enter with

slightly different weights in the parameter restriction in the monopolistic competition model. In

17A similar result holds for the Eaton-Kortum model as shown by Caliendo and Parro (2022), who define the
Fréchet parameter θ inversely, so they find the optimal ad valorem tariff of θ for a SOE.
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addition, we can expect the parameter restriction for the Melitz model to depend on whether the

exporter fixed costs use labor of the source country (our assumption here) or labor of the destination

country (as we have discussed only briefly).

We have shown that all four models fit the SOE export demand for each variety proposed in

section 1, i.e. B∗p−η, with the following features. First, the location parameter B∗ is fixed as

trade costs approach infinity and is independent of any SOE variable. While the growth in foreign

productivity can imply that foreign wages approach infinity, when we treat B∗ as fixed then we are

using the foreign country (i.e. its wage if finite or otherwise k) as the numeraire. Second, the export

elasticity η > 1 equals σ in the Armington and Krugman models and it equals θσ/(σ − 1) under

our assumptions in the Melitz model, or the Pareto parameter θ under the alternative assumption

that exporter fixed costs use labor in the destination country. Third, the effective export price p

of the SOE equals the actual c.i.f. export price divided by the trade costs: with the c.i.f. export

price approaching infinity along with trade costs, it is their ratio that governs exports of the SOE.

Specifically, modeling trade costs as τ0τ with τ → +∞, then: (a) in the Armington and Eaton-

Kortum models the effective export price is τ0w1 where w1 is the SOE wage; (b) in the Krugman

model the effective export price is τ0w1
σ
σ−1 , which includes the markup σ

σ−1 that we have absorbed

into the location parameter B∗; (c) in the Melitz model, the value of export demand becomes

B∗τ1−θ0 w1−η
1 , so the effective export price (while ignoring the markup), reflects the iceberg trade

costs and the home wage with differing elasticities. In the Melitz model the threshold productivity

ϕ∗1F of SOE exporters also approaches infinity – since they must be infinitely productive to overcome

the trade costs – but the ratio ϕ∗1F /τ approaches a finite value as τ → +∞, which is the effective

cutoff productivity of exporters.

We conclude by mentioning two directions in which our results could be extended. First, it

would be desirable to consider functional forms besides the CES. Consider, for example, symmetric

translog preferences (Feenstra, 2003; Feenstra and Weinstein, 2017; Diewert, 2022). As the number

or size of foreign countries grow then we can expect that the number of varieties available to the

SOE will also grow. Under translog preferences, however, product space can become “crowded”

and the elasticity of demand approaches infinity as the share of any product approaches zero.

So that feature of translog preferences may be difficult to incorporate into a formal justification
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of the small country model. Instead, however, we could consider the homothetic Kimball (1995)

preferences studied by Errico and Lashkari (2022). They propose specific preferences within this

family that have the property that the elasticity of substitution between varieties is variable but

bounded between a low and high value, even as the number of varieties grows without limit. Those

preferences may prove to be quite amenable to incorporate into the SOE framework.

Second, we could extend the analysis of the optimal tariff, as discussed in section 6, to the case

where there is roundabout production in the economy, so that the variable costs of production rely

on both labor and a bundle of the differentiated goods themselves. In this case, the cost index

of production in the SOE could be a Cobb-Douglas function of the wage w1 and the price index

P1, such as c1 = w1−µ
1 Pµ1 , with 0 ≤ µ < 1 indicating the degree of roundabout production. In

preliminary analysis, we have explored how the results of this paper would be affected. The domestic

share appearing in Definition 1 would be changed, since instead of the wage w1 determining the

domestic share, it would be the cost index c1. In addition, we have found that the effective export

price used within export demand in Definition 1 would become a more complicated function of the

wage and the price index. Finally, many of the equations of section 6 for the impact of a tariff

on the domestic share, on the wage, and ultimately on welfare, would be impacted. Caliendo,

Feenstra, Romalis and Taylor (2021) have obtained a formula for the optimal second-best tariff in

a two-sector SOE model that incorporates roundabout production, and while they argue that the

terms-of-trade impact of the tariff on the home wage is important, it is not the only determinant

of the optimal tariff. In contrast, in (77) we found a direct connection between the terms-of-trade

impact and the optimal tariff. Following our methods of section 6 – while incorporating roundabout

production – could give new insight into the second-best optimal tariff in a more general setting.
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