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Appendices

A Notes on the Literature

Because of pressures on space, many relevant references have had to be omitted from the

text. Further details can be found in Mrázová and Neary (2013).

Introduction: Quantifying the Gains from Trade with CES Preferences : The results of

Arkolakis, Costinot and Rodŕıguez-Clare (2012) have been further considered by Simonovska

and Waugh (2011), and Melitz and Redding (2013). Ossa (2012) explores the implications of

elasticities that differ exogenously across industries in a CES framework, whereas we focus

on how they differ endogenously between home and foreign markets with non-CES demands.

Introduction: Alternatives to the CES : In discussing papers that have gone beyond the

CES, we mention in the text only those that look at broad classes of preferences or demands,

such as additive separability, and that explore comparative statics in the presence of trade

costs. Many important papers have explored the implications of particular alternatives

to the CES, such as quadratic (Melitz and Ottaviano (2008)), translog (Novy (2013) and

Feenstra and Weinstein (2010)), or Stone-Geary (Simonovska (2010)). The case of general

additive preferences first considered by Dixit and Stiglitz (1977) and Krugman (1979) has

been reexamined by Neary (2009), Zhelobodko et al. (2012), Dhingra and Morrow (2011), and

Mrázová and Neary (2013), but without trade costs. Related results have been independently

presented in Russian by Evgeny Zhelobodko and Sergey Kokovin with Maxim Goryunov

and Alexey Gorn. Dhingra and Morrow (2011) also explore how different assumptions about

demand affect efficiency.

Section I : The terms “superconvexity” and “superconcavity” were first used in this con-

text in Mrázová and Neary (2011) and Mrázová and Neary (2013) respectively. They will

not come as a surprise to the careful reader of Dixit and Stiglitz (1977): see for example

their equation (45). Our contribution, apart from the labels, is to present a framework
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which throws light on the implications of a wide range of assumptions about preferences and

demand for comparative statics and calibration of general-equilibrium models with monop-

olistic competition.

Section II : We follow Jones (1965) in using “hats” (circumflexes) to denote proportional

changes.

Section III : Corden (1960) discusses the “expenditure-reduction” and “expenditure-

switching” effects of devaluation.

Section V : We present some preliminary calibration exercises in Mrázová and Neary

(2013).

B The Change in Compensating Income

B.1 The Direct Utility Function

We wish to express the change in utility in expenditure units. The first step is to totally

differentiate the utility function (1), ignoring the transformation function F . This yields:

Û = N̂u + ωuξx̂+ (1− ωu) ξ∗x̂∗ (15)

where N̂u ≡ n̂+ (1− ωu) κ̂ is the extensive margin change in utility.

B.2 Frisch Demands and the Frisch Indirect Utility Function

The consumer’s optimization problem yields the Frisch demand functions: u′ (x) = λp,

u′ (x∗) = λp∗. Totally differentiating these:

x̂ = −ε
(
λ̂+ p̂

)
, x̂∗ = −ε∗

(
λ̂+ p̂∗

)
(16)
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Substituting the Frisch demands into the direct utility function yields what we can call the

“Frisch indirect utility function”:

V F (N, p, p∗, λ) ≡ U [N, x (p, λ) , x∗ (p∗, λ)] (17)

In differential form, the change in utility becomes:

Û = N̂u − Ω
[
λ̂+ ωΩp̂+ (1− ωΩ) p̂∗

]
(18)

The coefficient of λ̂ is a utility-share-weighted average of the home and foreign price-elasticities

of V F :

Ω ≡ ωuξε+ (1− ωu) ξ∗ε∗ = ε̄uξ̄u (19)

where: ε̄u ≡ ωuε + (1− ωu) ε∗, ξ̄u ≡ ω′uξ + (1− ω′u) ξ∗, and ω′u ≡ ωuε
ε̄u

. The coefficients

of price changes are shares in this: ωΩ ≡ ωuξε
Ω

. Ω itself is the elasticity of the Frisch

indirect utility function with respect to λ; i.e., it tells us how much the consumer would

gain from a unit reduction in the marginal utility of income. In the CES case it reduces to:

Ω = ξε = σ−1
σ
σ = σ − 1.

B.3 Solve for the Marginal Utility of Income

Totally differentiating the budget constraint, I = n [px (p, λ) + κp∗x∗ (p∗, λ)], yields:

Î = N̂I + ωz (p̂+ x̂) + (1− ωz) (p̂∗ + x̂∗) (20)

where N̂I ≡ n̂+(1− ωz) κ̂ is the extensive margin change in the budget constraint. Substitute

from the Frisch demands to solve for λ̂:

ε̄zλ̂ = N̂I − ωz (ε− 1) p̂− (1− ωz) (ε∗ − 1) p̂∗ − Î ε̄z ≡ ωzε+ (1− ωz) ε∗ (21)
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This is λ (N, p, p∗, I) in changes.

B.4 Solve for the Change in Real Income

Eliminating λ from the Frisch indirect utility function gives the familiar Marshallian indirect

utility function. In levels this is:

V (n, κ, p, p∗, I/Y ) = V F [N, p, p∗, λ (N, p, p∗, I/Y )] (22)

= U [n, κ, x {p, λ (N, p, p∗, I/Y )} , x∗ {p∗, λ (N, p, p∗, I/Y )}] (23)

In terms of changes:

Ŷ = ε̄zλ̂− N̂I + ωz (ε− 1) p̂+ (1− ωz) (ε∗ − 1) p̂∗ (24)

=
ε̄z
ε̄uξ̄u

[
N̂u − ωuξεp̂− (1− ωu) ξ∗ε∗p̂∗

]
− N̂I + ωz (ε− 1) p̂+ (1− ωz) (ε∗ − 1) p̂∗(25)

which can be written more compactly as follows:

Ŷ = N̂Y − ωY p̂− ω∗Y p̂∗ (26)

where:

N̂Y ≡
ε̄z
ε̄uξ̄u

N̂u − N̂I =

(
ε̄z
ε̄uξ̄u

− 1

)
n̂+

[
ε̄z
ε̄uξ̄u

( 1− ωu)− (1− ωz)
]
κ̂ (27)

ωY ≡
ε̄z
ε̄uξ̄u

ωuξε− ωz (ε− 1) ω∗Y ≡
ε̄z
ε̄uξ̄u

(1− ωu) ξ∗ε∗ − (1− ωz) (ε∗ − 1) (28)

Alternatively, we can write the weights as follows:

ωY = ωz +

(
ωu

ε̄zξ

ε̄uξ̄u
− ωz

)
ε ω∗Y = (1− ωz) +

[
(1− ωu)

ε̄zξ
∗

ε̄uξ̄u
− (1− ωz)

]
ε∗ (29)
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Note finally that the weights sum to unity, as they must since the consumer is rational:

ωY + ω∗Y = 1 + ωu
ε̄zξ

ε̄uξ̄u
ε+ (1− ωu)

ε̄zξ
∗

ε̄uξ̄u
ε∗ − ωzε− (1− ωz) ε∗ (30)

= 1 +

[
ωu

ξ

ε̄uξ̄u
ε+ (1− ωu)

ξ∗

ε̄uξ̄u
ε∗ − 1

]
ε̄z (31)

= 1 +

[
ωuεξ + (1− ωu) ε∗ξ∗

ε̄uξ̄u
− 1

]
ε̄z = 1 (32)

Hence (26) is equation (13) in the text.

C Solving for Welfare Change With Trade Costs

We want to evaluate the change in real income given by (26), where the change in varieties

is given by (27). To do this, we need to use equations (9), (10), and (11) in the text for

the changes in prices, firm output, and firm numbers respectively. Evaluating the latter at

initial free trade gives:

p̂ =
ε+ 1− ερ
ε (ε− 1)

x̂ p̂∗ =
ε∗ + 1− ε∗ρ∗

ε∗ (ε∗ − 1)
x̂∗ + τ̂ (33)

ŷ = [ωx̂+ (1− ω) x̂∗] + (1− ω) (κ̂+ τ̂) n̂ = −ψŷ (34)

From (33) we can calculate the average change in prices:

ωp̂+ (1− ω) p̂∗ =
ε+ 1− ερ
ε (ε− 1)

[ωx̂+ (1− ω) x̂∗] + (1− ω) τ̂ (35)

From the free-entry condition, equation (6) in the text, we can calculate the change in total

sales:

εη [ωx̂+ (1− ω) x̂∗] = − (1− ω) (κ̂+ τ̂) (36)
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Add this to ŷ to express the change in total sales as a function of the change in output only:

ωx̂+ (1− ω) x̂∗ = − 1

εη − 1
ŷ (37)

Hence the average change in prices becomes:

ωp̂+ (1− ω) p̂∗ = −1

ε
ŷ + (1− ω) τ̂ =

1

εψ
n̂+ (1− ω) τ̂ (38)

where we make use of the fact that: εη − 1 = ε2−ρ
ε−1
− 1 = ε+1−ερ

ε−1
.

We now have all we need to calculate the change in real income. At initial free trade,

equation (26) simplifies to:

Ŷ
∣∣∣
τ=1

=

(
1

ξ
− 1

)
n̂+

(
1

ξ
− 1

)
(1− ω) κ̂− [ωp̂+ (1− ω) p̂∗] (39)

Substituting for the changes in prices from (38) gives:

Ŷ
∣∣∣
τ=1

=
ψ − ξ
ξψ

n̂+ (1− ω)

(
1− ξ
ξ

κ̂− τ̂
)

(40)

where we use the definition of ψ to simplify the coefficient of n̂: since ψ = ε−1
ε

, and so

ε = 1
1−ψ , it follows that 1−ξ

ξ
− 1

εψ
= 1−ξ

ξ
− 1−ψ

ψ
= ψ−ξ

ξψ
. This is equation (14) in the text. If

desired, we can substitute from equation (11) for the change in firm numbers to calculate Ŷ

explicitly:

n̂ = −ψŷ = −ψ (1− ω)

(
1− 1

εη

)
(κ̂+ τ̂) (41)

This gives:

Ŷ
∣∣∣
τ=1

= (1− ω)

[
1

ξ

{
1− ψ +

ψ − ξ
εη

}
κ̂−

{
1 +

ψ − ξ
ξ

(
1− 1

εη

)}
τ̂

]
(42)
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This is harder to interpret, though it shows clearly that efficiency (the sign of ψ− ξ) matters

for the welfare effects of both shocks, while super- versus subconvexity (the sign of εη − 1)

matters for the welfare effects of trade liberalization. In the CES case this reduces to:

Ŷ
∣∣∣
τ=1,CES

= (1− ω)

(
1

σ − 1
κ̂− τ̂

)
(43)

as in Arkolakis et al. (2012).

It can be checked that the coefficient of κ̂ in (42) is identical to the expression given in

Mrázová and Neary (2013) for the effect of globalization on welfare. (To see this, note that

if k = κ+ 1 is the total number of countries, then (1−ω)κ̂ = k̂; also recall that ψ = ε−1
ε

and

η = 2−ρ
ε−1

.) That paper discusses the implications of the expression in detail, and presents a

quantitative analysis of the welfare impact of globalization, as a function of ε and ρ, for two

widely-used families of demand functions, due to Bulow and Pfleiderer (1983) and Pollak

(1971) respectively. It is straightforward to repeat these exercises for the coefficient of τ̂

in (42) which gives the welfare effects of changes in trade costs in the neighborhood of free

trade.
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Clare. 2012. “The Elusive Pro-Competitive Effects of Trade.” Yale University.

Bertoletti, P., and P. Epifani. 2012. “Monopolistic Competition: CES Redux.” Univer-

sity of Bocconi.

Brander, James, and Paul Krugman. 1983. “A ‘Reciprocal Dumping’ Model of Inter-

national Trade.” Journal of International Economics, 15(3-4): 313–321.

Bulow, Jeremy I., and Paul Pfleiderer. 1983. “A Note on the Effect of Cost Changes

on Prices.” Journal of Political Economy, 91(1): pp. 182–185.

Corden, W Max. 1960. “The Geometric Representation of Policies to Attain Internal and

External Balance.” Review of Economic Studies, 28(1): 1–22.

Dhingra, Swati, and John Morrow. 2011. “The Impact of Integration on Productivity

and Welfare Distortions Under Monopolistic Competition.” Princeton University.

Dixit, Avinash K., and Joseph E. Stiglitz. 1977. “Monopolistic Competition and Op-

timum Product Diversity.” American Economic Review, 67(3): 297–308.

Feenstra, Robert C., and David E. Weinstein. 2010. “Globalization, Markups, and

the U.S. Price Level.” NBER Working Paper No. 15749.

Jones, Ronald W. 1965. “The Structure of Simple General Equilibrium Models.” Journal

of Political Economy, 73(6): pp. 557–572.

Krugman, Paul. 1980. “Scale Economies, Product Differentiation, and the Pattern of

Trade.” American Economic Review, 70(5): 950–959.

20



Krugman, Paul R. 1979. “Increasing Returns, Monopolistic Competition, and Interna-

tional Trade.” Journal of International Economics, 9(4): 469–479.

Melitz, Marc J, and Stephen J Redding. 2013. “Firm Heterogeneity and Aggregate

Welfare.” NBER Working Paper No. 18919.

Mrázová, Monika, and J. Peter Neary. 2011. “Selection Effects with Heterogeneous

Firms.” Department of Economics, University of Oxford Discussion Paper No. 588.
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