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Abstract 
 
We develop a general equilibrium model of monopolistic competition with a traded and a non-
traded sector. Using a broad class of homothetic preferences—that generate variable markups, 
display a simple behavior of their elasticity of substitution, and nest the ces as a limiting case—
we show that trade liberalization: (i) reduces domestic markups and increases imported markups 
in the traded sector; (ii) increases markups in the non-traded sector; and (iii) increases firm sizes 
in both sectors. Thus, while domestic and export markups in the traded sector converge across 
countries, markups diverge across sectors within countries. The negative welfare effects of 
higher markups and less consumption diversity in the non-traded sector dampen the positive 
welfare effects of lower markups and greater diversity in the traded sector. 
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1 Introduction

Having been out of fashion for a long time, monopolistic competitionmodels with variable elas-
ticity of substitution (ves) have attracted more attention in recent years. They have been used
to study, among others, the selection effects of freer trade (Melitz and Ottaviano, 2008), the ef-
ficiency of the market outcome (Dhingra and Morrow, 2018), the welfare consequences of trade
liberalization (Behrens andMurata, 2012), the interdependence between prices and incomes (Si-
monovska, 2015), and how preferences affect the market outcome in general (Zhelobodko et al.,
2012). One key reason for this renewed interest is that micro-level evidence on markups and
firm sizes is by and large inconsistent with the constant elasticity of substitution (ces) model.
While ves models help us to make sense of the micro-level data, they have largely abstracted
from intersectoral issues. There are indeed few general equilibrium models with multiple ves
sectors.1 Our paper aims to fill that gap by developing a tractable multisector general equilib-
rium framework with ves preferences that allows us to study the market outcome under trade
liberalization.

Monopolistic competition models with ves and multiple sectors are important for at least
three reasons. First, empirical evidence shows that markups are variable and change system-
atically with market structure and trade liberalization (Syverson, 2007; De Loecker et al., 2012).
Second, industrial policies and trade liberalization affect the distribution of resources across het-
erogeneous sectors and firms. In the presence of variable markups, this has consequences for
the composition of welfare gains (Feenstra and Weinstein, 2017) and the allocative efficiency of
the market outcome (Holmes et al., 2014; Dhingra and Morrow, 2018).2 Third, distortions also
arise between sectors (Epifani and Gancia, 2011; Behrens et al., 2016), so that taking into account
both the intra- and the intersectoral allocation of resources is important.

The absence ofmultisector general equilibrium vesmodels in the literaturemay be explained
by the fact that those models are difficult to handle. First, there are only few specifications
that remain analytically tractable, even with a single sector. Second, when extended to multi-
ple sectors, the intersectoral allocation and, especially, the sectoral budget shares are difficult

1While multisector ces models abound in the literature (see, e.g., Bernard et al., 2007; and Costinot and
Rodriguez-Clare, 2014, for a state-of-the-art survey), multisector ves models are notably absent. The vast majority
of multisector monopolistic competition models use either only one ves sector and a competitive outside sector
(Zhelobodko et al., 2012), or quasi-linear preferences (Melitz and Ottaviano, 2008) thus giving those models a ‘par-
tial equilibrium flavor’. To our knowledge, Behrens et al. (2016) is one of the few papers that develops a full general
equilibrium framework with heterogeneous firms and multiple ves sectors to analyze intra- and intersectoral dis-
tortions in the economy. See also d’Aspremont and Dos Santos Ferreira (2015) for a closed-economy multisector
model with oligopolistic competition.

2Analyzing optimality and changes in allocative efficiency in the presence of variable markups has become an
important topic in theoretical studies (Arkolakis et al., 2018; Dhingra andMorrow, 2018; Holmes et al., 2014; Behrens
et al., 2016). On the empirical side, using Chilean data for 1995-2007, Weinberger (2015) shows that productivity
gains are not always accompanied by allocative efficiency gains. Edmond et al. (2015) draw on Taiwanese firm-level
data to show that trade liberalization leads to a reduction of distortions driven by variable markups by approxi-
mately 66%, provided that dominant firms are exposed to tougher competition when trade gets freer.
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to pin down. Even with the workhorse Cobb-Douglas upper-tier utility function, the budget
shares vary in a non-trivial way with the whole equilibrium allocation when the lower-tier util-
ity is non-homothetic. These difficulties largely explainwhy the ‘Cobb-Douglas with nested ces’
specification has been adopted by the vastmajority of the extantmultisector general equilibrium
literature with imperfect competition.

In this paper, we focus on homothetic preferences, which implies that price indices are well
defined. In addition, wewant preferences to have variable elasticity of substitution, with the lat-
ter displaying a ‘simple’ behavior. Such preferences are necessarily non-additive, which makes
the analysis a priori more involved. We provide, however, a simple characterization of Kim-
ball’s (1995) preferences by clarifying what are the fundamental properties of the elasticity of
substitution for that type of preferences. We show, in particular, that the elasticity of substi-
tution depends solely on the individual consumption level ‘scaled’ by a quantity index, thus
implying that those preferences mimic the behavior of additive preferences. They also nest ces
preferences as a special case.3 We can therefore choose instances of those preferences that are
arbitrarily close to the ces, which allows us to derivemany results by continuity in a ‘small neigh-
borhood’ of the ces. We refer to those preferences as ‘ε-ces preferences’. They make the analysis
of the interactions between sectors fairly tractable while allowing for empirically relevant fea-
tures like variable markups and varying firm sizes. In addition, they make it straightforward to
bridge our results with the existing findings obtained within ces-based settings.

We apply this approach to develop an analytically tractable two-sector ves trademodelwhere
one sector produces traded manufactured goods while the other produces non-traded services.
Both industries produce a continuum of horizontally differentiated varieties and have variable
markups. Having non-traded goods makes the analysis both more tractable and realistic. It is
well-documented that the share of non-traded goods inmodern economies is high. It varies sub-
stantially across countries but averages around 45% (Lombardo and Ravenna, 2012). Further-
more, in the international macro context, variations in the relative prices of non-traded goods
across countries are one of the common explanations for real exchange rate volatility (Burstein et
al., 2005 and 2006). Thus, the presence of a non-traded sector might have a significant impact on
trade patterns. Observe further that the presence of a non-traded sector automatically implies
that trade liberalization affects sectors differentially—markups change in sector-specific ways.
We thus believe it is important to lookmore closely atmodels that feature both non-traded goods
and variable markups.4

3Since ces preferences are theworkhorse in the international trade literature (e.g., Krugman, 1980; Eaton andKo-
rtum, 2002; Melitz, 2003), staying close to those preferences does not require us to go into completely newmodeling
directions. Moreover, departing from the ces within this setup does not render intensive-margin and competitive
effects ‘fragile’, as found by Bertoletti and Epifani (2014) for additive preferences.

4The link between the elasticity of substitution and the variation in purchasing power parity across countries
is also widely studied. For instance, non-proportional pricing-to-market is one of the explanations for the large
deviations from relative purchasing power parity (Atkenson and Burstein, 2008). Corsettia and Dedola (2005)
investigate the impact of exchange rate shocks on firms’ pricing decisions for domestic and foreign markets by
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Our key results may be summarized as follows. First, while trade liberalization promotes
the convergence of markups across countries, it leads to the divergence of markups across sectors
within countries. Our model hence allows us to rationalize the observation that markups for
traded manufactured goods have decreased in the wake of the Single Market Program of the
European Union in the 1990s, whereas markups for non-traded services have increased (see
Badinger, 2007). Although anti-competitive practices have been put forward as a possible ex-
planation for those changes, our model suggests that simple market-driven general equilibrium
effects may be enough to generate that outcome. Second, as markups fall and product diver-
sity expands in the traded sector, markups rise and product diversity shrinks in the non-traded
sector. The reason for these opposing changes is the intersectoral reallocation of resources trig-
gered by the liberalization of trade in one sector. The negative welfare effects of higher markups
and less consumption diversity in the non-traded sector dampen the positive welfare effects of
lower markups and greater diversity in the traded sector. To gauge the overall welfare effect, we
provide comparisons of welfare gains for our setting with variable markups and the benchmark
case of ces preferences. We show that the overall welfare gains are slightly large in the ε-ces case
than under the ces preferences, i.e., variable markups are an additional source of gains.

It is important to stress that our welfare results are fully driven by general equilibrium ef-
fects. While trade liberalization has a direct impact on the traded sector, freer trade affects the
non-traded sector only indirectly through changes in the traded sector. This highlights the im-
portance of working with multisector models to investigate the positive and normative effects
of trade liberalization under monopolistic competition.

The remainder of the paper is organized as follows. Section 2 introduces and characterizes
our preference structure and describes the trade model. Sections 3 and 4 study the market out-
comes in the non-traded and in the traded sectors, respectively. Section 4 introduces our con-
cept of ε-ces preferences. Section 5 explores the consequences of trade liberalization for sectoral
markups, firm sizes, and the intersectoral allocation. Section 6 establishes our welfare results
and provides numerical illustrations to show how far beyond the ces we can go for our key
qualitative results to remain unchanged. Finally, Section 7 concludes.

2 The model

We develop a two-sector general equilibrium model of monopolistic competition with variable
elasticity of substitution and costly trade between two countries: home, H , and foreign, F . For
simplicity, countries are assumed to have identical technologies and the same population, L.5

employing a model with non-tradables and country-specific price elasticities. We deviate from this literature by
studying price formation in traded and non-traded sectors under the presence of an external shock in the traded
sector, i.e., trade liberalization.

5We relax the assumption of equal population size in the Appendix D and show that our key results extend
to the case of asymmetric population sizes. Introducing technological differences between sectors does not add
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There are two sectors in each country. The first one produces a continuum of horizontally dif-
ferentiated varieties of a traded good (‘manufacturing’), whereas the second one produces a
continuum of varieties of a non-traded good (‘services’). Labor is the only production factor.

2.1 Preferences

Since we are interested in the behavior of markups, we cannot work with standard ces prefer-
ences. Yet, we want to work with preferences for which we can define price indices, i.e., we
would like our preferences to be homothetic. As shown by Parenti et al. (2017), no additive
preferences of the form U ≡

∫ N
0

v(xi)di satisfy jointly the two properties of variable markups
and homotheticity. Hence, we need to work with non-additive preferences. The difficulty with
non-additive preferences is that the markups (or, alternatively, the elasticity of substitution) are
no longer simple functions of solely the quantity xi, as they are in the additive case.6

To deal with that difficulty, we will work with a class of preferences that: (i) are homoth-
etic; (ii) have a ‘simple’ behavior of their elasticities of substitution; and (iii) display variable
markups. In other words, we seek for a class of homothetic preferences mimicking the behavior
of additive preferences (see equation (1) below for a mathematical formulation). We show that
preferences described by Kimball’s flexible aggregator (Kimball, 1995) satisfy these properties.
Since they are closely related to additive preferences, they display a similar behavior. In par-
ticular, the elasticity of substitution—and hence the profit-maximizing markups—are linked to
the relative risk aversion of Kimball’s aggregator, whereas they are linked to the relative risk
aversion of the lower-tier utility function v(·) in the additive case. Given their conceptual simi-
larity, we can make use of the numerous tools developed previously in the literature to analyze
the equilibrium properties in that type of model. This sheds new light on some fundamental
properties of these preferences and provides also a new characterization for them.

Let σ(xi, xj,x) denote the elasticity of substitution between varieties i and j, where x de-
notes the whole consumption profile. To combine the three desirable properties mentioned
above—the existence of a price index, a simple behavior of the elasticity of substitution, and vari-
able markups—we focus on homothetic preferences u for which there exists a function s(x, u)

such that
σ(x, x,x) = s(x, u(x)) (1)

anything substantial to the analysis but makes the algebra more complicated.
6As shown by Zhelobodko et al. (2012), under symmetric additive preferences the elasticity of substitution

between varieties i and j, σ(xi, xj ,x), is independent of the remaining consumption pattern x, given that both
varieties are consumed in equal quantities. Put differently, if xi = xj = x, we have σ(x, x,x) = σ(x). Thus, additive
preferences have a simple behavior with respect to the elasticity of substitution. Since the substitutability across
varieties is a key feature of the demand side in models of imperfect competition, the aforementioned property
explains, at least partly, why additive preferences are so popular. Examples include, among others: Krugman
(1979, 1980); Eaton and Kortum (2002); Melitz (2003); Behrens and Murata (2007); Zhelobodko et al. (2012); and
Simonovska (2015).
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at a symmetric consumption pattern where xi = xj . In expression (1), u(x) is a consumption
index, which is increasing, strictly quasi-concave, and positive homogeneous of degree 1 in x.
Moreover, observe that at a symmetric consumption pattern, given by x = x1[0,N ], where 1[0,N ]

stands for the indicator of [0, N ] and where N is the mass of available varieties, we have

u(x) = xν(N), so that s(x, u(x)) = s(x, xν(N)), (2)

where ν(N) is defined as ν(N) ≡ u
(
1[0,N ]

)
.

As shown by Parenti et al. (2017), when preferences are homothetic, the elasticity of substi-
tution σ depends solely on N at a symmetric consumption pattern. Combining this result with
(2) shows that s(x, u) is positive homogeneous of degree 0. Hence, expression (1) boils down to

σ(x, x,x) = σ(x/u(x)). (3)

The intuition behind expression (3) is as follows. If, for example, σ(·) is a decreasing function,
then a higher consumption level of both varieties makes them worse substitutes, while an in-
crease in the overall level of consumption captured by u(x) does the opposite. However, a pro-
portional change in the consumption of all varieties leaves the degree of substitutability between any
two of them unchanged.

The following proposition provides an alternative characterization of the preferences satis-
fying (3).

Proposition 1. (Kimball preferences) A symmetric homothetic preference relationship satisfies (3) if
and only if the utility function u is described by∫ N

0

θ

(
xi
u(x)

)
di = 1, (4)

where θ(·) is an arbitrary non-negative, increasing, concave, and twice continuously differentiable func-
tion. Moreover, σ(x/u(x)) is given by

σ(x/u(x)) =
1

rθ(x/u(x))
, (5)

where rθ(·) is the relative risk aversion of θ(·):

rθ(x/u(x)) ≡ − [x/u(x)]θ′′(x/u(x))

θ′(x/u(x))
. (6)

Proof. See Appendix A.1. �

To the best of our knowledge, Kimball (1995) was the first to use (4) to represent a produc-
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tion function for a fixed range of varieties.7 What is hence new in Proposition 1? Firstly, it pro-
vides a new mathematical characterization of the class of preferences described by Kimball’s
flexible aggregator. Secondly, it shows that Kimball-type preferences are very close to additive
preferences, in a sense of a simple behavior of their elasticity of substitution. For these prefer-
ences, the whole relevant information on the demand side to understand the market outcome
is captured by 1/rθ(·), i.e., the elasticity of substitution, which depends on x/u(x) only. In other
words, Kimball preferences (4) mimic the property of additive preferences where the whole
relevant information is captured by the relative risk aversion of the lower-tier utility function
rv(x) ≡ −xv′′(x)/v′(x). This leads to a substantial simplification of the analysis and allows us to
derive analytical results on the impacts of trade liberalization. Last, observe that the ces utility
with elasticity of substitution σ can be obtained as a special case of (4) by setting θ(z) ≡ z(σ−1)/σ.
This will prove useful later since we can work with preferences satisfying (4), which are ar-
bitrarily close to ces preferences yet are homothetic and have variable markups. These ε-ces
preferences allow us to derive many results invoking continuity arguments within the class of
Kimball preferences. We return to this point in detail in Section 4.2.

2.2 Consumers

Each country hosts L consumers, who have identical preferences given by

Uk = U(u(xkk, xlk), v(yk)), k, l ∈ {H, F}, k 6= l, (7)

where U is an upper-tier utility; u and v are lower-tier utilities for the consumption of, respec-
tively, traded and non-traded goods; and xkk, xlk, and yk are vectors of individual consumption
of, respectively, locally produced varieties of the traded good in country k, imported varieties
of the traded good in country k, and varieties of the non-traded good produced and consumed
in k.

We assume that U , u, and v are strictly increasing, strictly quasi-concave, and homothetic.
We also assume that the lower-tier utilities are Kimball type, as defined in Section 2.1, i.e., there
exist increasing and concave functions θ and ψ, such that for any xkk, xlk, and yk, the lower-tier

7Dotsey and King (2005) use the same approach to model preferences in a macroeconomic setting, having again
a fixed range of varieties, while Barde (2008) does the same in the setting of a economic geography model with a
variable range of varieties. Arkolakis et al. (2018) use a more general demand system, which encompasses non-
homothetic additive preferences and homothetic preferences whose ideal price index is described by Kimball’s
(1995) flexible aggregator. They focus mainly on measuring gains from trade under pro-competitive effects mostly
using empirical estimates and numerical simulations. We, instead, work with a narrower class of demand systems,
which allows us to provide an analytical characterization of the equilibrium and to derive a number of comparative
static results.
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utilities u and v satisfy

∫ Nk

0

θ

(
xkki
uk

)
di+

∫ N l

0

θ

(
xlkj
uk

)
dj = 1,

∫ Mk

0

ψ

(
yki
vk

)
di = 1, k, l ∈ {H, F}, (8)

where uk ≡ u(xkk, xlk), vk ≡ v(yk); Nk and N l are the masses of firms in the traded sector in
countries k and l, respectively; andMk is the mass of firms in the non-traded sector in country
k. Note that Nk, N l, andMk, while treated parametrically by consumers, will be endogenously
determined in equilibrium.

Normalizing the wage to one by choice of numéraire—and recalling that countries are sym-
metric and thus have the same equilibrium wage—consumers maximize utility (7) subject ot
their budget constraint

∫ Nk

0
pkki x

kk
i di +

∫ N l

0
plki x

lk
i di +

∫Mk

0
℘ki y

k
i di = 1, where pkki and plki are the

prices of domestic and imported traded varieties in country k; and ℘ki are the prices of non-
traded varieties.

Let P k andPk denote the price indices in the traded and in the non-traded sectors in country
k, respectively. Let also α(P k/Pk) denote the share of expenditure for traded goods, which de-
pends solely on the ratio of the traded and the non-traded sectoral price indices since preferences
are homothetic. The functional form of α(·) is determined by the upper-tier utility. The value of
α(P k/Pk) is taken as given by the consumers, although it changes with the price aggregates in
the two sectors.

The inverse demands can be derived as follows. Applying standard two-stage budgeting
techniques, note first that the consumers’ subproblem for the consumption of the traded good
is given by:

max
uk,xkk,xlk

uk

s.t.
∫ Nk

0

pkki x
kk
i di+

∫ N l

0

plki x
lk
i di = α

(
P

P

)
(9)∫ Nk

0

θ

(
xkki
uk

)
di+

∫ N l

0

θ

(
xlkj
uk

)
dj = 1,

where we make use of the representation of u. Setting zkk ≡ xkk/uk and zlk ≡ xlk/uk for nota-
tional convenience, we reformulate the constraints as∫ Nk

0

pkki z
kk
i di+

∫ N l

0

plki z
lk
i di =

α(P/P)

uk
, and

∫ Nk

0

θ
(
zkki
)

di+

∫ N l

0

θ
(
zlki
)

dj = 1.

Since maximizing uk is equivalent to minimizing 1/uk, we obtain the following equivalent re-
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formulation of (9) as an expenditure minimization problem:

min
z

∫ Nk

0

pkki z
kk
i di+

∫ N l

0

plki z
lk
i di s.t.

∫ Nk

0

θ
(
zkki
)

di+

∫ N l

0

θ
(
zlki
)

dj = 1. (10)

The first-order conditions of (10) are given by

θ′(zkki )

µk
= pkki ,

θ′(zlkj )

µk
= pklj , (11)

where µk is a sectoral market aggregate that involves the Lagrange multiplier of the budget
constraint and the marginal utilities of traded varieties. Using the subproblem for the non-
traded sector, we analogously obtain the inverse demands for the non-traded goods as follows:

ψ′
(
yki /v

)
λk

= ℘ki , (12)

where λk is a sectoral market aggregate for the non-traded good.
Note from (11) and (12) that the first-order conditions forKimball preferences are very similar

to those for additive preferences. To see this similarity, it suffices to replace θ′ with v′ and the
‘scaled quantities’ z with normal quantities x.

2.3 Firms

Firms in both sectors incur a constant fixed cost, f , and a constant marginal cost, c, both paid in
terms of labor. The costs for shipping goods between countries in the traded sector are of the
standard iceberg form: τ ≥ 1 units of the good have to be dispatched for one unit to arrive. We
now turn to the profits of firms in country k. The profits of firm i in the traded sector and of
firm j in the non-traded sector are given by

Πk
i = (pkki − c)Lxkki + (pkli − cτ)Lxkli − f and Πk

j = (℘kj − c)Lykj − f,

respectively. Because countries are symmetric, we naturally focus on a symmetric outcome. In
what follows, we use the notation, where d denotes domestic and m denotes import values of
variables.8 As before, we also define zd ≡ xd/ud, zm ≡ xm/um, and zn ≡ y/v. Because we work
with a continuum of monopolistically competitive firms, no single firm has any impact on the
market aggregates µ and λ. Combining this with the definition (6) of rθ and the inverse demands
(11), we find that rθ is the inverse demand elasticity. Hence, applying the standard monopoly

8More formally, xd ≡ xHH = xFF , xm ≡ xFH = xHF , y ≡ yH = yF , pd ≡ pHH = pFF , pm ≡ pFH =
pHF , ℘ ≡ ℘H = ℘F , λ ≡ λH = λF , µ ≡ µH = µF , N ≡ NH = NF , M ≡ MH = MF , u ≡ uH = uF , v ≡ vH =
vF .

9



pricing rule yields

pd =
c

1− rθ(zd)
, pm =

cτ

1− rθ(zm)
, ℘ =

c

1− rψ(zn)
, (13)

where rθ(zd) is the markup for domestically produced varieties of the traded good; rθ(zm) is
the markup for imported varieties; and rψ(zn) is the markup for non-traded varieties, where we
replace u by v in (6).9 The second-order conditions are relegated to Appendix B.

Expressions (13) imply that, unlike in the standard cesmodel of international trade, markups
vary with the mass of firms. The impact of entry on the markups is channeled through changes
in the relative consumptions zd, zm, and zn. Intuitively, per variety relative consumption should
decrease as the product range expands, because of love for variety. As consumers have more
consumption choices, they diversify their consumption bundles so that the individual consump-
tion levels of each variety decrease. This is not the end of the story, however. Love for variety
also implies that an increase in the mass of varieties makes consumers better off, i.e., increases
the lower-tier utilities u and v, therebymagnifying the reduction of relative consumptions. Note
that the former effect has been studied in Zhelobodko et al. (2012), while the latter effect cannot
be captured by a model with additive preferences. What happens to the markups as more firms
enter? As implied by (13), the answer to this question is fully determined by the behavior of the
functions rθ(·) and rψ(·). We will focus mostly on the case where both functions are increasing:
this entails a pro-competitive effect, i.e., entry of firms increases competition, thus leading to a
fall in the markups. Empirical evidence points to the existence of pro-competitive effects (e.g.,
De Loecker et al., 2012).10 An alternative justification for this assumption can be derived from
the conventional wisdom prevailing in industrial organization: the more firms operate in the
market, the less differentiated their products are. Because σ = 1/rθ by Proposition 1, rθ(·) and
rψ(·) can be viewed as measures of product differentiation in, respectively, the traded and the
non-traded sectors. These measures naturally change with entry in the different industries. In
particular, if they are increasing functions, an increase in the quantity indices, u and v, or, con-
versely, lower quantity indices, make varieties closer substitutes. Combining (11) and (13), we
readily obtain

θ′(zd)
[
1− rθ(zd)

]
= µc, θ′(zm) [1− rθ(zm)] = µcτ, θ′ (zn) [1− rψ (zn)] = λc. (14)

Conditions (14), which equate marginal revenue and marginal cost, allow us to pin down the
quantities zd, zm, and zn as functions of the market aggregates µ and λ only.

9The analogy with the first-order conditions in the additive case is again very clear from (13). See, e.g., Zh-
elodobko et al. (2012).

10In addition, this assumption guarantees that the second-order conditions for profit maximization hold. See
Appendix B for details.
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3 Equilibrium in the non-traded sector

We now study how the equilibrium in the non-traded sector changes with trade liberalization,
as measured by a decrease in trade costs τ . Using (8), (13), and the sectoral budget constraint
M℘y = 1−α, for a given massM of non-traded varieties the symmetric equilibrium conditions
can be expressed as follows:

Pv = M
cy

1− rψ (zn)
= 1− α

(
P

P

)
, (15)

and
Mψ(zn) = 1. (16)

Solving (16) for zn yields
zn = ψ−1 (1/M) . (17)

Since ψ is an increasing function, the relationship (17) implies that the relative consumption
of each variety of the non-traded good decreases with an expanding range of varieties in the
non-traded sector. Using (13) and (17), we find that the equilibrium markup for a variety of
the non-traded good is given by rψ [ψ−1 (1/M)]. Hence, the markups for non-traded varieties
decrease in response to entry if and only if rψ(·) is increasing or, equivalently, if the elasticity of
substitution σ(·) is decreasing.

We next analyze how the price index P varies with entry. Dividing (15) by v, using zn ≡ y/v

and (17), we can express the price index as a function of the mass of firms:

P =
cMψ−1(1/M)

1− rψ
(
ψ−1(1/M)

) . (18)

As can be seen from (18), if rψ(·) is increasing, additional entry leads to a fall in prices. In
other words, in that case more firms means tougher competition.11 The total expenditure for
the varieties of the non-traded good is given by

E(M, P ) = L [1− α(P/P)] , (19)

where we use the result that the price index in the non-traded sector depends on M only. By
(18) and (19), E increases in response to an expansion of product diversity because consumers
value variety. Furthermore, E naturally decreases when traded goods become cheaper due to
the substitution effect between traded and non-traded goods.12 This effect will be key in what

11The numerator in (18) is always decreasing in M , for the elasticity of ψ−1(·) exceeds 1 by concavity of ψ(·).
Actually, rψ(·) could also be ‘moderately decreasing’ without changing that result. We henceforth consider mostly
the case where it is increasing, as this seems to be empirically more relevant.

12Manufactured goods and services are arguably substitutes rather than complements, at least for final goods.
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follows to understand how trade liberalization affects the economy as a whole and the intersec-
toral allocation in particular.

Finally, (19) and the expressions for markups imply that the equilibrium firm size, qn =

E/(M℘), and operating profit, πn, in the non-traded sector are given by

qn(M, P/P) =
L

cM
[1− α(P/P)]

[
1− rψ

(
ψ−1(1/M)

)]
, (20)

and
πn(M, P/P) =

L

M
[1− α(P/P)] rψ

(
ψ−1(1/M)

)
, (21)

respectively. These expressions will be helpful to analyze how firms’ sizes change in response
to trade liberalization. As implied by (20), an increasing rψ(·) is sufficient (but not necessary) for
entry to reduce firms’ sizes.

We now determine the equilibrium mass,M , of firms. To this end, we assume that there is
free-entry so that profits are zero in (21). The zero-profit condition is given by

L

M

[
1− α(P/P)

]
rψ
(
ψ−1(1/M)

)
= F. (22)

Condition (22) allows us to pin down the mass of firms in the non-traded sector as a function of
the price index, P , of traded varieties. We can show the following result:

Proposition 2. (Traded prices and the mass of non-traded firms) Assume that rψ(·) is increasing
and that the budget share of non-traded goods, α(·), decreases not too fast. Then there exists a unique
symmetric free-entry equilibrium in the non-traded sector. Furthermore, a reduction in the price index,
P , for the traded goods leads to less firms and higher markups in the non-traded sector.

Proof. When r′ψ(·) > 0, and α(P/P) decreases not too fast, then the operating profit (21) is a
decreasing function of M . In this case, (22) has a unique solution M∗(P ). Plugging M∗ into
equations (19) and (20) and using the definition of the markups then determines a unique sym-
metric free-entry equilibrium. Furthermore, because α(·) is a decreasing function, a reduction
in P implies an upward shift of the locus described by the left-hand side of (22). Hence, cheaper
traded goods lead to fewer firms in the non-traded sector. �

What is the economic meaning of the assumptions underlying Proposition 2? As discussed
above, the first assumption, r′ψ > 0, is a necessary and sufficient condition for entry to gener-
ate pro-competitive effects. We believe that this is the empirically plausible case. Moreover,
this condition has a purely demand side-related interpretation: a higher consumption index is
equivalent to more product differentiation. The second assumption, namely that α(·) is a slowly

For example, public transportation and cars are clearly substitutes. While we acknowledge that complementarities
do exist, we believe that substitutability is overall the more plausible assumption.
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decreasing function, means that traded and non-traded goods are relatively poor substitutes for
consumers. If we think about the former as including mostly manufactured goods, whereas
the latter consist mostly of services, this seems to be a fairly natural assumption to make. In
what follows, we take the assumptions that r′ψ(·) > 0 and that α(·) decreases not too fast as our
benchmark.13

To illustrate the latter by means of a simple example, consider the ces upper-tier utility:

U =
[
βu(σ−1)/σ + (1− β)v(σ−1)/σ

]σ/(σ−1)
, 0 < β < 1 < σ.

In that case, we have
α (P/P) =

(P/P)1−σ

[(1− β)/β]σ + (P/P)1−σ
. (23)

From equation (23), we see that when σ → 1 (i.e., goods become independent), the slope of
α(·) is less and less steep. Hence, the operating profit (21) is more likely to decrease inM since
traded and non-traded goods are poor substitutes.

Given the price index P for traded goods, equations (18) and (22) uniquely pin down the
equilibrium price index, P∗(P ), and the equilibrium mass of firms, M∗(P ). More precisely,
we can solve (22) for M and plug the solution into (18). We then obtain a decreasing function
P = P∗(P ). This allows us to express the equilibrium expenditure share for non-traded goods
as a function of P only: a(P ) ≡ α(P/P∗(P )). Since the expenditure share is the only channel
through which the traded sector affects the non-traded sector, the impact of a fall in trade costs on
the non-traded sector is fully captured by changes in the price index in the traded sector.

How does a change in P affect the consumers’ expenditure shares? Two effects are at work.
First, there is the standard substitution effect between traded and non-traded goods, which in-
creases α(·) when traded goods become cheaper. Second, there is the income effect that arises
because an increase in α(·) leads to more demand for traded goods, thus enticing more firms
to enter the traded sector. This makes competition tougher in that sector and leads to an addi-
tional fall in P . Since both effects work in the same direction, a(P ) unambiguously decreases
with P . In other words, if trade liberalization reduces the price index P for traded goods, expen-
ditures on non-traded goods always decrease. The key finding in Proposition 2 is that cheaper
traded goods lead to fewer firms in the non-traded sector. This, in turn, makes competition in
that sector less tough (because rψ(·) is increasing function), which allows non-traded firms to
charge higher markups. In Section 5.1, we show that trade liberalization reduces the price in-
dex for traded goods under fairly plausible assumptions, thereby reducing competition in the
non-traded sector.

13If α decreases "too steeply", we may loose uniqueness. However, for the existence of a stable free-entry equi-
librium, it suffices (though it is not necessary) that both α and rψ are bounded away from 1. All the comparative
statics results remain valid for stable equilibria.
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4 Equilibrium in the traded sector

We now analyze the equilibrium in the traded sector. We proceed in two steps. First, we look
at the impacts of freer trade on the traded sector for the general case of Kimall preferences. We
derive sufficient conditions for the price index in the traded sector to fall with trade liberaliza-
tion. This comparative static result is crucial to analyze the effects of freer trade in Section 5.1.
Second, we introduce ‘ε-ces preferences’, which are a special—but relevant—case of Kimball
preferences, to derive sharper results. We show that these preferences can get arbitrarily close
to ces preference so that the equilibrium displays comparative static properties similar to those
prevailing under the ces (see Proposition 5 below). This result is important for the subsequent
analysis since it allows us to derive many properties of equilibrium by continuity in the vicinity
of ces preferences for which results are relatively easy to compute.

4.1 General case

Asymmetric equilibrium in the traded sector satisfies the following four equilibrium conditions:

(i) zero profit condition:

xd
rθ
(
zd
)

1− rθ (zd)
+ τxm

rθ (zm)

1− rθ (zm)
=

F

cL
; (24)

(ii) Kimball preference representation:

N
[
θ
(
zd
)

+ θ (zm)
]

= 1; (25)

(iii) profit maximization:
θ′
(
zd
)

(1− rθ
(
zd
)
)

θ′ (zm) (1− rθ (zm))
=

1

τ
; (26)

(iv) sectoral budget constraint:

Pu = a(P ) = Nu

[
czd

1− rθ (zd)
+

cτzm

1− rθ (zm)

]
. (27)

We first solve (25)–(26) for the relative consumption levels, zd and zm. Given the mass of
firms,N , in each country, the locus in (25) is downward-sloping in (zd, zm)-space, because θ(·) is
an increasing function. The slope of the locus in (26) is positive, which comes from the second-
order condition for profit maximization (that condition is given by rθ′ < 2; see Appendix B).
Consequently, the two curves have a unique intersection denoted by

(
zd(N, τ), zm(N, τ)

)
. How

does that intersection vary with the mass of firms, N , and trade costs, τ? When N increases,
the locus in (25) shifts downwards, while the locus in (26) remains unchanged. Thus, both zd

14



and zm decrease in the mass of firms. An intuitive explanation for this result is love for variety:
additional entry leads consumers to spread their budget over a larger range of varieties. Higher
trade costs, τ , lead to a downward shift of the locus in (26), while the locus in (25) remains
unchanged. Thus, zd increases with trade costs, while zm decreases with trade cost. Intuitively,
freer trade shifts relative demands fromdomestically produced varieties towards imported ones.

Observe that domestic markups rdθ(zd) and foreign markups rmθ (zm) depend on the mass of
firms, N , and trade costs, τ , via the relative consumption levels zd and zm. Entry drives both
markups downward if and only if rθ(·) is an increasing function. In other words, whether the
effect of entry is pro- or anti-competitive is fully determined by the nature of consumers’ variety-
loving behavior. Note that for a given mass of firms, trade liberalization always shifts domestic
and foreign markups in opposite directions. More precisely, a decrease in τ drives domestic
markups downwards—and foreignmarkups upwards—if and only if rθ(·) is an increasing func-
tion. Otherwise, the result is reversed. In the empirically plausible case with pro-competitive
effects, domestic markups and foreign markups converge as trade becomes freer: in the limit,
when trade is costless, domestic and export markups are equalized.

We can summarize the foregoing results in the following proposition:

Proposition 3. (Equilibrium in the traded sector) Assume that r′θ(z) > 0. Then: (i) there exists a
unique symmetric equilibrium for any givenN ; (ii) the equilibrium domestic and foreign markups rdθ

(
zd
)

and rmθ (zm) both decrease with N ; and (iii) the domestic markups rdθ
(
zd
)
decrease with τ , whereas the

foreign markups rmθ (zm) increase with τ .

Proof. In the text. �

How does the price index P vary with the mass of firms N and trade cost τ? To answer that
question, we first rewrite (27) as follows:

P = P (N, τ) ≡ cN

[
zd(N, τ)

1− rθ(zd(N, τ))
+

τzm(N, τ)

1− rθ(zm(N, τ))

]
,

and use the definition of homothetic preferences to get u = u(N, τ) ≡ a
(
P (N, τ)

)
/P (N, τ). We

still need to pin down N , which is endogenously determined by free entry. To this end, we use
the zero profit condition (24), which now takes the following form:

u(N, τ)

[
zd(N, τ)

rθ(z
d(N, τ))

1− rθ(zd(N, τ))
+ τzm(N, τ)

rθ(z
m(N, τ))

1− rθ(zm(N, τ))

]
=

F

cL
. (28)

How the left-hand side of (28), the traded good producers’ operating profits π(N, τ), varies
with N is generally ambiguous, so that multiple equilibria may a priori exist. Let N∗ denote a
solution to (28). In what follows, we focus on stable equilibria only, i.e., those where ∂π/∂N < 0
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at N = N∗.14

The impact of a change in τ on firms’ profits is twofold: (i) trade liberalization reduces costs,
which leads to rising profits; and (ii) trade liberalization shifts the price index P (N, τ), which
may result in tougher competition and hence in lower profits. In any case, (28) implies that at any
stable equilibrium trade liberalization leads to an increase in the equilibriummass of firmsN∗ if
and only if the former effect dominates the latter, i.e., when ∂π/∂τ < 0. If, in addition, P (N, τ)

decreases in N and increases in τ , then trade liberalization also drives down the equilibrium
value of the price index P ∗ ≡ P (N∗, τ). Thus, we have the following result.

Proposition 4. (Decreasing price index) A sufficient condition for dP ∗/dτ > 0 is given by: (i)
∂P/∂N < 0; and (ii) dN∗/dτ < 0.

Proof. In the text. �

Underwhat conditions on themodel’s primitives arewe sure that ∂P/∂N < 0 and dN∗/dτ <

0? As we show in the next section, these two properties always hold in the ces model. Hence,
they should intuitively also hold for preferences that are ‘sufficiently close’ to the ces in a sense
that we need to make precise. We hence now introduce the concept of ε-ces preferences and
show that an ε-ces equilibrium exists. When ε is small enough, that equilibrium has the same
qualitative properties than the ces equilibrium, safe that markups are variable. The latter prop-
erty is very useful to investigate the behavior of models with Kimball preferences that are, how-
ever, close to ces preferences and inherit many of their properties by continuity.

4.2 ε-ces preferences

As discussed in Section 2.1, Kimball preferences include the ces as a special case. Given that
there is a continuum of Kimball-type preferences, we can choose preferences that are ‘arbitrarily
close’ to the ces within that class. Let

θ(z) = zρ exp
(
ϕ(z)

)
, ρ ≡ σ

σ − 1
∈ (0, 1), (29)

where ϕ(·) is ‘sufficiently small’ in a sense that ||ϕ(·)|| < ε. Intuitively, if ϕ(·) is close to zero then
(29) will be close to ces preferences.15 We hence call these preferences ε-ces preferences. We
relegate the technical details to the appendix and describe in Appendix A.2 conditions which
ensure these preferences are ‘close’ to standard ces preferences. We also derive the equilibrium
conditions of the model for that case. We can prove the following result.

Proposition 5. (Existence and continuity of ε-ces equilibrium) For ε-ces preferences with ε ‘suf-
ficiently small’, an equilibrium: (i) always exists; and (ii) is a small perturbation of the ces equilibrium.

14By doing so, we do not rule out the possibility ofmultiple stable equilibria. Wewill do so in the next subsection,
where we focus on a specific instance of preferences that lead to a unique stable equilibrium.

15Consider the case where ϕ(·) ≡ 0, then (29) boils down exactly to ces preferences.
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Proof. See Appendix A.3. �

The key result for the subsequent analysis is the continuity property of ε-ces equilibria with
respect to the ces, as stated by claim (ii) of Proposition 5. This property explains why our model
largely retains the tractability of the ces case while allowing for departures from it along several
empirically relevant dimensions—variable markups and firm sizes. As shown in the next sec-
tion, it provides a powerful tool for comparative statics analyses to reveal, e.g., the impacts of
trade liberalization under non-ces Kimball preferences.

5 The impacts of trade liberalization

We are now equipped to investigate how trade liberalization, i.e., a decrease in τ , influences the
equilibrium in the traded and in the non-traded sectors. First, we look at how trade liberalization
directly affects the traded sector. We then take into account the indirect effects of trade liberal-
ization on the non-traded sector. This ordering is natural since, as shown before, the effects in
the non-traded sector stem entirely from changes in the price index of the traded sector.

5.1 Traded sector

We show inAppendix A.4 that when preferences are ces, the following comparative statics hold:

d(zd)∗

dτ
> 0 >

d(zm)∗

dτ
,

dP ∗

dτ
> 0, and

dN∗

dτ
< 0. (30)

Moreover, intuition suggests that (30) must still hold by continuity for the ε-ces case when ε is
small enough. Appendix A.4 provides a formal proof relying on Proposition 5. These compar-
ative static results are important for assessing how markups and firm sizes in the traded sector
react to trade liberalization.

Markups. We first look at how domestic and export markups in the traded sector change in
response to trade liberalization. Recall that in the ces case, markups are invariant to changes in
the mass of firms and to changes in trade costs. This is, however, no longer the case under ε-ces
preferences, even when ε is small. Put differently, even small departures from the ces lead to
variable markups, and we can investigate their behavior in response to freer trade.16

In what follows, we focus on small perturbations, ϕ, in (29) that generate r′θ(z) > 0. In that
16It is worth noting that the method of establishing comparative statics “by continuity” like in Appendix A.3

does not work with markups, for under the ces we have ∂rd∗θ /∂τ = ∂rm∗
θ /∂τ = 0. Hence, we can say nothing using

continuity arguments.
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case, d(zd)∗/dτ > 0 > d(zm)∗/dτ directly implies

d(rdθ)
∗

dτ
> 0 >

d(rmθ )∗

dτ
. (31)

In words, trade liberalization leads to a reduction in markups for locally produced varieties,
and to an increase in the markups of imported varieties. Since domestic markups exceed export
markups, this means that freer trade leads to the convergence of markups for traded goods across
countries. Yet, as we show in the next subsection, it also leads to a divergence of markups across
industries within countries.

Firm size. We now study how trade liberalization affects firm size, q ≡ L(xd + τxm). In the ces
case, it is well known that trade liberalization does not affect firm size but leads to a decrease
in domestic sales, xd, and an increase in exports, τxm. Slightly perturbing the ces preferences
reveals additional effects of trade liberalization on firm size. To see this, we combine (A-6) and
(A-8) in Appendix A.2 to obtain:

q
rθ(z

d)

1− rθ(zd)
− Lτxm

[
rθ(z

d)

1− rθ(zd)
− rθ(z

m)

1− rθ(zm)

]
=
F

c
. (32)

As we have shown before, a reduction in trade costs τ leads to: (i) an increase in output for
the foreign market, τxm, by continuity with the ces case; and (ii) an increase in the markups
of imported varieties, rθ(zm), and a decrease in the markup of domestic varieties, rθ(zd). Note
also that, because we are close to the ces, the latter effect is of second order compared to the
former effect. More generally, all new effects that arise under ε-ces preferences are of second
order and thus are negligible compared to the first-order effects for sufficiently small values of
ε. Furthermore, as shown in Appendix A.2., we have zm < zd, so that the expression in square
brackets in (32) is positive. To sum up, the second term on the left-hand side of (32) increases
with trade liberalization, because the positive effect of trade liberalization on output (τxm) dom-
inates the negative effect on markups. This implies that the first term must also increase for the
zero-profit condition to hold. Since domestic markups, rθ(zd), decrease with a fall in trade costs,
we can conclude that firm output q must hence increase with trade liberalization.17

Size of the manufacturing sector. We now investigate how trade liberalization affects the rel-
ative size of the traded sector, given by N∗(cq∗ + F )/L. Note firstly that the labor force of in-
dividual firms, cq∗ + F , increases, yet that this is a second-order effect under ε-ces preferences
(because firm size is constant under the ces). Note secondly that the mass of firms in the traded
sectorN∗ increases because of changes in a(P ). This constitutes the first-order effect for changes

17Evidence of increasing firm sizes in the export sector following trade liberalization is provided by, e.g., Levin-
sohn (1999).
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Table 1: Trade openness and the share of manufacturing employment.
Dependent variable: log(manufacturing share)

(1) (2) (3) (4) (5) (6)

ln(openness) -0.054 -0.024 0.001

(0.034) (0.026) (0.024)

ln(openness, imports) -0.229a -0.208a -0.192a

(0.033) (0.033) (0.029)

ln(openness, exports) 0.157a 0.168a 0.172a

(0.027) (0.027) (0.027)

ln(value-added per employee) -0.072a -0.057a

(0.021) (0.019)

ln(output per employee) -0.104a -0.097a

(0.025) (0.023)

p-value: ln(openness, imports) + 0.024 0.138 0.389

ln(openness, exports) = 0

Observations 2,147 1,988 2,003 2,147 1,988 2,003

R-squared 0.952 0.955 0.958 0.956 0.958 0.961

Notes: Unbalanced panel of 145 countries between 1980 and 2004. See Appendix C for additional

information on the data. All specifications include country and year fixed effects. Huber-White

robust standard errors are reported in parentheses. Significance levels: a: p < 0.01, b: p < 0.05,
c: p < 0.1.

in the size of the traded sector. If we assume that a(P ) is ‘almost flat’, then the amount of labor
allocated to the traded sector increases only a little in thewake of trade liberalization (see the dis-
cussion in Section 3). In other words, the model predicts that the traded sector expands slightly
as trade gets freer. This prediction may seem counterfactual since the traded sector—which
is mostly manufacturing—has decreased as a share of employment in all developed countries
over the last 40 years, despite increasing trade liberalization. One reason for that change is the
increase of manufacturing productivity via the substitution of capital for labor. This effect is
absent from our model where firm-level productivity is invariant. Columns (1)–(3) in Table 1
report empirical evidence consistent with those observations. As can be seen from the table,
the impact of trade openness—measured by the ratio of imports plus exports over gdp—on the
share of manufacturing employment in the economy is very small and insignificant, while pro-
ductivity gains are associated with falling shares of manufacturing employment. In our model,
trade costs are symmetric so that trade liberalization increases both import competition and ex-
port opportunities. When breaking down trade openness in terms of imports and exports in the
data, we see that a 1% increase in both imports and exports has a negative and statistically signif-
icant effect on the share of manufacturing employment in specification (4). This result seems to
run against the expansion of manufacturing with increasing trade liberalization as predicted by
the model. However, the negative effect disappears once we control for productivitiy in regres-
sions (5) and (6), i.e., a symmetric trade expansion has an insignificant impact onmanufacturing
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employment.18

The following proposition summarizes our key results concerning the impacts of trade lib-
eralization on firms in the traded sector.

Proposition. (Effects of trade liberalization on the traded sector)Consider the case of ε-ces prefer-
ence with r′θ > 0. Then there exists ε such that for every 0 < ε < ε, trade liberalization leads to: (i) lower
markups for domestically produced traded varieties; (ii) higher markups for imported traded varieties; (iii)
more firms in the traded sector; (iv) larger firms, as measured by their total output, in the traded sector;
and (v) more labor allocated to the traded sector.

Proof. In the text. �

Observe that the same qualitative properties also hold in other models of monopolistic com-
petition, such as those by Krugman (1979), Behrens and Murata (2007, 2012), Zhelobodko et al.
(2012), and Kichko et al. (2014). The novelty of our results is to bring together multiple sectors
and costly trade in general equilibrium with variable elasticity of substitution for a rich class of
homothetic preferences. We further show in Section 6 that the results of Proposition 5.1 may
still hold outside of a ‘small neighborhood’, i.e., when we move farther away from the ces case
while keeping preferences as given by (4).

5.2 Non-traded sector

We now turn to the non-traded sector. As shown in Section 3, the impacts of trade costs on the
non-traded sector are fully captured by the changes in the price index associatedwith the traded
sector. Since we have established the impact of trade costs on the price index in the foregoing
subsection, the analysis is now straightforward.

Markups. Because trade liberalizationmakes competition in the traded sector tougher, as shown
in Section 5.1, the price index for traded goods falls as trade gets freer. Furthermore, when
traded goods get relatively cheaper, the expenditure share on non-traded goods falls. As a con-
sequence, if r′ψ > 0 and α(·) is a slowly decreasing function, a decrease in P reduces the equilib-
rium mass of firms,M∗, in the non-traded sector. This, in turn, leads to an increase in both the
price index and the markups in that sector, as shown in Section 3. It is worth pointing out here
that this effect is entirely driven by the general equilibrium nature of the model, which leads to

18These results are illustrative only andwedo not claim that they have any causal interpretation. For example, the
productivity changes may pick up trade liberalization effects as emphasized in the heterogeneous firms literature
following Melitz (2003). When firms are heterogeneous, the intersectoral allocation effects may well be different.
For example, Trefler (2004) documents that the Canada-US free trade agreement led to a decrease of Canadian
manufacturing employment by 5%, despite substantial productivity gains and plant expansions for the more pro-
ductive firms. Levinsohn (1999) finds only little between-sector reallocations using episodes of trade liberalization
in Chile.
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a reallocation of expenditure across industries in the wake of trade liberalization. There is no
‘anti-competitive behavior’ of firms, although such behavioral reactions of firms to trade liber-
alization have often been put forward to explain the increase in markups in service industries
in the wake of deeper European integration (see Badinger, 2007). To sum up, with trade liberal-
ization, themarkups for domestically produced traded and non-traded goods move in opposite directions,
and this is simply a market reaction to a change in relative prices and the associated changes in
expenditures, entry and, ultimately, toughness of competition.

Firm size. Recall that the size of a firm in the non-traded sector is given by (20), i.e.,

qn(M, P ) =
M

cL
[1− a(P )]

[
1− rψ[ψ−1(1/M)

]
.

Under our assumption that a(P ) decreases slowly with the price index, and since changes in
rψ are of second-order magnitude, the change in qn is fully captured by changes in the mass of
firms M . Because M∗ increases with τ , so does the denominator in (20), and hence the whole
fraction decreases.

The following proposition summarizes our key results concerning the impacts of trade lib-
eralization on firms in the non-traded sector.

Proposition 6. (Effects of trade liberalization on the non-traded sector) Assume an ε-ces lower-
tier utility in the traded sector and r′ψ > 0 in the non-traded sector. Then trade liberalization leads to:
(i) an increase in the markups for non-traded varieties; (ii) an increase in the price index of non-traded
varieties; (iii) fewer firms in the non-traded sector; and (iv) larger firm sizes in the non-traded sector.

Proof. In the text. �

We next investigate how ‘far’ we canmove away from ces preferences while having the same
qualitative results and study the welfare effects of trade liberalization. As we have shown

in Propositions 6 and 5.1, a decrease in τ increases market power and reduces product di-
versity in the non-traded sector, whereas the opposite holds in the traded sector. Hence, the
welfare effects of trade liberalization are a priori ambiguous.19

6 Numerical illustrations and welfare effects

We now investigate how ‘far’ we can deviate from the ces model. Answering this question is
important for three reasons. First, we know that the results of the preceding sections hold in

19Behrens et al. (2018) show that with an unspecified upper-tier utility function and ces lower-tier utilities, posi-
tive price shocks to one sector never translate into aggregatewelfare losses. Thus, this result also holds by continuity
under ε-ces preferences. However, it is a priori unclear whether gains from trade are higher or lower under ε-ces
preferences compare to standard ces preferences.
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a ‘small neighborhood’ of the ces. Yet, we have no good (numerical) idea what we mean by
a ‘small neighborhood’. If our results really hold only for very small deviations from the ces,
their relevance may be limited. Second, in the ces case, markups are fixed. It is, therefore, of
interest to see whether variable markups increase or decrease the welfare changes due to trade
liberalization and intersectoral reallocations as compared to the ces case. To put it bluntly, we
want to know how variable the variable markups can be so that our main findings still remain
valid.

In what follows, we consider the following parametrization. We let θ(z) = zρ − εθz and
ψ(z) = zρ − εψz, where εθ, εψ ≥ 0 are parameters that capture deviations from the ces in the
traded and in the non-traded sectors, respectively. Clearly, εθ = 0 corresponds to the ces case
in the traded sector. If, on the contrary, εθ > 0, then rθ(·) is increasing, which implies a pro-
competitive effect. We also choose upper-tier ces preferences, so that (23) holds. Inwhat follows,
we consider the following parameter values: σ = 1.2, γ = 3.33, L = 10, c = 1, F = 0.4, β = 1/3

and εψ = 0.1. We hold these parameters fixed and consider different values of εθ and τ . The
objective is to investigate how trade liberalization affects key variables as we progressivelymove
away from the ces case by increasing εθ. To this end, we move τ from 1 to 2 to generate the
different variables for a fixed value of εθ. We then run simple linear regressions of the log of the
main endogenous variables on the log of trade costs to estimate the elasticity of the variableswith
respect to trade costs for a given value of εθ.20 We repeat that procedure for values of εθ between
0 and 0.07. The value of εθ = 0.07 corresponds to the threshold value beyond which the number
of firms in the traded sector is no longer increasing as τ decreases, i.e., the qualitative properties
of the model change.21 Clearly, the important point to notice is that for all εθ ∈ (0, 0.07], the
model behaves ‘as if’ it were ces (i.e., the mass of firms increases and the price index decrease
in the traded sector with trade liberalization), yet has variable markups and variable firm sizes.

As can be seen from Table 2, the price index for traded goods falls more quickly with trade
liberalization in the ε-ces case than in the ces case, even though markups for imported goods
increase.22 The reason is that the decrease inmarkups for domestically produced varieties offsets
the slower increase in the mass of firms than in the ces case. This leads to more substantial
welfare gains in the traded sector in the ε-ces case than in the ces case. Although the welfare
losses in the non-traded sector are slightly larger in the ε-ces case than in the ces case, the overall
effect onwelfare is stronger in the former than in the latter. In otherwords, a 1%decrease in trade
costs leads to a 0.24% increase inwelfare under our ε-cespreferences, but only to a 0.23% increase

20We view these regressions as a simple device that allows us to obtain local approximations of the comparative
static properties of the model. The error term in the regressions comes from the linear approximation of a non-
linear relationship. It has no structural interpretation other than corresponding to the approximation error of the
non-linear relationships.

21Since the qualitative properties change, we may view this as a case where we moved out of the neighborhood
in which ε-ces preferences inherit the properties of ces preferences.

22Yilmazkuday (2015) reports an elasticity of U.S. import markups of 0.16%.
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Table 2: Numerical illustration of elasticities
elasticity with respect to τ ces ε-ces

(εθ = 0) (εθ = 0.07)

markups for tradable goods (domestic) 0.0000 0.0057

markups (imports) 0.0000 −0.0084

mass of firms in the tradable sector −0.0159 −0.0085

size of manufacturing sector −0.0156 −0.0164

price index (tradable goods) 0.3118 0.3204

utility u −0.3276 −0.3368

utility v 0.0763 0.0782

utility U −0.2324 −0.2383

Notes: Each line reports the coefficients of a log-log regression of

an endogenous variable on trade costs τ . We move τ from 1 to 2

with step size 0.01 to generate 100 observations. All coefficients are

significant, with p-values that are virtually zero. The R2 exceeds

0.85 in all cases, thus showing that the linear approximations work

very well.

in welfare under ces preferences.23 This result is different from the one in Arkolakis et al. (2018),
where variable markups reduce the gains from trade. In a one-sector economy with variable
markups and heterogeneous firms, distortions due to trade liberalization stem from increasing
within-industry misallocation toward more productive firms that charge higher markups. By
contrast, in our two-sector framework, the main source of distortion is the interaction between
variable markups in the two sectors, where trade liberalization exacerbates the distortion in the
non-liberalized sector.24

7 Conclusion

We have developed a tractable model with a traded and a non-traded sector in each country.
Both sectors are monopolistically competitive and consumers have non-ces preferences. We
show that Kimball’s (1995) flexible aggregator leads to preferences that are homothetic and dis-
play variable elasticity of substitution. Furthermore, the elasticity of substitution is a function of
the ratio of consumption to utility, which allows for a simple behavior. More precisely, Kimball
preferences behave in a similar way than standard additive preferences, which simplifies the
analysis significantly. They also encompass the ces as a special case, which allows us to derive
a number of results for non-ces preferences in a ‘small neighborhood’ of the ces.

23The numbers that we provide are illustrative only. It is well known that they are sensitive to a monotonically
increasing transformation of the utility function. However, the ranking of the effects would not be reversed by such
a transformation.

24See Behrens et al. (2016) for a model with both inter- and intra-sectoral misallocations across heterogeneous
firms and industries.
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Our key result relates to the differential behavior of markups in the wake of trade liberaliza-
tion. We show that while trade liberalization promotes the convergence of markups for traded
goods across countries, it leads to the divergence of markups across sectors—traded and non-
traded—within each country. These effects are solely driven by the general equilibriumnature of
themodel, which leads to a reallocation of expenditure across industries in thewake of trade lib-
eralization. There is no ‘anti-competitive behavior’ of firms, although such behavioral reactions
of firms to trade liberalization have often been put forward to explain the increase in markups
in service industries on the way of deeper European integration (Badinger, 2007). We also show
that firm sizes increase in both sectors, irrespective of the direction of change in markups.

Since markups fall and product diversity expands in the traded sector, whereas markups
rise and product diversity shrinks in the non-traded sector, the welfare impacts of trade inte-
gration are ambiguous. In particular, positive effects in the liberalized sector are mitigated by
the negative effects in the non-traded sector. The explanation for that result is that freer trade in
one sector leads to a reallocation of resources towards that sector. Consequently, there are less
firms operating in the other sector, which increases their market power and allows them to raise
markups. The overall effect is ambiguous and most likely depends on modeling choices. What
our finding suggests is that these modeling choices are not innocuous.
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Appendix

A. Proofs of Propositions

A.1. Proof of Proposition 1 Given θ(z), the proof of the “if” part essentially boils down to
choosing a σ(z) which satisfies

1

σ(z)
= rθ(z) ≡ −zθ

′′(z)

θ′(z)
. (A-1)

Conversely, to prove the “only if” part, we choose θ(z) satisfying (A-1) for a given σ(z).
Assume that (4) holds. Then, since the inverse demands are given by (11), the elasticity ηi of

the inverse demand for variety i is given by

ηi = rθ

(
xi
u(x)

)
, (A-2)

where rθ(·) is defined by (A-1). As shown by Parenti et al. (2017), for any symmetric preferences
defined over a continuum of goods, the following equality holds:

σ(xi, xj,x)
∣∣
xi=xj

=
1

ηi
. (A-3)

Combining (A-2) with (A-3) and setting σ(z) ≡ 1/rθ(z), we obtain (3). This proves the “if” part
of Proposition 1.

To prove the “only if” part, assume that (3) holds for a given σ(z). It is straightforward to
verify that implicitly additive preferences with θ(·) defined by

θ(z) ≡
∫ z

0

exp

(
−
∫ ς

1

dξ

ξσ(ξ)

)
dζ

also satisfy (3) for the same σ(z). Since a preference relationship is uniquely determined by its
elasticity of substitution, this completes the proof. �

A.2. ε-ces preferences. We formally define ε-ces preferences and derive the equilibrium con-
ditions of the model. Let

θ(z) = zρ exp
(
ϕ(z)

)
, ρ ≡ σ

σ − 1
∈ (0, 1), (A-4)

where ϕ ∈ C3 (R+) is a thrice continuously differentiable function that is sufficiently small in a
sense that ||ϕ||C3 < ε. In the foregoing expression, || · ||C3 is the standard norm in the space of
thrice continuously differentiable functions, given by ||ϕ||C3 ≡ ||ϕ||C + ||ϕ′||C + ||ϕ′′||C + ||ϕ′′′||C ,
with || · ||C being the norm of uniform convergence defined as ||ϕ||C ≡ supz≥0 |ϕ(z)|. To use
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(A-4) when solving the equilibrium conditions of the model, we need the expressions for θ′(·)
and rθ(·), which are given by

θ′(z) = zρ−1 exp [ϕ(z)] [ρ+ zϕ′(z)] , (A-5)

and
rθ(z) ≡ −θ

′′(z)z

θ′(z)
= 1− ρ− ξ(z), (A-6)

respectively. The residual term, ξ(·), is given by

ξ(z) ≡ zϕ′(z)

ρ+ zϕ′(z)
[1 + ρ+ zϕ′(z)] +

z2ϕ′′(z)

ρ+ zϕ′(z)
. (A-7)

To guarantee that ||ξ||C → 0 as ||ϕ||C3 → 0, we need that zϕ′(z) and z2ϕ′′(z) uniformly converge
to zero. These conditions make sure that we can choose ϕ(·) so that (A-4) becomes arbitrarily
close to the standard ces case. This will allow us to derive part of our analytical results by
continuity in the neighborhood of ces preferences.25

Plugging the expressions (A-5)–(A-6) into the equilibrium conditions (24)–(27) yields

zd
1− ρ− ξd

ρ+ ξd
+ τzm

1− ρ− ξm

ρ+ ξm
=

F

cL

P

a(P )
, (A-8)

N
[
(zd)ρ exp(ϕd) + (zm)ρ exp(ϕm)

]
= 1, (A-9)(

zd
)ρ−1

exp(ϕd)(ρ+ ξd)
[
ρ+ zdϕ′(zd)

]
(zm)ρ−1 exp(ϕm)(ρ+ ξm) [ρ+ zmϕ′(zm)]

=
1

τ
, (A-10)

cN

(
zd

ρ+ ξd
+ τ

zm

ρ+ ξm

)
= P, (A-11)

where we set ϕk ≡ ϕ(zk) and ξk ≡ ξ(zk) for k ∈ {d, m} for notational convenience. Clearly,
ξk → 0 when ||ϕ||C3 → 0. In the limiting case ϕd = ϕm = 0 and ξd = ξm = 0, so that equations
(A-8)–(A-11) boil down to the standard equilibrium conditions under ces preferences. Hence,
equations (A-8)–(A-11) may be intuitively viewed as a system in which there are small shocks
to the ces equilibrium conditions. However, our approach is not ad hoc, for we explicitly model
variable markups, showing where the shocks stem from.

Plugging (A-11) into (A-8), we obtain

(1− ρ)
P

cN
− ζ =

F

cL

P

a(P )
, (A-12)

where ζ(ξd, ξm) ≡ zdξd

ρ+ξd
+ τ z

mξm

ρ+ξm
is a residual term. To make sure that this residual term can be

25Using numerical illustrations, we also show in Section 6 that these results extend to larger ‘neighborhoods’ of
the ces.
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made arbitrarily small, we restrict ourselves to perturbations ϕ ∈ F , where F is defined as

F ≡
{
ϕ ∈ C3 (R+) | lim

z→∞
z2ϕ′(z) = lim

z→∞
z3ϕ′′(z) = 0

}
. (A-13)

The second restriction in (A-13) guarantees that the residual terms ξd and ξm become uniformly
small as ||ϕ||C3 → 0. Solving the first equation in (A-12) for N , we obtain

N = (1− ρ)
La(P )

F + cLa(P )
P
ζ
. (A-14)

Solving (A-9)–(A-10) for zd and zm yields

zm(N, τ) =
[
N
(
τ ρ/(1−ρ)Aρ exp(ϕd) + exp(ϕm)

)]−1/ρ
, (A-15)

zd(N, τ) = τ 1/(1−ρ)Azm(N, τ), (A-16)

where

A(ϕd, ϕm, ξd, ξm) ≡

[
exp(ϕd)(ρ+ ξd)

(
ρ+ zdϕ′(zd)

)
exp(ϕm)(ρ+ ξm) (ρ+ zmϕ′(zm))

]1/(ρ−1)
.

Note that A → 1 as ||ϕ||C3 → 0. Hence, zm < zd if we are sufficiently close to ces prefer-
ences—since A is very close to 1 while τ 1/(1−ρ) is strictly greater than 1. Finally, plugging (A-
15)–(A-16) into (A-11) yields the expression for the price index:

P = cN−(1−ρ)/ρ
[
Aρ exp(ϕd) + τ−ρ/(1−ρ) exp(ϕm)

]−1/ρ( A
ρ+ ξd

+
τ−ρ/(1−ρ)

ρ+ ξm

)
. (A-17)

A.3. Proof of Proposition 5 Denote by ε ≡ (ϕd, ϕm, ξd, ξm, A, ζ) the vector of ‘shocks’ enter-
ing (A-14) and (A-17). We first show that equations (A-14) and (A-17) have a unique solution
(P ∗CES, N

∗
CES) when ε = 0.

To see this, observe that when ε = 0, equations (A-14) and (A-17) boil down to

N = (1− ρ)
L

F
a(P ), (A-18)

and
P = N1/(1−σ)

(
cσ

σ − 1

)(
1 + τ 1−σ

)1/(1−σ)
, (A-19)

which are the standard expressions for the ces case. Plugging (A-19) into (A-18) yields an equa-
tion which uniquely pins down the equilibrium number of firms, N∗CES , provided that a(·) is
a sufficiently slowly decreasing function (which we assume, as explained before). Substituting
N∗CES back into (A-19), we then obtain the unique equilibrium value of the price index for traded
varieties, P ∗CES .
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It then follows from the implicit function theorem that there exists an open set V ⊆ R6, such
that: (i) 0 ∈ V ; (ii) (A-14) and (A-17) have a solution (P ∗(ε), N∗(ε)) for any ε ∈ V ; and (iii) this
solution converges to (P ∗CES, N

∗
CES) as ε→ 0. �

A.4. Expressions for comparative statics The implicit function theorem implies that, for a
small enough vector ε, the solution

(
zd∗, zm∗, P ∗, N∗

)
of equations (A-8)–(A-11) is twice contin-

uously differentiable in (ε, τ). This implies then that ∂zd∗/∂τ, ∂zm∗/∂τ, ∂P ∗/∂τ , and ∂N∗/∂τ

are all continuous in ε. We may thus conclude that if, for example, ∂zd∗/∂τ > 0 in the ces case,
this result will be preserved by continuity for the ε-ces case when ε is small. Thus, it suffices
to conduct comparative statics of

(
zd∗, zm∗, P ∗, N∗

)
for the ces case, and all results for the ε-ces

case are then obtained by continuity.
The expressions for the ces case are given in Appendix A.2. Denote the right-hand side of

(A-19) by P (N, τ). We have
∂P

∂N
< 0 and

∂P

∂τ
> 0. (A-20)

Totally differentiating (A-18) with respect to τ yields

dN∗

dτ
= (1− ρ)

L

F
a′
[
P (N∗, τ)

]( ∂P
∂N

dN∗

dτ
+
∂P

∂τ

)
,

so that
dN∗

dτ
=

(1− ρ)La′
[
P (N∗, τ)

]
F − (1− ρ)La′

(
P (N∗, τ)

)
∂P
∂N

∂P

∂τ
. (A-21)

Since we assume that a′(·) is small enough in absolute value, (A-21) immediately implies

dN∗

dτ
< 0. (A-22)

It is worth pointing out, however, that when a′(·) is sufficiently small, dN∗/dτ is also small in
absolute value.

Turning to the relative consumptions zd(N, τ) and zm(N, τ), they are determined from ex-
pressions (A-8)–(A-9) and are given by

zm(N, τ) =
[
N
(
1 + τ ρ/(1−ρ)

)]−ρ
, and zd(N, τ) = τ 1/(1−ρ)

[
N
(
1 + τ ρ/(1−ρ)

)]−ρ
.

Plugging N = N∗ into the foregoing expression and totally differentiating it with respect to τ
yields

d(zd)∗

dτ
=

(
∂zd

∂N

dN∗

dτ
+
∂zd

∂τ

)∣∣∣∣
N=N∗

,
d(zm)∗

dτ
=

(
∂zm

∂N

dN∗

dτ
+
∂zm

∂τ

)∣∣∣∣
N=N∗

. (A-23)
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Because, as discussed above, the magnitude of dN∗/dτ is small, (A-23) implies

d(zd)∗

dτ
> 0 >

d(zm)∗

dτ
.

We next study how the price index P ∗ varies with trade costs τ . Totally differentiating P ∗ =

P (N∗, τ) with respect to τ yields

dP ∗

dτ
=

(
∂P

∂τ
+
∂P

∂N
· dN∗

dτ

)∣∣∣∣
N=N∗

.

Combining this expression with (A-20) and (A-22), we finally obtain

dP ∗

dτ
> 0.

Appendix B: Second-order conditions

Using the inverse demands, we find that the profit functions of firm i in the traded sector and
of firm j in the non-traded sector in country k ∈ {H,F} are given by

πki (xkki , x
kl
i ) =

[
1

µk
θ′
(
xkki
uk

)
− c
]
Lxkki +

[
1

µl
θ′
(
xkli
ul

)
− cτ

]
Lxkli − f, (B-1)

πkj (ykj ) =

[
1

λk
ψ′

(
ykj
vk

)
− c

]
Lykj − f, (B-2)

where l 6= k. Because each firm is negligible, µk, λk, uk and vk, k ∈ {H,F} are treated by each
firm parametrically. Hence, the second-order conditions are given by

∂2πki

∂
(
xkki
)2 < 0,

∂2πki

∂
(
xkli
)2 < 0, (B-3)

and
∂2πkj

∂
(
ykj
)2 < 0. (B-4)

Differentiating (B-1) twice with respect to xkki and xkli yields

∂2πki

∂
(
xkki
)2 =

L

µkuk

[
θ′′′
(
xkki
uk

)
xkki
uk

+ 2θ′′
(
xkki
uk

)]
,

∂2πki

∂
(
xkli
)2 =

L

µlul

[
θ′′′
(
xkli
ul

)
xkli
ul

+ 2θ′′
(
xkli
ul

)]
,
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while differentiating (B-2) twice with respect to ykj results in

∂2πkj

∂
(
ykj
)2 =

L

λkvk

[
ψ′′′

(
ykj
vk

)
ykj
vk

+ 2ψ′′

(
ykj
vk

)]
.

Combining thiswith (B-3) and setting zkki ≡ xkki /u
k, zkli ≡ xkli /u

l, we obtain that the second-order
conditions for firm i in the traded sector boil down to

zkki θ
′′′ (zkki )+ 2θ′′

(
zkki
)

< 0, (B-5)

zkli θ
′′′ (zkli )+ 2θ′′

(
zkli
)

< 0. (B-6)

Furthermore, using (B-4) and setting zkj ≡ ykj /v
k yields the following second-order condition for

firm j in the non-traded sector:

zkjψ
′′′ (zkj )+ 2ψ′′

(
zkj
)
< 0. (B-7)

Finally, it is easy to check that (B-5)–(B-6) hold if and only if rθ′(z) ≡ −zθ′′′(x)/θ′′ < 2 for all
z ≥ 0, while (B-7) holds if and only if rψ′(z) ≡ −zψ′′′(x)/ψ′′ < 2 for all z ≥ 0.

Appendix C: Data

In this appendix, we briefly present the data sources and details concerning the regressions
summarized in Table 1. The trade and productivity data is taken from the cepii database (files
Prod_cepii8004.dta and Trade_cepii8004.dta). See Mayer, Paillacar, and Zignago (“TradeProd.
The cepii Trade, Production and Bilateral Protection Database: Explanatory Notes”, 2008) for
details. For each country and year, we compute the value added per employee and output
per employee for overall manufacturing (isic 300) from the productivity database. We compute
the manufacturing share as the ratio of total manufacturing employment to total employment,
where the latter is taken from the Penn World Tables 8.0. Openness is computed as the ratio of
total imports plus exports (from the cepii trade database) to gdp (from the Penn World Tables).
Import and export openness are computed as the ratio of either imports or exports over gdp.
We drop all country-year pairs for which one of the variables is missing, which results in an
unbalanced panel of 145 countries over the years 1980–2004.

Appendix D: Asymmetric countries.

In this appendix, we study the impacts of trade liberalization onmarkups when the home coun-
try has a larger population than the foreign country, i.e., LH > LF . The objective is to show that
our key qualitative results do not hinge on the assumption of symmetric countries.
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Letw = wH/wF denote the relative wage of countryH . We start by studying the equilibrium
in the traded sector for the case of Cobb-Douglas upper-tier with CES lower-tier preferences.
In that case, a(P ) ≡ a is a constant. The equilibrium conditions in the case with asymmetric
countries are as follows:

(i) Free entry:

LHxHH + τLFxHF =
F

c
(σ − 1) and τLHxFH + LFxFF =

F

c
(σ − 1). (B-8)

(ii) Profit maximization:(
xHH

xFH

)−1/σ
=
w

τ
and

(
xFF

xHF

)−1/σ
=

1

τw
. (B-9)

(iii) Sectoral budget constraints:

w
cσ

σ − 1
xHHNH + τ

cσ

σ − 1
xFHNF = wa and wτ

cσ

σ − 1
xHFNH +

cσ

σ − 1
xFFNF = a. (B-10)

(iv) Trade balance condition:

pHFxHFNHLF = pFHxFHNFLH ⇒ w =
LH

LF
xFH

xHF
NF

NH
. (B-11)

Using (B-9), we directly get:

xFH =
(w
τ

)σ
xHH and xHF =

(
1

τw

)σ
xFF . (B-12)

Plugging this expression into (B-8), we obtain:

LHxHH + τ 1−σw−σLFxFF =
F

c
(σ − 1) and τ 1−σwσLHxHH + LFxFF =

F

c
(σ − 1).

We can combine those two expressions to obtain:

LHxHH =
F (σ − 1)

c

1− τ 1−σw−σ

1− τ 2(1−σ)
and LFxFF =

F (σ − 1)

c

1− τ 1−σwσ

1− τ 2(1−σ)
.

Therefore the two domestic and the two import demands are give as follows:

xHH =
1

1− τ 2(1−σ)
F (σ − 1)

cLH
(
1− τ 1−σw−σ

)
, xFH =

τ−σ

1− τ 2(1−σ)
F (σ − 1)

cLH
(
wσ − τ 1−σ

)
xFF =

1

1− τ 2(1−σ)
F (σ − 1)

cLF
(
1− τ 1−σwσ

)
, xHF =

τ−σ

1− τ 2(1−σ)
F (σ − 1)

cLF
(
w−σ − τ 1−σ

)
.
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Substituting these expressions into the trade balance condition (iv), we get

w =
wσ − τ 1−σ

w−σ − τ 1−σ
NF

NH
. (B-13)

Solving (B-13) for NF yields

NF = w
w−σ − τ 1−σ

wσ − τ 1−σ
NH , (B-14)

which we can substitute into (B-10) to get:(
xHH + τxFH

w−σ − τ 1−σ

wσ − τ 1−σ

)
NH = a

σ − 1

σc
, and

(
τxHF + xFF

w−σ − τ 1−σ

wσ − τ 1−σ

)
NH =

a

w

σ − 1

σc
.

(B-15)
Dividing (B-15) for H by the same expression for H and using the expressions of the domestic
and import demands, xrs and xrr for r = H,F, r 6= s derived previously, we get:

w =
LF

LH
(wσ − τ 1−σ) (1− τ 1−σw−σ) + φ (w−σ − τ 1−σ) (wσ − τ 1−σ)

φ (wσ − τ 1−σ) (w−σ − τ 1−σ) + (w−γ − τ 1−σ) (1− τ 1−σwσ)

which can be simplified to yield:

wσ +
LH

LF
(
τ 1−σw − w1−σ) = τ 1−σ. (B-16)

It is readily verified that the wage equation (B-16) has a unique solution w∗
(
LH/LF , τ

)
, which

increases both in LH/LF and in τ . These are standard results in this type of model. Rewriting
(B-16) as

wσ−1
wσ − τ 1−σ

1− τ 1−σwσ
=
LH

LF
,

and combining this with (B-14) yields NF/LF = NH/LH . Using (B-15), we then get

NH =
aLH

Fσ

(
1− τ 2(1−σ)

)
(wσ − τ 1−σ)

(wσ − τ 1−σ) (1− τ 1−σw−σ) + τ 1−σ (w−σ − τ 1−σ) (wσ − τ 1−σ)
,

and hence
NH =

aLH

Fσ
and NF =

aLF

Fσ
. (B-17)

This is the standard result that under Cobb-Douglas and ces preferences the masses of firms in
both countries do not change with trade liberalization.

The price indices for the traded good in both countries decreasewith a reduction in τ.By con-
tinuity, this holds for ε-Cobb-Douglas over ε-ces preferences for sufficiently small values of ε.
Here, wemean by ‘ε-Cobb-Douglas’ a specification inwhich the expenditure share a(P ) is a ‘suf-
ficiently slowly’ decreasing function of P . Consequently, the markups in the non-traded sector
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increase in both countries, just like in the case of symmetric countries. The behavior of markups
in traded sector are captured by zkl ≡ xkl/ul variables, which are now origin-destination specific
(for k, l = H,F and k 6= l):

zkk =
xkk[

Nk (xkk)
σ−1
σ +N l (xlk)

σ−1
σ

] σ
σ−1

zkl =
xkl[

Nk (xkl)
σ−1
σ +N l (xll)

σ−1
σ

] σ
σ−1

,

Plugging the expressions for the quantities xkk, xlk, xkl and xll, aswell as (B-17) into the foregoing
expressions, some longer yet standard algebra yields:26

zHH =
1(

a
Fσ

) σ
σ−1

[
LH + LF

(
w
τ

)σ−1] σ
σ−1

, (B-18)

zHF =
1(

a
Fσ

) σ
σ−1
[
LH + LF (τw)σ−1

] σ
σ−1

, (B-19)

zFH =

(
w
τ

)σ(
a
Fσ

) σ
σ−1

[
LH + LF

(
w
τ

)σ−1] σ
σ−1

, (B-20)

zFF =
(τw)σ(

a
Fσ

) σ
σ−1
[
LH + LF (τw)σ−1

] σ
σ−1

. (B-21)

With Cobb-Douglas and ces preferences, a(P ) ≡ a is an constant. This remains, by conti-
nuity, approximately true with ε-Cobb-Douglas over ε-ces preferences: changes in a due to a
reduction in τ are negligible compared to the first-order change in trade costs τ and the relative
wage w. Therefore, it immediately follows from the foregoing expressions that

dzHF

dτ
< 0,

dzFF

dτ
> 0.

In words, zHF increases with trade liberalization, whereas zFF decreases. When the lower-tier
ε-ces utility satisfies r′θ > 0, this implies that domestic (foreign) markups in the smaller country
decreass (increase) with trade liberalization.

The behavior of zHH and zFH depends solely on howw/τ varies with τ . To study its behavior
with respect to τ, we rewrite (B-16) as follows:

(w
τ

)σ
τ 2σ−1 + τ

LH

LF
w

τ
= 1 +

LH

LF

(w
τ

)1−σ
. (B-22)

26The details of the computations are available upon request.
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The left-hand side of (B-22) increases with w/τ , while the right-hand side decreases. Hence,
the unique solution of (B-22) is given by the intersection of the two curves, one of which is
upward sloping while the other is downward sloping. Moreover, an increase in τ shifts up-
wards the upward-sloping curve and does not change the downward-sloping curve (for any
given w/τ ). Therefore, w/τ unambiguously decreases with τ. Consequently, under trade lib-
eralization, zHH decreases while zFH increases. We conclude that trade liberalization reduces
domestic markups and increases foreign markups in the larger country. We summarize these
results in the following proposition:

Proposition 7. Assume the preferences are ε-Cobb-Douglas and ε-ces, with r′θ > 0 and r′ψ > 0. Then
there exists ε such that for any 0 < ε < ε, trade liberalization leads to: (i) lower markups for the traded
good in the domestic markets; (ii) higher markups for the traded good in the foreign markets; (iii) higher
markups in the non-traded sector; and (iv) a smaller wage differential between the two countries.

Proof. In the text. �

Markup comparison and dumping. We next turn to the comparision of markups and show
that there is ‘reciprocal dumping’ in the model. From (B-18)-(B-21), one can directly note that
zkk > zkl for k, l = H,F and r 6= s. We now show that we also have zHH < zFF . To see this, note
that

zHH =
1(

a
Fσ

) σ
σ−1

[
LH + LF

(
w
τ

)σ−1] σ
σ−1

<
(τw)σ(

a
Fσ

) σ
σ−1
[
LH + LF (τw)σ−1

] σ
σ−1

= zFF

implies equivalently that LFw2(σ−1) + (LH − LF )τσ−1wσ−1 − LH > 0. This inequality holds for
w ≥ 1, which establishes the result.

We next compare zHF and zFH to show that zFH < zHF . To see this, note that

zHF =
1(

a
Fσ

) σ
σ−1
[
LH + LF (τw)σ−1

] σ
σ−1

>

(
w
τ

)σ(
a
Fσ

) σ
σ−1

[
LH + LF

(
w
τ

)σ−1] σ
σ−1

= zFH

implies equivalently that LFw2(σ−1) +(LH−LF )τ 1−σwσ−1−LH < 0. Using (B-16) we then obtain

τ 1−σ =
LH

LF
w1−σ − wσ
LH

LF
w − 1

.

Note that (LH/LF )w1−σ − wσ > 0, or equivalently, w2σ−1 < LH/LF . Plugging this expression
into the inequality, we get:

LFw2(σ−1) + (LH − LF )
LH

LF
w1−σ − wσ
LH

LF
w − 1

wσ−1 − LH < 0
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which, after some algebra, reduces to

w2σ−1

w
<

(
LH

LF

)2

.

This inequality always holds since w > 1, LH
LF

> 1 and w2σ−1 < LH

LF
. Consequently, when r′θ > 0,

the ordering of markups is unambigously the following:

rFFθ > rHHθ > rHFθ > rFHθ .

These results show that, similar to Kichko et al. (2014), firms in both countries practice reciprocal
dumping when markets show pro-competitive effects.
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