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Abstract

We provide more generalized properties of gains from trade and trade liberalization
in monopolistic competition models featuring firm heterogeneity characterized as Pareto-
distributed productivity and variable markups associated with pro-competitive effects. For a
large class of utility functions that we consider, firm heterogeneity alters the nature of markup
distortion that should be addressed by the pro-competitive effects. Our finding implies that
the pro-competitive effects of trade are not effective in correcting such markup distortion
unique to heterogeneous firm frameworks. As a result, gains from trade in our framework
are characterized as consumption variety expansion and selection effects without efficiency
gains. We provide rich insights into the varying impacts of trade and trade liberalization

across countries with differences in factors such as market size, technology, and geography.
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1 Introduction

Since the pioneering study by Melitz (2003), the focus of international trade researchers has
shifted towards models characterized by firm heterogeneity in terms of productivity. This trend
has also been encouraged by the growing availability of micro data at the firm level. For
example, empirical studies have revealed that exporting firms are larger and more productive
(Bernard, Jensen, Redding and Schott, 2007), markups are higher for more productive firms (De
Loecker and Warzynski, 2012), and trade liberalization has a pro-competitive effect on firm-level
prices (De Loecker, Goldberg, Khandelwal and Pavcnik, 2016). Thus, trade models have been
developed so that they can incorporate these findings.

Building on this foundation, recent studies on monopolistic competition models of interna-
tional trade have been focused on analyzing the gains from trade resulting from a link between
firm heterogeneity and the pro-competitive effect, which is not incorporated in the Melitz model.
The pro-competitive effects of trade, introduced by Krugman (1979), arise from the concept of
variable markup pricing and refer to a reduction in prices and markups resulting from opening
up to trade. Essentially, the pro-competitive gains from trade are characterized as a corrective
impact on markup distortion in the domestic market. Once firm heterogeneity is taken into
account, the pro-competitive gains from trade become more complex. This is because, as we
discuss in more detail below, the markup distortion is attributed not only to markups set by each
firm itself but also to differences in markups across firms.

For instance, in a standard monopolistic competition model with single-sector symmetric
firms that set markups endogenously and require labor for both developing and producing a
variety of goods (e.g., Behrens and Murata, 2012), each firm charges inefficiently high markups
in a closed economy, which leads to underproduction and, simultaneously, excessive variety (or
excessive firm entry) as the remaining labor is allocated to development.! In this context, the
pro-competitive gains from trade can be characterized as a reallocation of labor: exposure to
competition through opening up to trade forces these firms to reduce their prices and markups,
which reallocates labor from development to production, thereby enhancing resource allocation
efficiency and welfare.

Incorporating firm heterogeneity into this framework changes the nature of the markup
distortion that should be addressed by the pro-competitive effects, as differences in markups
across firms become an additional source of distortion. Specifically, more productive firms
inefficiently underproduce by charging relatively high markups, while less productive firms
inefficiently overproduce by charging relatively low markups. This also implies that the least
productive firms inefficiently operate (i.e., overproduce). Such markup distortions in the do-
mestic market—which have been observed under various settings of monopolistic competition
models with pro-competitive effects (e.g., Nocco, Ottaviano and Salto, 2014; Dhingra and Mor-
row, 2019; Behrens, Mion, Murata and Suedekum, 2020)—are independent of the extensive

margin distortion related to firm entry and can therefore be interpreted as an intensive margin

I'This type of distortion arises when utility is additively separable and the elasticity of its subutility with respect
to quantity is decreasing with quantity.



distortion unique to heterogeneous firm frameworks.> Hence, to evaluate the pro-competitive
gains from trade, one should examine the impact of trade on resource allocation efficiency not
only through changes in average or aggregate markup levels but also through changes in the
distribution of markups that can affect the intensive margin distortion unique to heterogeneous
firm frameworks.

The purpose of this study is to clarify the more generalized properties of gains from trade
and trade liberalization in international trade models featuring monopolistic competition, firm
heterogeneity, and variable markups associated with pro-competitive effects. Although several
studies have analyzed international trade in such a framework (e.g., Melitz and Ottaviano, 2008;
Behrens, Mion, Murata and Siidekum, 2014; Simonovska, 2015; Demidova, 2017), little is
known about the extent to which the results obtained in these studies depend on the specified
utility functions.? Our analysis derives several general results that do not depend on the specified
utility functions, while also presenting some new insights into the gains from trade.

For a clear and detailed analysis of the gains from trade in such a framework, we assume
a Pareto distribution of productivity, as in the literature described above. This enables us to
characterize in detail the markup distortion in the domestic market that the pro-competitive
effects should address, without specifying a utility function. Considering that a Pareto produc-
tivity distribution has been deemed a reasonable approximation of the observed distribution,
our findings in this study serve well as a benchmark for understanding how the distribution of
productivity can affect the pro-competitive gains from trade.

The key findings of this study are outlined as follows. First, we identify the markup distortion
in the domestic market, which can be characterized as follows: (i) the mass of entrants is optimal;
(ii) firm selection is too weak; (iii) more (less) productive firms that charge relatively high (low)
markups produce too little (much); (iv) the mass of consumed varieties is too much; and (v) the
aggregate and average quantities of differentiated varieties are too little. Note that the last two
results are in line with the markup distortion in symmetric firm settings as in Behrens and Murata
(2012). However, the nature of the underlying misallocation that leads to these results differs
from ours. Specifically, the excessive consumed variety and the insufficient aggregate/average
production arise from the inefficient skew in labor allocation for production toward less (and
the least) productive firms, as the second and third results show. Thus, markup distortion
emerges as the intensive margin distortion unique to heterogeneous firm frameworks. Indeed,
as the first result shows, the extensive margin distortion is absent, meaning that labor allocation
for development (i.e., the mass of entrants) is optimal. Therefore, in contrast to symmetric

firm settings, labor misallocation between development and production is absent.* This is

This intensive margin distortion can also be confirmed by evaluating the efficiency of the allocation of
production (or labor) to each entrant for a given mass of entrants. This approach allows us to identify the presence
of the intensive margin distortion described above, which is independent of the extensive margin distortion in
terms of firm entry. By contrast, when firms are homogeneous, a symmetric equilibrium in which labor is equally
allocated to each entrant is efficient outcome. Since the market equilibrium can achieve this allocation, there is no
intensive margin distortion that is independent of the extensive margin distortion.

3Strictly speaking, the utility functions we target are additively separable and therefore of a different class of
utility functions than those considered by Melitz and Ottaviano (2008) and Demidova (2017).

“In symmetric firm settings, since the mass of consumed varieties and entrants are equal in a closed economy,



because, in our model, the underallocation of labor for production to more productive firms and
its overallocation to less productive firms offset each other. Hence, our findings suggest that
considering firm heterogeneity (especially when assuming a Pareto productivity distribution)
mutes the extensive margin distortion in terms of firm entry by absorbing markup distortion into
the intensive margin.

Second, we characterize the impact of economic integration (i.e., the impact of an increase
in market size). We find that integration does not improve resource allocation efficiency as a
whole. Specifically, integration does not affect the gap between the equilibrium and optimal
levels of: aggregate and average quantities; mass of consumed varieties; firm selection; and,
consequently, utility. This implies that the pro-competitive effects do not generate any efficiency
gains. Our finding differs from that obtained within symmetric firm settings as in Behrens and
Murata (2012), where the economic integration narrows the gap between the equilibrium and
optimal utility. As explained above, in our model assuming a Pareto distribution of productivity,
all markup distortions are absorbed into the intensive margin distortion unique to heterogeneous
firm frameworks (i.e., inefficient underproduction (overproduction) by more (less) productive
firms). Hence, our finding suggests that the pro-competitive effects are not effective in correcting
the intensive margin distortion unique to heterogeneous firm frameworks. This implication is
likely to be consistent with that provided by Arkolakis, Costinot, Donaldson and Rodriguez-
Clare (2019), who predict the gains from trade under the same framework as ours and conclude
that the pro-competitive gains from trade are “elusive.”

Third, we identify the source of gains from trade in the market equilibrium. We show that
all countries gain from trade through consumption variety expansion and selection effects. In
both closed and open economies, the utility function can be expressed as being proportional
to the mass of consumed varieties or inversely proportional to the domestic cost cutoff. This
also implies that each country’s mass of consumed varieties is inversely proportional to that
country’s domestic cost cutoff. Opening up to trade expands the mass of varieties available to
consumers through imports and simultaneously boosts average productivity (i.e., decreases the
domestic cost cutoff) by allowing more efficient firms to export, while less efficient ones exit
the market. These factors contribute to raising the welfare of each country, in contrast to the
Melitz model (with Pareto-distributed productivity), where, as pointed out by Feenstra (2018),
gains from trade result from firm selection rather than variety expansion. These findings are also
confirmed by Behrens et al. (2014) within a framework of a specified utility function and a Pareto
distribution of productivity. We demonstrate that these characteristics are broadly applicable,
extending beyond specific utility functions.

Lastly, we provide insights into the varying impacts of trade and trade liberalization across
countries with differences in factors such as market size, technology, and geography. In a two-
country economy, the gains from trade are greater in a country with a smaller market size, lower

technological level, and easier access to that market. Intuitively, in such a country, the mass

the insufficient production and excessive variety are tied to the extensive margin distortion (i.e., excessive firm
entry). As explained in footnote 2, if the extensive margin is not considered (i.e., if the mass of entrants is fixed),
there will be no distortion in the symmetric firm settings.
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of new varieties available to consumers through imports is larger, and the selection effects are
greater due to exports from a more technologically advanced partner country. Both factors, as
mentioned above, contribute to greater gains from trade. Furthermore, we find that the country
gaining more from opening up to trade also benefits more from bilateral trade liberalization.” As
a result, such differences in the magnitude of welfare gains across countries can lead to various
scenarios in which opening up to trade and trade liberalization impact relative welfare level. We
find that both opening up to trade from autarky and subsequent bilateral liberalization can result
in: (i) narrowing the welfare gap, (i1) widening the welfare gap, or (iii) reversing the welfare
relationship. In particular, the last scenario highlights that even if trade costs are symmetric,
a country with relatively high welfare in a closed economy (or pre-liberalization) does not
necessarily maintain relatively high welfare after opening up to trade (or post-liberalization).
The last two scenarios emerge due to the characteristics of trade and trade liberalization, which
tend to reduce the welfare gap between countries arising from difference in market size more
than the welfare gap arising from difference in technological level. In other words, a smaller
market size tends to contribute more to a country’s welfare gains than a lower technological
level. This is a key factor explaining why trade and bilateral liberalization do not necessarily
lead to a monotonic reduction in the welfare gap between the two countries.

The present study is related to the literature of monopolistic competition, originating from
the seminal paper by Dixit and Stiglitz (1977). Although their substantial contribution is often
considered to propose an analytically tractable framework with constant elasticity of substitution
(CES) preference, they also examined more general cases wherein utility function is additively
separable and the elasticity of substitution is not constant. The frameworks with additively
separable preferences and variable elasticity of substitution (VES) have been investigated more
thoroughly by subsequent studies such as, for example, Behrens and Murata (2007) and Zhelo-
bodko, Kokovin, Parenti and Thisse (2012) under homogeneous firms and Dhingra and Morrow
(2019) and Behrens et al. (2020) under heterogeneous firms.® Some other studies focus on
the cases in which the direct utility is not additively separable. One of the most widely used
preferences that exhibit VES and non-additivity is the quadratic utility function, promoted by Ot-
taviano, Tabuchi and Thisse (2002) and Melitz and Ottaviano (2008).” As different approaches,
Bertoletti and Etro (2017) examined a model wherein the indirect utility is additively separa-
ble, and Feenstra (2003) and Matsuyama and Ushchev (2023) considered non-CES homothetic

>We consider a bilateral liberalization scenario where both countries simultaneously reduce their trade costs by
the same proportion, while allowing for asymmetric trade costs.

®Regardless of whether firms are homogeneous or heterogeneous, these studies agree that the CES preference
yields quite special results: for instance, the equilibrium allocation coincides with the optimal one only in the CES
case (Dixit and Stiglitz, 1977; Dhingra and Morrow, 2019).

"The quadratic utility generates a linear demand function and is usually applied in quasi-linear models (e.g.,
Nocco et al., 2014), while some recent studies exclude the outside good to incorporate the income effect (e.g.,
Bagwell and Lee, 2023).



preferences.®” In the present study, we build on directly additive preferences, which are clas-
sical but most widely applied in a number of fields in economics including international trade,
macroeconomics, and economic geography. In particular, we focus on the VES case with firm
heterogeneity. In that sense, our study considers a similar framework to Dhingra and Morrow
(2019), but is different from theirs in that (i) we exclude fixed costs for starting production,
which is a prevalent setting in applications of monopolistic competition including international
trade; (ii) we mainly focus on properties under Pareto-distributed productivity; and (iii) we also
deal with a multi-country framework wherein trade among countries is subject to trade costs.
Therefore, the present study can be viewed as a complement of Dhingra and Morrow (2019).

Our study also contributes to the literature of international trade under monopolistic compe-
tition with VES preferences (e.g., Ottaviano et al., 2002; Melitz and Ottaviano, 2008; Behrens
and Murata, 2012; Bertoletti and Epifani, 2014; Kichko, Kokovin and Zhelobodko, 2014; Si-
monovska, 2015; Bykadorov, Gorn, Kokovin and Zhelobodko, 2015; Arkolakis et al., 2019;
Slepov and Kokovin, 2023; Behrens, Kichko and Ushcheyv, 2024).lO Such frameworks are often
applied to examining trade policies, although most studies, including Demidova (2017) and
Bagwell and Lee (2020), use a quadratic utility, partly because of analytical tractability.!! Our
results indicate that, as long as firms’ productivity follows a Pareto distribution, the trade equi-
librium can be characterized quite simply, irrespective of the functional form of utility function.
Thus, our study can contribute to the literature by providing more generalized properties of the
gains from trade and increasing the applicability of the VES frameworks to policy studies.'> The
VES models of trade are also applied in quantitative studies, such as Corcos, Del Gatto, Mion
and Ottaviano (2012), Behrens et al. (2014), Bertoletti, Etro and Simonovska (2018), and Jung,
Simonovska and Weinberger (2019). Therefore, our study may also be helpful for understanding
the quantitative results derived from such studies.

The remainder of the paper is organized as follows. Section 2 describes the closed-economy

model. Section 3 characterizes markup distortion in the domestic market and how the pro-

8The CES utility is the only preference that simultaneously exhibits direct additivity, indirect additivity, and
homotheticity (Samuelson, 1965), and Parenti, Ushchev and Thisse (2017) have shown that the equilibrium price
and output are independent of both individual income and market size only in the case with the CES utility.

9There are also unique and notable frameworks. For example, Bertoletti and Etro (2021, 2022) dealt with a
more generalized concept of additive separability, Mrazova and Neary (2017) focused on the relationship between
the elasticity and convexity of demand, and Mrazova, Neary and Parenti (2021) examined the case wherein firms’
productivity and sales distributions have the same form.

10As pointed out by Mrézova and Neary (2020), the CES model is quite restrictive in its theoretical and empirical
implications, increasing the need for using VES frameworks in policy studies.

ITA notable exception departing from the quadratic specification is Zeng and Peng (2021), who examined the
effects of distortions arising from international tax competition on the welfare under a large class of additively
separable preferences.

2Given that the pro-competitive effects of trade do not correct the distortions arising from differences in
markups across firms, policy intervention and cooperation become crucial in addressing these distortions within
the framework of VES preferences and firm heterogeneity. Although we do not address this issue in this study, the
tractability of our model will contribute to the literature on optimal policies. For the literature on first-best policies
in a closed economy with differences in markups across firms, see Nocco et al. (2014), Tadokoro (2024), and
Melitz, Ottaviano, Oshmakashvili and Suverato (2024). See also Nocco, Ottaviano and Salto (2019) and Nocco,
Ottaviano, Salto and Tadokoro (2024) for insights on first-best policy coordination to achieve globally efficient
resource allocation in an open economy.



competitive effects affect this distortion. Section 4 extends the model to a multi-country
framework and discusses the gains from trade. Section 5 analytically explores the varying
impacts of trade on countries with differences in factors such as market size, technology, and

geography. Finally, Section 6 concludes.

2 The Model

Consider an economy with a measure L of workers. Each worker inelastically supplies a unit
of labor and faces a wage rate w, which we normalize to one. The preferences of workers are

identical and defined over a continuum of horizontally differentiated varieties.

2.1 Preferences

The preference of each worker is represented by an additively separable utility function as in
Zhelobodko et al. (2012) and Dhingra and Morrow (2019):

U= /Q u(q(0)de (1)

where Q is the set of varieties available to workers and ¢(¢) is the quantity of variety ¢ € Q. The
subutility u(-) is a function of one variable defined over a convex set X C R* with inf X = 0.

Moreover, it satisfies the following assumption.

Assumption 1. The subutility u(-) is thrice continuously differentiable, strictly increasing, and
strictly concave on its domain X. In addition, it satisfies u(0) = 0, limy_ou’(x) < oo, and

lil'nx—>supX u'(x) = 0.

Note that the supremum of the domain X can be either infinite or finite. In the case of
sup X = oo, simple examples for the subutility satisfying Assumption 1 are the constant absolute
risk aversion (CARA) function (Behrens and Murata, 2007) and the Stone-Geary function
(Simonovska, 2015).13 If sup X is finite, a typical example is a quadratic specification as in
Melitz and Ottaviano (2008).'*

Each worker maximizes their own utility subject to the budget constraint /Q p(g()de=E,
where p(¢) is the price of variety ¢ and E is the income of a worker. Then, the inverse demand
function can be derived as p(t) = u’(g(t))/A, where A is the Lagrange multiplier. Assumption 1
indicates that there exists a choke price above which the demand for a variety is zero. We let
lim,_,ou’(x) = & and then denote the choke price by p = lim,_,ou’(x)/A = iz/A. As a result,
the inverse demand function can be rewritten as

(o = 240 ®)

13Note that the CES specification is excluded, because it violates lim,_,o u’(x) < co.

4The quadratic utility function (for differentiated goods) used in Melitz and Ottaviano (2008) is not actually
additively separable, but setting 7 = 0 (and dropping the outside good assumption) in their specification renders
the utility function additively separable.



2.2 Production

Each variety is produced by a single firm in a monopolistically competitive market. For each
firm to enter the market, f units of labor are required as fixed inputs to develop a new variety.
The mass of entering firms is denoted by N. After the entry, each firm realizes its marginal labor
requirement m, which is drawn from a known probability distribution G (m) with its support
given by (0, M), where M represents the marginal labor requirement of the potentially most

inefficient firms. We impose the following assumption on the distribution function G (m).
Assumption 2. G (m) is twice continuously differentiable at any point on the support (0, M).

Let g(m) = G’(m) denote the probability density function of m. Then, Assumption 2 assures
that g(m) is differentiable at any point on (0, M).
Since the wage rate is normalized to 1, the operating profit of a firm with cost draw m 1is

expressed as
n(m) = L(p(m) —m)q(m). 3)

Firms start production if they can expect non-negative operating profits; otherwise, they exit the
market. The surviving firms choose the quantity ¢(m) to maximize their profits 7(m)."> For
the profit-maximizing output to be uniquely determined, we impose the following assumption,

which assures that a firm’s revenue is strictly concave in g(m).
Assumption 3. u(x) satisfies 2u” (x) + xu””’ (x) < 0.

Because each firm faces the inverse demand function (2), the first order condition for profit
maximization is given by

u'(g(m)) +q(myu”(g(m)) _

i D

Note that the most inefficient firm that actually produces its variety has the marginal cost cutoff

m

“4)

m, which is just equal to the choke price, i.e., m = p. Therefore, (4) enables us to write the

profit-maximizing quantity as a function of m/m:
m
aim =y (=), 5)
m

where ¢ (-) is defined as the inverse function of the left-hand side in (4): that is, ¢~ !(x) =
(' (x)+xu” (x)) /it holds.'® It readily follows from Assumption 3 that i (-) is a strictly decreasing
function, implying that firms with lower costs produce higher quantities. The domain of ¢ (-) is
(0,1) and lim,_,; ¥ (x) = 0 is satisfied.

The condition (4) also implies that the markup charged by a firm with cost m can be written

as
_pm) _ 1
HOm) = S T g m) ©

5To be precise, the quantity produced by each firm is ¢™™(m) = Lg(m). However, maximizing 7(m) with
respect to g(m) and g™ (m) yields the same equilibrium outcome. Thus, we consider the optimization with respect
to g(m) for simplicity.

16The existence of the inverse function ¢ (-) is guaranteed by Assumption 3.




where r(g(m)) = —g(m)u” (q(m))/u’(q(m)) measures the relative love for variety. We impose
the following assumption on r(g(m)).

Assumption 4. The relative love for variety r(x) satisfies r(g(m)) < 1 for 0 < m < m and
r'(x) > 0.

The first constraint, r(g(m)) < 1, assures a positive markup. The second one, r’(x) > 0, implies
that firms with lower costs charge higher markups, because the derivative of (6) is calculated as
w(m) = (1 =r(g(m)))~2r'(q(m))q’(m) < 0. This assumption reflects the findings of several
empirical studies that more productive firms charge higher markups (De Loecker and Warzynski,
2012; De Loecker et al., 2016).

2.3 Market Equilibrium

There are two endogenous variables to be determined in the model: the marginal cost cutoff (1)
and the mass of entering firms (N). It requires two equilibrium conditions to close the model.
First, ex ante average profits net of entry costs must be equal to zero, implying the following

zero expected profit condition: ~
m

/0 n(m)dG(m) = f. (7

Second, the total mass of labor demanded by firms must be equal to the mass of workers in the

economy, which can be written as the following labor market clearing condition:

N

L/mmq(m)dG(m) +f) =L, (8)
0

where N represents the mass of entrants. As implied by the Walras’s law, combining (3), (7)

and (8) results in ~
N [ pmamacon = 1. ©)

which is equivalent to the goods market clearing condition.
In order that all integrals to appear are convergent, we impose the following integrability

conditions.

Assumption 5. Each firm’s labor requirement for producing goods is finite: /Orﬁ mq(m)dG (m) <

oo. Each consumer’s expenditure is finite: /0% p(m)q(m)dG (m) < co. Each consumer’s utility
is finite: fom u(g(m))dG(m) < oo.

Finally, for the equilibrium to exist, we impose the following assumption.

Assumption 6. The entry cost f is small enough to satisfy f < LM /01 Y (t)G(Mt)de.



Defining the elasticities of subutility and probability distribution function as & (x) = xu’(x) /u(x)
and % (m) = mg(m)/G(m), respectively, we obtain the following lemma that assures the exis-

tence and uniqueness of the market equilibrium.!”

Lemma 1. Az the market equilibrium, m and N are uniquely determined in the following two

equations:
1
ﬁa‘/ :p(t)G(n?t)dt:i, (10)
0 L
1
Nﬁ/ﬂwUXH%ﬂ(r+8%%ﬂ%h:1. (11)
0

Moreover, each worker’s utility can be expressed as

N /1 u( () (1 = 8" W) ES (ANG (ir)
0

U=2 (12)
m t

Proof. See Appendix A.1. m|

As shown in Appendix A.1, (10) and (11) are obtained by manipulating (7) and (9), respec-
tively.

2.4 Social Optimum

To evaluate the markup distortion in the domestic market, we then derive the socially optimal
resource allocation. A benevolent social planner maximizes individual welfare (U), taking as
given the labor endowment (L) and the production function. The planner faces the same entry
process as the market, where the unit labor requirement m for each variety is randomly drawn
from the distribution G (m) after f units of labor have been allocated to designing that variety.
Thus, the optimization problem is given by

m

max U=N u(qg(m))dG(m) s.t. N (/mmq(m)dG(m) + i) =1. (13)
q(m).N.in 0 0 L

The first-order conditions with respect to g(m), N and in respectively yields

u'(q(m)) = om, (14)

m ~ m f
/0 u(g(m))dG(m) =6 (/0 mq(m)dG (m) + Z) , (15)
u(q(m)) = omgq(m), (16)

where ¢ is the Lagrange multiplier.

"Note that 0 < &“(x) < 1 holds for x € X under Assumption 1. This can be shown in the following way. We
take the derivative of u(x) — xu’(x), resulting in —xu’’(x) > 0. As limy,_o(u(x) — xu’(x)) = 0 holds, we have
u(x) —xu’(x) > 0 for x € X, implying that 0 < &"(x) < 1.

10



Substituting (14) for m = m into (16) yields u(g(m)) —u’(q(m))q(m) = 0, which determines
g(m). By Assumption 1, the left-hand side of this equation is strictly increasing with g () and
satisfies lim )0 (u(q(m)) — u’(q(m))q(m)) = 0, implying g(im) = 0. Therefore, for m = im,
(14) can be expressed as B

§==, (17)
m

where iz = lim,_,o u’(x). Substituting this back into (14), we get

u'(g(m))

_n (18)
u m

The left-hand side of (18) is strictly decreasing with g(m) and satisfies 0 < u’(g(m))/i < 1.
Therefore, (18) implies that m/m € (0, 1) and g(m) have one-to-one correspondence, enabling

us to rewrite (18) as

¢ (%) = a0m. (19)

where ¢(+) is defined as the inverse function of the left-hand side in (18), i.e., ¢ (x) = ’(x) /i.
As ¢(+) is a strictly decreasing function, firms with lower costs produce higher quantities. The
domain of ¢(+) is (0, 1) and lim,_,; ¢(x) = 0 holds.

Using (17) and (19) into (15) and the resource constraint in (13), we can derive the system
of equations for m and N as expressed in the following lemma.

Lemma 2. Social optimum values of m and N are uniquely determined in the following two

equations:
1
m / ¢ (1)G (mt)dr = i, (20)
0 L
1
Nm/ (1) G (ifit) (1 +8G(n?¢))dt: 1. Q1)
0
Moreover, each worker’s utility can be expressed as
v=L
m
Proof. See Appendix A.2. O

3 Pareto Distribution

In models of monopolistic competition with heterogeneous firms, the productivity is often
assumed to follow a Pareto distribution. This is because a Pareto distribution is not only analyti-
cally tractable but also regarded as a reasonable approximation of the observed distribution. For
example, the Pareto-distributed productivity successfully replicates the well-known fact that the
firm size distribution exhibits a power law as documented by Axtell (2001) and Gabaix (2009).
Here, we also assume a Pareto distribution for productivity, providing some notable properties

on the market equilibrium and its efficiency. Specifically, we let G(m) = (m/M)*, where k > 1

11



is the shape parameter that governs the dispersion of productivity.
This specification enables a detailed description of the equilibrium and the markup distortion.
In particular, by assuming a Pareto distribution, the distribution function has the following
properties:
E%(m)=k and G(mt) =1*G(@m). (22)

The first expression represents that the elasticity of the distribution function becomes a positive
constant with the Pareto shape parameter. The second expression implies that in Lemmas 1 and

2, the integral variable ¢ € (0, 1) can be separated from the the distribution function.

3.1 Properties of Equilibrium

We first characterize the market equilibrium under Pareto-distributed productivity. Let super-
scripts ‘eqm’ denote variables at the market equilibrium. Then, from (22) and Lemma 1, the

marginal cost cutoff and the mass of entrants can each be expressed in the following closed form:

1
_ FMR\BT 1
eqm _ d eqm _ _ 2
m ( 573 and - N k+1f (23)
where '
Y= / *y (1)dt (24)
0

is a positive constant that depends on exogenous choices of the Pareto shape parameter, k, and
the functional form of subutility, u(-).
The mass of varieties that are actually consumed in the market, denoted by n, is expressed

as n = NG (m). Then, by rewriting this expression using (23), we obtain

1
~ (k+ 1)Wmedam’

pcam

(25)

which exhibits an inversely proportional relationship between m and n. Furthermore, from (22),

(25) and Lemma 1, the equilibrium utility is expressed as

eqm __ | - k§ 1 _ _ eqm
Ueam = M+(k+1)l{1] %eqm—[(k+l)‘l’u+k§]nq , (26)
where |
[ = /O A (1) (1 - 8w (1)) dr @7

is a positive constant that depends on exogenous choices of the Pareto shape parameter, k, and
the functional form of subutility, u(-). Therefore, under Pareto-distributed productivity, the
welfare can be measured solely by either /m or n. We summarize these results in the following

lemma.

Lemma 3. Suppose that firms’ productivity (1/m) follows a Pareto distribution with the shape
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parameter k. Then, at the market equilibrium, the mass of consumed varieties (n) can be
expressed as a constant multiple of the inverse of the marginal cost cutoff (m). Furthermore,
each worker’s utility (U) can be expressed as a constant multiple of the inverse of the marginal

cost cutoff (m), or a constant multiple of the mass of consumed varieties (n).

Lemma 3 shows that changes in the marginal cost cutoff or the mass of consumed varieties are
sufficient statistics for welfare changes. The same results are confirmed by Behrens et al. (2014),
where utility is specified as the CARA function. We find that the results hold independent of
their specific utility function.

It can be readily confirmed that the pro-competitive effect is at work in our framework.
Specifically, expressions in (23) and (25) show that an increase in market size (L) attracts more
firms (entrants) into the market. This leads to tougher competition, reflected in lower markups

and prices given by (6).'8

3.2 Efficiency

Next, we identify the markup distortion in the domestic market under Pareto-distributed produc-
tivity. Let superscripts ‘opt’ denote variables at the social optimum. From (22) and Lemma 2,

the optimal levels of the marginal cost cutoff and the mass of entrants are expressed as

1
ME\F 1
mopt _ (S M° d NPt = o )
m (CI)L) and N Kr17 (28)

where @ = /01 tk¢(t)dt is a positive constant that depends on exogenous choices of the Pareto
shape parameter, k, and the functional form of subutility, u(-). Then, using (28) to rewrite the

definition of n, we get
1

= (k+ D®mort

To describe in detail the markup distortion in the domestic market, we define the aggregate

opt

and average production. Let Q = N [0’ﬁ q(m)dG(m) and g = Q/n denote the aggregate and
average production per consumer, respectively.!® Then, the markup distortion in the domestic

market can be summarized in the following proposition.

Proposition 1. Suppose that firms’ productivity (1/m) follows a Pareto distribution with the

shape parameter k. Compared to the social optimum, in the market equilibrium,

(i) the mass of entrants is optimal, N®9™ = N°Pt;

18 An increase in L decreases i in (23). Then, it results in a decrease in g(m) for m € (0, m) from (5), as ¢ (+)
is a decreasing function. This decrease in g(m) also leads to a decrease in r(g(m)) by Assumption 4, implying
a decrease in p(m) and p(m) from (6). Therefore, an increase in market size leads to a decrease in markups and
prices.

19 As stated in Proposition 1, we need to impose an additional assumption that the aggregate production converges,
in order that Q and g are successfully defined. Technically speaking, this additional assumption serves as a stronger
restriction than Assumption 5. However, we believe that this additional assumption is not irrational, because the
aggregate production is finite in the real world.
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(ii) firm selection is too weak, m®¥™ > m°P';

(iii) quantity of a variety is too little (too much) for more (less) productive firms, ¢*1™(m) <

(>)g°* (m) for m < (>)m*, where m* € (0, m°");
(iv) the mass of consumed varieties is too much, n°3™ > np°",
Moreover, if we additionally assume fom q(m)dG (m) < oo, the following also holds:

(v) aggregate and average quantities of varieties are too little, Q9™ < Q°P' and =™ < §°P',

Proof. The first result immediately follows from comparing (23) and (28). Next, we prove the
second result. Using (5) and replacing m/m € (0, 1) with ¢, we can rewrite (4) as u’(¢(1)) +
Y (Hu” (Y (t)) = ti. Similarly, from (18) and (19), we obtain u’(¢(t)) = tiu. As u(-) is strictly
increasing and strictly concave on its domain, these two expressions show that ¥ (1) < ¢(1)
holds for ¢ € (0, 1). Therefore, we obtain ¥ = /01 *y(r)dr < @ = /01 t*¢(1)dt, meaning that
m®M > m°Ptholds. Based on the first two results, the fourth result can be readily shown, because
Neam = NPt and 9™ > ;P! imply that n®9™ = NIMG (m9™) > N°P'G (m°P') = n°P' holds.

See Appendix A.3 for proofs of the third and fifth results. O

It is worth noting that the fourth and fifth results in Proposition 1 are in line with the markup
distortion in symmetric firm settings as in Behrens and Murata (2012). However, the nature
of the underlying misallocation that leads to these results differs from ours. In symmetric firm
settings, these insufficient production and excessive variety in the market equilibrium arise from
misallocation of labor used either for production or for development (to design a new variety),
due to inefficiently high markups. Specifically, an insufficient production in market equilibrium
is caused by inefficiently high markups set by each firm. This also means that an inefficiently
small share of labor is allocated to production in relation to the total labor supply, which is
equivalent to an inefficiently large share of the remaining labor allocated to development (that
leads to an excessive variety).

In our heterogeneous firm settings, however, this is not necessarily the case. In the context of
heterogeneous firms, an insufficient production and excessive variety in the market equilibrium
are generally associated not only with labor misallocation between production and development,
but also with labor misallocation within production among heterogeneous firms.”® The first
three results in Proposition 1 reveal that under Pareto-distributed productivity, the latter type of
labor misallocation is pronounced. Specifically, the first result of the proposition, N®I™ = NOPt,
shows the absence of labor misallocation between production and development, as it implies
that the aggregate labor used for development (f N®9™) and the remaining labor, the aggregate
labor used for production, align with those in the optimal levels. Meanwhile, the second and
third results of Proposition 1 highlight that, even though the market efficiently provides the

20The latter type of labor misallocation is absent in symmetric settings (see footnote 2).
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mass of entrants and aggregate labor for production (that will be allocated to these entrants),
the allocation of this labor to each entrant is inefficiently skewed toward less productive firms:
more productive firms set relatively high markups and end up inefficient underproduction (i.e.,
more productive firms hire too little labor for production), whereas less productive firms set
relatively low markups and end up inefficient overproduction (i.e., less productive firms hire too
much labor for production). Therefore, the insufficient total/average production in the market
equilibrium shown in the fifth result of Proposition 1 arises from the inefficient skew in labor
allocation for production toward less productive firms. In addition, overproduction by these less
productive firms implies that even the least productive firms with cost m € (m°P', m®9™), which
should not produce for efficiency reasons, are also in operation. This leads to the excessive
variety in the market equilibrium shown in the fourth result of Proposition 1.

Hence, although the markup distortion in our heterogeneous firm framework shares simi-
larities with that in symmetric firm settings—where variable markups lead to an insufficient
production and excessive variety in the market equilibrium—the underlying labor misallocation
causing these outcomes is completely different. The markup distortion described in Propo-
sition 1 is independent of the extensive margin distortion related to firm entry and can thus
be interpreted as the intensive margin distortion unique to heterogeneous firm frameworks.”!
Our findings suggest that the extensive margin distortion (i.e., an excess entry) caused by in-
efficiently high markups under symmetric firm settings may be overestimated due to the lack
of consideration of differences in markups across firms. The markup differences generate un-
derproduction by more productive firms and overproduction by less productive firms. From a
labor allocation perspective, while the former can lead to excess entry as in the symmetric firm
settings, the latter works rather in the direction of reducing this excess entry. Hence, the pres-
ence of markup differences across firms—observed in a framework with firm heterogeneity and
variable markups—generates the intensive margin distortion among heterogeneous firms, which
may reduce the extensive margin distortion compared to symmetric firm settings. Especially
under Pareto-distributed productivity, the extensive margin distortion observed in symmetric
firm settings is entirely transformed into the intensive margin distortion unique to heterogeneous
firm frameworks. This result helps to demonstrate that the effectiveness of the pro-competitive

effects can differ depending on the nature of the markup distortion, as we confirm below.

2IThe second and third results in Proposition 1, which highlight the intensive margin distortion unique to
heterogeneous firm frameworks, are commonly observed in more generalized monopolistic competition models
than the one that we consider. For instance, Dhingra and Morrow (2019) show that these two results hold (when
the elasticities of subutility and marginal utility with respect to quantity are negative and positive, respectively)
in a monopolistic competition model that includes fixed cost of production and does not specify the distribution
of productivity. Behrens et al. (2020) further show that these results continue to hold even when considering
multi-sector monopolistic competition model. With respect to them, we find that assuming a Pareto distribution
allows us to unambiguously characterize the nature of markup distortion for aggregate/average quantity, consumed
variety, and firm entry, without the need to specify a utility function.
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3.3 Effects of Market Size

Our concern is whether the pro-competitive effects can eliminate the markup distortion described
in Proposition 1. In a symmetric firm framework with the CARA utility, Behrens and Murata
(2012) show that the pro-competitive effects raise efficiency by narrowing the gap between
equilibrium and optimal utility. This efficiency-enhancing effect can be interpreted as pro-
competitive gains from trade. Here, we examine whether the pro-competitive gains from trade
are also present in our framework.

We confirm this by examining how changes in market size (L) affect allocation efficiency.
Note that, as shown by Behrens and Murata (2012) and Dhingra and Morrow (2017), an increase
in market size in a closed economy has the same consequences as integration or free trade among
countries with identical levels of technology. Therefore, investigating the impact of an increase
in market size on allocation efficiency is a plausible measure to assess the impact of trade on
allocation efficiency.?”

From (23), (26), (28), and Lemma 2, the welfare gap between equilibrium and optimum can

(6]

This is independent of market size L. Hence, we obtain the following proposition.

be characterized as

g [, 74 mr | kg
o ‘[ +(k+1)‘Pﬁ] eam ‘[ T k+1)%a

Proposition 2. Suppose that firms’ productivity (1/m) follows a Pareto distribution with the
shape parameter k. An increase in market size (L) dose not affect the welfare gap between the

equilibrium and optimum.

Proposition 2 shows that the markup distortion is not improved by integration. We can also
confirm this by the fact that the gaps between equilibrium and optimum levels of the aggre-
gate/average quantity, the mass of consumed varieties, and the cost cutoff are not affected by
integration (see Appendix A.3.1). In Section 3.1, we have confirmed that integration (i.e., an
increase in market size) does indeed generate the pro-competitive effects. Therefore, Proposi-
tion 2 demonstrates that the pro-competitive effects do not generate any efficiency gains in our
framework. This result differs from that of Behrens and Murata (2012) in their symmetric firm
setting, where the pro-competitive effects raise efficiency.

As explained in Section 3.2, in our model assuming a Pareto distribution of productivity, the

extensive margin distortion is canceled out, and all markup distortions emerge as the intensive

221 the context of quasi-linear preferences, as in Nocco et al. (2019, 2024), a constant and identical marginal
utility of income across individuals allows for a straightforward definition of globally efficient outcome in an open
economy as the maximized sum of all individuals’ utilities. Comparing this result with the market equilibrium under
international trade enables a consistent analysis of the effect of trade on resource allocation efficiency. However,
how to define a globally efficient outcome under a class of utility function without quasi-linearity is a matter of
debate. One compelling approach to analyzing the impact of trade on allocation efficiency in this context is to
examine the consequences of integration (i.e., an increase in market size) on allocation efficiency, as analyzed here.
Note that some studies address this issue using the same approach as in the quasi-linear preference case (Egger and
Huang, 2023).
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margin distortion caused by differences in markups across firms. Therefore, Proposition 2 shows
that the pro-competitive effects are not effective in correcting the intensive margin distortion
unique to heterogeneous firm frameworks. Hence, in the presence of markup differences across
firms, the pro-competitive gains from trade may not be as large as those expected in symmetric
firm settings, such as in Behrens and Murata (2012), due to the presence of the intensive margin
distortion that is not improved by the pro-competitive effects. Especially under Pareto-distributed
productivity, as all markup distortions emerge as this intensive margin distortion, there is no pro-
competitive gains from trade: that is, the pro-competitive effects do not generate any efficiency
gains. This result is likely to be consistent with that provided by Arkolakis et al. (2019), who
predict the gains from trade under the same framework as ours (including the class of utility
functions, the model structure, and the Pareto-distributed productivity) and conclude that the
pro-competitive gains from trade are “elusive.” Our results provide a theoretical explanation for
their findings in terms of the absence of a corrective impact of the pro-competitive effects on

markup distortion in this framework.

4 International Trade

We now extend our baseline framework to a multi-country model wherein all countries are
interconnected through goods trade. Countries are indexed by i = 1,---,J and the mass of
workers in country i is denoted by L;. Workers are not allowed to migrate across countries, and
inelastically supply a unit of labor to the country where they live. The wage rate in country 7 is
represented by w;.

The utility of a worker in country i can be defined as a natural extension of (1) as follows:

U, = ; / g

where €; is the set of varieties produced in country j and available to workers in country i,
and g ;(¢) is the quantity of variety ¢ € Q;;. Workers maximize their own utilities subject to the
budget constraint, »;; /jS pji(0)q;i()de = E;, where p;;(¢) is the price of variety ¢ € Q;; and
E; is the individual expenditure of workers in country i. Then, the inverse demand function can
be expressed as pj;(t) = piu’(g;i(v))/i, where p; is the choke price in country i. Again, i is
defined as the marginal utility of a variety evaluated at zero: & = lim,_,o u’(x).

On the producer side, we consider a situation in which the fixed requirement for entry and
the distribution function of the marginal labor requirement vary across countries. The fixed
requirement and the distribution function in country i are denoted by f; and G;(m), respectively.

Exporting goods to foreign countries is subject to trade costs. Specifically, for a firm in
country i to serve a unit of good to country j, it needs to produce 7;; > 1 units. We assume that

7; = 1 holds for any i, indicating that firms do not need to incur domestic trade costs. Thus,

the operating profit that a firm with marginal requirement m earns by selling from country i to
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country j is
nij(m) = L;j(pij(m) — 7;;mw;)q;;(m).

We denote by /m;; the marginal cost cutoff for exporting from country i to country j. Since
a marginal firm charges the same price as the choke price in a destination country, it holds that
pij(m;;) = t;jm;;w; = p;. Similarly, the marginal cost cutoff for serving a domestic market
satisfies p;j(m;;) = mjjw; = p;. Then, the exporting cutoff /1;; can be expressed by using the

destination country’s domestic cutoff /71, as follows:
mi; = - (29)

As a result of profit maximization, the equilibrium quantity of a firm with m < m;; is

st =u ().

ij

where the definition of /(-) is the same as in the closed-economy model.

4.1 Market Equilibrium

The zero expected profit condition for a firm in country i is given by
> [ mimGiom = g (30)
7 Jo
The labor market clearing condition in country i is expressed as
ﬁij
N; ZTiij/ mq,J(m)dG,(m)+f, =1L;. (31)
- 0
J

In addition to these conditions, it is also required that trade balance holds for each country. That
is, the total sales earned by firms in country i have to be equal to the total expenditure spent by

workers in country i. Thus, the condition for trade balance can be written as follows:

N,-ZLJ-/O
7

Provided that exporting cutoffs can be expressed using destination countries’ domestic cutofts

o

iy mGi(m) = i YNy [ pima Gy, (32)
J

as in (29), the market equilibrium is characterized by equations (30), (31), and (32), which
determine 3 X J endogenous variables: the wages, {wl-}l.J: > the masses of entrants, {Nl-}l.J: > and

the domestic cutoffs, {n’iﬁ};’:l RS

23To be precise, we need to take a country’s labor as the numéraire.
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Note also that combining (30), (31), and (32) enables us to obtain the following relationship:
mji
Z N; /o pji(m)q;i(m)dG ;(m) = w;, (33)
J

where the left-hand side represents the individual expenditure of a worker in country i. Thus,
we know that E; = w; holds at the equilibrium.

Let us denote the elasticity of the distribution function of marginal requirements in country
i by SiG(m) = mg;(m)/G;(m), where g;(m) = G/(m). Then, it is convenient to express the

equilibrium system of equations as in the following lemma.

Lemma 4. At the market equilibrium in the multi-country framework, {Wi}i]:p {n’iii}ijzl, and

{Ni},-le are determined, up to a choice of numéraire, in the following equations:

Zm”wj / U ()G (

1 SRR o

n%-ZN,-/ v(1)G; (m”w’t) (1 + 89 (”””)) d =1, (35)
> 0 TjiW; Tjiwj

‘l —

- m

N,'ZI’I’ijWij[) lﬁ([)G,( ;
J

-t MWt
kit )(1+8ﬁ (m))dt:wiL,-. (36)
ijWi TijWi

Moreover, each worker’s utility in country i can be expressed as

= %i ZN / u(y (1)1 —Su(lﬁ(f)))ajg ("A?iiwil‘) G, (fﬁiiwit) i ()

t TjiW; TjiW;

) dr = fiw;, (34)

Proof. See Appendix A.4. O

Note that (34), (35), and (36) are obtained by manipulating (30), (33), and (32), respectively.
Using these equations, we can analytically show that the following proposition holds true.

Proposition 3. Opening up to trade from autarky lowers each country’s domestic cost cutoff.
Proof. See Appendix A.S. O

Proposition 3 indicates that opening up to trade from autarky unambiguously increases the
toughness of competition in the domestic market, which can be regarded as the pro-competitive
effect of trade.

It is also noteworthy that combining (34) and (36) enables us to express each country’s mass

of entrants in the following way:

2jmjjwiL; fo ()G (m”W] )dt Li
5Ly fy w06 (Z2) (1488 (22t )) ar S
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Unfortunately, it is difficult to derive a clear-cut result on how trade affects the mass of entrants
in each country without specifying the distribution of marginal costs. Thus, in the subsequent
analysis, we focus on the case with a Pareto-distributed productivity, enabling us to obtain further
insights.

4.2 Pareto Distribution

In the case with Pareto-distributed productivity, G;(m) exhibits a constant elasticity: SiG (m)=k
for G;(m) = (m/M;)%. Then, expression (38) reduces to a quite simple formula:

1L
ki1 f

(39)

This expression solely depends on domestic exogenous parameters and is exactly the same as
the one derived in the closed-economy model with Pareto-distributed productivity. Therefore,

we obtain the following proposition.

Proposition 4. If firms’ productivity (1/m) follows a Pareto distribution, trade does not affect

the mass of entrants in any country.

Intuitively, opening up to trade has two opposing effects on firm entry in each country. The
positive effect is that market expansion into foreign countries boosts expected profits, leading
to increased firm entry. Conversely, the negative effect is that intensified competition among
firms diminishes expected profits, thereby reducing firm entry. Interestingly, even with a Pareto
distribution that varies in the shape parameter across countries, these opposing effects are
canceled out, resulting in no net impact on firm entry in each country.

In what follows, we consider the case in which each country has the same Pareto shape
parameter, i.e., G;(m) = (m/M;)*. Then, we can simplify the system of equations in Lemma 4
to (39) and the following equations:

k+1
¥ ﬁk+1L ( J) — ,‘M~k, (40)
Z i ij w; f i
(k+1)\Pm”ZN G, ('””W") =1, (41)
Tjin

where (40) and (41) follow from (34) and (35), respectively. Note that G ; (m”w if ) =t5G; (’"”W’ )

Tjiwj
holds under Pareto distribution and ¥ is defined in the same way as in (24).

Plugging (39) into (41) and rearranging it, we obtain

k|-
L; Wi ’
¥ L1k (—’)] : (42)
25,

—~

mij; =
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Using (42) into (40) to eliminate the domestic cost cutoffs, we obtain

k+1
=k [ Wi
L]Tij (w,»)

Z = fiM}. (43)
Y fLAZ" ;Jk (Wh)k

Thus, equation (43) for i = 1,2,...,J determines the wages, which are independent of the

functional form of subutility, u(-).**

Next, we derive the equilibrium utility under Pareto-distributed productivity. Let n; denote
the mass of consumed varieties in country i: n; = 3, ; N;G j(mj;). Using (29) and (41), this can

be expressed in terms of the domestic cost cutoff as

1
= —, 44
i (k + 1)‘I‘m,~,- ( )
We rewrite (37) using (29) and the definition of n; to obtain U; = it/m;; + k{n;, where { is
defined in the same way as in (27). Hence, using (44), the equilibrium utility can be expressed
as a constant multiple of the inverse of the domestic cost cutoff or a constant multiple of the
mass of consumed varieties:

U, = = [(k+ D)W + k{]n;. (45)

_ k& |1
(k + 1)‘P mi;
Finally, we investigate the impact of opening up to trade. The equilibrium under closed

economy is obtained by letting 7;; — oo for j # i. Then, from (42), the cost cutoff in the

autarkic equilibrium, denoted by m¢, is expressed as

ﬁMlk
YL,

: (46)

which is equivalent to the cost cutoff in (23). Combining (42) and (46), we can derive the

following relationship between domestic cost cutoffs under autarky and open economy as follows:

-~ L - k| R+l
T+ L (K) <1, 7)
m; T ,fJM wj

Therefore, as shown in Proposition 3, opening up to trade lowers the domestic cost cutoffs,

reflecting an increased competition in each country. For (44) and (45), since the autarkic cost

24Notice that from (43), assuming no trade cost (r;; = 1 for all i, j) and the same technological level across
countries (f; = f and M; = M for all i) results in the factor price equalization (w; = w for all 7). Then, from (42),

the domestic (and exporting) cost cutoffs are identical in all countries (77;; = i for all i) and can be expressed as
_ 1/(k+1) . . . . L
m= ( Mk ey iLj . Substituting this into (45) reveals that integration or free trade among countries with

identical levels of technology results in the same consequences as an increase in market size in a closed economy
(see (23) and (26)), as explained in Section 3.3.
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cutoff is expressed as in (46), the mass of consumed varieties and utility in autarkic equilibrium,
denoted by n{ and UY, are equivalent to (25) and (26), respectively. Hence, the following

relationship holds:

u o myf

— =—=—>1. 48

Ul.a n¢ mi; ( )
This expression shows that the relative change in welfare when moving from autarky to open
economy can be simply measured by the relative change in either the cost cutoff or the mass of
consumed varieties. As (47) shows, opening up to trade from autarky unambiguously lowers
the domestic cost cutoff in all countries. Therefore, expression (48) demonstrates that in all
countries, welfare is higher and the mass of consumed varieties is larger in the open economy

than in autarky. These results are summarized in the following proposition.

Proposition 5. Suppose that firms’ productivity (1/m) in each country follows a Pareto distri-
bution with a common shape parameter. Then, opening up to trade from autarky enhances each

country’s welfare through consumption variety expansion and selection effects.

In all countries, welfare gains from trade come from consumption variety expansion and
selection effects. Intuitively, opening up to trade expands the mass of varieties available to
consumers through imports (the consumption variety expansion effects). Moreover, this induces
the pro-competitive effects of trade due to the rise in rival firms, which is reflected in lower
domestic cost cutoffs (the selection effects). These factors contribute to raising the welfare of
each country.

However, as shown in Section 3.3, the pro-competitive effects in our framework do not lead
to efficiency gains. This result implies that the pro-competitive effects of trade merely offset the
additional domestic distortion that would arise if domestic firms’ prices and markups remained
unchanged after opening up to trade. As a result, the pro-competitive effects of trade may have a
limited impact on welfare within our heterogeneous firm framework, as indicated by Arkolakis
et al. (2019).

S Gains from Trade: A Comparative Analysis

In the previous section, we have confirmed that all countries gain from trade. However, the extent
of these benefits varies across countries depending on factors such as market size, technology,
and geography. Hence, based on a two-country model, we clarify how these factors affect the
magnitude of gains from trade in each country.

Consider two countries labeled H (home) and F' (foreign). We first characterize the relative
welfare in autarky. From (45) and (46), it can be expressed as

—~ 1

a a Ta1
Uy, M (@L)k+1
- )

a = =a
Up myy (CH

where ®; = Ly /Ly and O, = fyM I’; /fEM 1’; represent the relative market size and the relative
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cost index in home. Note that the lower ©, is, the higher the technological level in the home

country in relative terms. Then, we have

U_Z 210,20,
F
where the U}, /U = 1 line can be depicted as the 45-degree line on the (®.,®;) plane in
Figure 1. In the figure, the home country has relatively high (low) welfare in autarky if pair
(®.,0,) is above (below) the 45-degree line. In other words, both a larger (smaller) market
size and higher (lower) technological level are factors that contribute to relatively high (low)
welfare in that country.>> For convenience, we refer to a country with higher welfare in a closed

economy as an advantaged country and one with lower welfare as a disadvantaged country.?®

0= a
L™ Ly Un =1
Higher autarkic welfare and Ug
less gains from trade in Home Uy Up
'\ Uf  Ug
S
2k

O
N

Lower autarkic welfare and
more gains from trade in Home
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1
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Figure 1: Relative welfare in autarky and relative welfare gains from trade

Next, we compare the gains from trade between the two countries. Let w = wgy/wp denote
the relative wage in home. As shown in Appendix B.1, from (43), the equilibrium relative wage,
denoted by w*, is uniquely determined by

@L -1

apFH + (w*)k _ @L(w*)k+l _ ®cp;llp(w*)2k+l — O, (49)

where p;; = Tl.;k € (0, 1] represents the freeness of trade for exports from country i to country

ZEven in absolute terms, the autarkic welfare level is higher (lower) in a country with a larger (smaller) market
size and higher (lower) technological level.
26In other words, a country with a relatively large value of L;/ f; Ml.k is considered an advantaged country.

23



J. Then, using (47) and (48), gains from trade in each country can be expressed as

1

Uy 0, ]

1 _ gy 2 : 50

ve @LPFH(U)) ] (50)
1

UF ®L x\ —k KT

U_,a: =1+ ®—CPHF(CU ) : (51

Consequently, from (49), (50) and (51), gains from trade in each country are ranked as follows
(see Appendix B.1): 1
2(k+1) 1

Z—gzg—gw@é(fﬁ)( or, (52)
where the right-hand side is a concave and increasing function with respect to ®.. Therefore, the
Uy/U§, = Up/U§. curve can be depicted as shown in Figure 1. In the figure, the home country
gains more (less) from trade than the foreign country when the pair (®., ®1) is below (above)
the Uy /UI‘; =Uf/ Uy curve. Therefore, both a smaller (larger) market size and lower (higher)
technological level are factors that contribute to relatively greater (smaller) welfare gains from
trade in that country.?’ This indicates that a disadvantaged country tends to gain more from
trade than an advantaged country.

However, being a disadvantaged country is not a necessary or sufficient condition for the
country to benefit more from trade. Specifically, Figure 1 shows that in areas below the
Uy, /U = 1 line and above the Uy /Uy, = Up/Uj. curve, the home country is a disadvantaged
country (Uy, < Uy) but gains less from trade than the foreign country (Uy /Uy, < Ur/U%).
Conversely, in areas above the Uf,/U}. = 1 line and below the Uy /Uy, = Ur/U{. curve, the
home country is an advantaged country but experiences greater gains from trade. These continue
to hold even if trade costs are symmetric (i.e., prg = prr).>> As explained below, these results
highlight the differing contributions that a smaller market size and lower technological level
make to a country’s welfare gains from trade.

If pair (®., ®_) lies on the U}, /U = 1 line in Figure 1, the autarkic welfare levels in both
countries are identical. On the upper right of this line, the home country has a larger market
size and lower technological level, whereas the foreign country has a smaller market size and
higher technological level.?® In this situation, the lower technological level in the home country
and the smaller market size in the foreign country each become factors that contribute to more

welfare gains from trade in the country. Consequently, starting from the same autarkic welfare in

2TEven in absolute terms, welfare gains from trade is greater (smaller) in a country with a smaller (larger) market
size and lower (higher) technological level (see Appendix B.1).

281f trade costs are symmetric, the intersection of the Uy, /Ut = 1line and the Uy /Uf, = U /U§. curve becomes
(®¢,0r) = (1, 1), which represents symmetric two countries in terms of market size and technology. Thus, if the
countries are symmetric in terms of market size, technology, and geography, then welfare in autarky and gains from
trade are identical across countries.

2Note that we refer to a larger/smaller market size and higher/lower technological level with reference to the
intersection point (O.,01) = ((pru/pur)"**, (oru/par)/**). Particularly, if trade costs are symmetric,
Ly > Ly and fHMI]fI > pr,’f_ (Ly < Lr and fHMI’fI < fFMI]g) hold on the upper right (lower left) of the
intersection point (0.,0,) = (1, 1).
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both countries, the foreign country experiences greater gains from trade than the home country,
implying that a smaller market size contributes more to a country’s welfare gains from trade
than a lower technological level. Similarly, on the lower left of the UI‘; / U} = 1 line, the home
country has a smaller market size and the foreign country has a lower technological level. Then,
starting from the same autarkic welfare levels, the home country experiences greater gains from
trade than the foreign country.

Hence, a smaller market size contributes more to a country’s welfare gains from trade than
a lower technological level. This is a factor that generates the areas bounded between the
Uy /Uf = 1 line and the Uy /Uy, = Ur/U¢ curve in Figure 1: a disadvantaged country with a
lower technological level but larger market size results in smaller welfare gains from trade, or,
conversely, an advantaged country with a higher technological level but smaller market size can
achieve greater welfare gains from trade.

In addition to these differences in market size and technological level, geographic differences
also affect the magnitude of welfare gains from trade. Specifically, the right-hand side of
(52) increases with the relative level of freeness of trade, pry/prr. Therefore, as pry/pur
increases, the Uy /Uf = Uy, /U§. curve in Figure 1 shifts upward, implying that the region below
the Uy /U§, = Ur/Uj. curve (i.e., the region where the home country can gain more from trade
than the foreign country) expands. Therefore, a country with easier market access (i.e., a more
liberalized country) can gain more from trade.

In summary, the gains from trade are relatively large in a country with a smaller market
size, lower technological level, and easier access to that market. This is because these factors
contribute to an increase in the mass of new varieties available to consumers through imports and
a stronger firm selection due to exports from a more technologically advanced partner country,
both of which enhance a country’s welfare as shown in Proposition 5. In addition, a smaller
market size contributes more to a country’s welfare gains from trade than a lower technological
level. These differences in the magnitude of gains from trade can lead to various scenarios in

which opening up to trade impacts relative welfare level, as shown below.

5.1 Impact of Trade on Relative Welfare

We first characterize the relative welfare after opening up to trade. From (42) and (45), it can
be expressed as

1
—~ 0. s\k | k+I
Uy mpr _|OL L+ grprn(w7)

==—=|= ; (33)
Ur mpn Oc 1+ g—prF(w*)‘k
where w* is determined by (49). Then, using this expression and (49), we obtain
U 2kk+ 1 Zkk‘:-ll 2kk+ 1 2kk:—11 21(% Zkk%ll 2kk+-¢-ll 2kk+ 1 21(% >
Uy < 2 Lo Oy pyr (Pri™ Pur =08 | +O ppg ppp =0 20, (54)

where the Uy /Ur = 1 curve can be added to Figure 1 and illustrated as in Figure 2 (see

Appendix B.1). Figure 2 shows that the three curves/lines intersect at the point (0., 0;) =
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((pru/pur)' ", (pra/prr) ), dividing the region into six parts: D, D,, D3 ,D’, D, and
D’3.30 The home country has relatively high (resp. low) welfare after opening up to trade if
pair (®., ®y) lies to the left (resp. right) of the Uy /Ur = 1 curve, that is, if (0.,0r) € Dy,
D,, or DY (resp. if (0.,0,) € Ds, D7, or D). Recall that the home country has relatively
high (resp. low) welfare in autarky if pair (©,, ®p) is above (resp. below) the Uy, /Uf. = 1 line,
and that inequality Uy /Ur > Uy, /Uj (resp. Uy /Ur < Uj,/UY) holds if the pair (O, 0y) is
below (resp. above) the Uy /Ur = Uf,/ U} curve.’! Consequently, from Figure 2, we obtain the

following proposition.
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Figure 2: The impact of opening up to trade on relative welfare

Proposition 6. Consider a two-country economy where firms’ productivity (1/m) in each country
follows a Pareto distribution with a common shape parameter. Then, the welfare impact of

opening up to trade can be divided into the following scenarios:

(i) If (B.,0L) € Dy (resp. (0,,0L) € D)), then 1 < Up/Ur < U}, /UYL (resp. Uy, /Uj. <
Uy /Ur < 1) holds: opening up to trade fills the welfare gap.

(ii) If (©,0L) € Dy (resp. (©.,0L) € D), then 1 < Uy, /Uf. < Up/Ur (resp. Uy/Uf <
Uy /Uf. < 1) holds: opening up to trade widens the welfare gap.

30 At the intersection point, the countries have the same welfare level in both actarky and open economy, with
identical gains from trade. If trade costs are symmetric, the intersection becomes (0., 0y) = (1, 1), representing
the symmetric two-country case in terms of market size, technology, and geography.

31It.is st.raightfo.rward~ to show that Uy /UY, 2 Ur/Uf. & UH./U{: 2 U{,/U§. Therefore, the Uy /UY, = Ur [U¥.
curve in Figure 1 is equivalent to the Uy /UF = U§,; /U§ curve in Figure 2.
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(iii) If (©.,0L) € D3 (resp. (©.,0L) € D7), then Uy /U < 1 < Uy [/Uj. (resp. Ug[Up <
1 < Uy /Up) holds: opening up to trade reverses the welfare relationship between the two

countries.

Proposition 6 continues to hold even if trade costs are symmetric, pry = pgr. Therefore,
the varying impacts of opening up to trade on the relative welfare level are primarily due to
differences in market size and technology across countries.

In Figure 2, region D represents the situation where the home and foreign countries are
typical advantaged and disadvantaged countries, respectively: the home country has a larger
market size and higher technological level, whereas the foreign country has a smaller market size
and lower technological level. Therefore, as the disadvantaged foreign country gains more from
trade than the advantaged home country, opening up to trade reduces the welfare gap between
the countries. Note that region D’ represents the situation where the relationship between the
home country and the foreign country is replaced.

In region D>, the home country is an advantaged country with a higher technological level
but smaller market size, whereas the foreign country is a disadvantaged country with a lower
technological level but larger market size. As explained above, a smaller market size contributes
more to a country’s welfare gains from trade than a lower technological level. As a result,
the advantaged home country gains more from trade than the disadvantaged foreign country,
thus opening up to trade increases the welfare gap between the countries.’” In region D/, the
relationship between the home country and the foreign country is replaced.

Finally, in region D3, the home country is an advantaged country with a larger market size but
lower technological level, whereas the foreign country is a disadvantaged country with a smaller
market size but higher technological level. Since a smaller market size contributes more to a
country’s welfare gains from trade than a lower technological level, the disadvantaged foreign
country gains more from trade than the advantaged home country, similar to the situation where
pair (®,,®;) is located in region D ;. However, unlike the situation in region D1, the autarkic
welfare gap between the countries is not sufficiently large because the advantaged home country
has a lower technological level and the disadvantaged foreign country has a higher technological
level. Consequently, opening up to trade leads to higher welfare in the disadvantaged foreign
country than in the advantaged home country. In region D, the relationship between the home

country and the foreign country is replaced.

5.2 'Trade Liberalization

Next, we assess the impact of trade liberalization by analyzing how changes in p;; (= Tl.;k) affect

welfare in each country. As shown in Appendix B.2, the rate of change in the welfare levels

32Note that, in the lower left areas of Dy, although the advantaged home country has a smaller market size, as in
D>, the welfare gains are larger in the disadvantaged foreign country with a lower technological level. This result
stems from the fact that the gap in technology is sufficiently large relative to the gap in market size. A larger gap in
technological level (or market size) leads to greater gains from trade for a country with a lower technological level
(or smaller market size).

27



brought about by changes in trade costs can be expressed as
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From (55) and (56), we can immediately see that any liberalization scenario (dIn pry > 0 and
dlnpgr = 0; dlnpryg = 0 and dlnpgr > 0; or dlnpry > 0 and dlnpyr > 0) can raise
welfare in both countries. Moreover, from (55), the impacts of unilateral trade liberalization by

each country on welfare in the home country can be unambiguously ranked as follows:
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This shows that, for the same proportional reduction in trade costs, unilateral liberalization in
the home country (an increase in pry) contributes more to welfare gains in the home country
than liberalization in the foreign country (an increase in pgyr). The same can be true for the

foreign country from (56). Hence, we obtain the following proposition.

Proposition 7. Consider a two-country economy where firms’ productivity (1/m) in each country
follows a Pareto distribution with a common shape parameter. Then, any liberalization scenario
raises welfare in both countries. Moreover, a country’s own unilateral liberalization brings

greater welfare gains to that country than the unilateral liberalization of its partner country.

Having established that trade liberalization unambiguously raises both countries’ welfare,
the next step is to examine the impact of trade liberalization on the relative welfare level. We
consider a scenario in which both countries simultaneously lower their trade costs by the same
proportion, that is, we assume dIn pryg = dlnpyr = dlnp > 0. Note that this setting allows
for asymmetric trade costs.

From (49), (55), and (56), the difference in the rate of increase in welfare levels brought
about by the bilateral trade liberalization can be expressed as follows (see Appendix B.2):

1
dInUy _ dInU W 1
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For convenience, let UP® and U™ represent the welfare levels in country i before and after
liberalization, respectively. Then, we can rewrite (57) as

post post
UH > UF o ®L < (pFH)2(k+1) @ﬁ (58)
Uuye = UuLe = \pur ‘

This condition is equivalent to Uy /U% Z Up/U% in (52). Therefore, the UY™ /UL = UR™ /UP®
curve in Figure 3 is the same as the Uy /U§, = Ur/Uj. curve shown in Figure 1 (or, equivalently,
the Uy /Ur = Uf; /U4 curve shown in Figure 2).3% In Figure 3, the home country gains more
(less) from bilateral trade liberalization than the foreign country when the pair (®., ®) is below
(above) the curve. Note that the relative level of freeness of trade pry/pgrF in the right-hand
side of (58) is not affected under our liberalization scenario (dIn(prg/pgr)/dInp = 0). This
implies that the country gaining more from opening up to trade can also gain more from the
bilateral liberalization.
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Figure 3: The impact of bilateral trade liberalization on relative welfare

The welfare relationship between the two countries before liberalization is given by (54).
Thus, the Uflre/ Ugre = 1 curve can be depicted as shown in Figure 3, which is equivalent to the
Un/Ufr =1 curve in Figure 2. Thus, the home country has relatively high (low) welfare before
bilateral liberalization if pair (®, ©) lies to the left (right) of the U}," /UL = 1 curve.

33 post ;r7pre > yspost ;rspre post ;r7post > rrpre ;rspre post ;y;pre _ y;post ,y,pre . .
,tAS U{{ /Uy 22U |Up © Uy Uz 2 U, |Up ,the Uy, [Uy, =Ug " /U curveis equivalent to the
UPP JUP™ = UPF JURS curve in Figure 3
H 'YF H!YF :
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After liberalization, the curve representing equal welfare levels in both countries shifts to the
right below the point (O, 0;) = ((pru/pur)"**, (ora/par)'/?*) and to the left above this
point, as shown in Figure 3 (see Appendix B.2). The home country has relatively high (low)
welfare after bilateral liberalization if pair (®., ®p) lies to the left (right) of the U[p;)St / U};OSt =1
curve.

Hence, as expression (58) shows that inequality U™ /U™ > UN/UP™ (U™ /U™ <
Ugre / Ugre) holds if the pair (©.,®;) is below (above) the UIP{OSt/ Ug‘m = Ugre / Ugre curve, we

obtain the following proposition from Figure 3.

Proposition 8. Consider a two-country economy where firms’ productivity (1/m) in each country
follows a Pareto distribution with a common shape parameter. If both countries simultaneously
lower their trade costs by the same proportion (dIn pryg = dlnpgr = dlnp > 0), the welfare

impact of the bilateral trade liberalization can be divided into the following scenarios:

(i) If (©.,01) € Ey (resp. (©.,0p) € EY), then 1 < UIIZIOSt/U}';OSt < UIp{re/U;;re (resp.
Uzre / Ugre < UEIOSt / U}';OSt < 1) holds: bilateral liberalization fills the welfare gap.

(ii) If (©.,0L) € Ep (resp. (O.,0r) € E)), then 1 < UIp;e/Uf,re < UIp;)St/U}';OSt (resp.
UII;OSt / Uf;oSt < Uge / Uf;re < 1) holds: bilateral liberalization widens the welfare gap.

(iii) If (©.,01) € E3 (resp. (0,0.) € E}), then UL™ JUY™ < 1 < UNSJURS (resp.
Ugre / Uf;re <l< UEIOSt/ UEOSt ) holds: bilateral liberalization reverses the welfare relation-

ship between the two countries.

Proposition 8 continues to hold even if trade costs are symmetric, implying that the various
scenarios of bilateral trade liberalization arise primarily from differences in market size and
technology between countries. Specifically, similar to the gains from opening up to trade, the
gains from bilateral trade liberalization are greater in a country with a smaller market size
and lower technological level, where the smaller market size contributes more than the lower

technological level.**

Therefore, the results of Proposition 8 can be interpreted in the same way
as those of Proposition 6, which describes the various impacts of opening up to trade on relative
welfare.

Combining the results of Propositions 6 and 8, the following can be summarized. Regardless
of whether the economy is closed or open, differences in market size and technological level
between countries each generate the difference in welfare level, with a country that has a
relatively large market size and high technological level generally having relatively high welfare.

International trade and bilateral trade liberalization not only enhance welfare of both countries

3 As can be seen from the U,p_fSt / UpFOSt = Uf_lre / Uﬁre curve in Figure 3, both a smaller market size and lower
technological level are factors that contribute to relatively greater welfare gains from bilateral liberalization in that
country. If pair (®.,0;) lies on the UY,°/UY* = 1 curve in Figure 3, the welfare levels in both countries are
identical before liberalization. Then, starting from the same welfare in both countries, the bilateral liberalization
leads to US™ > UR™ (resp. US™ < UP™) on the lower left (resp. upper right) of the U /U = 1 curve, where
the home country has a smaller (resp. larger) market size and higher (resp. lower) technological level. In this
sense, a smaller market size contributes more to a country’s welfare gains from bilateral trade liberalization than a
lower technological level.
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but also offer greater gains to a country with a smaller market sizes and lower technological
level. In other words, they help reduce the welfare difference stemming from both differences
in market size and technological level. However, the welfare difference stemming from the
difference in market size tends to be reduced more than the welfare difference stemming from
the difference in technological level. As a result, trade and bilateral liberalization do not
necessarily lead to a monotonic reduction in the welfare gap between the two countries. For
example, in a situation where one country has a larger market size and lower technological level
and the other country has a smaller market size and higher technological level, the difference
in technological levels is a factor that puts the former country at a disadvantage, while the
difference in market size is a factor that puts the latter country at a disadvantage. In such a case,
trade and bilateral liberalization tends to provide greater welfare gains to the latter country. If
this country already has relatively high welfare than the other country, opening up to trade or
bilateral trade liberalization could widen the welfare gap between the two countries. Conversely,
if this country has relatively low welfare before trade or liberalization, the welfare gap between
the two countries would narrow, or the welfare relationship could even be reversed. In the
event of a reversal, further liberalization widens the welfare gap. In this way, at the final stage
where liberalization has fully advanced, the welfare difference stemming from the difference in
technological level, which cannot be entirely eliminated by trade or liberalization, determines
which country has relatively high welfare. Specifically, under free trade, welfare is relatively
high in a country with a relatively high technological level.*>

6 Conclusion

This study provides general properties of the gains from trade in monopolistic competition
models featuring firm heterogeneity characterized as Pareto-distributed productivity and variable
markups associated with pro-competitive effects. Our framework encompasses trade models
widely used in the trade literature that incorporate firm heterogeneity and variable markups, and
successfully derives a number of properties without specifying utility functions.

The main findings of this study are as follows. First, we identify the markup distortions in
the domestic market and the impact of trade (integration) on them through the pro-competitive
effects, highlighting the differences from those predicted in symmetric firm frameworks. In
particular, we find that the markup distortions unique to heterogeneous firm frameworks are not
ameliorated by the pro-competitive effects. This result implies that the pro-competitive effects
of trade merely offset the additional domestic distortion that would arise if domestic firms’ prices
and markups remained unchanged after opening up to trade. Our finding is likely to explain the
findings of Arkolakis et al. (2019), who conclude that the pro-competitive gains from trade are
“elusive.”

Second, we show that the trade equilibrium can be characterized by quite simple formula,

3Under free trade (ory = pur = 1), expression (54) becomes Uy /Ur Z 1 & O, < 1, implying that a country
with a relatively high technological level has relatively high welfare.
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irrespective of the functional form of utility function. This allows, for instance, a straightforward
description of a country’s gains from trade as an increase in the number of consumed varieties
(or a decrease in the domestic cost cutoff) when moving from autarky to an open economy.
The tractability of our model will contribute to the literature on quantitative and policy studies
within the framework of firm heterogeneity and variable markups, which has gained increasing
attention in recent years.

Lastly, we illustrate how the magnitude of gains from trade and trade liberalization differs
across countries with differences in market size, technology, and geography. In a two-country
economy, we find that gains from trade and trade liberalization are greater in a country with a
smaller market size, lower technological level, and easier access to that market. Additionally,
a smaller market size contributes more to a country’s welfare gains than a lower technological
level, implying that trade and trade liberalization tend to reduce the welfare difference between
countries stemming from the difference in market size more than the welfare difference stemming
from the difference in technological level. Consequently, these differences in the magnitude of
welfare gains across countries can lead to various scenarios in which opening up to trade and
trade liberalization impact relative welfare level. Specifically, opening up to trade and trade
liberalization can result in: (i) narrowing the welfare gap, (ii) widening the welfare gap, or (iii)
reversing the welfare relationship.

Throughout this study, we assume an unbounded Pareto distribution of productivity and
no fixed costs of production. While these are standard assumptions in both quantitative and
theoretical trade literature analyzing monopolistic competition models with firm heterogeneity
and variable markups, assuming a bounded Pareto distribution or fixed production costs could
alter the nature of markup distortions and the impact of trade on them. Our findings will serve as
a valuable benchmark for understanding how and to what extent these factors affect the results

within this framework.
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Appendix for

“On Trade Models with Variable Markups and
Pareto-Distributed Productivity”

A  Omitted Proofs

In preparation for proofs, we show several lemmas that are useful for proving some propositions.
First, we prove the following lemma related to the integrability of a function.

Lemma A.1. Let Y (m) be a positive-valued and continuously differentiable function that de-
creases in m when m is close to zero and satisfies lim,,_,o Y (m) = co. If/OT Y (m)dG(m) < o
holds for any T € (0, M), then it holds that lim,,_,o Y (m)G(m) = 0.

Proof. First, we take some T € (0,7] such that Y'(m) < 0 holds for 0 < m < T. Then, the
inverse function of Y (m) can be defined over 0 < m < T, and itis a decreasing function because
Y (m) decreases in m when 0 < m < T. Provided the existence of this inverse function, we

consider the following conditional probability:

Pr(Y(m) <v|m<T)=Pr(m>Y""(v) | m <T)
_Pr(Y'(v) <m <T)

- Pr(m < T)

G(Y'(v))
6D

=1 =Gy(v|v>v),

where we let 7 = Y(T). It can be readily verified that the corresponding density function is

LAY () g(Y ')
dv G(T) ’

gy(v|v>v)=

In what follows, we show the statement of the lemma by proving its contraposition:
if Y(m)G(m) diverges or converges to a positive constant as m — 0, then the integral
/OT Y (m)dG (m) diverges.

Suppose that lim,,;,_,o Y(m)G(m) = A > 0 holds, where we admit the case of A = co. By
letting m = Y~!(v), the limit can be rewritten as

limo Y (m)G(m) = Uh_)n(}o vG(Y ' (v)) = G(T) Uh_)ngov (1-Gy(v|v>v)),

and thuslim, ., v (1 = Gy(v |v > D)) = Aholds, where A = A/G(T). Take some A€ (0, X),
and then we have _
. 1-Gy(v|v>v) A
lim == >

— — > 1.
U—00 A,/U A/




Applying L’Hopital’s rule, we obtain

i Y lv>9) A
U—00 A/UZ A

This implies that there exists a sufficiently large o (> v) such that gy (v | v > v) > A’ /v~ holds
for any v > . Consequently, the divergence of the integral /OT Y (m)dG (m) can be shown as

follows:
g(m )
/0 Y(m)dG(m)—G(T)/ Y(m)=— ()

> G(T)/ Yom & Zam
(T)
= G(T)/_ vgy(v | v > v)du
> G(T)/ vgy(v | v >v)dv
7
e
> G(T) / —dv =
b 1%
where we change the variable as v = Y (m) in the third row, and the inequalities in the second
ively. O

fourth, and fifth rows follow from 7 < T, 7 > U, and gy (v | v > ) > A" Jv respectively.

A.1 Proof of Lemma 1
By plugging (2) into the left-hand side of (9), we obtain

i [ A ) D

The integral included in the left-hand side of (A.1) is calculated as

i / m pq(m) 0 "
/ MdG(m)://q W) + 2D )z
0 i 0 Jo u
m e (mfm)
_ / / w™ (2)g(m)dzdm
0 JO
m pl
= /0 / /At(—w’(t))g(m)dfdm
1 pmt
_ /O /0 {(—0/ (1)) g (m)dmds

1
- /0 (0 ()G (ir) dr,



where the third equality follows from changing the variable as z = /(¢), and the integrability
enables us to apply Fubini’s theorem in the fourth equality. Substituting this back into (A.1)
yields

1
Nn?/ t(—y'(1))G (mr)dt = 1. (A.2)
0

Moreover, by using integration by parts, the integral included in the left-hand side of (A.2) can

be rewritten as

1 1
/O t(—=¢'(t))G (mr)dt = — [tw(t)G(ﬁt)](1)+/0 W (1) (mtg(mt) + G (mt))dr. (A.3)

It is straightforward to verify that lim,_,; 1/ (r)G (mt) = 0 holds and, if lim,_o ¥ (f) < oo is
satisfied, lim,_,o 1y ()G (mt) = 0 also holds. If lim,_,g ¥ (#) = co holds, we have lim,_,o 1y (7) =
m~'lim,,_omg(m) = oo, and it can be shown that mq(m) decreases in m when m is close
to zero.*! Then, Assumption 5 and Lemma A.l imply that lim,_ 1 (£)G (init) = 0 holds
even when lim,_,o ¥/ (#) = co. Hence, the surface term in the right-hand side of (A.3) vanishes,

resulting in
1 1
/ (=" (1))G (inr) dt = / ¢/(z)G(mt)(1+aG(mz))dz, (A.4)
0 0

where E%(m) = mg(m)/G(m) represents the elasticity of the distribution function G (m).
Consequently, (A.2) and (A.4) imply that (9) can be transformed into (11).
The left-hand side of the zero expected profit condition (7) can be rewritten as follows:

m

/m n(m)dG(m) = L/mp(m)q(m)dG(m) - L/ mq(m)dG (m). (A.5)
0 0 0

It is already shown that the first integral in the right-hand side of (A.5) can be calculated as
fom p(m)q(m)dG(m) =m fol t(—y’ (1)) G (mt)dr. The second integral is computed as

/oﬁ mq(m)dG (m) = '/Orﬁ mys (%) g(m)dm
:nqu/ln//(t)g(n?t)dt
0

1
= i [ty ()G (imt)]y —m / (ty/ (1) + ¢ (¢))G (int)dt
~— 0
=0

1 1
— /0 (0 ()G (7it) — i /O V(G

where we change the variable as m = mt in the second line, and the surface term that appears in

Al This can be shown by contradiction as follows. If we assume mq(m) is non-decreasing in m when m is close
to zero, there exists a positive & such that g(&) = co, which violates the continuity of g (m).



the third line has already shown to be zero. As a result, (A.5) becomes

i 1
/ a(m)dG(m) = Lﬁi/ W ()G (mt)dt,
0 0

indicating that (7) can be transformed into (10). Therefore, m and N are determined in two
equations (10) and (11).

Next, we prove the uniqueness of the equilibrium. We define a function ¥ (x) by ¥ (x) =
X /01 Y ()G (xt)dt. Then, (10) implies that the marginal cost cutoff at the equilibrium is given
by a solution to the equation ¥ (x) = f/L.

For x > 0, ¥ (x) is a strictly increasing function because

1 1
7—"(x)=/0 z//(t)G(xt)dt+x/0 ty(t)g(xt)de > 0,

where the interchangeability of differentiation and integration is guaranteed by differentiability
of G(-) and integrability. Furthermore, it is readily verified that lim,_,o ¥ (x) = 0 holds, and
Assumption 6 indicates that lim,_; F (x) = M /01 Y (t)G(Mt)dt > f/L. Thus, the equation
¥ (x) = f/L has a unique solution in (0, M), implying that / is uniquely determined by (10).
Given the value of 71, N is also uniquely determined by (11).

Finally, each worker’s utility (1) can be computed as

U:N/0 u(t// (%))g(m)dm

m py(m/n)

:N/O/O u'(z)g(m)dzdm
m pl

=N /0 Ji GO g
1 pmt

=N /0 /0 ' (0(0) (= (1)) (m)dmr
1

=N / o (O ()G ()
0
1 1

:—zZN/ tw’(t)G(ﬁit)dHN/ w(Ou” (Y ()W (1)G (mt)de
0 0

1
N /0 w(Ou” (0 ()W ()G (t)di (A6)

3=

where the third equality follows from changing the variable as z = /(¢); the integrability enables
us to apply Fubini’s theorem in the fourth equality; the sixth equality follows from the relationship
u' (Y(t)) = ut —y(t)u” (Y (t)), which is derived from (4) and (5); and the last equality follows
from (A.2). By applying integration by parts, the integral included in the right-hand side of



(A.6) can be transformed as

1
/O W (O WO ()G @t = [(w (0 (0 (1)) — (D) G N1}
1
+ /0 W (D) = v (())iag(@ndi.  (AT)

It is straightforward to verify that lim,_,; ¢ (t)u’ (¥ (2))G(mt) = lim;_q u(¥(1))G(imt) = 0
holds. Note also that lim,_o ¢ (£)u’ (¥ (¢)) = ip " lim,—o p(m)g(m) and lim,_ou(y(z)) =
lim,, o u(g(m)) hold. If lim,,_,o p(m)g(m) < oo and lim,, o u(g(m)) < oo are satisfied, we
readily obtain lim,_o ¥ (t)u’ (¥ (¢))G (mt) = lim;—ou(¥(¢))G (imt) = 0. Furthermore, even in
the cases wherein lim,,—o p(m)q(m) = oo or lim,,ou(g(m)) = oo hold, Assumption 5 and
Lemma A.1 assures that lim, oy (£)u’ (¢ (1))G(mt) = lim;_ou(y(t))G(mt) = 0 holds true
because both p(m)g(m) and u(g(m)) can be shown to decrease in m. Hence, the surface term

in the right-hand side of (A.7) vanishes, enabling us to rewrite (A.6) as

oy /1 u(W () (1 = E" W) E @G ) |
0

u
U::
m t

where we let E(x) = xu’(x)/u(x) represent the elasticity of the subutility. Therefore, the
equilibrium utility can be transformed into (12).

A.2 Proof of Lemma 2

We first derive (20) and (21). Substituting (17) into (15) yields

% [ utatmyaGom - [ maomacon =1 (A8)

Using (18) and (19), the first term in the left-hand side can be rewritten as
mofm i il A,
2 [ utatmyacn =2 [T gmazan
uJo uJo Jo

m p¢(m/i)
= n?/ / ¢_1(z)g(m)dzdm
0o Jo

m pl
-7 /0 /m A )5

1 pmt
-7 /0 /0 (¢ (1)) g (m)dmdr
1

=ﬁ/ t(—¢'(¢))G (mt)dt, (A.9)
0

where the third equality follows from changing the variable as z = ¢(t), and the integrability

enables us to apply Fubini’s theorem in the fourth equality. The second term in the left-hand
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side of (A.8) can be transformed as

/ mg(m)dG (m) = / 7o (q(m))q(m)g(m)dm
0 0

_ m pq(m) d -1
:m/o./o (Z¢d—z(z)+¢_l(z)) g(m)dzdm

i o) gp-1 i om0
:n’i/‘/ z ¢ (Z)g(m)dzdm+ﬁ// ¢~ (2)g(m)dzdm
0 Jo dz 0 Jo

m pl m pl
= —ﬁ/o o ¢(t)g(m)dtdm+fﬁ/0 /mm t(—¢’ (1)) g(m)drdm
1 pint 1 pimt
:—%/0 ; ¢(l)g(m)dmdt+%/0/0 t(—=¢'(1))g(m)dmdr
ol R ol , R
:—m/O ¢(t)G(mt)dt+m/0 t(—¢'(1))G (mr)dt, (A.10)

where, again, the fourth equality follows from changing the variable as z = ¢(¢), and the
integrability enables us to apply Fubini’s theorem in the fifth equality. Thus, (A.8) can be
transformed into (20).

Plugging (A.10) into the resource constraint in (13), we get

1 1
N[n?/ t(—¢’(t))G(n?t)dt—n7/ ¢(t)G(n7t)dt+% =1
0 0
1
@Nn?/ t(—=¢'(¢))G(mt)dt = 1 (A.11)
0

where the sum of last two terms in the square brackets is zero by (20). Using integration by
parts, we can rewrite the integral included in the left-hand side of (A.11) as

1 1
/O t(—¢'(1))G (mt)dt = - [tgzﬁ(t)G(n?r)](l,+/0 ¢ (1) (mtg(mt) + G(imt))dr (A.12)

It is straightforward to verify that lim,_,; t¢(2)G(mt) = 0 holds and, if lim;_,o ¢(z) < oo is
satisfied, lim,_, t¢(2)G (imt) = 0 also holds. If lim,_,o ¢(z) = co holds, we have lim,_, t¢(z) =
m = lim,,_,o mg(m) = oo, and it can be shown that mg(m) decreases in m when m is close to
zero (see footnote A.1). Then, Assumption 5 and Lemma A.1 imply that lim,_,o t¢(¢)G (int) = 0
holds even when lim,_,g ¢(f) = oco. Hence, the surface term in the right-hand side of (A.12)

vanishes, resulting in

1 1
/r(—gb'(r))c;(n?z)dt:/ ¢(¢)G(mr)(1+80(n7r))dz,
0 0

where we let &€ (int) = g(imt)mt/G (imt). Consequently, the resource constraint in (13) can be

transformed into (21).



Next, for the derived two equations (20) and (21), which determine the social optimum values
of m and N, we show the existence of a unique solution. A similar argument in Appendix A.1
shows that the left-hand side of (20) is strictly increasing in /. and converges to zero as m — 0.

1
M/O o(t)G(Mr)dt > %

We then confirm that Assumption 6 ensures (A.13) to hold. As shown in the proof of Proposi-

Therefore, (20) has a unique solution for 7 in (0, M) if and only if
(A.13)

tion 1, the following relationship holds:

w(t) < ¢(t) for te(0,1).
This implies that
1 1
ﬁ/ w(r)G(ﬁt)dt<n7/ ¢ (1)G (mt)de
0 0

holds for any given m > 0. Combining this inequality (for n = M) with Assumption 6 shows
that (A.13) holds, meaning that the social optimum level of /i is uniquely determined by (20)

Consequently, the social optimum level of N is also uniquely determined by (21).
Finally, using (A.9) and (A.11), each worker’s utility can be expressed as

U=N£ u(g(m))dG (m)

1
ZL_tN/ t(—=¢'(1))G (mt)dt
0

5).| <

A.3 Proof of (iii) and (v) in Proposition 1
The equilibrium and optimal values of g(m) are determined by (4) and (18),

Proof of (iii).

respectively. From (4) and (18), for the same level of m, we have

u' (9™ (m)) + g*M" (m)u” (¢°4" (m)) _ m°"
~ jjpeam

u'(q°P (m))
—opt

u'(¢*" (m)) _m
Aad u/(qopt(m)) (1 - r(qeqm(m))) - nf/zeqm
’( ,eqm ~opt
o W m) _ m ()
M/(qopt(m)) meam
where (g™ (m)) = —¢*™(m)u”(¢*4"(m)) /u’(¢°1" (m)) and p(m) = 1/(1 = r(g*"™(m))).
Since u’(+) is a strictly decreasing function, the above expression implies
—eqm
(A.14)

g™ (m) £ ¢ (m) & p(m) Z e
m

A-7



Therefore, varieties with the markup above m°9™ /m°P' are underproduced, whereas those with
markup below m°9™/m°P are overproduced. As the markup u(m) strictly decreases with m,
there can be at most one value of m for which inequality (A.14) holds with equality. Let
m* denote m such that u(m*) = m®™/m°". Note that the relationship m®™ > m°P' implies
g™ (m°PY) > ¢°P'(m°P") = 0. Therefore, from (A.14), we have p(m°P') < m®I™/m°P', meaning
that m* must be smaller than m°.

We then show that m* > 0 holds, meaning that some firms with cost m € (0, m*) inefficiently
underproduce in the market equilibrium. From (23) and (28), the mass of entrants in the market
equilibrium is aligned with the optimal level: N®I™ = N°P'. Then, noting that m* < m°, the

labor market clearing condition (8) requires the following relationship to hold:

~eqm ~opt

/ g™ (m)dG (m) = /0 " g (m)dG (m)

0
iy m (g°"(m) — g*" (m)) dG (m)

jeam

= / m (g%9™ (m) — ¢°*(m)) dG (m) + / mq®™(m)dG(m)  (A.15)

« —~

’nOpt

where, from (A.14) and the definition of m*, g°P'(m) — g™ (m) is positive for m € (0, m*) and
negative for m € (m*, m®™). Assume m* < 0 (i.e., all varieties are overproduced in the market
equilibrium). Then, the relationship (A.15) no longer holds because the left- and right-hand
sides of (A.15) are zero and positive, respectively. This contradicts the fact that the labor market
clearing condition holds in both the market equilibrium and social optimum. Therefore, m*
must be positive, meaning that u(m) = m®™/m°P* holds for m = m* € (0, m°™). As u(m) is a

strictly decreasing function of m, we can rewrite (A.14) as
g*™(m) £ ¢ (m) © m s m*, m" e (0,m). (A.16)

Proof of (v). Regarding each term in (A.15), Cauchy’s mean value theorem implies that there

exist mp, mo, and m3 such that 0 < m; < m* < my < m°P* < mz < m®™ and

* *

/0 m (g™ (m) — g™ (m)) 4G (m) = m, /0 (¢ (m) — g™ (m)) dG (),

[ maemn = ™) aGom =ms [ (gm0 - g (m) dG ),
[ mamonaGom =ms [~ q=mmaGm)

where (A.16) indicates that all the integrands are positive. Substituting these back into (A.15),
we obtain

opt

/O (¢°P'(m) = ¢*¥™(m)) dG (m) = :17? /m  (g*™(m) = ¢°P'(m)) dG (m)

A-8



eqm
AL / ¢ (m)dG (m)
mi Jiopt

m

> / (¢59™(m) — g™ (m)) dG (m)

*

eam
e [ gmmacm).
mopt
where the second line follows from my/m; > 1 and m3/m; > 1. Rearranging this inequality
yields

eqm mopt

/ q¢*1"™(m)dG (m) < / q°*' (m)dG (m). (A.17)
0 0

The aggregate production per consumer is expressed as Q = N foﬁl q(m)dG(m). Then,
(A.17) and N®I™ = NP imply Q™ < Q°P'. Moreover, the average production per consumer,
g = Q/n, can also be ranked as g®9™ < g°P' since Q1™ < QP! and n®IM > p°P,

A.3.1 The Effect of Market Size on Allocative Efficiency

Although not directly related to the proof, it is worth noting that, under a Pareto distribution,
the gaps between the equilibrium and optimum levels of the cost cutoff, mass of consumed
varieties, and aggregate/average quantity are independent of market size L. These can be shown
as follows.

From (23) and (28), we get

ot (@) > L

which is independent of L because ¥ = /01 %y ()dt and ® = /01 t*¢(1)dt are positive constants
that depend on exogenous choices of the Pareto shape parameter and the functional form of
subutility. Then, the gap between the equilibrium and optimum levels of mass of varieties can

be expressed as

peam Nedm (;n\eqm) ( d ) ﬁ .
— — > 1,

nort NOPLG (moPt) ) (A.18)

b d

where N®I™M = N°P'_ Thus, the gap is independent of L.
Let us impose an additional assumption described in the statement of Proposition 1, i.e., the
aggregate production converges: /Om q(m)dG(m) < oo. Then, as for the aggregate and average

quantities, we rewrite the term in the left-hand side of (A.17) as

~eqm ~eqm

[ ammacm = [7 o (zg) eman

medm oy (m [meam)
= / / g(m)dzdm
0 0

- /O m/m/lm (= (1)) g(m)drdm

A-9




7eamy

- /0 1/0 (=9 (1)) g (m)dmdr

1
- G (™) /0 (—y’ ()i,

where the third equality follows from changing the integration variable as z = /(¢), and the
integrability enables us to apply Fubini’s theorem in the fourth equality. Similarly, the right-hand
side of (A.17) can be expressed as

nopt
It

Thus, using these expressions, the gap between the equilibrium and optimum levels of Q becomes

1
g (m)dG (m) = G (i) /0 (= (1)) dr,

eqm eqmy(meqmy (Lo k = ) k
Qeam  NIG (™) [ (=’ (1))t dt_(g) Jo (=w ()t dt<1, A19)

0 NG () [ (g oykar \¥) [Nt

which is independent of L because ¥, @, /Ol(—w’(t))tkdt, and /01(—¢’(t))tkdt are positive
constants that depend on exogenous choices of the Pareto shape parameter and the functional
form of subutility. Finally, from (A.18) and (A.19), the gap between the equilibrium and

optimum levels of § = Q/n can be expressed as

g yaptar
9T (g @)rkdr

2

which is also independent of L.

A.4 Proof of Lemma 4

As the choke price in country i satisfies p; = 7j;/m j;w, the inverse demand in country j can be
written as p j;(m) = tj;mjw;u’(q;;(m))/i. Substituting this into (33), we obtain

”ﬁj[ .. 4 ..
Z TjimjinNj 'A q]l(m)uﬁ(qﬂ(m))de (m) = W;. (AQO)
J

The integral included in the left-hand side of (A.20) is calculated as
mji g (m)u'(q;;(m mji rqji(m) s ”
/ q;i( )u_(qj ( ))de(m) :/ / u'(z) +zu (Z)gj(m)dzdm
0 u 0 0 u
iji ey (m/i;) ,
:/0 /0 Y (2)gj(m)dzdm

Ay el
_ /0 /m . t(—y' (1)) g, (m)drdm

A-10




- / 1/'ﬁ"'tr(—w'(r»gj<m)olmdr

- /O {0/ ()G, (7 ) dr.

where the third equality follows from changing the variable as z = /(¢), and the integrability
enables us to apply Fubini’s theorem in the fourth equality. Plugging this back into (A.20) yields

1
erin?jiijj/O H(—y ()G (mjit) dt = wy. (A-2D)

J

Moreover, by using integration by parts, the integral included in the left-hand side of (A.21) can
be rewritten as

1 1
/0 t(—y'(1))G, (mj;t) dt = - [n//(t)Gj(n?j,-t)](l) +/0 W (t)(imjitg; (mjit) + G (mjit))de.

(A.22)

It is straightforward to verify that lim,,; 1/ (1)Gj(mj;t) = 0 holds and, if lim, oy () <

oo is satisfied, lim,,o 1y (1)G;(m;t) = 0 also holds. If lim,,o () = oo holds, we have

lim; ot (1) = m -l . lim,,_,0mq;;(m) = oo, and it can be shown that mq;;(m) decreases in m

when m is close to zero (see footnote A.1). Then, Assumption 5 and Lemma A.1 imply that

lim, 0 1y ()G j(im ;1) = 0 holds even when lim,_,o ¥ (f) = co. Hence, the surface term in the

right-hand side of (A.22) vanishes, resulting in

1 1
/ (= (1))G (i jit) dt = /0 U (1)G ; (i jit) (1+8§;(n7jit))dt, (A.23)

0

where 8](.;(m) = mg;(m)/G ;j(m) represents the elasticity of the distribution function G ;(m).
Consequently, (A.21), (A.23), and (29) imply that (33) can be transformed into (35).
The left-hand side of (30) can be written as

ZJ:A ' ﬂij'(m)dGi(m) = Zjl Lj./() ! pij(m)Qij(m)dGi(m)
= > Tiwil / & mq;;(m)dG,(m). (A.24)
J 0

It is already shown that the integral included in the first term of the right-hand side of (A.5) can
be calculated as [ pi;(m)qi;(m)dG(m) = tyiiigyw; f; t(~y'(1))G,(mi;t)dr. The integral
included in the second term is computed as

/ " g (m)dG(m) = / lmw( )g,(m)dm
0 0 mij
- i /0 1 (1) i)
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1
= imyj [ty (1) Gi(imj1)] o =iy /O (g’ (1) + ¢ (1)) Gi () de

=0

1 1
_ /0 (= ()G, (1) — iy /0 u (G (1)1,

where we change the variable as m = im;;t in the second line, and the surface term that appears

in the third line has already shown to be zero. As a result, (A.24) becomes

;ﬁif 1
> [ mimaGion = 3wty [ w6
7 0 0

7

After substituting (29) into the right-hand side of this equation, (30) can be transformed into
(34).
The left-hand side of (32) can be rewritten as

fﬁ,-j 1
N; Z L; pij(m)q;j(m)dG;(m) = N; Z T;mijwiL; Y (t)Gi(mjjt) (1 + aiG(’/?‘ijt)) de,
J 0 j 0

(A.25)
mij ~ 1 ~ ~ .
where we use /6 ! plj(m)q,](m)dGl(m) =T imiiwi /(; I,D(I)Gi(m,’jl‘) (1 + SIG (m,-jt)) d¢, which
has already been shown to hold. The right-hand side of (32) can be transformed as

LiZNj/O ' pji(m)q;i(m)dG ;(m)
J
1
= LiZTjin?jinNj/ W(I)Gj(ﬁjit) (1 +8§;(ﬁjﬂ)) dr

i S [ 00, () (1 (et

TjiW;

= W,‘Li, (A26)

where we use foﬁﬁ pji(m)q;i(m)dG ;(m) = tj;mjiw; /01 Y ()G j(mj;t) (1 + 8](.;(%],1)) dr in the
second line; we substitute (29) in the third line; and the last equality follows from (35). Then,
(A.25), (A.26), and (29) imply that (32) can be transformed into (36). Therefore, {w;}’
{mii}ile, and {N,~}I.J:l are determined in the system of equations (34), (35), and (36).

Each worker’s utility in country i can be computed as

U; = ZN /’",’u( (n;;))gj(m)dm
mji py(m/mg)
B ;Nf /0 /O u'(z)g;(m)dzdm

=1’
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il
= . / o . d d
;Nj/o /m/n‘mu W) (D)g (m)drdm
1 pinjt
= ' ’ —y'(1))g;(m)dmd
;NJ/O/O u' (Y () (=¢' (1)) g;(m)dmdt
1
== 30N [ w06, @
J 0
! 1
:—IZZN]/ tlﬁ/(t)Gj(l’l?j,’t)dt+ZNj/ w(t)u”(w(t))w/(t)Gj(I’I/’\lj,'t)dt
= N G mi;;w J) ( 8G (m,,w t))d
uz / W (1) ( — y E— ¢
+ Z Wi [ oo @ 06 G

_ 3 / WO (W (OW ()G () (A.27)

mll

where the third equality follows from changing the variable as z = /(¢); the integrability
enables us to apply Fubini’s theorem in the fourth equality; the sixth equality follows from
the relationship u’ (¢ (¢)) = at — ¢ (t)u” (Y (1)), which is derived from (4) and (5); the seventh
equality follows from (A.23) and (29); and the last equality follows from (35). Similar to the
case wherein we calculated (A.7) in Appendix A.l, applying integration by parts enables us to

transform the integral included in the right-hand side of (A.27) into

1 1
/O WO (W ()W (DG, (it = /0 (W (1)) — (O (b (1)) g ()

Substituting this back into (A.27), we obtain

Lu(y(t))(1 - 8”(lﬁ(t)))86(mﬁt)G (m j;t)
Z / dr, (A.28)
m,l -

t

where we let &(x) = xu’(x)/u(x) represent the elasticity of the subutility. After plugging (29)
into (A.28), the equilibrium utility can be transformed into (37).

A.5 Proof of Proposition 3

Divided by w;L;, (34) can be rewritten as

m/ ()G, (m,,t)dt+Zm“ / ’/ W)G( ) %

NE:]
indicating that /i [} w(1)G;(it)dt < fi/L; holds.

A-13



Let in{ represent the cost cutoff in the autarkic equilibrium. Then, (10) implies that ¢

satisfies

/ap(r)G( d)dr =

from which the following inequality follows:

/ l/’(t)G (mnt)dt <m / l//(l)G ( l‘)dl.

f

(A.29)

If we let F(x) = x /01 ¥ (t)Gi(xt)dt, (A.29) can be expressed as F;(im;;) < Fi(m). As already
shown in Appendix A.1, F;(x) is strictly increasing for x > 0. Thus, (A.29) indicates that

I’I”iii < %Ia holds.

B Two-Country Model

B.1 Gains from Opening Up to Trade

First, we prove that the relative wage, w = wgy/wg, is uniquely determined by (49). In a
p g quely y
two-country economy, equation (43) for i = H becomes
—k (wr k+1
Lu Lrtyr (E) k
k + k = fH H
Ly Lr -k (W_H) Lr Ly _—k (W_)
faMf;  frMy FH \wr feME " faME THF \wy
fFMIIE _k (W )k+1
1 fuMk "HF \wy
< k k + IZ k 1

1+ fHMH Lr —k (W_H) 1+ fFMF Ly —k (W_F)

Ly feMf"FH \wp Ly fuMF "HF \wh

1 &pHFw—(kﬂ)
1+ geprrwt 1+ @—fPHFw_k

O, k
1+ &pHFa)‘k ®L pHF
Op _ _
& ®—ng +wf - 0" -0 p0* ! =0, (B.2)
c

where ®L = LH/LF, ®c = fH
from (43) even fori = F.

ML/ frMf, and p;; =

Tl;k € (0, 1]. Note that we can derive (B.2)

We let Z(w) denote the left-hand side of (49) (or (B.2)). The differentiation of Z(w) yields

Z'(w) = ok~

k= (k+1)0r0 - (2k + 1)0.p5 0 ],

A-14
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where Z(w), defined as the term in the brackets, is a strictly decreasing function. Because
limy,—0 Z(w) = k > 0 and lim,—e Z(w) = —oo hold, a solution to the equation Z(w) = 0 can

be uniquely determined, and we denote the solution by w. Then, we have
Z(wz0oZ(w2z0owsad for w>0. (B.3)

Therefore, Z(w) is positive at w = 0, increases in w for w € (0, w), and decreases for w > w.

This implies that a solution for equation (B.2), Z(w) = 0, must be larger than w. We further
—1/(k+1) _1/(k+1 — —1/(k+1) _—1/(k+1

define two values as w = O, / (ke )pH/; *Vandw = 0. (ks )th{( +)

pij € (0,1]. Noting that Z'(w) = —w* 1k + 1)(1 + ©,w) < 0 holds, we have ® < w(< ©)

from (B.3). Substituting w and w into Z(w) respectively yields

, where w < w because

1

PHFPFH

O, ( 1

Z(g):—(——pHF) >0 and Z(E):—( —I)Ek <0, (B.4)

Oc \pru
where the equality holds true only when pry = pgr = 1 in both inequalities. Hence, as Z(w) is
a decreasing function for w > w and the relationship w < w < @ holds, the expressions in (B.4)
imply that the solution for (49) (or (B.2)) lies in [w, w] and is uniquely determined. We denote
the equilibrium relative wage by w*. Note that if there is no trade cost (i.e., prg = pyr = 1),
we have w = w = O, VD) and z (@;1/ (k+1)) = (, meaning that the equilibrium relative wage
becomes w* = @;1/(“1) for pry = pur = 1.

We then show that gains from trade in each country are ranked as in (52). At the equilibrium,

(50) and (51) indicate the following relationship:

UH > UF ®C k @L —k
— 2z o l+— R *
U;‘] = Ug’ @LPFH(CU )2 0. pHF(W")

®_ZPFH (Q)*)Zk+1 % 1

OL pHF

1 1
. HF T (O ) T
S w2 (p_) (—2) = w,
PFH (O

where we use (B.1) at the second line. As it is already shown that w 2 w* © Z(w) < 0, this

inequality can be written as

. pFg \Z&D L
w§w1<:>Z(a)1)§0<:>®L§ — .

PHF

Therefore, we obtain (52):

1

Un . Ur = PrH | 2*D @,f—il

Ua < Ua > pHF C >
H F

which implies that both a smaller (larger) market size and lower (higher) technological level are
factors that contribute to relatively greater (smaller) welfare gains from trade in that country.
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Even in absolute terms, welfare gains from trade is greater (smaller) in a country with a
smaller (larger) market size and lower (higher) technological level. Noting that the relative
wage (w = wy/wr) depends on the relative market size (®; = Ly/LF) and relative cost index
©®, = fuM 1151 /fEM I’;) from (49) (or (B.2)), expressions (50) and (51) reveal that a country’s
gains from trade can also be expressed in terms of ®; and ©,.. From (50), the effects of these
components on the magnitude of gains from trade in the home country are

1
dUn/Ug) 1 O, P e, . kO dw*
= 1+ — * — -1 , B.5
0, 11 [ + @LPFH(CU) ] @ipFH(w) ( t— d®L) (B.5)
1
d(Un/Uf) 1 O, X = pra(w)k kO, dw*
= 1+ — * 1 . B.6
40, k4l +®Lp”’(‘”)] o, ( o d@c) (5.6)
Applying the implicit function theorem to (B.2), we obtain
do* o Pry — (W) ®7)
dOr  k(w) 1 = (k+1)OL(w*)* — 2k + 1)Op7 L (w2 '
Or -1 —1 (¢, #)2k+1
dw* —oPrr — Prr (@)
W' _ 0.FFH ~ PHF (B.8)

A0 k(w") ! = (k+ DOL(w)k — (2k + 1O p7 L ()2

Using (B.2), the denominators in (B.7) and (B.8) can be rewritten as

k(@) = (k+ 1)@ (@) — (2k + 1)@y ()

— (a)*)_l{(k + 1) [(w*)k _ @L(w*)k+l _ ®Cp[_-[1F(w*)2k+l] _(w*)k _ k®cp[_.[1F(w*)2k+l}

=-gLpyl by (B.2)

*)2k+1

= () <0. (B.9)

O, _ . _
(k + 1)®—ng + () + kO pp(w
Cc
Moreover, as for the sign of the numerator in (B.7), we have

1 _ . 1 .
sgn {®_pr - (w')k+1} = Sgn{(pFH@)c) B —w }
c —_—

=W

Noting that w* < w from (B.4) (where w* = w holds only when prp = pgr = 1), the numerator

in (B.7) is non-negative:
1
@—p;}, — (0¥ > 0. (B.10)
C

Hence, from (B.7), (B.8), (B.9) and (B.10), we obtain

1 -1
dw* ©.PrH ~

O (@) | (k+ PRl + (@) + kO py ()

(w*)k+l

> 0, (B.11)
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oL -1 _ -1 2k+1
dw* ~otPrn ~ Pur(@)

e - — | - < 0. (B.12)
(@) (K + D8l + (@ + kO ()2
Expression (B.11) shows that the larger the home country’s market size (or the smaller the
foreign country’s market size), the higher the home country’s wage in relative terms. Similarly,
expression (B.12) shows that the higher the home country’s technological level (or the lower
the foreign country’s technological level), the higher the home country’s wage in relative terms.
The same can be true for the foreign country.
Consequently, substituting (B.11) and (B.12) into (B.5) and (B.6), respectively, we obtain

1
d(Un/U%) 1 ) e, "
— 1 __¢c * ¢ *
0, 1l @LPFH(CU ) ] @ipFH(U) )

k [@L(w*)k+l + @cp;IIF(w*)Zk+l] + [g_(LpI—:}q + (w*)k

(k+ 1) G=ppty + (W) + kO, pph (w) 2K+

R *)"]ﬁ_l < pra(w)
—PFH(W 5 PFH\W

CJ3 0;
. oL + (@)

(k + 1) Gl + (W) + kO, pph (wF) 2K+

0, (B.13)

19 "
S| pFH(w )k
CJ)

d(Un/Uy) 1 [1 0.
k1

#\ k
+ —

e, _
oeopy + (W)

X
(k + 1) Gty + (W) + kO, pp k. (wF) 2K+

(B.14)

where we use (B.2) to get (B.13). Therefore, expression (B.13) shows that the smaller the home
country’s market size (or the larger the foreign country’s market size), the greater the home
country’s gains from trade in absolute terms. Similarly, expression (B.14) shows that the lower
the home country’s technological level (or the higher the foreign country’s technological level),
the greater the home country’s gains from trade in absolute terms. The same can be true for the
foreign country.

Finally, we drive (54). At the equilibrium, (53) indicates that

®(r *
UH> Or 1+@_LpFH(w )k > 1
Ur 20 T 0, )k
F cl+ @CpHF(a) )
AN @cﬂ(w*)2k+l % 1
PHF
1
% 1
o w* % (/p)FLIZ) @C 2k+l = w2,
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where (B.1) is used at the second line. As it is already shown that w 2 w* © Z(w) < 0, this
inequality can be written as

W' Zw e Z(wy) 20

pl_: H 2]2:—11 2kk+1 2]2:—11 2kk+l 2];:-—!»11 2kk+l >
S 9 OL+ppy php O —OLpy ppr O =0, 20
C

_k  k+1 _k k+1 k k+1 K+l k. k
2k+1 - 2k+1 T 2k+1 . 2k+1 2k+1 2k+1 2k+1 - 2k+1 2k+1 >
S OLopfy Pur \Pru” Pup” — O | +0 ppg ppp — 08 | 2 0.

Therefore, we obtain (54):

l ]H _k  k+l _k k+1 k k+1 k+1 _k k
_ Dkl A 2k+] | T 3RAT T 2k+D _ (Q) 2k+1 2k+1 2k+1 - 241 241 | >
. 1l © OLory oy |Pry’ Pyr OF +O \ppg Py — ©¢ = 0.

Noting that pry, pgr < 1, if there is no trade cost (i.e., prg = pgr = 1), then we have

U _k
U—F§1@1—63k+l%0<:>®c§1

Otherwise (i.e., if prg < 1 or pgr < 1), it is straightforward to show that

k+1 _k k+1
Uy >1 for @2“' <pXlpld (@ Q. < kaHpHF)
(B.15)

UF 2k+l 2k+1 215:111 k+l
<1l for O > p " pyr" |© O 2 pFHpHF

k+1 _k _k k+1 (k+1)/k

_k_
For 2" € (p;’}}l pg‘;l ,pFi’{‘“ pH¥‘+1) (or, for ®, € (p(k+l)/kp ,pFHpHF ) ), the first and

second terms in the left-hand side of (54) are positive and negative, respectively. Thus, we

obtain
kel k ktl Kk
UH N N @gk+l (@gk+l pl271<13-11 pl%lk;;l) " 1 .
U_F 2102 o o p o e for ©. € (PFH,DHF,PFHPHF )
pIZ:k}-i—Il pIZ_Ik;l (pF;{k+l pH¥<+l @gk+l)
(B.16)

where the right-hand side of (B.16) is strictly increasing with ®, € ( p(k+1)/ k PHF, P le_{(lfﬂ)/ k).
Thus, the Uy /UFr = 1 curve is depicted within the range ®, € (p(k+1)/kap,pFHpH(IfH)/k), as

shown in Figure 2. From (B.15) and (B.16), the home country has relatively high (low) welfare
after opening up to trade if pair (®.,®) lies to the left (right) of the Uy/Ur = 1 curve in

Figure 2. The level of O, at the intersection of this curve with the Uy, /U§. = 1 line in Figure 2 is

k+1

K+l _k_ e+l _k
2k+1 2k+1 2k+1 - 2k+1
®c ®c —-p Y

1
FH "HF PFH 3 kel kel
_ 3
0. = ko K+l ko kel 3 © 0= E(pFHpHF’pFHpHF
2k+T - 2k+1 T2k+1 5 2k+1 @W PHF
Prua Pur \Pra Pur
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Therefore, the Uy /U = 1 curve and the Uy, /U = 1 line in Figure 2 intersects at (0., 01) =
((prulpur) ", (pru/pnr) V).

B.2 Trade Liberalization

Totally differentiating both sides of (49) (or (B.2)) with respect to w*, prp, and pyr, we obtain

~8kppdIn prp + Ocpph (W) dIn ppr

dlnw* = o - ,
(k+ D) gtppy + (W) + kOcppp (w) 2!

(B.17)

where dIn x = dx/x, and we use (B.9) to rewrite the denominator in the right-hand side. Then,

for the impact of unilateral trade liberalization, we obtain

_6r -1

dInw* G20

ki . ©. 1 <0 for dlnpyr =0,
dinpra  (k+1)gkppy + (W)* + kO pr L (w*)2k+
dlnw* ®Cp[_{1F(w*)2k+l

= >0 for dlonH:O.
dlnppr  (k+ 1)%/0;_}1 + (W*)* + kO pj - (w*) 2+

Recalling that w = wy /wF, these expressions show that wage in the liberalized country falls in
relative terms.

Next, we derive (55) and (56). From (42), the expression for the cost cutoff in H and F are

1 1

L 1
k+1 k+1 1

L *\—k
1+—
@CPHF(CU )

fuM},
LyV¥

frME
Lr¥

MHyH =

T k+1
1+ ®_CPFH(CU*)k] and Mmpp =
L

(B.18)
Totally differentiating the first equation in (B.18) with respect to myy, pry, and w* yields

— O
— m G‘)_ * * — *
difipy = -8 5 [(w*)*dpry + pruk(w)* ' dw®]
k+ 11+ geprm(w)t
0. =\ k
_ 1 oepra(w?)
o dlnfigy = - O (d1n ppy + kdIn w*)

k+ 11+ 8eppy(w)t

@ — % — * - *
= —AH{ o P+ (@) + kO (@) dIn pry + kO ppp (w )““dlnpyp},
(B.19)
where dIn w* is given by (B.17) and
§-prn(w)F
Ay = > S >0. (B.20)
(k+ 1) |1+ & prm(@| |+ DGEpRl + (@) +kOepih(w) !

Similarly, totally differentiating the second equation in (B.18) with respect to mgr, pgr, and w*
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yields

_ 1 g—fpﬂp(w*)"‘ .
dlnmpr = - (dlnpgr — kdInw™)
k+1 1+ &PHF(CU*)_](

(k+1) Lp;},+(w*>k

0L
= —AF {k@ pFHdlonH+ dlanF}, (le)

where

&pHF(w*)_k
Ap = >0. (B.22)

(k+ 1) |1+ 8 pnr (@) *] [tk + D GpFl + (@) + kOpy (0" >2k+1]

From (45), the welfare in a country is expressed as U; = [ii + k¢ /(k + 1)¥] ini;!, where the

u ’
terms in the square brackets are positive constants. Totally differentiating both sides with respect
to U; and m;;, we get dIn U; = —d Inm;;. Substituting (B.19) and (B.21) into this, we obtain (55)

and (56), respectively:

®
dinUy = Ay { @Lp;}q +(wH* + k@cp;IIF(w*)Zk”] dlnpry + k@cpl}lF(w*)zkﬂdlanF} ,
(B.23)
0
dIinUf = Afp {k@ pFHdlonH+ (k+1) pFH+(a) ) dlanF}. (B.24)

Then, we examine the impact of bilateral trade liberalization. We consider a scenario in
which both countries simultaneously lower their trade costs by the same proportion, that is, we
assume dIn prg = dlnpgyr = dlnp > 0. Then, from (B.23) and (B.24), gains from bilateral
trade liberalization in each country can be expressed as

dinp :AH[® pFH+(a)) +2k®cpHF( W) (B.25)
danF L -1 s\ k
dlnp =Ap |(2k + 1) pFH+ (w")
= AgOrw™ |(2k + 1) Lp;;,+(w*)’<]. (B.26)
where, from (B.20) and (B.22),
oepnr(W) ™ 1+ geprp(w)*
AF— H —AHGL(U

o2
= 95 LEH (,r)2k+1 by (B.1)
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The gap between (B.25) and (B.26) becomes

danH danF

dlnp  dlnp
<y e
= Ay 8. —Lpzl 4 () = 0L () +2kOp7 k(") - (2k+1) pFHa)
=0 pjk (w*) %+ by (B.2)
® 2
= A2k + DOy [(w*)Zk - (&)
prH \ O

Thus, we obtain
dinU dinU 0
HHE IlF@w%PHF oL Ew3.
dlnp dlnp PFH @C

As it is already shown that w 2 w* & Z(w) = 0, this inequality can be written as
y = = q y

wZwse Z(w;) 20
k+1 k+1 2k+1 2k+1

1
Or _ pHF\? O puF\* (Op\ F _1 (pHF\ * (OL) F
) 2o " ) sl

AV
)

PFH CH

2k+1

O _ 1 Ul kel 2K 1
& G—Lpp}q [1 + (pFHPHF)Z] -0, O, * ppur (%) [(PFHPHF)2 + 1] Z0

€1
1_®k+1® 1 (pHF)zk >0
PFH

L _ 1
& _ijlq [1 + (pFHPHF)Z]

Therefore, we obtain (57):

dll’lUH - danF
dlnp = dlnp

1
pFH)z(k+1) 1

< 0f § ( @éﬁl.
PHF

Finally, we confirm how the welfare relationship between the two countries changes after

bilateral liberalization. From (B.16), we have

k+1 _k k+l k.
2k+1 2k+1 2k+1 . Zk+1

O O — ppy Prr

= RHS

_k  k+l k k+1
T 2k+1

k
2k+1 . 2k+1 2k+1 2k+1
Prua PHF (pFH Pur —O¢ )
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for ®, € (p(k+1)/ k PHF» P FHp H(Fk+1)/ k) We can examine the changes in the welfare relationship

by examining the changes in RHS due to bilateral liberalization (dIn pryg = dInpgr =dlnp >
0). Totally differentiating RHS with respect to prpy and pgyr yields

ORHS ORHS
dRHS = dory + donr
O0pFH OpHF
ORHS ORHS
& dInRHS = 2FH dn ppy + LA dln pyr

RHS apFH P RHS 0PHF
dInRHS B O0InRHS OInRHS

= + . B.27
dll’lp alonH 61anF ( )
By taking the logarithm of the defining equation of RHS, we get
k1 k+l k. _k_ k+l _k
ln RHS ln®2k+l + ln ®2k+l p;']}}l pIZ—Ik;‘I ) _ ln (1 _ p;'k[;l p2k+l @2k+l
Thus, we obtain
9 InRHS k+1 2k+l 2kk+l k 2kk+1 2kl:+—11 ®2kk+1
n _ 2k+1pFH PHF N %+1PFH PHF
dln PFH ®2k+1 2’7:111 2kk+1 1 — 2kk+1 21:111 ®2kk+1 ’
~PFu PHF Pru PHF
2kk+11 2kk 1 k+1 2kk 1 Zkk+]l Zkk 1
dInRHS _ 2k+lpFH Pir_  2k+1PFH P O,
Oln PHF ®2k+1 Zkk:-ll 2kk+1 1 - 2kk+1 Zkk:-ll ®2kk+1
~ PrH PHF PrH PHF
Substituting these into (B.27) yields
Zkk+11 Zkk 1 2kk 1 Zkk+11 % 2kk 1 2I3c+ 11 2kk 1 Tkl % %
dInRHS “Pru PHF (1 Prr Prr Oc ) +Prgy Prr Oc (®c ~ PFrua Pur )
dlnp (@3/@1 p;klgl p;él) (1 _ p;/!;}1p2i+11®2kk+1)
2kk+ll Zkk 1 Zkk 1 ZI;:II 82]2<kl
B ~Prp Prr *Prp Pur O
k+1 k _k_ k+1 k
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As the denominator is positive for ®, € (p(k+1)/kpyp pFHpH(F]fH)/k) we obtain
1 1
dInRHS 2k 2kc1 2k
—— 2200032 (””’) &0,z (p—FH) .
dlnp PHF PHF

Therefore, with bilateral trade liberalization, the Uy /U = 1 curve in Figure 2 shifts downward
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(to the right) for O, < (pru/prr)'/* and upward (to the left) for ®. > (pru/pur)'/?*, while

it remains unchanged at O, = (prr/pur)'/**.
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