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Abstract

This paper examines the role played by global firms that simultaneously import and export in welfare
gains. In a setting of sequential production where final goods are produced with intermediate goods from
different stages of production subject to selection into importing and exporting, we show that the presence
of importing-exporting amplifies welfare gains from trade under an empirically observable condition: the
market share of exporters conditional on also importers is greater than the market share of exporters in a
general population. Under the condition that holds when importing and exporting exhibit complementarity,
the standard effects of trade liberalization on aggregate outcomes are magnified through disproportionate
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1 Introduction

Firms participate in the international economy not only as exporters of final goods but also as importers of
intermediate goods from abroad, and understanding firms’ joint import and export decisions has an important
consequence for salient empirical patterns observed in most firm-level data. One of these patterns is selection
into importing and exporting: not all exporters import and not all importers export, and aggregate trade is
concentrated in a few number of global firms that simultaneously import and export (e.g., Bernard et al., 2018).
Other studies exploring firms’ global behavior as importers and exporters often document complementarity
between importing and exporting: intensive exporters are also intensive importers, and they gain market share
disproportionately to firms that export only or import only after trade shocks. The same line of research reports
that such trade shocks are characterized by an increase in the import share of inputs in total input spending,
enhancing the overall production efficiency in the economy. For example, Blaum (2019) finds evidence that,
despite an adverse effect from the real exchange rate depreciation that makes foreign inputs expensive, large
devaluations lead to a significant increase in the aggregate imported input share in Mexico, which can be fully
explained by the fact that firms intensively engaging in both importing and exporting gain the market share
by such trade shocks.

This paper examines the role played by global firms that simultaneously import and export in generating
welfare gains from trade. We develop a model of sequential production in which firms use inputs from different
stages in production by choosing markets from which to source inputs as well as to which to provide their final
goods. We follow the previous literature on firm importing in assuming that intermediate inputs are produced
under conditions of perfect competition, where each country produces a distinct variety of inputs.! Combining
these inputs and labor, firms produce final goods under conditions of monopolistic competition with free entry.
They are heterogeneous in productivity and firms’ export decision is made based upon bearing a fixed export
cost and an output transport cost per foreign market as in Melitz (2003), while firms’ import decision is made
upon bearing a fixed import cost and an input transport cost per foreign market as in Antras et al. (2017).
As a result, only a portion of more efficient firms engage in importing and exporting simultaneously. In this
environment, we study the impact of endogenous selection into importing and exporting on the equilibrium,
paying special attention to conditions under which the welfare gains from trade can be amplified in the model
of importing-exporting relative to the model of exporting-only or importing-only.

We show that the presence of importing-exporting can magnify the impact on the welfare gains from trade,
but this needs empirically observable moments that hold if importing and exporting exhibit complementarity:
the market share of exporters conditional on also importers is greater than the market share of exporters in a
general population.? Exporting allows firms to provide final goods to abroad which directly increases revenues,
while importing allows firms to source inputs from abroad which indirectly increases revenues by improving
output production efficiency. In this sense, there is complementarity between importing and exporting, which
naturally raises the market share of exporters who are also importers relative to that of exporters who are not
importers. Since the market share with different global status of firms is observable in the data, it is possible
to check whether the market share condition is satisfied or not. We find, so long as our complementarity holds,
that the standard effects of trade liberalization on the welfare gains are amplified by allowing most efficient

global firms to gain the market share disproportionately. Such reallocations give rise to the magnification effect

1See for example Antras et al. (2017), Bernard et al. (2018), and Tintelnot (2017) among others. The literature typically uses
the Eaton-Kortum (2002) framework for sourcing inputs in a world of many potentially asymmetric countries, which means that
intermediate inputs are produced competitively in different stages of production.

2This market share condition is shown to be a specific example of the more general case of “log-supermodularity” analyzed
by Costinot (2009).



on welfare not only by increasing final goods but also by increasing inputs used in their output production.
As a result, changes in the market share by trade liberalization lead to an increase in the aggregate imported
input share as well as the aggregate imported output share.

In the model with importing-exporting where firms decide whether or not to import inputs and whether or
not to export final goods, there are four types of global status of firms: purely-domestic firms, importers-only,
exporters-only, and importer-exporters (often referred to as global firms). If trade costs are so high that there
is selection into importing and exporting, our model highlights the impact of trade liberalization that has not
been examined before. First, trade liberalization may have a negative impact on some of international firms.
Specifically, when the number of trading countries is large enough, importers-only and exporters-only could
suffer from trade liberalization, and the benefit of globalization is skewed toward importer-exporters. Due to
this non-uniform effect across international firms, importer-exporters may also gain the profit share relatively
more than importers-only and exporters-only. Second, when the market share satisfies the complementarity
condition above, the trade elasticity becomes greater than that in the model of exporting-only or importing-
only. Trade liberalization not only makes it easier for all exporters to ship final goods, but also makes it easier
for all importers to source inputs from abroad. With the Armington-style input differentiation, such increased
foreign inputs help improve output production efficiency by reducing importers’ unit costs, which magnifies
trade flows relative to the case where firms have no choice to import.

Our model also suggests that the modeling of input-output linkages give rise to quantitatively important
implications for the welfare gains from trade. When such linkages are modeled with “roundabout” production
— the modeling approach often employed in the literature to analyze welfare implications of tradable inputs,
including Arkolakis et al. (2012), firms use the output of all other firms as intermediate inputs in production.
Since final goods and intermediate goods are interchangeable, the domestic share includes these two types of
goods and thus the welfare gains can be captured by that share and the trade elasticity derived from it. Then,
relative to the baseline model without tradable inputs, the amplified effect on the welfare gains is captured by
erogenous parameters governing the share of intermediate goods in production and entry costs. When input-
output linkages are modeled with “sequential” production (e.g., Melitz and Redding, 2014b), in contrast, firms
use inputs from different stages in production, and the domestic share is generally different in each production
stage. Thus we need to distinguish the domestic share as well as the trade elasticity between input and output,
both are endogenously different between the two types of goods. Then, the amplified effect on welfare changes
is captured by the domestic share and the trade elasticity of input trade that independently enter the welfare
expression. Together with complementarity between importing and exporting, this difference plays a key role
in addressing whether welfare gains from trade are greater between these two production systems.

We develop a quantitative general equilibrium model that explains a firm’s decision to serve foreign markets
through different modes of market access. Our model builds on seminal work of Helpman et al. (2004) who
study the firm’s choice between exporting and foreign direct investment (FDI). Adding firm heterogeneity into
a proximity-concentration tradeoff between these two choices, they find that only more productive firms find it
profitable to engage in FDI while less productive firms choose exporting to serve foreign markets. This paper
examines a similar tradeoff between exporting and importing-exporting where importing-exporting involves a
higher fixed cost (associated with multiple international activities) but a lower variable cost (exploiting “love-
of-variety” production). In doing so, we show not only that more productive firms find it profitable to engage
in both importing and exporting while less productive firms choose either importing-only or exporting-only,
but also that trade liberalization may induce importer-exporters to gain the market share disproportionately,

which is crucial for understanding why welfare gains are amplified with importing-exporting.



A number of papers have analyzed a joint intersection of importing and exporting. Bernard et al. (2018)
develop a model of importing-exporting by adopting the Eaton-Kortum (2002) framework for sourcing inputs.
They find that, due to reinforcing connections between these activities, global firms have a large set of countries
from which to import as in Antras et al. (2017) and to which to export as in Eaton et al. (2011). While their
model helps better understand why aggregate trade is dominated by a few number of global firms, they do not
analyze any welfare implications that arise from the presence of these firms with multiple margins of trade.?
The present paper instead investigates the mechanism through which endogenous selection into importing and
exporting can magnify the welfare gains from trade.

In a setting of roundabout production, Blaum (2019) and Fieler et al. (2018) find that standard effects of
trade on the economic outcomes are magnified through firms’ joint import and export decisions. In particular,
Blaum (2019) shows that trade shocks (devaluations) can have a positive impact on productivity and welfare in
the model of importing-exporting, which stands in sharp contrast to the result in the model of importing-only.
However, he considers a special case in which final goods are not traded and all firms’ output is costly traded
as intermediate goods. We employ sequential production in which trade in intermediate goods endogenously
interacts with trade in final goods, which allows us to show selection into importing of intermediate goods and
selection into exporting of final goods can jointly amplify the welfare gains from trade (relative to either one
set of selection is available in the economy) in very clear manner.

This paper is also related to the welfare gains initiated by Arkolakis et al. (2012) with intermediate inputs.
Using roundabout production, they analyze the welfare implication for tradable intermediate goods in which
the term associated input trade are captured by some parameters governing the share of intermediate goods in
production and entry costs. Their analytical results are extended by Costinot and Rodriguez-Clare (2014) to
quantitatively address the welfare impact of tradable intermediates. Our welfare result can be thought of as
the welfare formula of Arkolakis et al. (2012) in the model of importing-exporting with sequential production,
in the sense that the welfare changes associated with trade costs are captured only by the domestic share and
the trade elasticity. There is however one crucial difference. Since all firms are able to access imported inputs
from abroad in their analysis, the “love-of-variety” production solely explains why the welfare gains from trade
are greater in a world with trade in intermediate goods than in a world with only trade in final goods. Here,
on top of that effect, there is selection into importing which allows a subset of more efficient firms to profitably
import inputs from abroad. In other words, we emphasize that just like selection into exporting matters for

4 This makes the domestic share lower while

welfare, selection into importing could also matter for welfare.
the trade elasticity higher, so that the welfare gains from trade can be greater in a world with selection into
importing than in a world with only selection into exporting.

Finally, our magnification effect applies to sequential production in which all goods markets are perfectly
competitive. For example, using an Armington setting with sequential production, Melitz and Redding (2014b)
show that the welfare gains become arbitrarily large as the number of production stages is arbitrarily large.
The Armington assumption implies however that all firms import intermediate inputs, which generates the
trade elasticity that consists only of the intensive margin. In contrast, our model with selection into importing
generates the trade elasticity that consists also of the extensive margin, with different magnitudes of the two
sufficient statistics. Hence, even if we consider sequential production, the welfare gains from trade would be

different depending on whether there is selection among operating firms.

3This would be at least partly because trade liberalization could reduce the degree of competition by causing sales concentration
toward such large firms, which makes welfare analysis more nuanced when there is strategic market power across a small number
of global firms like theirs. In contrast, we shut down this channel by analyzing measure-zero firms in monopolistic competition.

4 Antras and Chor (2022) review the quantitative results in sequential production, but it relies on perfectly competitive models
and the same disclaimer applies there.



2 Model

There are N potentially asymmetric countries indexed by 4, j that use labor as a unique factor of production
to produce goods in a number of sectors s € {0,1,...,5}. Sector 0 produces a homogeneous good, which is
produced with one unit of labor per unit output and freely traded across countries. The remaining sectors s > 1
produce differentiated goods using labor and intermediate inputs that are sourced from domestic and foreign
markets within each sector. All inputs are produced with labor under constant-returns-to-scale technology in
a perfectly competitive environment, and hence the input price equals the marginal cost of input production.
Moreover, the unit labor requirement is normalized to 1 for every country.” Combining inputs with labor,
all final goods are produced under increasing-returns-to-scale technology in a monopolistically competitive
environment, and hence firms set the output price with markups over the marginal cost of output production.
Moreover, the unit labor requirement (an inverse of firms’ productivity introduced later) differs across firms.
Each country produces a distinct variety of goods so that both firms and consumers benefit from accessing
more intermediate goods and more final goods differentiated by country of origin.

A representative consumer in country i provides L; units of labor. This consumer has a two-tier utility
function, where the upper tier is Cobb-Douglas with a consumption share 0 < 8, < 1 in sector s and the lower
tier is Dixit-Stiglitz with elasticity of substitution 5 = 1/(1 — o) > 1 in sector s > 1.5 We require that 3 is
large enough and the difference in L; is small enough that all countries produce the homogeneous good and
wages are equalized across countries. Choosing this good as a numeraire of the model, the common wage rate
equals one w; = w = 1, and labor income in country i coincides with labor endowments L;. For the moment,
consider a particular sector that produces differentiated goods, and drop the sector index s from all relevant
variables (unless needed) for notational simplicity.

To enter the sector in country ¢, a mass Mg; of firms bear a fixed cost of entry fg, upon which each firm
draws productivity ¢ from a distribution G;(p) with support in [gi, 00). After observing this productivity,
a firm decides whether to enter the sector by choosing markets from which to source inputs as well as to
which to provide output. If the firm provides output to the domestic market using only domestic inputs, it
bears a fixed overhead cost fp. If it does so using both domestic and foreign inputs, it bears an additional
fixed cost fpps for searching foreign suppliers. The firm may also choose to serve the foreign market. If the
firm exports using only domestic inputs, it bears an additional fixed cost fx for forming a foreign network.
If it does so using both domestic and foreign inputs, it bears an additional fixed cost fxas for coordinating
importing and exporting activities. All of these fixed costs are assumed to be the same across countries, but
it is straightforward to allow for the difference. In addition to the fixed costs, the firm bears a melting-iceberg
transport cost. We allow the transport cost to differ between inputs and outputs and to vary across country
pairs. Importing inputs from country j to country ¢ is subject to an input transport cost 7as;; > 1 for j # 4
and Tpz4; = 1; similarly, exporting output from country ¢ to country j is subject to an output transport cost

Txij > 1 for i # j and 7x4 = 1. After entry, firms engage in monopolistic competition.

5This assumption is made for tractability. Antras et al. (2017) assume that each country draws input production efficiency
(an inverse of the unit labor requirement defined at country level) from the Fréchet distribution as in Eaton and Kortum (2002).
As they stress, however, there is some isomorphism between their approach and the love-for-variety approach, where the latter is
employed in this paper.

6Specifically, the representative consumer’s preferences are given by

S S
Ui= InQis, Y Bs=1,
s=0 s=0

where Q;s = (fv qf;i)dv)l/as in sector s > 1. The associated price index is Pils_E = fv p}s_fdv and aggregate output expenditure

is Rijs = fu Pisvisvdv.



Production of output requires the assembly of a bundle of inputs. A firm’s technology with productivity ¢
in country i is ¢; = px; where ¢; is the output quantity and z; is the quantity of the input bundle, combining
domestic inputs and foreign inputs under a CES production function with an elasticity of e = 1/(1 — ) > 1.7
)1/(1
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)

where zp; is the domestic input quantity sourced from country ¢ and x,;; is the bundle of foreign inputs in

country ¢ which are combined under a CES production function with the same elasticity e:
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where zj7;; is the foreign input quantity sourced from country j and n is set of countries from which the firm
sources inputs. We refer to this set as the firm’s sourcing strategy hereafter. When the firm chooses markets
from which to source inputs, it may not use foreign inputs because these inputs can be sourced only after
bearing the fixed sourcing cost. As a result, the firm’s sourcing strategy depends on the firm’s productivity:
the more productive the firm, the larger the firm’s sourcing strategy (Antras et al., 2017). Moreover, the sunk
nature of the sourcing cost dictates the firm to adopt the same sourcing strategy across markets. If the firm
uses both domestic and foreign inputs to serve the domestic market, for example, it uses both kinds of inputs
to serve the foreign market. When the firm chooses markets to which to provide output, on the other hand,
it may not export output to a foreign country due to the fixed export cost and the set of countries to which
the firm provides output depends similarly on the firm’s productivity. Since the firm decides whether or not
to import inputs and whether or not to export output, there are four types of the firm’s global status in this
setting: a purely-domestic firm, an importer-only, an exporter-only, and an importer-exporter.

Consider now a firm that uses both domestic and foreign inputs. From input production technology and
our choice of the numeraire, the domestic input price in every country equals 1, while the foreign input price
imported from country j to country ¢ equals 75, and thus the firm’s expenditure to purchase input quantities
ise; = zp; + ZjEn TwmjiZmji for a given sourcing strategy. Cost minimization subject to output production

technology yields optimal input quantities from each country, which in turn yields the firm’s marginal cost:

1 _
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Given the Armington-style input differentiation, it is not surprising to see that the marginal cost of the firm
is lower than that of another firm that uses only domestic inputs. This love-of-variety effect, however, can be
exploited by a subset of firms, which is endogenously determined in the model. It is useful for our analysis to
define the firm’s input expenditure share allocated to domestic inputs. Let sp; = ep;/e; denote the domestic
input share defined at firm level where ep; is the domestic input expenditure of that firm. From the optimal

input quantities, this input share is given by

1

Spi = — = 1—=-
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"We assume the same elasticity between firms’ technology and consumers’ preferences, but this would not qualitatively affect
the key results of the paper.



Obviously, the domestic input share equals 1 if the firm uses only domestic inputs while the share is smaller
than 1 if the firm uses both domestic and foreign inputs. Further, the firm’s input share is decreasing in the
set of sourcing countries n but is increasing in the input transport cost 7a7;;. Using this domestic input share,

the firm’s marginal cost can be alternatively expressed as

c = é(sDi)Eil~ (1)

This shows that the firm using both domestic and foreign inputs is more efficient than the firm using only
domestic inputs because the domestic input share is lower. The cost-reducing effect is more significant, the
larger the set of sourcing countries and the lower the input transport cost.

The Cobb-Douglas upper tier of utility implies that the representative consumer spends R; = SL; on goods
in the sector. As is well-known, the lower-tier Dixit-Stiglitz CES preferences generate a demand function A;p; ©
where A; = RiPil_E is the demand level. If the firm in country ¢ serves the domestic market, it sets the price
equal to ¢;/a where 1/« is markups over the marginal cost ¢; which depends on the firm’s sourcing strategy.
From (1), it directly follows that the domestic pricing rule for the firm using only domestic inputs is 1/pa,
while that for the firm using both domestic inputs and imported inputs is (sp;)/ ¢~ /pa. If the firm also
serves the foreign market in country j, it sets the price equal to Tx;;¢;/a which is higher than the domestic
pricing rule due to the output transport cost 7x;;. The marginal cost depends on the firm’s sourcing strategy
in serving the foreign market as in the domestic market, but the firm is assumed to adopt the same sourcing
strategy between the domestic and foreign markets, implying that the marginal cost at the factory gate is the
same between domestic output and exported output. Under this assumption, the foreign pricing rule for the
firm using only domestic inputs is 7x;;/¢c«, while that for the firm using both domestic and imported inputs
is x4 (spi) Y7V /pa.

From the firm’s domestic pricing rule, its domestic revenue is B;c; /(1 —a) where B; = (1 —a)A; /o'~ is
the index of the market demand in country ¢ which is composed of the price index and aggregate expenditure.
Denoting this domestic revenue by rp;, the firm’s variable operating profits earned from the domestic market
are (1 — a)rp;. Further, noting the marginal cost (1) and subtracting the fixed cost, operating profits of the

firm using only domestic inputs from the domestic market are
Tpi = Big®™ " — fp.

If the firm uses foreign inputs, it incurs additional fixed costs nfpys but reduces marginal cost (1) with sp; < 1

(for a given n). Thus operating profits of the firm using both domestic and imported inputs are
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Among operating firms in the domestic market, some of more efficient firms serve the foreign market. If the

firm exports, additional operating profits of the firm using only domestic inputs from the foreign market are
- _B l—e, e—1 _
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while additional operating profits of the firm using both domestic and foreign inputs (for a given n) are
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Figure 1 — Operating profits from domestic and foreign markets

While operating profits from the domestic market mp;, mpas; are measured by country i’s market demand B;,
those from the foreign market mx;;, Txai; are measured by country j’s market demand B;. The difference in
the market demand levels stems from the difference in country size (in terms of the labor endowments L;, L;)
that endogenously affects both the price index and aggregate expenditure. Note that the domestic input share
spq is the same between the domestic and foreign markets, reflecting the fact that the firm takes the same
sourcing strategy between the different markets.

Figure 1 depicts the profit functions for the case in which there are two countries (and hence the sourcing
strategy is limited to n = 1) and the market demand levels are the same between countries ¢ and j. In the
figure, the horizontal axis measures productivity while the vertical axis measures operating profits for different
global status of firms. The slopes of mp; and mpas; are B; and B;/sp; respectively, which reflects that variable
operating profits are greater for importers than for non-importers. At the same time, the intercepts of 7p; and
mpumi are —fp and — fp — fpas respectively, and the fixed cost is greater for importers than for non-importers.
From this tradeoff, there is a productivity cutoff gp%_]\}” at which operating profits of importers exceed those of
non-importers. There is another cutoff <pfj_il at which the least productive firm finds it profitable to produce
for the domestic market. These cutoffs show the sorting pattern such that more productive firms above gp‘;]\}”
use both domestic and foreign inputs while less productive others between <p%_il and @%_A;i use only domestic
inputs to serve the domestic market in country 4. In a similar fashion, the slopes of mx;; and wx ari; are B]-Tilj_E
and Bj7'i1j_E /sp; respectively, which are smaller than the slopes of mp; and mpas; under B; = B;. There are
also productivity cutoffs, w;;jl, 90;1&11 i such that more productive exporters above cpf,{]\}” ; use both domestic

and foreign inputs while less productive exporters between goi(_ml and cp‘}_léf use only domestic inputs to serve

j
the foreign market in country j.



It follows from Figure 1 that the domestic productivity cutoffs gpf{il and ap‘a\}” are determined at which

1
J
<p§(_1\}”j are determined at which mx;; = 0 and 7x;; = Txa; in the foreign market in country j. Using the

mpi = 0 and mp; = Tpu; in the domestic market in country ¢, while the export productivity cutoffs ¢5;; and

domestic input share sp; in the operating profits above, these productivity cutoffs are determined by
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The first and third conditions that pin down ¢ p; and ¢x;; are similar to those in the heterogeneous firm model
with exporting-only, but the second and forth conditions that pin down ¢par; and @ xars; are specific to the
current model with importing-exporting, assigning the value of the productivity cutoffs for a given sourcing
strategy n. If there are more than two countries (and hence the firm’s sourcing strategy is n > 2), there are in
general multiple sets of ¢ par; and ¢x ;. For example, if there are three countries (and the sourcing strategy
can be n = 1,2), some less efficient firms would source foreign inputs from only one foreign country (n = 1),
while other more efficient firms would source foreign inputs from all foreign countries (n = 2). In that sense,
the firm’s sourcing strategy is endogenously determined by the firm’s productivity level.

To analyze the equilibrium of the model of importing-exporting, we need to make some restrictions on the
exogenous variables that affect the productivity cutoffs. First, from empirical evidence that a small fraction of
firms can access imported inputs (e.g., Kasahara and Lapham 2013; Halpern et al. 2015), we assume that the
import productivity cutoffs are larger than the non-import productivity cutoffs (go‘ngjvl” > go%;l, 4,0;7]\141- ;> goi{wl)

Noting (2), these inequalities hold if and only if

3)
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(3) is selection into importing which holds for the domestic and foreign markets; thus not all exporters import.
We further assume that the export productivity cutoffs are larger than the non-export productivity cutoffs

(P55 > @it Pxari; > Poari)» which hold if and only if
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(4) is selection into exporting which holds regardless of import status of firms; thus not all importers export.
These selection patterns accord with empirical evidence that selection is ubiquitous for importing as well as
exporting (Bernard et al., 2007, 2012, 2018). These two conditions are satisfied when trade costs are sufficiently
large and country size — which endogenously affects the right-hand side of (3) and (4) — is sufficiently similar.
Under these conditions, the productivity cutoffs satisfy ¢p; < min{epasi, @ Xij} < @xMij, which shows that
among operating firms in country ¢, the least productive firms with ¢ < min{@pas;, ¢xi;} are purely-domestic
while the most productive firms with ¢ > ¢x i, simultaneously import and export. The remaining firms
with intermediate productivity engage in either importing-only or exporting-only under the assumption that

the firm’s sourcing strategy is the same between the domestic and foreign markets.



Free entry requires that the expected operating profits of a potential entrant equalize the fixed entry cost.
Given our assumption that firms observe their productivity only after bearing the fixed cost of entry, the free

entry condition in country ¢ is defined as

/:o <Bz— e —nfDM> dGi(so)JrZ/oo
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where the first (second) term denotes the expected profits from the domestic (foreign) market. To understand
the first term, firms with productivity ¢ < ¢ p; cannot earn positive profits by choosing any sourcing strategy
and exit immediately without producing. Among domestic firms, those with productivity ¢p; < ¢ < ¢pari
serve the domestic market by using only domestic inputs (n = 0, sp; = 1), while those with ¢ > @pas; do so by
using both domestic and foreign inputs (n > 1, sp; < 1); further, more efficient firms choose the larger set of
importing countries, i.e., the sourcing strategy n (and the domestic input share sp;) depends on productivity.
Under selection into exporting (4), a similar interpretation applies to the second term in (5).

The equilibrium is defined by the set of the zero cutoff profit condition (2) and the free entry condition (5),
which jointly provide implicit solutions of the productivity cutoffs wpi, o, ¥xij, ¢xmi; and the market
demand B; in every country. Once these unknowns are determined, other endogenous variables can be written

as a function of them. In particular, welfare per worker in country ¢ is given by (see Appendix A.1):

S 1 —Bs
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This welfare expression shows that the domestic productivity cutoff is a single sufficient statistic for welfare in
the sense that changes in welfare can be inferred only from changes in that cutoff which is directly related to
resource reallocations by Melitz (2003). In other words, the welfare property of the heterogeneous firm model
holds true even in the model with importing-exporting just like the standard trade model with exporting-only.
Later we relate this unobservable cutoff with empirically observable objects, which help quantify the difference
in the welfare gains from trade between the different trade models.

Note that if inputs are prohibitively costly and no firm profitably imports, the import productivity cutoffs
approach to ¢pari = @xari — oo (from 775 — oo in (2)) and our model collapses to an asymmetric-country
version of Melitz (2003). On the other hand, if outputs are prohibitively costly and no firm profitably exports,
the export productivity cutoffs approach to ¢ x; = @xni — 0o (from 7x;; — 00) and our model collapses to
a simplified version of Antras et al. (2017) where all countries have the same unit labor requirement for input

production (and the fixed sourcing costs are common for all foreign countries).

2.1 Special Case: Symmetric Countries

To provide intuition for new mechanisms in the model, we consider a special case of country symmetry. Assume
that all production and trade costs are the same between every country-pair within each sector. Every country
has the same labor endowment L, though this assumption can be relaxed and the following results would hold
in the presence of country-size differences.® Finally, the productivity distribution is the same across countries

with common support in [p, c0).

8Under CES preferences that generate exogenously fixed markups, the differences in country size affect only the mass of entrants
(and thus the number of varieties consumed) but does not affect any firm-level variables at all, including the productivity cutoffs.
Allowing for such differences leads to the home market effect in entry pattens so that large countries entail disproportionate entry;
see Helpman et al. (2004) for this kind of analysis.
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Imposing these restrictions on the equilibrium system of (2) and (5), we have the same productivity cutoffs
YDi = YD, PDMi = ©DM,PXij = Px,PxMij = ¢xm and the same market demand level B; = B in 4,5. In
this special case, the marginal cost of a firm is the same in every country ¢ = (s D)s%l /. Moreover, the firm
imports all foreign countries, the firm’s sourcing strategy is n = N — 1 and hence the domestic input share is
sp=1/(1+(N - 1)7']}[5). Finally, since the sourcing strategy is made after incurring the fixed sourcing costs

(N = 1) fpm, (N — 1) fxn, condition (3) that requires selection into importing becomes

e—1 e—1
. T T
mln{ M fDM M fXM} > 1,

o7 fx

which is very similar to condition (4) that requires selection into exporting under B; = B;. We assume that
trade costs are high enough to satisfy new condition (3) as well as (4).
The equilibrium is defined by the set of new zero cutoff profit conditions and a new free entry condition.

Imposing the symmetry of the variables, the zero profit cutoff conditions are now expressed as

B‘)OED_I = fD7
BTy “ 0w = fou,
BT;(iesoi(il = fX7

B(rxmm)' 05y = fxu

Further, since all firms with productivity ¢ > ppy and ¢ > px import from and export to all (IV —1) foreign

countries in this special case, the free entry condition is expressed as (see Appendix A.2):

foJ(ep) + (N = 1) foard (poar) + (N = 1) fxJ(px) + (N = 1) fxard (pxm) = fa, (3)
e—1
where J(p.) = [ Of {(;’;) - 1] dG(p) is a monotonically decreasing function of ¢.. These five equilibrium

conditions in (7)-(8) jointly pin down the five unknowns in the country-symmetric case: four symmetric cutoffs
YD, YDM,Px,vxnm and the one symmetric market demand B. Having solved for the productivity cutoffs and
the market demand level in every country, we can then determine other endogenous variables of the model.
In this environment, the welfare property in (6) continues to hold in that the domestic productivity cutoff ¢ p
is single sufficient statistic for welfare.

Below we calculate the revenue shares in the domestic market. These shares not only are written in terms
of the five unknowns, but also are classified in terms of global status of firms. We find it useful to derive such
shares, because they are observable objects in the data and thus can be used to empirically test the impact of
trade liberalization in the model of importing-exporting. For that purpose, let rp/R denote a domestic firm’s
revenue share in the domestic market, and let op (opas) denote all non-importers’ (all importers’) revenue
share in the same market. From the sorting pattern of domestic firms in the domestic market, op (opar) is
obtained by aggregating rp /R over the productivity range between ¢p and @pas (above ppar).? Similarly, let
rx /R denote an exporter’s revenue share in the domestic market, and let ox (oxas) denote all exporters’ (all
exporters-importers’) revenue share in that domestic market, which can be also calculated from the souring

patterns of exporters in the domestic market. Noting that aggregate output expenditure equals labor income

9From the domestic revenues, each firm’s revenue share is Bo®~1/(1 — )R for those with productivity ¢ € (¢p,wpar) and
B(1+ (N — I)lew_‘s)gog_l/(l — a)R for those with productivity ¢ € (¢par, 00) in every country. Aggregating these revenues over
the respective productivity range and noting that there is a mass Mg of entrants, op = Mg ff;M Byp*~1dG(p)/(1 — a)R and

opm = Mg [0 B(l+ (N — 1)y ©)e"1dG(p)/(1 - a)R.
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R = BL under free entry and using the productivity cutoff . in (7), we get

B[V (¢p) = V(epm)] %

= (I-a)B L’
_ B+ (N =17, )V(ppm) Mg
opM = A= a)f = o)
_ Bry *V(ex) = Viexm)] (N = 1) Mg
o (1—a)B I
By *(1+ (N = 1)1y )WV(pexm) (N — 1)Mg
oxM = 1=0)3 T ;

where V(p.) = f:co ©°~1dG(y) is a monotonically decreasing function of ¢.. It is verified that these shares sum
up to 1 and o, is thought of as the revenue share in the domestic market where subscript ¢ € {D, DM, X, X M }
denotes the firms’ global status.

We are interested in how the revenue shares in (9) are affected by trade shocks in the presence of importing-
exporting. While the impact of trade liberalization on these shares will be examined in the next section, the
following property of these shares is worth observing for now. Using (9), the relative revenue share of importers
among domestic firms is given by opys/op, and that share among exporters is given by oxar/ox. From their
observability, it is possible to compare the relative magnitude of these relative revenue shares in the data. For
example, Blaum (2019) finds that firms intensively engaging in both importing and exporting gain the market
share by trade shocks (devaluations). In terms of the relative revenue shares, this finding suggests that firms
engaging in both importing and exporting have a relatively larger revenue share than firms engaging in one

of these activities. We thus assume for any level of trade costs that

OXM N ODM

1
o = o (10)

Substituting (9) into the inequality, we know that (10) holds if and only if V(oxan)/V(ex) > V(epm)/V(eD).
This condition would arise when importing and exporting exhibit complementarity: firms that simultaneously
import and export have the revenue share relatively more than firms that either import or export.

To help appreciate this meaning, we show that complementarity in (10) is the same as “log-supermodularity,”
one particular form of complementarity introduced by Costinot (2009) into the trade literature. Formally, for
oy >y, 2y > 2l log-supermodularity of g in (21, z2) implies that g(z}, 5)-g(x¥,25) > g(z}, %) g(z!, x}).1°

If g is strictly positive, this inequality can be rearranged as

glay, xs) _ g(ah, 23)
glat,z5) = g(af,x5)

The concept is directly applicable to our setting. Let the revenue shares with different global status of firms be
oxm =0(tar,7x), ox = 0(0,7x), opy = o(7ar,0), op = 0(0,0) where the first argument denotes whether
firms use imported input by incurring 75, and the second argument denotes whether firms ship their output
to abroad by incurring 7x (for given firms’ global status). Using this notation, we find that the revenue shares

in (10) satisfy the log-supermodularity condition:

o(tm,7x) _ o(ma,0)
a(0,7x) a(0,0) °

10See Costinot (2009, pp.1169). Throughout the analysis, we assume strict log-supermodularity with a strict inequality.
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Thus, (10) implies that firms that simultaneously import and export have the revenue share relatively more
than those that do either one of these activities; the formal counterpart to this statement is that the revenue
share is log-supermodular in importing and exporting. For comparison, we refer to oxy/ox = opy/op as
no complementarity between importing and exporting, which means that these two international activities
have independent effects on the revenue share.

We often assume that firm productivity ¢ is distributed Pareto with a shape parameter k. Under such a
specific parameterization, (10) has another implication. Recall that the inequality in (10) holds if and only
it V(exm)/V(ex) > V(epm)/V(ep). Since V(p:)/V(pe) = (@c//wc)k_(e_l) for any productivity cutoffs
©e, @l which are given in (7), the condition can be expressed as

Iom _ fxm
s e
Ip Ix
This means that when a firm is already an importer, becoming an exporter does not entail full payments of
the fixed export costs, but rather a smaller amount of such costs, i.e., complementarity between importing
and exporting that happens via a reduction in the fixed costs.
We can express the domestic output share, denoted by Ap, in terms of the revenue shares. This share is a
sum of the revenue shares of all domestic firms in the domestic market, aggregating rp /R over the productivity

range above ¢p. By definition, \p = op + ops. Dividing by ). 0. = 1 and rearranging,

1
o 1+ (Ux(1+UXM/GX)) '

op(l+opm/op)

AD (11)

Inspection of (9) and (11) reveals immediately that the domestic share Ap depends only on the productivity
cutoff . and is independent of other key endogenous variables (such as the market demand B and the mass of
entrants Mg), which proves convenient for the equilibrium analysis. In addition, if there is complementarity
in (10), the domestic share is lower in the economy with importing-exporting than with exporting-only. If
there is no complementarity, however, the domestic share collapses to that in the standard heterogeneous firm
model without importing.'!

It is also possible to calculate the input expenditure shares in the domestic market. Let 6p (6x) denote
all non-exporters’ (all exporters’) expenditure share in aggregate expenditure in the domestic market, while
let 6par (Fxar) denote all importers’ (all importer-exporters’) expenditure share in aggregate expenditure in
that market. From firms’ input demand zp, 2, this share is derived similarly to the revenue share o.. Noting

that aggregate expenditure is a fraction of labor income E = a3L under free entry, we get (see Appendix A.3)

_ BV(pp) Mg
OD = 77—~ =
(1-a)f L
5o _ BOV = )7k Vipx) My
(1-a)B L’ 12)
Gpur = B(N = 1)m; “V(ppm) Mg
(1-a)B L’
5o BV = 1(7x7n) = Vipxm) My
11 This follows from that A\p = %7)( with no complementarity. See, for example, equation (18) in Melitz and Redding (2015)

1+ D

where no firm can access foreign inputs (7ay — oo and hence ¢pyr = @xnr — 00).
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where )" 6. = 1. This expenditure share can be shown to satisfy the same property as the revenue share o,
in the sense that dxy/6py > 6x/0p if and only if V(pxn)/V(epa) > V(ex)/V(epp). Thus, so long as
(10) holds, there is also complementarity between importing and exporting in the expenditure share. From
this reason, we refer to 6xp/6pym = 6x/0p as no complementarity. Moreover, the domestic input share is

op + dx. After some manipulation, the domestic input share is expressed in terms of &.:

1
1+ <5DM(1+5XM/5DM)) ’

§p = (13)

op(14+6x/6p)

In contrast to sp defined at firm level, this domestic input share is defined at country level. From the similarity
between (11) and (13), it follows that if there is complementarity, the domestic input share is lower in the

economy with importing-exporting than with importing-only.

3 Impact of Trade

This section examines the impact of trade liberalization on equilibrium in the model of importing-exporting.
Throughout the section, we focus on reductions in variable trade costs that take place proportionately between
input trade and output trade (i.e., dTay = drx = dr), which would be suitable to the analysis of transport
costs where globalization equally reduces trade costs of the two types of goods. Although not presented below,
we can explore the impact of trade liberalization of input and output separately, which would be more suitable

to the analysis of tariffs.

3.1 Resource Reallocations

We start the analysis by examining the impact on the productivity cutoffs. Differentiating the two equilibrium
conditions (7) and (8) with respect to variable trade costs and solving these simultaneously yields the following
relationships between the productivity cutoffs and variable trade costs without restricting the firm distribution

function to a particular parameterization (see Appendix A.4):

dlngp = —[(1 —Ap)+ (1 5D)]d1m,
dlnchM:d1n¢X:(71+>\D+5D)dln’r, (14)
dlnpxy = (Ap +6p)dinT,

where Ap and dp are the domestic shares in (11) and (13) respectively. As they take values between 0 and 1,
(14) implies that ¢p is decreasing in 7 but @x s is increasing in 7. Thus trade liberalization forces purely-
domestic firms to stop producing in the domestic market, while it allows importer-exporters to import inputs
and export output from/to abroad more easily, thereby reallocating resources from less efficient firms to more
efficient firms. In contrast, whether ¢pys and px are increasing or decreasing in 7 depends on the number
of trading countries N. We find, for example, that when there are only two countries (N = 2), the domestic
shares are relatively large so that —1 + Ap + dp is always positive. More generally, there exists N* such that
dlngp <0< dlnppy  dlnepx dlnexp

dint dlnr ~ dlnr ~ dims or N< AN

Thus, trade liberalization decreases the productivity cutoffs of all firms engaging in any international activities,

and resources are reallocated to international firms who source inputs and/or provide output in the multiple
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markets. While the mechanism is akin to the standard heterogeneous firm model with exporting-only, such
resource reallocation effects are most significant for firms that simultaneously import and export in the model
of importing-exporting. The result itself is not very surprising: changes in the cutoffs are greater for ¢ x s than
for wpar, px because firms above @ x s incur two types of trade costs s, 7x, while remaining international
firms incur either 75; or 7x. When the number of trading countries is larger than the threshold N*, however,
the domestic shares become low enough that Ap + dp < 1, in which case ppys and px are decreasing in 7 as

in pp (though the decline in ppys and px is relatively smaller than ¢p) and

dlnpp dlnppy  dlnpx <0< dlnpxns

dint dinr _ dinr dlnr o V>N

In this case, importers-only and exporters-only suffer from trade liberalization, and the benefit of globalization
is skewed toward firms that simultaneously import and export. Intuitively, when N is sufficiently larger, not
only does the domestic market become more competitive through a sharper decline of the price index, but also
the merit of being importers-only or exporters-only could not outweigh the loss that arises from competitive
pressures by making importer-exporters stronger.

It is worth considering the elasticity of the productivity cutoffs to variable trade costs in the model with
exporting-only. Suppose that input transport costs 7,s are sufficiently high that no firm profitably can import.
Then all inputs must be procured in the domestic market and hence the domestic input share satisfies dp = 1.
In addition, when 73, — o0, the import productivity cutoffs are wpy = wxnr — oo where only the first and
third equalities in the zero cutoff productivity condition (7) are relevant.'? Since J(¢.) is strictly decreasing
in ¢, these changes imply that the free entry condition (8) reduces to fpJ(¢p) + (N — 1)fxJ(px) = fE.
Solving these equilibrium conditions for the three unknowns ¢p, ¢ x, B yields the elasticity in (14) evaluated
at op =1, ie., dlnpp = — (1 = Ap)dln7, dlnpx = ApdIln7. Noting that the domestic productivity cutoff
wp is a single sufficient statistic for welfare within this class of the models, we find that trade liberalization can
entail greater welfare effects in the model with importing-exporting than in the model with exporting-only,
due to the additional channel —(1 — §p)dIn7 in (14). This term captures the welfare gains from input trade
as importers can reduce their production costs by exploiting the love-for-variety effect which in turn reduces
the price index.

Two points deserve mentioning here. First, the same reasoning applies when considering the impact in the
model with importing-only (e.g., Antras et al., 2017). It is easy to see that the equilibrium is characterized by
(i) all outputs are procured in the domestic market (Ap = 1); (ii) the export productivity cutoffs are infinity
(ox = pxm — 00); and (iii) the free entry condition reduces to fpJ(¢p)+ (N —1)fpymJ(epm) = fe- Asa
result of these, we get the elasticity as a special case of (14): dlnpp = — (1 —dp)dInT, dlnppy = dpdInT.
Thus the welfare gains from trade liberalization can be greater in the model with importing-exporting than
in the model with importing-only, due to the additional channel —(1 — Ap)dIn in (14) which captures the
welfare gains from output trade (in form of increased output variety). Second, the level of the domestic shares
is generally different between the different models. As we have seen in the previous section, if importing and
exporting exhibit complementarity (10), the domestic shares are lower in the model with importing-exporting
than in the model with exporting-only or importing-only. Thus trade liberalization can entail greater welfare
effects in the model with importing-exporting than in the model with exporting-only or importing-only, because
the domestic shares are lower within each channel: —(1—Ap)dInT, —(1—46p)dln7 in (14). We will elaborate

on these welfare effects in Section 3.3.

12While we mainly focus on the variable import costs, the same logic applies to the fixed import costs in the sense that when
fom = fxm — 00, then opyr = pxp — oo (from (7)).
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The impact on the productivity cutoffs allows us to explore the impact on the revenue/expenditure shares
among different global status of firms. Consider first the revenue share o, in (9). From the changes in (14), it
is obvious that trade liberalization increases the revenue share of importer-exporters ox s but decreases the
revenue share of purely-domestic firms op. (The revenue share of importers-only or exporters-only opas, ox
can increase or decrease, depending on the number of trading countries.) It is not so obvious, however, whether
such trade liberalization increases the revenue share disproportionately among exporters and non-exporters.
From (9), it follows that the relative revenue share among exporters oxas/ox and that among non-exporters

opm/op depend only on the productivity cutoffs, which in turn yields

V(ep)
UXM/UX — V(QODM)
N (e

While the revenue share o, depends on many variables, the ratio of the relative revenue shares is expressed in
terms of the relative value of V(¢.)/V (¢ ) only, which summarizes the distribution of the relative firm sales
above the productivity cutoffs ., ¢ (Helpman et al., 2004). Simple inspection of changes in the productivity
cutoffs reveals that it is ambiguous to see whether these relative shares rise as a result of trade liberalization.
In fact, differentiating this equality with respect to variable trade costs, changes in the relative revenue shares
depend on the elasticity of V (¢.) with respect to ¢, denoted by 7. = —dIn V(¢.)/dIn ¢..'3 This reflects that
trade liberalization impacts on firm sales V(g.) by allowing for entry and exit of firms (i.e., changes in ¢.).
Following Arkolakis et al. (2012), we refer to 7. as the extensive margin elasticity below. Clearly, we cannot
figure out whether the ratio of the relative revenue shares rises or not without knowing the realization of ~.,
which is determined by the firm distribution function G(y).

As a benchmark, we assume that productivity is distributed Pareto with a shape parameter k. Under this
parameterization, the relative firm sales V (p.)/V () is distributed Pareto with a shape parameter k— (e — 1),
which means that the extensive margin elasticity is constant at 7. = k — (¢ — 1) for any productivity cutoff c.
Denoting this unique elasticity by v and and using the impact on the productivity cutoffs in (14), changes in

the relative shares are simply expressed as

V(ep) Vi(ex)

OXM ODM V(epm)  V(exm)
dln | =222 ) —dIn [ =22 ) = — dlnT. 15
n(Ux) n(Up) v (V(tpx) _1)(V(<PX) _1> nr ( )
V(exm) V(exn)

The value in the brackets of (15) is positive if and only if complementarity in (10) holds. Therefore, while all
international firms can gain the revenue share by trade liberalization, importer-exporters gain the revenue share
disproportionately relative to importers-only or exporters-only under complementarity between importing and
exporting. In other words, the difference in the revenue shares that exists ex ante can be magnified by trade
liberalization ex post. This result is consistent with the existing findings in the literature that investigates the
firm’s joint interaction between importing and exporting. For example, Bernard et al. (2018) find that trade
liberalization amplifies an exogenous difference in productivity between firms through endogenous differences

in firm performance, leading to the skewed size distribution across firms. Similarly, Blaum (2019) finds that

13Specifically, using the equilibrium result in (14), such changes are expressed as

ain (TXMY g (FoMY [(vxm —vx)(AD +6p) + 7x] B [(vbav — D) (=14 Ap + 6p) + D] dlnr
ox op - Viex) 1 _V(ep) _ 1 ’
V(exm) V(epm)

which depends on the difference in the elasticities associated with changes in V(¢c)/V (o), i€, Ye — Yer-
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intense importers tend to be also intense exporters, and firms intensively engaging in both importing and
exporting tend to gain the market share relatively more than firms engaging on either one of the international
activities by trade shocks (devaluations). Our novelty is that such magnification effects can be measured by
the revenue share between different global status of firms that is observable in the data.

Next consider the impact on the expenditure share. Using the expression of 6. shown in (12), the relative

expenditure shares 6x /6p,0xn/0par also depend only on the productivity cutoffs:

- - V(ep)
OxM/TDM _ Viex)
A

The ratio of the relative expenditure shares is expressed in terms of the relative value of V' (p.)/V (@) only
as before. Given the impact on ¢, in (14), it is generally ambiguous to see whether these relative shares rise
as a result of trade liberalization. However, under the Pareto benchmark case where the extensive margin
constant at v = k — (¢ — 1), the impact is uniquely determined. Differentiating this equality with respect to

variable trade costs and using (14), changes in the relative revenue shares are given by

dIn (JXM) —dln (”) =0. (16)
ODM oD

In contrast to the revenue share that importer-exporters gain disproportionately to importers-only as in (15),
the expenditure share changes proportionately among importers and non-importers after trade liberalization.
Recalling that complementarity in (10) can be written as V(pxam)/V(ex) > V(epam)/V(¢p), we know that
the expenditure share also satisfies complementarity. The reason goes as follows. Trade liberalization increases
foreign input demand of importer-exporters relatively more than importers-only, which raises &xpr/dpar. At
the same time, however, such liberalization decreases the productivity cutoff of importer-exporters relatively
more than importers-only. Since less efficient firms become importer-exporters, this change reduces &x /6 pas-
Under the Pareto distribution, these two forces exactly offset one another (the same logic applies to &pas/op).
This asymmetric response in (15) and (16) means that importer-exporters gain the profit share relatively more
than other types of international firms.

Finally, we briefly note the case where there is no complementarity between importing and exporting. Since
Viexm)/V(ex) =V(epam)/V(ep) in this case, the levels of the revenue/expenditure shares are proportional
before trade liberalization and the changes in these shares are also proportional after trade liberalization. The
result would be less likely to hold in reality, but this highlights the importance of the complementarity condition
in the model of importing-exporting, which can be empirically investigated by exploiting the observability of

these shares in the data.

3.2 Trade Flows

Using the impact on the productivity cutoffs and revenue/expenditure shares, we next examine the impact on
trade flows. In particular, we explore the channel through which trade liberalization has magnification effects
on trade flows in the model of importing-exporting relative to the standard trade model with exporting-only or
importing-only. Since there are the two types of goods that are costly traded between borders, it is necessary
to study the impact of trade liberalization on output trade flows and input trade flows separately. As before,
we mainly analyze trade liberalization that reduces variable trade costs proportionately between input trade

and output trade (i.e., dTyy = drx = dr).
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Following Arkolakis et al. (2012), we measure the impact on trade flows in terms of the “trade elasticity,”
which is defined as the elasticity of imports relative to domestic sales with respect to variable trade costs,
holding any indirect effects from such costs fixed. Let Rp denote aggregate domestic sales earned by all non-
exporters while let Rx denote aggregate export sales earned by all exporters, satisfying Rp + Rx = R. Then,
the output trade elasticity is given by x = —91n (%ﬁj_l)) /OInT. From Rp = A\pRand Rx = (1-\p)R,

(1—)\D)/(N—1))
AD

the elasticity is alternatively written as fx = —0In ( /01In 7, where the value in the brackets is

oxtoxu e (Viex) t (V- 1>Ti;€vwm>>

op+0opum V(pp) + (N = D)7 V(epm)

The expression shows that 8x consists of three components. First is the elasticity of the intensive margin from

changes in 7)1{5.

This captures an increase of output trade flows due to reductions in trade cost among all
exporters, with elasticity of e —1 under CES preferences. Second is the elasticity of the intensive and extensive
margins from changes in V(px) + (N — 1)71; °V (pxar). This captures an increase in output trade flows due
to changes in the revenue shares among exporters. Trade liberalization induces importer-exporters to gain the
revenue share relatively more than exporters-only in the domestic market, because such liberalization allows
importer-exporters not only to access foreign inputs more easily (by lowering 75s) but also to export output
more easily (by lowering ¢ xas more than ¢x from (14)). These effects reallocate the revenue share toward
more efficient importer-exporters which leads to an increase in output trade flows. Third is the elasticity of the
intensive and extensive margins from changes in V(pp) + (N — 1)1, °V (¢par). This captures a decrease in
output trade flows due to changes in the revenue shares among non-exporters, because trade liberalization also
induces importers-only to gain the revenue share relatively more than purely-domestic firms in the domestic
market. Such liberalization expands the revenue share of importers-only who do not export, which negatively
affects output trade flows. From the analysis in the last section, whether the second positive effect dominates
the third negative effect depends on the firm distribution.

Before parameterizing the distribution, the following observations stand out. First, not surprisingly, when
firms cannot import foreign inputs from abroad, the revenue shares of importers-only and importer-exporters
are zero (opy = oxm = 0 or equivalently V(ppa) = V(exar) = 0). Then, the trade elasticity collapses to
that in the standard heterogeneous firm model with exporting-only. Second, perhaps more surprisingly, the
same result occurs when there is no complementarity between importing and exporting (oxa/ox = opm/op
or equivalently V(oxar)/V(ex) = V(epm)/V(ep)). In this case, even though some firms do import inputs,
the positive effect among exporters offsets the negative effect among non-exporters under any distribution, as
the term capturing their relative effect reduces to V(¢x)/V (pp) without complementarity, so as to leave the
trade elasticity identical with that in the model of exporting-only.

Now we parameterize the distribution by assuming that productivity is distributed Pareto as a benchmark.
The relative market share above can be written as relative firm sales V(p.)/V (¢ ) only and hence its changes
are written as the shape parameter k — (¢ — 1) = 4. In addition, since we consider only the direct effect of
trade costs in deriving the trade elasticity, we need to control any indirect effects holding the market demand
level B — which includes both the price index P and aggregate expenditure R — fixed. Then, from (7), we have
Olnpp/dlnT =0, 0lnpx/0lnT = 0lnppr/0lnT =1, and dlnpxp /O0lnT = 2 for a fixed B. Using these
elasticities of the productivity cutoffs and noting that v. = —9InV (p.)/dIn . from the definition of V(y.),

the output trade elasticity has the following closed-form solution:

Ox =(e—14+v)(1+knm), (17)
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where s captures a feedback effect from input trade flows on output trade flows.!* This trade elasticity helps
to confirm the above implications for the trade elasticity in the model of importing-exporting. First, when the
input transport costs are prohibitively high (73; = 00), no firm can access imported inputs from abroad. Hence
we have kj; = 0 and the output trade elasticity in (17) reduces to fx = & — 14~ which is decomposed into the
intensive margin elasticity e—1 and the extensive margin elasticity . This is exactly the same as that in Chaney
(2008) who develops the heterogeneous firm model with exporting-only. Second, when the relative share is
proportional among exporters and non-exporters, it follows from (10) that V(ep)V(oxm) = V(ex)V(epum)
and we again have xj; = 0 which means that the presence of importing-exporting has no impact on output
trade flows at all without complementarity between importing and exporting. However, when the expenditure
share satisfies (10), kps > 0 and thus the output trade elasticity becomes greater than the previous cases. This
is because, so long as there is complementarity, trade liberalization not only makes it easier to export output,
but also makes it easier to import from abroad. With love-for-variety production, such imported inputs then
improve the output production efficiency by reducing importers’ unit costs, which magnifies output trade flows
relative to the above cases.

Under the Pareto distribution, there is an additional implication for the impact on trade flows. We find

that the trade elasticity further increases with the number of trading partners for sufficiently high trade costs.
k—(e—1)

This can be shown from noting that #ys is increasing in N if 72¢ (%) o (N —1)? > 0, which

implies that the number of trading countries has the two opposing effects on the trade elasticity. On the one

hand, an increase in N magnifies output trade flows from the import perspective: the larger the number of
trading countries, the more inputs sourced from abroad and thus the stronger importer-exporters relative to
exporters-only (see Section 3.1). This makes the set of firms that export relatively more concentrated on firms
that also import, which can amplify the impact on output trade flows. On the other hand, an increase in N
also dampens output trade flows from the export perspective: the larger the number of trading countries, the
more opportunities all types of exporters earn from foreign markets. This weakens the selection effect toward
importer-exporters. The above inequality shows that the former outweighs the latter when the trade costs are
sufficiently high that selection into importing and exporting is tight enough.

Next consider the impact of trade liberalization on input trade flows. Like output trade flows, we measure
the impact on input trade flows in terms of the trade elasticity defined as follows. Let Ep denote aggregate
domestic expenditure spent by all non-importers while let Ej; denote aggregate import expenditure spent
by all importers, satisfying Ep + Fy = E. Then the input trade elasticity in our setting is given by 6, =
—0ln (%ﬁfl)) /OInT. From Ep = 6pF and Ej = (1 — dp)E, the elasticity is alternatively written as

Oy = —0ln (%) /O01nT, where the value in the brackets is

Opm +0xM _ Jl-e <V(%0DM) + (N — 1)T)1<6V(<PXM))
Op +0x V(ep)+ (N =17 Viex) /°

As in fx, this expression shows that the input trade elasticity 05, consists of three components. This also
means that the closed-form solution of 6, is similar to that of fx under the Pareto distribution with . = ~.

In fact, the input trade elasticity is expressed as

Oy =(E-1+9)(1+kx), (18)

_ (N=1)73 V(D) V(ex m)=V(ex)V(epm)]
T WV(ep)+ (N =17y TV (e panllV (e x)+(N =173V (ex )]’
(2012), but it is also the “full” trade elasticity —dIn <%§71)> /dInT so long as ve = 7.

14 KM

(17) is the “partial” trade elasticity as in Arkolakis et al.
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where rkx captures a feedback effect from output trade flows on input trade flows.!> The amplified effect on
the input trade elasticity can be understood by considering a special case when there is neither exporting nor
complementarity between importing and exporting. In such a case, kx = 0 and the input trade elasticity
reduces to 0y =€ — 1+ . The elasticity again coincides with that in Chaney (2008), but the interpretation
differs from the output trade elasticity in (17). The intensive margin elasticity is the same as firms’ technology
and consumers’ preferences are CES with the common elasticity ¢, while the extensive margin elasticity is the
same as the Pareto distribution yields the common elasticity for any productivity cutoffs. From the similarity
between (17) and (18), we have that selection into importing increases the input trade elasticity (relative to
the absence of such selection) due to the extensive margin. When there is complementarity in (10), the input
trade elasticity becomes greater further (from kx > 0). This is because trade liberalization not only makes it
easier to import abroad, but also makes it easier to export output. With love-for-variety consumption, such
increased output demand leads to increased input demand, which magnifies input trade flows relative to the

economy without exporting.

3.3 Welfare Gains

We are now ready to examine the welfare gains from trade liberalization in the presence of importing-exporting.
Recall that welfare per worker depends only on the domestic productivity cutoff and welfare changes associated
with trade liberalization are proportional to the cutoff (i.e., dIn W = 3" BsdIn pps) in our model with multiple
sectors from (6). The problem, however, is that the cutoff is not directly observable in the data. To measure the
welfare gains from trade liberalization, we thus need to replace the productivity cutoff with some empirically
observable objects.

In what follows, following Arkolakis et al. (2012), we demonstrate that changes in welfare associated with
trade liberalization are expressed in terms of the domestic share and the trade elasticity. First of all, note
that our model satisfies their three macro-level restrictions: (i) trade is balanced; (ii) aggregate profits are
constant share of aggregate expenditure; and (iii) import demand is CES with a constant trade elasticity with
respect to variable trade costs. When input-output linkages are modeled by sequential production where final
goods are produced with intermediate inputs from different stages (e.g., Melitz and Redding, 2014b) instead
of roundabout production where output is sold as final goods and intermediate goods (Arkolakis et al., 2012),
however, the domestic share is generally different between input and output, as in (11) and (13), which in turn
implies that the trade elasticity is different between these two types of goods, as in (17) and (18). As a result,
the model generates a separate source of welfare changes between input trade and output trade. Moreover, in
contrast to their roundabout production model where all firms make use of foreign inputs, this is not the case
in our sequential production model where only a subset of firms import. As seen above, such selection into
importing raises the trade elasticity (and thus lowers the domestic share), which can magnify welfare changes.
This channel may lead to new welfare implications that are quantitatively important.

To establish the welfare result a la Arkolakis et al. (2012) in sequential production, from the changes in
the productivity cutoffs in (14), we have that the welfare changes dInW = 3" fB.dInpp, can be written in

terms of the domestic share of the two types of goods:

S
dlnW = -3 8, [(1 — Aps) +(1— 6DS)}dlnfs.
s=0

15y = (N-1)7x *[V(ep)V(exm)=V(ex)V(epM)]
T V(D) +H(IN-1)7y V(ex)IV(epa)+HN=1)7y “V(ex )]

. (18) is the “partial” and “full” trade elasticity under vy, = 7.
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As explained in Section 3.1, the first and second terms respectively capture the welfare gains associated with
output trade and input trade. This means that, conditional on these domestic shares, the welfare gains from
trade liberalization are greater in the model of importing-exporting than in the model with exporting-only
where dps = 1 or with importing-only where Aps = 1. The welfare result would apply to any trade model in
which final goods are produced with inputs from different stages without roundabout production structure.
To express the welfare changes in terms of the domestic share and the trade elasticity, differentiating the
domestic shares Aps = 0ps + 0 pars, 0ps = 0ps + T xs under .5 = v, and subsequently using (14), changes in

the shares associated with trade liberalization are given by

dln Aps = 9X3(1 — )\Ds)dlnTs +dIn Mg,
dlnédp, = 9Ms(]- — 5D5)d1n7'5 +dln Mgy,

where 0x and )/, are the output and input trade elasticities in sector s given in (17) and (18), respectively.
Moreover, changes in the mass of entrants Mpg; are proportional to changes in sectoral labor supply Ls under
Yes = Vs (see Appendix A.5).'¢ Using these relationships, the welfare changes are expressed as

S
dinW=-3" [ Bs dln()\LDs) + Bs g1 (55)]

— aXs HMS
s=0

Let a “hat” denote proportional changes of a variable (i.e., W= dW/W). Then integrating the above welfare

changes, we finally get the following expression:

Bs Bs

. S T 0xs 3\ Y
W= L . 19
n() (%) o

The welfare changes in (19) can be thought of as the welfare formula of Arkolakis et al. (2012) in the model of

importing-exporting with sequential production, in the sense that the welfare changes associated with trade

/):Ds
L,

costs are captured only by the domestic share and the trade elasticity. In particular, if intermediate goods are
prohibitively costly to trade across borders so that inputs are produced domestically in any sector (dps = 1),
the expression (19) collapses to their welfare formula with multiple sectors. If inputs are tradable (dps < 1),
in contrast, the domestic input share also matters for welfare evaluations.

The difference in welfare changes between theirs and ours comes from the difference in modeling of input-
output linkages. To allow for tradable intermediate goods in their setting, Arkolakis et al. (2012) introduce
roundabout production in which firms use output of all other firms as inputs in production. Since final goods
and intermediate goods are interchangeable, the domestic output share includes these two types of goods and
thus the welfare changes can be still captured by that share and its trade elasticity only. Then, relative to
the baseline model, the amplified effect on welfare changes is captured by new parameters governing the share
of intermediate goods in production and entry costs that enter the welfare expression. When input-output
linkages are modeled with sequential production in which firms use inputs from different stages in production,
however, the domestic share is generally different in each production stage. Thus we need to distinguish the
domestic input share from the domestic output share, which yields the trade elasticity that is different between
the two types of goods. Then, the amplified effect on welfare changes is captured by the domestic share and

the trade elasticity of input trade that independently enter the welfare expression.

16 Labor supply is an endogenous variable with Zs Ly = f, while the condition 7.5 = 75 is related to the third macro-level
restriction which is crucial to a constant trade elasticity in (17) and (18).
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While (19) illustrates that the welfare changes associated with trade liberalization can be measured by two
sufficient statistics — the domestic share and the trade elasticity of two types of goods that are costly traded,
it would be useful to define the welfare gains from trade as the absolute value of the percentage change in the
real income that would be associated with moving from autarky to costly trade. Let G = WOpen /jjClosed
denote the welfare ratio between the open and closed economies, which is expressed in terms of the domestic
shares A2P°™ 9P (a5 the domestic shares under autarky are fixed at AGlosed = §Closed — 1) and the ratio in
sectoral labor allocations between the open and closed economies LOPe" /LS1sed. Then it follows immediately

from (19) that the welfare gains from trade are given by

S __B O eﬁs, __B (0] 9/35,
G= I I )\Open ixs [ LT\ e §Open oae (L PN\ M (20)
Ds LClosed Ds LClosed !
s s

s=0

The welfare gains from trade in (20) are very similar to those by Melitz and Redding (2014a) who derive such
gains without input-output linkages. Our welfare gains can be thought of as extensions of their formula where
input-output linkages are modeled with sequential production. If we instead consider roundabout production,
the term associated with input trade would be partly subsumed into the term associated with output trade
along with new parameters governing the share of intermediate goods in production and entry costs.

A natural question that arises from the argument above is then: which welfare gains from trade are
greater in roundabout production and sequential production? Answering to this question would be difficult
at least theoretically, because the amplified effect from tradable inputs depends on the erogenous parameters
in roundabout production, while the effect is realized as the endogenous domestic share and trade elasticity
that are separable between different stages in sequential production. Thus it would be necessary to resort to
numerical exercises to compare the quantitative difference between these two production systems. Nonetheless,
it is worth stressing the qualitative difference that could potentially give rise to different welfare implications.
With roundabout production, firms use output of other domestic firms as domestic inputs and output of other
foreign firms as imported inputs in production. Since all firms are able to access imported inputs from abroad,
the “love-of-variety” production solely explains why the welfare gains from trade are greater in a world with
trade in intermediate goods than in a world with only trade in final goods. Here, on top of that effect, there is
selection into importing which allows a subset of more efficient firms to profitably import inputs from abroad.
In other words, like selection into exporting matters for welfare, selection into importing matters for welfare.
Formally this can be seen from changes in the domestic share and the trade elasticity. Without selection into
importing, the domestic input share is 6, = 1/(1 + levffs) which in turn generates the input trade elasticity
€s — 1. If there is selection into importing together with complementarity between importing and exporting,
in contrast, the domestic input share is lower from (13) while the input trade elasticity is higher from (18).
These changes in the two sufficient statistics imply that the welfare gains from trade in (20) can be greater in
a world with selection into importing than in a world with only selection into exporting.

A similar claim also applies to sequential production in which all goods markets are perfectly competitive.
For example, using an Armington setting with sequential production, Melitz and Redding (2014b) show that
the welfare gains from trade become arbitrarily large as the number of production stages is arbitrarily large.
The Armington assumption implies however that the domestic input share is again given by d; = 1/(1 —l—T}[SE‘*)
under country symmetry, which in turn generates the input trade elasticity €; — 1. Hence, even if we consider
sequential production, the welfare gains from trade would be different depending on whether there is selection
among operating firms. The reasoning above suggests that the welfare gains from trade can be greater in a

world with selection due to differences in the sufficient statistics within each production stage.
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4 Conclusion

We have developed a model of sequential production in which firms use inputs from different stages in produc-
tion by choosing markets from which to source inputs as well as to which to provide their final goods. Firms
that are heterogeneous in productivity choose to importing and exporting, which require different trade costs
to access the foreign markets. Among operating firms, only more productive firms find it profitable to engage
in both importing and exporting while less productive firms choose either importing-only or exporting-only. In
addition to these sorting patterns, the model predicts that trade liberalization may have a non-uniform effect
among international firms. In particular, when there is complementarity between importing and exporting,
exporters who are also importers can gain the market share relatively more than exporters who are not im-
porters. As a result, firms that simultaneously import and export are more likely to benefit from output trade
liberalization, magnifying the effect of initial productivity differences and leading to sales concentration toward
these most globalized firms. As they are the most efficient firms among operating firms, such concentration
can contribute to increment trade flows and welfare gains relative to those in the absence of importing.

To show our welfare result, we have restricted attention to the symmetric-country case where all exporters
ship final goods to all foreign markets and all importers source intermediate goods from all foreign markets. If
we allow for country asymmetry in the model, the firm’s sourcing strategy is affected by the firm’s productivity
and hence the export/import productivity cutoffs are no longer unique among exporters/importers. This makes
it difficult to obtain the analytical solution, but we expect that so long as we consider measure-zero firms, the
welfare result would continue to hold as the skewed effect toward most efficient global firms would still exist in
such a setting. While the paper has examined the role of global firms in generating new welfare implications
theoretically, it is possible to explore its quantitative relevance by calibrating the current model. Such analysis
would help us quantify a potential bias of ignoring the presence of importing in estimating the welfare gains
from trade when selection plays a key role. For that purpose, what we need to know is information about the
market share with different global status of firms which is observable in the data. In future work, we plan to
derive quantitative impacts of trade liberalization on the welfare gains from trade, and compare them with

those in the model without selection into importing and/or exporting.
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A  Proofs

A.1 Welfare

We show the derivations of (6). Solving the market demand B; = (1 — a)A;/a'~® where A; = R;/P:~" for
the price index P; and using R; = 8L,,

1 5L

pl-e — (1=
(1 - a7

2

Moreover, solving the first equality in (2) for B; and substituting it into the above,

Pi:<(1_a)fD>E_l L (A1)
BL; app;

Note that (A.1) is the Dixit-Stiglitz price index associated with varieties from a particular sector s > 1. Since
the representative consumer has a two-tier utility function with the upper tier being Cobb-Douglas, the overall
price index in country i is Hf:o P;* where P;; is the sectoral price index above. Attaching the sector index s

to (A.1), welfare per worker in country ¢ with (common) wage w; = 1 is given by

s
wi = [[ .7
s=0
Substituting (A.1) into the above welfare expression yields the desired result.

A.2 Free Entry

We show the derivation of (8). Consider the expected domestic profits, i.e., the first term of (5). Imposing the
symmetric costs, we get ¢p; = ¢p and @par; = ¢pu where the firm’s sourcing strategy and domestic input
share reduce to n = 0 and sp = 1 for p < ¢ < ppy whilen = N — 1 and sp = 1/(1 + (N — 1)7,,¢) for
wpm < @ < oco. Then the expected domestic profits are

YDM [e'e)
l/ wmmm+/ roardG(p)
©

D $DM

_ /:DM (Bo"t — fp)dG (o) + /Oo (Bgo“ ~fp— (N - 1)fDM> dG(p),

D $YDM SD

which can be rearranged as

/:O (Bgos—l_fp)dG(goH/w <B(1—sD>¢€1_(N_1)fDM> 1G(o).

D $YDM SD

Further, using the productivity cutoffs ¢p and ¢pys in (7) as well as sp seen above,

fD/:: l(;;)e_l_l dG(%’)‘i‘(N—l)fDM/OO l( L4 )E_l—l

©DM YDM

dG ().
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Similarly, the expected export profits, i.e., the second term of (5), in every country are

(N—l)fx/: [(;{)H—l

Finally, using the definition of J(¢.) and noting that the sum of the expected profits equals the entry cost fg

dG(p).

PXM

dG () + (N = 1)%fxnr ;oM K(p)E—l -1

under free entry gives us the expression in (8).

A.3 Revenue/Expenditure Shares

We first show the derivation of the revenue share o. in (9). From rp = ppgp, the firm’s domestic revenue is

. £l if non-importers,
D = 1—¢
BOA+N-D73 ") e—1 el o
il if importers.

Let op (opan) denote all non-importers’ (all importers’) revenue share in aggregate revenue in the domestic

market. Aggregating the firm’s domestic revenue for the relevant productivity ranges,

M /LPDM B 5*1dG( )
0p = ME T p? ¥)
on (1-a)R
© B+(N-D7°) o
ODM — ME/ QOE dG(gD)
oo (1-a)R

Similarly, from rx = pxqx, the firm’s export revenue is

Bty _ . .

X _ el if non-importers
ry = l1—a )
T ) Bry CQ+W-1)7y %) 1 p s .

— %) if importers.

Let ox (0x ) denote all exporters’ (all importer-exporters’) revenue share in aggregate revenue in the domestic

market. Aggregating the firm’s export revenue for the relevant productivity ranges,

-y [ P et
ox = - E T p¥ P)s
ox (1-a)R
> BTlfs(l + (N - 1)7’175) _
oxm = (N — 1)/ X M_J e 1dG(<p).
PXM (1 - Oé)R

Using the productivity cutoff ¢, in (7) and R = BL, we get the revenue shares in (9). Moreover, the fact that

>-.0c =1 follows immediately from noting that
©

D px

Next, we show the derivation of the expenditure share 6.. Under country symmetry, the firm chooses the

quantities of domestic and foreign inputs {zp, zps } to solve

e = min {ZD + (N — D7z st x> q}.

ZD;ZM
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Cost minimization yields the demand function for domestic and foreign inputs:

2p =c"le/p,

oy =Ty e/

Using e = ¢q where ¢ = Ap™¢, the firm’s domestic input expenditure in every country, ep = zp, is

aB  _e—1 :
e TP if non-exporters,
aBTl7¢ .
X e—1
T if exporters.

Let 6p (6x) denote all non-exporters’ (all exporters’) expenditure share in aggregate expenditure in the

domestic market. Aggregating the firm’s domestic input expenditure for the relevant productivity ranges,

_ <  aB .

UD=ME/ oG (y),
op (1—a)E (%)

. ®aB(N -1y ° .,

Gx = Mg / QPN Z T e-1aG (),
ox (1-a)E

Similarly, the firm’s foreign input expenditure in every country, ey; = a2y, is

aBr ¢ 1 .
¢ if non-exporters,

e = e
%@671 if exporters.
Let 6par (6x ) denote all importers’ (all importer-exporters’) expenditure share in aggregate expenditure in

the domestic market. Aggregating the firm’s foreign expenditure for the relevant productivity ranges,
* aB(N —1)ri¢

opm = Mg / oBW =17y

$YDM (1 - a)E

- ®  aB(N — 1)2(rxm)t~
JXMZME/ ( (1_)0(()2 m)
PXM

"1 dG (),

¢ 1 dG(p)

Using the productivity cutoff ¢. in (7) and using E = aR = oL, we get the expenditure shares in (12).
Moreover, the fact that >°_&. = 1 follows immediately from noting that

E = Mp L " epdGle) + (N —1) / errdG().

D YDM

A.4 Changes in Productivity Cutoffs

We show the derivation of (14). Taking the log and differentiating (7) with respect to Intyy =In7xy =lnT,

dlnB+ (e — 1)dlnpp =0,

dlnB — (e = 1)dln7+ (¢ — 1)dInppy =0,
dlnB— (e —1)dInT+ (¢ — 1)dInpx =0,
dInB —2(e —1)dIn7 + (¢ — 1)dInpxp = 0.

(A.2)
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Further, differentiating (8) with respect to T,

foJ (¢p)ppdinep 4+ (N = 1) fomJ (¢pam)epmdIngpy

(A.3)
+(N — l)ij/(gO)()(pxdhlgOX + (N — 1)2fXMJ/(§0XM)<PXMd1n<PXI\/I =0.

Just like (2) and (5) jointly provide implicit solutions for levels of the productivity cutoffs wp, vpar, ©x, ©x M
and the market demand B, (A.2) and (A.3) jointly provide implicit solutions for changes of the productivity
cutoffs dInpp,dInpparr,dlnpx,dIn pxa and the market demand d1n B.

To solve for the equilibrium in changes, note from (A.2) that dlnppyr,dInpx,dlnpx s can be expressed

in terms of dInpp only:

dlnppy =dlnpp +dlnT,
dlnpx =dlnpp + dinT, (A.4)
dlnpxpy =dlnpp + 2dInT.

e—1
Further, differentiating J(p.) = f:f [(;’;) — 1} dG(p) with respect to ¢,

Jpe) = — (i:) () +1— Gleo)]

From the functional forms of J(p.) and V(p.) = f;o 0" 1dG(p), we have J(p.) +1 — Glpc) = L=V (pe).
Substituting this equality into the above J'(p..),

J'(pe) = —(e = D) TV (e).

Moreover, substituting this and (A.4) into (A.3) and solving for In¢p,

dlnng:—(UXz—;?:(M) dlnt — <UD]§:+;}XM> dInT, (A.5)

where

vp = fpep “Vien), vpr = (N = ) fpmepasVieom),
vx = (N = 1) fxek Viex), vxm = (N — 1D fxmrel s Viexar).

Using the productivity cutoff ¢, (7) for v. and the revenue share o, in (9), the value in the first brackets in
(A.5) is expressed as %, which equals the foreign output share 1 — Ap. Similarly, using the expenditure
share &, in (12), the value in the second brackets in (A.5) is expressed as%7 which equals the foreign
input share 1 — dp. These results establish the first equality in (14). The other equalities in (14) follow from
substituting this d1n ¢p into (A.4).

Finally, we show that —1 4+ dp 4+ Ap in the second equality of (14) can be positive or negative, depending

on the number of trading countries N. From v., the domestic shares, Ap = ”DZJF%, op = %, are
c”e c”e

Up +VpMm 5 _ up tux

Ap = 2L DM _ b TUx
P chc ’ chc
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Then —1+ dp + Ap > 0 if and only if vp > vxar. From . in (7), this inequality can be rewritten as

(rx7ar)* ™" Viep)

N —D? Vipxa) -

When N = 2, this inequality always holds as (7x7a7)"* > 1 and V(pp) > V(¢xar) (where the latter comes
from noting that x> @p and V(p.) is decreasing in ¢.). However, if N is sufficiently large, this might
not hold in which case —1 + ép + Ap < 0.

A.5 Changes in Mass of Entrants

We show that changes in the mass of entrants are proportional to changes in sectoral labor supply when the
extensive margin elasticity is constant (y.s = 7s). With country symmetry, trade is balanced sector-by-sector

and hence Ry = Ls. Then using v, introduced above for Ry = Rps + Rxs, we get
MES
S 1 —a Z UCS

Taking the log and differentiating this equality,

Y e UesdIn cpcs

dInL, = dln Mg, — (g5 — 1 +7,) =
U(’?

Using (A.4), this expression can be written as

dIn Ly = dln Mp, — (24 — 1 +s) { dlngps 4+ ( ZXFUXMs ) gy oy (VRMs FUXMs ) gy )
chcs ZC’UCS

where the second term is zero from (A.5). This establishes the desired result.
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