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ABSTRACT

The Impact of Trade Liberalization on Industrial Productivity*

This paper calls into question the currently most influential model of
international trade. An empirical finding by Trefler (2004, AER) and others that
industrial productivity increases more strongly in liberalized industries than in
non-liberalized industries has been widely accepted as evidence for the Melitz
(2003, Econometrica) model. We show that a multi-industry version of the
Melitz model does not predict this relationship. Instead, it predicts the opposite
relationship that industrial productivity increases more strongly in non-
liberalized industries than in liberalized industries.
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1 Introduction

A central question in the study of international trade is how trade liberalization improves resource
allocation in the liberalizing country. While traditional studies have emphasized reallocation across
industries, recent studies have discovered that reallocation occurs even within industries. In the last
decade, the empirical literature have established that trade liberalization improves productivity by shift-
ing resources from less productive to more productive firms within industries.

By comparing industries that experienced different degrees of trade liberalization (e.g. tariff cuts),
several studies found that intra-industry reallocation improves industrial productivity more strongly in

liberalized industries than in non-liberalized industries.!

For instance, by investigating the long run
impact of the Canada-USA free trade agreement on Canadian manufacturing industries, Trefler (2004)
found that industrial productivity increased more strongly in liberalized industries that experienced
large Canadian tariff cuts than in non-liberalized industries, and that the rise in industrial productivity
was mainly due to the shift of resources from less productive to more productive firms.? Lileeva (2008,
for Canada) and Eslava, Haltiwanger, Kugler and Kugler (2012, for Colombia) also found that the exit
of low productivity firms from an industry, which contributes to a rise in industrial productivity, is
positively associated with the decrease in tariffs in the industry. By estimating the quantile regression
of productivity for India’s manufacturing firms on tariff cuts in the large trade reform of 1991, Nataraji
(2001) found that firm productivity at lower percentiles increased more strongly in liberalized indus-
tries than in non-liberalized industries, which suggests that the least productive firms were exiting from
liberalized industries.>

The seminal model by Melitz (2003) has been accepted as the central model of intra-industry

reallocation due to trade liberalization. By combining the Hopenhayn (1992) model of the entry and

! An influential early study by Pavcnik (2002) found a similar pattern for Chilean manufacturing industries in the period
after unilateral liberalization, though she used trade volumes as measures of trade liberalization. Pavcnik (2002) aggregated
industries into three sectors (the import-competing sector, the export oriented sector, and the nontraded sector) based on the
ratio of imports and exports to domestic outputs. She found during 1979-86 that intra-industry reallocation increased sector
productivity the most (by 21.3 percent) for the import-competing sector, which she interpreted as liberalized industries, and
the least (2.4 percent) for the nontraded sector, which she interpreted as non-liberalized industries. See Tybout (2003) for
other early studies.

“Trefler (2004) regressed the change in industrial productivity on Canadian tariff changes, US tariff changes, and other
controls. His regression is essentially a comparison of liberalized industries and non-liberalized industries.

30ther studies using cross-industry variations in trade policy measures found similar effects but they are statistically
insignificant (e.g. Fernandes, 2007, for Colombia; Sivadasan, 2009, and Harrison, Martin, and Nataraj, 2013, for India). We
are not aware of any study reporting the opposite effect with statistical and economic significance.



exit of heterogeneous firms and the Krugman (1979, 1980) model with fixed trade costs, Melitz (2003)
theoretically demonstrated that trade liberalization improves the aggregate productivity of economies
through resource reallocation toward more productive firms. The Melitz (2003) paper now has more
than 6000 Google Scholar citations and has had a huge impact on trade research in the last decade.
This paper presents the currently most influential model of international trade.

The reason for the wide acceptance of Melitz (2003) is that economists think the Melitz model
has really strong empirical support. To take just one example, in a recent survey article published in
the Journal of Economic Perspectives, Melitz and Trefler (2012, p.114) talk about the “productivity
gains at the industry level from shifting resources away from low-productivity firms and towards high-
productivity firms”, the central implication of trade liberalization in the Melitz model. They write,
“Empirical confirmation of the gains from trade predicted by models with heterogeneous firms [a
clear reference to the Melitz model and subsequent extensions] represents one of the truly significant
advances in the field of international economics.” Right after making this point, they discuss the effect
of the Canada-US free trade agreement on Canadian manufacturing productivity studied in Trefler
(2004), report that Canadian manufacturing labor productivity rose by 13.8 percent as a result of this
free trade agreement and then write: “The idea that a single government policy could raise productivity
by such a large amount and in such a short time span [Trefler (2004) studied the time period 1988-1996]
is truly remarkable.”

In this paper, we call into question the Melitz model by arguing that the Melitz model does not
have the properties that economists think it has, and consequently, it does not have the remarkable
empirical support that economists think it has.

To make this argument, we present a brand new way of solving the Melitz model using simple and
intuitive diagrams. We show that these new techniques can be used to solve a multi-industry version of
the Melitz model (the original model has just one industry). Furthermore, these new techniques can be
used to solve a multi-industry version where there are asymmetries in tariff rates both across countries
and across industries within a country. Melitz (2003) studied the effects of symmetric multilateral trade
liberalization, where the tariff rate is the same across countries and when this tariff rate is lowered, it
is lowered in a symmetric way. In the symmetric equilibria that Melitz (2003) solved for, any tariff

change affects all countries symmetrically.



The analysis of asymmetric liberalization in the multi-industry Melitz model is necessary for com-
paring the Melitz model with findings in the above mentioned empirical studies. To identify the “causal
effect” of tariff cuts on industrial productivity, these empirical studies compare liberalized industries
and non-liberalizing industries in unilateral liberalization episodes.* This comparison clearly requires
the existence of asymmetries in tariff cuts across countries and industries within a country. Because we
can solve the multi-industry Melitz model when there are asymmetries in tariff rates across countries
and industries, we are able to derive brand new implications of trade liberalization that can be directly
compared with findings in empirical studies.

In particular, we ask the question: what happens when one country unilaterally reduces tariffs in
some industries but not others (unilateral and non-uniform trade liberalization)? Our main finding
(Theorem 2) is that industrial productivity increases more strongly in non-liberalized industries than in
liberalized industries. To be concrete, when country 1 unilaterally opens up to trade in industry A but
not in industry B, we find that this causes a bigger productivity gain in industry B (the non-liberalized
industry) than in industry A (the liberalized industry). Productivity unambiguously increases in in-
dustry B and it can either increase or decrease in industry A (Theorem 1), with both cases occurring
for some parameter values (Theorem 3). So, while there is some ambiguity about what happens to
productivity following trade liberalization in the liberalized industry, we can unambiguously state that
there is a larger productivity gain in the non-liberalized industry.

In the empirical study by Trefler (2004) of the long run impact of Canadian tariff cuts on Cana-
dian labor productivity resulting from the Canada-US free trade agreement, Trefler found the exact
opposite result that industrial productivity increased more strongly in liberalized industries than in
non-liberalized industries, controlling for US tariff changes. This Trefler (2004)’s finding is cited by
virtually all recently published survey papers by leading scholars as evidence for the Melitz model
(Bernard, Jensen, Redding, and Schott, 2007, 2012; Helpman, 2011; Redding, 2011; Melitz and Tre-
fler, 2012). Thus empirical evidence that is cited in support of the Melitz model is actually evidence
against the Melitz model.

The main finding in Trefler’s paper is that the Canadian tariff cuts increased productivity of the

“Trefler (2004) and Lileeva (2008) controlled for the US tariff changes when they estimate the impact of the Canadian
tarifft cuts introduced by the Canada-USA free trade agreement (CUFTA). Therefore, although the CUFTA is a bilateral trade
agreement, the effects of Canadian tariff cuts estimated by these two papers should be interpreted as the effects of unilateral
trade liberalization.



most impacted import-competing industries (the industries that experienced the largest tariff cuts) by
15 percent. This number is widely cited in survey papers and the question naturally arises: what
should Trefler have found in his empirical work if the Melitz model is true? To answer this question,
we calibrate the Melitz model to fit Canada-US trade during the studied time period 1988-1996 and
simulate the impact of the Canadian tariff cuts resulting from the Canada-US free trade agreement.
Using the numbers from the numerical simulation and taking into account how Trefler estimated the
impact of the Canadian tariff cuts on Canadian industrial productivity, the calibrated Melitz model
predicts that the Canadian tariff cuts should have decreased productivity in the most impacted import-
competing industries by 0.3 percent, that is, this is what Trefler should have found if the Melitz model
is true. Clearly, there is a big difference between what Trefler actually found (+15%) and what the
Melitz model implies (-0.3%).

Our calibration exercise also highlights another difference between the Melitz (2003) model and
Trefler (2004)’s results. Using our diagrams, we show that the total effect of trade liberalization on
productivity in the liberalizing industry consists of a negative “competitiveness effect” plus a positive
“wage effect”. If the Melitz model is true, what Trefler (2004) estimated is the competitiveness effect
of trade liberalization on industrial productivity, not the total effect. So Trefler should have found
that productivity decreases by 0.3 percent (the negative competitiveness effect) when the calibrated
Melitz model actually shows that productivity increased by 1.6 percent (the total effect that includes
the positive wage effect). If the Melitz model is true, then the regression results in Trefler (2004) are
misleading about the total effect of trade liberalization on industrial productivity.

Turning to the related literature, no previous paper has analyzed unilateral and non-uniform trade
liberalization in a Melitz model with multiple Melitz industries (see Table 1).°> This is required to
compare the model with the empirical facts from cross-industry regressions. Demidova and Rodriguez-
Clare (2009, 2013) and Felbermayr, Jung, and Larch (2013) analyze unilateral trade liberalization in
models with just one Melitz industry.® Bernard, Redding, and Schott (2007) and Okubo (2009) develop

There exist prior studies on unilateral liberalization in Krugman (1980) type models without firm heterogeneity (e.g.
Venables, 1987; Gros, 1987). These models assume that all firms have the same marginal costs and therefore predict no
effect of tariff changes on industrial productivity.

®Melitz and Ottaviano (2008) analyze unilateral liberalization in a model of heterogeneous firms where heterogeneous
firms exist only in one industry. The model considerably differs from Melitz (2003) because it has variable markups and
assumes a homogeneous “outside” good that is freely traded across countries (which fixes the wage rate). Demidova (2008)
analyzes multilateral liberalization in a one industry Melitz model with an outside good where different countries have
different technologies.



models with multiple Melitz industries and endogenous factor prices but only analyze symmetric mul-
tilateral trade liberalization. Therefore, our paper is the first to derive predictions from the Melitz
model that can be compared with the empirical facts from regressions using cross-industry variations

in tariff changes.

One Melitz Industry Multiple Melitz Industries
Multilateral . Bernard, Redding & Schott (07)
Liberalization Melitz (03) Okubo (09)

Unilateral Demidova & Rodriguez-Clare (09, 13)

Liberalization Felbermayr, Jung & Larch (13) Our paper

Table 1: Previous studies on trade liberalization using versions of the Melitz model

Our paper is related with Demidova and Rodriguez-Clare (2013) in that both papers analyze uni-
lateral liberalization in the Melitz (2003) model by using simple diagrams. However, the two papers
analyze different types of unilateral liberalization and therefore lead to contrasting conclusions. Demi-
dova and Rodriguez-Clare (2013) analyze a model with only one industry and find that productivity
increases in the liberalized industry.” In contrast, our paper analyzes non-uniform liberalization in
a model with multiple industries, which nests Domediova and Rodriguez-Clare (2013)’s analysis of
uniform liberalization as a special case. Our main finding is that productivity increases more in the
non-liberalized industries than in the liberalized industries. This finding requires the comparison of lib-
eralized industries and non-liberalized industries, which is not possible in their single industry model.

The rest of the paper is organized as follows. In section 2, we discuss in further detail what
economists believe about the Melitz (2003) model. In section 3, we present a multi-industry version
of the Melitz (2003) model. In section 3, we solve the model analytically for the effects of trade
liberalization and explain the intuition behind the results. In section 4, we calibrate the Melitz model
to match Canada-US trade and then show that there is a big difference between the implications of trade
liberalization in the calibrated Melitz model and what Trefler (2004) found empirically. In section 5,
we offer some concluding comments and there is an Appendix where calculations that we did to solve

the model are presented in more detail.

"Strictly speaking, Demidova and Rodriguez-Clare (2013) demonstrate that unilateral liberalization increases the welfare
of the liberalizing country. Our Lemma 3 below shows that in their one industry setting, an increase in welfare is equivalent
to an increase in industrial productivity.



2 Conventional Wisdom on the Melitz Model

It is widely believed that the Melitz (2003) model predicts the finding of Trefler (2004) and others
that productivity increases more strongly in liberalized industries than in non-liberalized industries. In
addition to the survey paper by Melitz and Trefler (2012), a number of recently published papers by
leading scholars cite Trefler (2004) as evidence in support of Melitz (2003).% Feenstra (2010) regards
Melitz (2003) and Trefler (2004) as a pair of theory and evidence:

“The extension of the monopolistic competition model to allow for heterogeneous firms,
due to Melitz (2003), leads to a second source of gains from the self-selection of more
efficient firms into export markets. This activity drives out less efficient firms and therefore
raises overall productivity. This self-selection of firms was demonstrated for Canada by

Trefler (2004) following the free trade agreement with the U.S.” [p.2]

Helpman (2011) stresses that the Melitz (2003) model can explain Trefler (2004)’s finding:

113

recent studies of trade liberalization, which use detailed firm-level data, such as
Tybout and Westbrook (1995) for Mexico, Pavcnik (2002) for Chile, and Trefler (2004)
for Canada, find large market share reallocations within industries from low- to high-
productivity enterprises, as well as the exit of low productivity firms. Can these shifts

within industries be explained by the model? The answer is yes.” [p.105]
Redding (2011) argues that the Melitz (2003) model addresses the finding of Trefler (2004):

“Although much of the evidence of these intra-industry reallocations comes from studies
of large scale trade liberalization in developing countries (e.g. Pavcnik, 2002, Tybout &
Westbrook, 1995), similar results hold for developed countries (e.g., Bernard et al. 2006a,
Trefler 2004).”[p.89]

“The Melitz (2003) model addresses the above empirical challenges by combining a model

of industry equilibrium featuring heterogeneous firm productivity, as in Jovanovic (1982)

80ther empirical studies frequently cited as evidence for the Melitz (2003) model include Pavcnik (2002) and Bernard,
Jensen, and Schott (2006). As mentioned in footnote 1, Pavenik (2002) also found that productivity increased more strongly
in liberalized industries than in non-liberalized industries. For US manufacturing firms, Bernard et al. (2006) found that low
productivity firms exited more frequently from industries that had large declines in costs of importing than in other industries.
The authors mentioned that costs of importing were likely to be correlated with unobserved costs of exporting and argued
that their findings captured the impact of multilateral liberalization (not unilateral liberalization).



and Hopenhayn (1992), with a model of trade based on love-of-variety preferences and

increasing returns to scale, as in Krugman (1980).” [p.90]

Bernard, Jensen, Redding, and Schott (2012) claim that the Melitz (2003) model can account for Trefler
(2004)’s finding:

113

. Trefler (2004) finds effects of Canadian tariff reductions on industrial productivity
that are roughly twice as large as those on plant productivity, implying market share real-

location favoring high productivity plants.” [p.288]

“The empirical challenges to old and new trade theory from microdata have led to the de-
velopment of recent theories of firm heterogeneity and international trade. These theories
not only account for the features of disaggregate trade data noted above.... The seminal
study of Melitz (2003) introduces firms heterogeneity into Krugman’s (1980) model of
intra-industry trade to yield a tractable and flexible framework that has become a standard

platform for analyzing a host of issues in international trade.” [p.289]

In addition to survey papers, empirical studies on within industry reallocation following trade liberal-
ization judge whether their findings support Melitz (2003) or not based on the same belief (e.g. Eslava
et al., 2012; Fernandes, 2007; Harrison et al., 2013; Nataraj, 2011; Sivadasan, 2009). When they
observe that the increase in industrial productivity (or the exit of low productivity firms) is greater in
liberalized industries than in non-liberalized industries, they regard their findings as support for the
Melitz model.

All of these comparisons of the Melitz model and the Trefler finding were made without deriving
predictions from the model that can be compared with the finding. While the finding was observed from
comparisons of liberalized and non-liberalized industries in unilateral trade liberalization episodes, the
model is a general equilibrium model with just one industry. Therefore, to judge whether the model
explains the finding, we must extend the model to a multi-industry setting and derive its prediction on
comparisons of liberalized and non-liberalized industries in unilateral trade liberalization episodes. As

we already mentioned, this has not been done before.



3 The Model

This section presents a multi-industry version of the Melitz (2003) model. Our model differs from the
original model in five points: (1) our model has two industries and two countries; (2) industries and
countries are asymmetric so that wages differ between countries; (3) trade costs are asymmetric and
depend on the direction of trade; (4) the utility function of consumers has two tiers, the Cobb-Douglas
upper tier and the CES lower tier; and (5) firms draw their productivities from Pareto distributions.

The last two specifications are commonly used in applications of the Melitz model.

3.1 Setting

Consider two countries, 1 and 2, with two differentiated goods sectors (or industries), A and B.
Throughout the paper, subscripts 7 and j denote countries (i,j € {1,2}) and subscript s denotes
sectors (s € {A, B}). Though the model has infinitely many periods, there is no means for saving over
periods. By following Melitz (2003) and most theoretical applications of the Melitz model, we focus
on a stationary steady state equilibrium where aggregate variables do not change over time and omit
notation for time periods.

The representative consumers in both countries have an identical two-tier (Cobb-Douglas plus

CES) utility function:
1/ps
U=CyCRP where Cs = [/ qs (w)’s dw} . (1)
wEN

In equation (1), ¢ (w) is the consumer’s quantity consumed of a product variety w produced in sector
s, €4 is the set of available varieties in sector s and p, measures the degree of product differentiation
in sector s. We assume that products within a sector are closer substitutes than products across sectors,
which implies that a within-sector elasticity of substitution o5 = 1/(1 — p,) satisfies o5 > 1. Given
that o4 + ap = 1, a, represents the share of consumer expenditure on sector s products.

Country ¢ is endowed with L; unit of labor as the only factor of production. Labor is inelastically
supplied and workers in country ¢ earn the competitive wage rate w;. We measure all prices relative to
the price of labor in country 2 by setting wo = 1.

Firms are risk neutral and maximize expected profits. In each time period, let M;s. denote the



measure of firms that choose to enter in country ¢ and sector s. Each firm uses Fjs units of labor to
enter and incurs the fixed entry cost w; F;s. Each firm then independently draws its productivity ¢ from

a Pareto distribution. The cumulative distribution function G (¢) and the density function g;s () are

given by
bis | 0sbs
Gis (SD) =1- ? and Gis (90) = (p@s'f‘l for @ € [bi87 00)7 (2)

where 0, and b;5 are the shape and scale parameters of the distribution for country ¢ and sector s. We
assume that f; > o, — 1 to guarantee that expected profits are finite. A firm with productivity ¢ uses
1/¢ units of labor to produce one unit of output and has constant marginal cost w;/y in country i.
This firm must use f;;, units of labor and incur the fixed “marketing” cost wj f;;s to sell in country
j. There are also iceberg trade costs associated with shipping products across countries: a firm that
exports from country 7 to country j # 4 in sector s needs to ship 7;;; > 1 units of a product in order
for one unit to arrive at the foreign destination (if j = ¢, then 745 = 1).

Because of the fixed marketing costs, there exist productivity cut-off levels go;kjs such that only
firms with ¢ > ¢, sell products from country ¢ to country j in sector s. In each country and sector,
we assume that exporting require higher fixed costs than local selling (fi;s > fiis). We solve the
model for an equilibrium where both countries produces both goods A and B, and the more productive
firms export (¢};; < ¢;;,). In each period, there is an exogenous probability 0;5 with which actively
operating firms in country ¢ and sector s die and exit. In a stationary steady state equilibrium, the mass

of actively operating firms M, and the mass of entrants M, in country ¢ and sector s satisfy
[1 —Gis (@Zs)] Mise = 51‘st'5; 3)

that is, firm entry in each time period is matched by firm exit.

Let p;js (¢) denote the price charged in country j by a firm with productivity ¢ from country i
in sector s. Let g;;s (¢) denote the quantity that consumers in country j buy from this firm and let
Tijs () = Pijs (©) ¢ijs (p) denote the corresponding firm revenue. Also, let P;j, denote the index of
consumer prices in country j and sector s. Since free entry implies that aggregate profit income is
zero, in each time period, consumers in country j spend exactly what they earn in wage income w; L.

Consumer optimization calculations imply that consumer demand and the corresponding firm revenue

10



are

_ pis(p)rasw;Ly _ pijs(9)' " ow; L

C.h'jS(QO) 1—os and TijS(‘:O) 1—os . 4
Pjs 7 Pjs 7
A firm with productivity ¢ from country 7 earns variable profit 7;;s () = 7455(¢) — wi;” *@ijs(p) from
selling to country j in sector s. Solving for the profit-maximizing price, we obtain that
W;Tijs
v P

that is, each firm charges a fixed markup over its marginal cost w;7;j5/. Substituting this price back

into the variable profit function yields 7;;s(¢) = 7ijs(¢)/0s.

3.2 Sector Equilibrium

We first derive equilibrium conditions for each sector, following the steps in Melitz (2003) and other
previous studies. Since a firm with cut-off productivity ¢7; just breaks even from selling to country j,

it follows that wfjs is determined by the cut-off productivity condition

Tijs <<Pfjs>

Os

= wj fijs- (6)

A firm from country ¢ needs to have productivity ¢ > ¢ to justify paying the fixed marketing cost
w; fijs of serving the country j market in sector s.
From (4), (5) and (6), the cut-off productivity levels of domestic and foreign firms in country j are

related by trade costs and labor costs as follows:

. w 1/ps .
wj

where Tjjs = T4 ( fijs / fjjs)l/ (@s=1) captures both variable and fixed trade costs from country ¢ to
country j relative to the fixed trade cost within country j.
Let 11;,() denote the equilibrium productivity density function for country 7 and sector s. Since

only firms with productivity ¢ > 7 produce in equilibrium and firm exit is uncorrelated with pro-

11



ductivity, the equilibrium productivity density function is given by

gis(%’) if > oF

—G,. (0 ¥ Z Pij
pis(p) = ¢ 1Ge() ®)

0 otherwise.

Given (3) and (8), the price index Pj; satisfies
-0 Mk o —o
P = 2 5 | i) (o). ©)
k‘=172 ks gO}";js

In each time period, there is free entry by firms in each sector s and country i. Let 7;s denote the
average profits across all domestic firms in country ¢ and sector s (including the fixed marketing costs).
Let 055 = > 0g(1 — §is)iTis = Tis/dis denote the present value of average profit flows in country i
and sector s, taking into account the rate ;5 at which firms exit in each time period. Free entry implies
that the probability of successful entry times the expected profits earned from successful entry must
equal the cost of entry, that is, [1 — Gis(¢}; S)]fris /0is = w;Fjs. Calculating the average profits across

all domestic firms (exporters and non-exporters), we obtain

1 *® [ri;
— > / 320) _ . fi| dGist) = wiF, (10)
dis - * Os

j=1,2" %ijs
that is, the expected lifetime profit from entry must be equal to the entry costs. Following Melitz (2003)
and Demidova (2008), equation (10) can be rewritten as an expression of the cut-off productivity levels

using (2), (5), and (6). Doing so yields the free entry condition

" Vil = F; 1)
j=1,2
where v, = b?;(as —1)/[015 (0s — 05 + 1)].

For each sector s, four equations [(7) for ¢ = 12,21 and (11) for z = 1, 2] determine four cut-
off productivity levels [<p;?‘js for iy = 11,12,21,22] as functions of w; and trade costs (7125, T215)-
This simple observation highlights a general equilibrium effect of trade liberalization on industrial
productivities: liberalization in one sector affects the cut-off productivity levels in other sectors through

the factor market.

12



3.3 General Equilibrium

To analyze the general equilibrium effect linking the two sectors, we solve for the country 1 equilibrium
wage rate w; directly from the country 1 labor market clearing condition. We are able to do so thanks
to two convenient properties of the current model with the Cobb-Douglas upper tier utility (1) and the
Pareto distribution (2).

The first convenient property is that labor demand L;s; by all firms in country ¢ and sector s is
proportional to the mass of entrants M;s.. We show this in three steps. First, equation (11) implies
that the fixed costs (the entry costs plus the marketing costs) are proportional to the mass of entrants in

each country ¢ and sector s:

o0

wi | MiseFis + Z/

7j=1,2 @?js

esFis
JijsMispiis (@) dp | = wiMise ( ) : (12)

os— 1

Second, equation (10) implies that the fixed costs are equal to the gross profits in each country ¢ and
1 95 Fis — — _ .
sector s, that is, w; M. <m> =o;! Zj:1,2 R;js where R;js = f;;js Tijs() Mispi;s()dep is the
total revenue associated with shipments from country ¢ to country j in sector s. Third, free entry
also implies that wage payments to labor equal total revenue in each country ¢ and sector s, that is,

wiLis = =12 R;js. These three steps lead immediately to:

1
Lis=— > Rijs = MiseXis, (13)
Wi .
7j=1,2
where X;s = 05F;s/p, is the labor demand per entrant in country ¢ and sector s. Notice that the indus-
trial labor demand L;; depends only on the mass of entrants M;,. and not on any cut-off productivity
levels ;. We will exploit this remarkable simple property to solve the model.
The second convenient property of the model is that we can solve for the mass of entrants M7, as
a function of the wage w; and trade costs 7125 and T215. Let gbijs denote the ratio of the expected profit

of an entrant in country ¢ from selling to country j in sector s to that captured by an entrant in country

13



j from selling to country j:

5! Jor [n%i@ _wifijs:| dGis(p)
Gijs = . — ® .
0 f%,s [“JJ — wjfjjs} dGjs(p)

Using (2), (5), (6) and (7), this relative expected profit simplifies to

0, 10, /p,
b = djs fijs (bzs> 765 <wl> /e (14)
Y5 bisfijs \bj V7 \wj

SO qbl-js is a function of 7;;s and wy. From (2), (3), (4), (5), (6), (7), (8), (9), and (14), total revenue

R;js can be written as

Mise¢i is
Riis = asw;L; J ) (15)
v o JZk:LQ Mksed)k;js
From (13) and (15), we obtain
¢i s
asw;iL; J = w; Xjs. (16)
j:ZLQ o jZk:1,2 MpsePrjs o

For each sector s, (16) represents a system of linear equations that can be solved using Cramer’s Rule

for M;s.. We find that the mass of entrants in country 1 and sector s is

A7

L L
Mlse = O < kit ¢218 2 ) .

w1 X1s — ProsXos  Xos — o, w1 Xis

Given (14), equation (17) defines Mj¢. as a function of wy, 7125 and 7215, and can be written in
function form as My (w1, T12s, T215). As shown in the Appendix, this function has the following

properties:

Lemma 1. The mass of entrants in sector s in country 1, Mys.(w1, T12s, T215), satisfies:

OM e OM e OM e
< 0, < 0 and
own 0T12s 07215

> 0.

The properties in Lemma 1 are quite intuitive. Increases in the wage (w; 1) and export barriers

(T125 T) discourage entry (Mg, J), while an increase in import barriers (7215 1) encourages entry

(Mlse T)

14



Studying a simple model where all firms in an industry have the same marginal cost of production,
Venebles (1987, p.713) derived an early version of Lemma 1. He showed that when country 1 unilat-
erally increases its import tariff, this reduces the profits of country 2 firms and causes country 2 firms
to exit (using our notation, 7915 7= Mag. |, which is equivalent to our result 9Mi4. /07125 < 0). He
also showed that when country 1 unilaterally increases its import tariff, this raises the country 2 price
level and the export earnings of country 1 firms, leading more country 1 firms to enter (using our no-
tation, 7915 1= Mg T, which is equivalent to our result OMis. /97215 > 0). In the simple Venebles
model, tariff increases have no effect on industrial productivity since all firms have the same marginal
cost of production and this marginal cost level does not change. As we will see, the multi-industry
Melitz model has different properties because different firms have different marginal cost levels and
can react in different ways to tariff changes.’

Having already established that labor demand in country 1 is proportional to the mass of entrants
(L1s = MiseX1s), it follows that labor demand in country 1 is a function of w1, 7195 and 7215. This
function can be written in function form as Li4(w1, 7125, T21s) and it has the same properties as the
M se(w1, T12s, T215) function: OL15/0wy < 0, OL15/07T125s < 0 and OL15/0721s > 0. In particular,
we obtain the nice property that country 1 labor demand in each sector (s = A and s = B) is downward
sloping in the country 1 wage rate w;. The country 1 labor supply is given by L; so the requirement

that labor supply equals labor demand

L, = Z Lys (w1, T12s, T21s) (18)
s=A,B
uniquely determines the equilibrium wage rate w; given the trade costs (7125, T215)-

Figure 1 describes the determination of the equilibrium wage from (18) by using a graphical tech-
nique commonly used for the specific factors model. The vertical axis represents country 1’s wage rate
wi and the width of the box is set equal to country 1’s labor endowment L. The left bottom corner
represents the origin for sector A, while the right bottom corner represents the origin for sector B. The
labor demand of each sector is drawn as a downward sloping curve relative to its corresponding origin.

The intersection of the two curves determines the equilibrium wage and the allocation of labor across

“Interestingly, Venebles (1987) showed that when country 1 unilaterally increases its import tariff, this raises country
1’s consumer welfare. We find that the opposite holds in the multi-industry Melitz model (7214 T= U; | in the Table 3
numerical results).
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Figure 1: The labor market equilibrium

sectors.
Having found the equilibrium wage rate w;, we can now solve for the equilibrium cut-off produc-
tivity levels. From (7) and (11), we obtain the export productivity cut-off (75, for country 1 in sector

S as:

Y1sS12s(1 — P1950915) 1/
Fos(12s/w1) — d1050915F1s ’

where ¢19,091, < 1 from f;;s > fiis. Given (14), equation (19) defines (7, as a function of w1, 7124

Plas = 19)

and 7215, and can be written in function form as ¢}, (w1, T12s, T215). As shown in the Appendix, this

function has the following properties:'°

Lemma 2. The export productivity cutoff in sector s of country 1, ©3,,(w1, T12s, T215) satisfies:

6(,;0538>O,gf;{22:’>0, andaf;{i<0.

The first two effects in Lemma 2 are quite intuitive. When the wage rate increases (w; 1) or the
foreign import tariff increases (7125 1), firms need to be more productive to justify exporting their
products (7o, T). The last effect shows that the export productivity cut-off also rises (¢]5, 1) when
the domestic import tariff falls (7215 J). Applying Lemma 1 for country 2 helps us to understand

this effect. Because the tariff reduction by country 1 makes exports from country 2 more profitable,

"Demidova and Rodriguez-Clare (2013) show similar effects in a model with one industry.
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more firms enter the industry in country 2 (7215 = Mo T). Since the industry in country 2 become
more populated with firms, consumer demand for each individual firm’s variety decreases in country
2. Therefore, firms in country 1 need to be more productive to justify exporting to country 2.

For given levels of trade costs, Lemma 2 allows us to draw the positive relationship between the
export productivity cutoff and the wage for country 1. Following Demidova and Rodriguez-Clare
(2013), we refer to equation (19) as the “competitiveness curve” for country 1 and sector s. Figure
2 illustrates the competitiveness curves (C1 curves) for both sectors s in country 1 together with the

labor market diagram.
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<
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< L
T v E3
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Figure 2: Determination of the equilibrium

Finally, we show that industrial productivity only depends on the export productivity cut-off. We
consider three measures of industrial productivity. The first measure of industrial productivity @ﬁ
is defined as the industrial average of firm productivity weighted by each firm’s revenue share in the

industry:

Zj:lg I((p > Spijs)rljs(@)Mls:uls(gp)

(20)
Zk:1,2 Riks

o0
off = / eu1s(@) de  where wvis(p) =
0
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In this definition, I(¢ > ¢7;,) is an indicator function that takes on the value 1 if ¢ > ¢7;,
and 0 otherwise. The function v14(¢p) is a revenue-weighted density function for ¢ and satisfies
fooo v1s(p)dp = 1. We need to assume 0 > o, so that @ﬁ takes a finite value. This measure is
widely used in empirical studies (e.g. Olley and Pakes, 1996) and is a simpler version of the mea-
sure that Melitz (2003) used. The second measure of industrial productivity <I>1LS is industrial labor

productivity defined as the real industrial output per unit of labor:

(Zj:l,Q les) /1515

ol =
1s Lls

2y

In this definition, the price deflator Pj, = f:;ls p11s (@) ty5(@)de is the simple average of prices
set by domestic firms at the factory gate and aims to resemble the industrial product price index,
which is used for the calculation of the real industrial output. This measure is also widely used in
empirical studies (e.g. Trefler, 2004). The third measure of industrial productivity ®!V is industrial

labor productivity calculated using the theoretically consistent “exact” price index P4 that we derived

earlier in equation (9):
(Zj:1,2 les) /P

oY, =
1s Lls

(22)

This measure is motivated by thinking about consumer welfare. Consider the representative consumer

in country 1 who supplies one unit of labor. Since her utility U; satisfies
Ui = (aa®))™ (ap®ls)™”, (23)

@m and @% are the productivity measures for industries A and B that are directly relevant for calcu-
lating consumer welfare U;.

The next lemma shows that, regardless of which measure of industrial productivity we use, we can
draw a negative-sloped curve between industrial productivity and the export productivity cut-off, and

this curve does not shift as a result of changes in the wage w; or variable trade costs.

Lemma 3. All three measures of industrial productivity @lfs (k = R, L,W) can be expressed as de-

creasing functions of the export productivity cut-off ©71,, and these functions CI)’fS (¢395) do not contain
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any other endogenous variables or variable trade costs."!

Lemma 3 is a brand new result in the trade literature. We have not been able to find any correspond-
ing result in earlier papers. And without Lemma 3, this paper would not contain any new theorems.
The proofs of our Theorems 1-4 all build on Lemma 3.

The proof of Lemma 3 is presented in the Appendix. We focus here on explaining the intuition
behind Lemma 3 using the revenue-weighted productivity measure @ﬁ. Suppose the export produc-
tivity cut-off falls from ¢33, to ¢33, as shown in Figure 3. This means that exporting becomes more
profitable for some firms in country 1 that could not previously afford to pay the exporting fixed cost
w1 f1os. Since all exporters face the same demand function and the same level of trade barriers, ex-
porting must become more profitable for existing exporters also. It follows that a potential entrant
in country 1 sees an increase in the expected profits from entry and more firms enter the industry in
country 1. Some of these new entrants draw sufficiently high productivities to survive. This means that
the industry becomes more populated with firms and local consumer demand for each individual firm’s
product decreases.'? Thus, all firms earn lower profits from domestic sales and the lowest productiv-
ity non-exporting firms exit, that is, the domestic productivity cut-off increases from 19, to ¢3i,, as
shown in Figure 3. The decrease in the expected profits from domestic sales just offsets the increase in

the expected profits from export sales.

(d) () (b) (a)
Exiting Remaining New Existing
Firms Non-exporters  Exporters Exporters
. - . . -
*0 *1 *] *0
g0] Is S0] Is (701 2s 901 2s
_> 4—

Figure 3: When the export productivity cut-off falls, the domestic productivity cut-off rises.

To understand how resources are reallocated within an industry, it is helpful to think about four

'Some might wonder how we can draw a curve showing industrial productivity as a function of the export productivity
cutoff, given both industrial productivity and the export productivity cutoff are endogenous variables. What we do here is
similar to drawing a production possibility frontier in the 2x2 Heckscher-Ohlin model. Though outputs are endogenous in
the Heckscher-Ohlin model, we can draw a production possibility frontier by considering what the output of one good would
be if the output of the other good is fixed at a hypothetical level.

2The decrease in local consumer demand can be confirmed as follows. By using <I>¥Z = w1/ P15 in the proof of Lemma 3,
(4) and (5), local consumer demand for an individual firm can be written as q11s(¢) = (p,¢)”* (@7) "% o, L. Therefore,
local demand q115(¢p) falls if and only if productivity OV rises.
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groups of firms: (a) “existing exporters” with productivity ¢ € [¢}9,, o), (b) “new exporters” with
productivity ¢ € [pis,, ¢19,), (¢) “remaining non-exporters” with productivity ¢ € [¢}1,, pii,) and
(d) “exiting firms” with productivity ¢ € [0, ¢31.). In response to a decrease in ¢, the free entry
condition implies that the total increase in revenue shares of existing exporters is exactly balanced by
the total decrease in revenue shares of remaining non-exporters.'? Since the changes in the revenue
shares of the four groups add up to zero, it follows that the total increase in revenue shares of new ex-
porters is exactly balanced by the total decrease in revenue shares of exiting firms. Therefore, revenue
shares are reallocated from group (c) to group (a) and from group (d) to group (b). Since exporters (a)
and (b) are more productive than non-exporters (c) and (d), resources are reallocated from less to more
productive firms, increasing industrial productivity @ﬁ.”

An important implication of Lemma 3 is that the source of a rise in industrial productivity in the
Melitz model is higher profits from exporting. For liberalization of variable trade costs, whether it is
multilateral or unilateral, the necessary and sufficient condition for industrial productivity to rise is that
the export productivity cut-off falls, that is, exporting becomes more profitable.

Using Lemma 3, we draw the negative relationship between 7%, and ®%, for each sector s in the
bottom two diagrams in Figure 2 (k = R, L, W). We refer to the ®¥_ (%, ) functions as “productivity
curves” and label them as P;s curves in Figure 2. Factor market clearing determines wi, then the

competitiveness curves determine ¢%,, and then the productivity curves determine ®, .13

4 Trade Liberalization

We are now ready to analyze the impact of trade liberalization on industrial productivity. While Melitz

(2003) considered only multilateral and uniform liberalization, in which all countries reduce variable

3This can be understood as follows. When the export productivity cutoff decreases by a small amount, the domestic
productivity cutoff also increases only by a small amount. Therefore, the change in the expected profits from entry is
explained mainly by the change in the profits of existing exporters and remaining non-exporters. Since free entry requires
the net change in the expected profits from entry to be zero and since profits are proportional to revenues, this means that the
total increase in revenue shares of existing exporters is exactly balanced by the total decrease in revenue shares of remaining
non-exporters.

14We thank Don Davis for his suggestion of thinking about four groups of firms.

15 . .. . . - fo%s) oo—1 1/(‘75_1)
The weighted average productivity measure in Melitz (2003), ¢,, = [ fv* p7e le(¢)d‘p]
11s
[0s/(0s —os + 1)]1/(”“_1) (11 also satisfies Lemma 3. Since ¢7;, and ¢],, move in the opposite direction from (11),
productivity @, , rises if and only if ¢7,, falls. Since w1 and 7555 do not show up in either ¢, or (11), they affect @, only

through ¢7,,.
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trade costs on all products in a uniform way, we consider unilateral and non-uniform liberalization:
country 1 liberalizes tariffs only for sector A. Following Melitz (2003), import tariffs take the form of
iceberg trade costs. So trade liberalization for us means decreasing 721 4 while holding 7124, 7125 and

791 fixed. We call sector A the liberalized industry and sector B the non-liberalized industry.

4.1 Structurally Symmetric Industries

We focus on the impact of trade liberalization when the two industries are structurally symmetric

except for their consumption share in GDP (a4 is allowed to differ from ap).

Definition 1. The two industries are structurally symmetric if py = pg, 04 = 0B, d;4 = ;B,

bia = bip, fija = fijB, Fia = Fip,and 74;4 = 74;B.

This is a natural benchmark case for the analysis of unilateral and non-uniform trade liberalization.
The Melitz (2003) model only has one industry but requires balanced trade and labor market clearing
as in general equilibrium models. Thus, it is natural to think of the one industry in the Melitz model as
a representative industry. Note that Definition 1 requires symmetry only across industries. Countries
can differ in their factor endowments, technologies and trade costs.

The diagrams developed in the previous section greatly simplifies the analysis. Figure 4 shows
the same diagrams we used in Figure 2 for the structurally symmetric industries case. Before trade
liberalization, both industries have symmetric competitiveness curves (the C1 4 and C;p curves) and
symmetric productivity curves (the P; 4 and P;p curves), which implies that both industries have the
same productivity <I>’fA = <I>’fB (k=R,L,W).1°

Results derived in the previous section imply that two curves shift in Figure 4 when the tariff for
industry A falls in country 1. From Lemma 1, the labor demand curve of the liberalized industry A
shifts leftward (curve L; 4 shifts to L) ,) since the mass of entrants drops for a given wage level w;
(214 = Miae |, L14 J). From Lemma 2, the competitiveness curve of the liberalized industry
A shifts leftward (curve C; 4 shifts to C{ ) for a given wage level wi (7214 1= @754 1), while the
competitiveness curve of the non-liberalized industry B does not shift. We refer to the shift in the labor

demand curve as the wage effect and the shift in the competitiveness curve as the competitiveness

16Before liberalization, country 1 always produce positive outputs in both sectors since L14/aa = L1p/ap holds from
(13) and (17).

21



CiB

*
Y128

Figure 4: Productivity rises more strongly in the non-liberalized industry

effect. To understand the overall effect of trade liberalization, we consider the wage effect and the
competitiveness effect one at a time.

First, we consider the competitiveness effect. Figure 5 shows only the shift of the C'y 4 curve by
fixing the L 4curve at the pre-liberalization position. As the C' 4 curve shifts in the top-left diagram,
the export productivity cutoff rises in the liberalized industry but does not change in the non-liberalize
industry. The bottom-left and the bottom-right diagrams show that productivity falls in the liberalized
industry but does not change in the non-liberalized industry (A@lf 4 < 0= A@’f ). The intuition
for the competitiveness effect follows from our earlier discussion of Lemma 2 and Lemma 3. Be-
cause trade liberalization by country 1 in industry A increases the exporting profits of country 2 firms,
more firms enter in country 2 and it becomes less profitable for country 1 firms to export to the now
more competitive country 2 market. Therefore, in the liberalized industry A, country 1 resources are
reallocated from exporters to non-exporters, decreasing industrial productivity (3,4 1= @5, 1).

Second, we consider the wage effect. Figure 6 shows only the shift of the L 4 curve by fixing the

(14 curve at the pre-liberalization position. As the labor demand curve of the liberalized industry A
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Figure 5: The competitiveness effect decreases productivity in the liberalized industry

shifts leftward in the top-center diagram, workers move from the liberalized industry A to the non-
liberalized industry B and the wage decreases in the liberalizing country.!” In the top-left and the
top-right diagrams, as country 1’s wage w; decreases, the export productivity cut-offs decrease in both
industries. The bottom-left and the bottom-right diagrams show that productivity increases equally in
both industries (A®Y, = A®F, > 0).

To understand the wage effect, it is helpful to think about the balanced trade condition. Let £;;5 be
the expenditure of country ¢ on country j goods in sector s. Then the exports in sector s by country 1
is) =12 R1js — E11s and the imports in sector s by country 1 is Eq2,. The balanced trade condition

can be written as
D s—AB [(ijm Ryjs — E115) - E125j| =0. (24)

These effects on the labor market are consistent with findings in Trefler (2004). First, Trefler (2004, Table 4) observed
around 10 percent of jobs were lost in the liberalized industries but the overall manufacturing employment in Canada rose
during the post-FTA period. This suggests that a substantial amount of employment shifted from liberalized industries to non-
liberalized industries. Second, Trefler (2004, Table 5) could not observe any evidence that earnings (or wages) of workers in
liberalized industries fell more than in non-liberalized industries. These two findings support our assumption that liberalized
industries and non-liberalized industries share the same labor market.
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Figure 6: The wage effect increases productivity in both industries
From ijl o R1js = wiLlqs and ijl o E1js = aswiLq, the excess exports of sector s can be

expressed as

Lis(wy, 7126, T
<Zj=1,2 Rijs — Ells> — E19s = wias ( 16(91, T126: T228) _ L1> : (25)

Qs

By summing up (25) for both industries, we see that the balanced trade condition (24) is equivalent to
the labor market clearing condition (18).

Starting from balanced trade and holding the wage w; fixed, trade liberalization leads to excess
imports in industry A by the liberalizing country 1. Then (24) and (25) imply that the wage w; must
drop to increase exports by both industries in the liberalizing country until trade balance is restored.
Since exports increase not only for existing exporters (the intensive margin) but also by the entry of less
productive firms into exporting (the extensive margin), the export productivity cut-offs 7, fall in both
industries when w; falls. Because exporting becomes more profitable, resources are reallocated from

non-exporting firms to exporting firms, increasing industrial productivity. With structurally symmetric
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industries, the wage effect by itself contributes to increase productivity equally in both industries.

Impact on Industrial Productivity
Liberalized (A) Non-liberalized (B) Difference-in-Difference

Aok, ADh, AdE, - ADk,
Competitiveness Effect — 0 -

Wage Effect + + 0

Total Effect + or — + —

Table 2: The effects of trade liberalization

The effects of trade liberalization on industrial productivity are summarized in Table 4.1. The wage
effect tends to increase productivity in both industries symmetrically, while the competitiveness effect
tends to decrease productivity in the liberalized industry. As a consequence, industrial productivity
unambiguously rises in the non-liberalized industry B but it can rise or fall in the liberalized industry
A, depending on the relative size of the wage effect and the competitiveness effect. Figure 4 illustrates
the case where the wage effect of trade liberalization dominates the competitiveness effect, with the

consequence that productivity rises in the liberalized industry. We have established

Theorem 1. In the multi-industry Melitz model with structurally symmetric industries, unilateral trade
liberalization by country 1 in industry A (1214 1) leads to a decrease in the country 1 wage rate
(w1 ) and an increase in the productivity of the non-liberalized industry ( <I>’f g 1). However, whether

productivity rises or falls in the liberalized industry is in general ambiguous ( <I>’f 4 Torl).

Although trade liberalization has an ambiguous effect on productivity in the liberalized industry,
we can make an unambiguous statement about the difference in the productivity change between the
liberalized and the non-liberalized industries. The wage effect tends to increase productivity in both
industries symmetrically, while the competitiveness effect tends to decrease productivity only in the
liberalized industry. Thus, productivity rises more strongly in the non-liberalized industry than in
the liberalized industry, i.e. A@’fB — A@’f 4 > 0,k = R,L,W. This “difference-in-difference”
prediction is sufficient for our purpose of matching the model with empirical studies. Because typical
empirical studies estimate cross-industry regressions with time fixed effects and industry fixed effects
(e.g. Trefler, 2004), their estimates only tell us whether trade liberalization increases productivity in

liberalized industries relative to non-liberalized industries. We have established
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Theorem 2. In the multi-industry Melitz model with structurally symmetric industries, unilateral trade
liberalization by country 1 in industry A (7214 1) leads to productivity rising more strongly in the non-

liberalized industry than in the liberalized industry (Ad)]fB > A@lfA fork=R,L,W).

Theorem 2 is our central result. An empirical finding by Trefler (2004) and others that industrial
productivity increases more strongly in liberalized industries than in non-liberalized industries has
been widely accepted as evidence for the Melitz (2003) model. Theorem 2 shows that a multi-industry
version of the Melitz model does not predict this relationship. Instead, it predicts the opposite relation-
ship that industrial productivity increases more strongly in non-liberalized industries than in liberalized
industries. Theorem 2 forces us to re-think the match between theory and evidence: an empirical fact
that has been widely cited as evidence for the Melitz model is actually evidence against the Melitz
model.

Next, we study whether the effects of trade liberalization depend on the size of the industry that
opens up to trade. Does trade liberalization have different effects, depending on whether the liberalized
industry is small or large? Since the parameter o; determines the size of industry s, we analyze how
the response of industrial productivity to trade liberalization depends on « 4, the size of the liberalized
industry.

Holding all other parameter values fixed, a change in a4 has no effect on the equilibrium wage w.
Since employment in the two industries satisfies L14/a4 = L1p/ap from (13) and (17), the labor

market clearing condition (18) can be rewritten as

s+ L
L1—L1A+L1B—L1A< 4 B)— 14

oA oa
Now Ly = Lia(w1, T12s, T21s)/ 4 uniquely determines the equilibrium wage w; and L1 4/« 4 does
not depend on a4 from (17). Thus, the equilibrium wage w; does not depend on « 4.

As illustrated in Figure 7, the pre-liberalization wage w; is the same whether a4 is small or large.
Trade liberalization causes the labor demand curve L1 4 to shift leftward, or equivalently, to shift down.
Equation (17) implies that the size of the downward shift in the labor demand curve L 4 (“d” in Figure
7) does not depends on 4. Equation (17) also implies that as a4 increases, the slope of the labor
demand curve Lq4 becomes flatter because the number of entrants in industry A increases in «4.

Similarly, as a4 increases, which means that «p = 1 — a4 decreases, the slope of the labor demand
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Figure 7: How much the wage declines depends on the size of the liberalized industry

curve Ly p becomes steeper. Thus, as illustrated in Figure 7, the wage drop due to trade liberalization
is larger when a4 is larger.

Figure 4 shows that whether productivity increases in the liberalized industry A depends on the net
effect of the wage effect and the competitiveness effect. The competitiveness effect does not depend
on a4 since equation (19) does not include o 4. However, as we have just shown, the wage effect is
larger when « 4 is larger. If a4 is sufficiently small and the wage effect is sufficiently small, then the
competitiveness effect must dominate the wage effect. Figure 8 illustrates this case.

The export productivity cut-off 7, 4 rises and productivity <I>’f 4 unambiguously falls in the liberal-
ized industry. If a4 is sufficiently large and satisfies a4 = 1, then the model reduces to a one industry
Melitz model where Demidova and Rodriguez-Clare (2013) proved that unilateral liberalization raises
industrial productivity. [Strictly speaking, Demidova and Rodriguez-Clare (2013) proved that unilat-
eral trade liberalization raises the welfare of the liberalizing country for the case of a4 = 1. However,
when a4 = 1, (23) implies that welfare equals industrial productivity (U = @m), so changes in wel-
fare correspond to changes in industrial productivity.] Since the model’s properties are continuous in

parameter a4, we obtain the following theorem:

Theorem 3. In the multi-industry Melitz model with structurally symmetric industries, suppose that
there is unilateral trade liberalization by country 1 in industry A (214 1). Then there exists a threshold
aa € (0,1) such that productivity ® , falls in the liberalized industry if an < &, and rises if

ap > Qg
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Figure 8: Productivity falls in the liberalized industry if the liberalized industry is small

Demidova and Rodriguez-Clare (2013) and Felbermayr, Jung, and Larch (2013) find that unilateral
trade liberalization unambiguously raises the productivity of the liberalized industry. Theorem 3 shows
that their results depend on the strong assumption that the economy just has one industry (avy = 1).
In a setting with more than one industry, unilateral trade liberalization lowers industrial productivity if
the liberalized industries account for only a small share of GDP (« 4 small).

By combining the results in Theorems 1 and 3, we obtain one more theorem:

Theorem 4. In the multi-industry Melitz model with structurally symmetric industries, suppose that
there is unilateral trade liberalization by country 1 in industry A (To14 1). If a4 is sufficiently small,
then productivity falls in the liberalized industry A and rises in the non-liberalized industry B ( @’f a4
and <I>’f 5 -

Theorem 4 provides a surprising policy implication. If the government of a country is interested in
raising the productivity of a small “target” industry through a resource reallocation from less productive

to more productive firms, the theoretically correct advice based on the Melitz model is to protect the
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target industry, not trade liberalization. This is obviously the opposite of the policy recommendation

that is suggested by Trefler (2004) and other empirical studies.

4.2 Symmetric Multilateral Trade Liberalization

In this subsection, we replicate the analysis of symmetric multilateral trade liberalization in Melitz
(2003) using our diagrams. The two countries are assumed to be identical as in Melitz (2003) but
each industry may have different parameters. We analyze multilateral but non-uniform liberalization
by decreasing 7124 and 721 4 by the same amount while holding 7125 and 791 p fixed.

Assuming symmetric countries simplifies the model. First, wages are equalized between the two
countries: w; = we = 1. Second, the notation for describing the model takes a simpler form: X;s =
X, gbijs = ¢, Tijs = T, Fis = F, fiis = fs and f;j5 = fos for i # j. Figure 9 describes the impact
of liberalization. The employment in sector s becomes L5 = asL1 from (13) and (17), so multilateral
trade liberalization in sector A (7124 = 7214 J) leads to no equilibrium change in the wage w; and the
labor allocation.'® The top-right and bottom-right diagrams show that multilateral liberalization does
not affect productivity <I>'f 5 in the non-liberalized industry.

The impact on the liberalized industry is different from the case of unilateral trade liberalization.

Given symmetric countries, the export productivity cut-off in sector A [given by (19)] simplifies to

a 1 1/64
Plan = [”;ﬁ 4 (1 + m)] (26)

and (14) implies that ¢4 = (fza/fa)T?4. Thus multilateral trade liberalization leads to a decrease
in the export productivity cut-off 7, 4 and an increase in productivity <I>’f 4 in the liberalized industry.

We have established

Theorem 5. In the multi-industry Melitz model with symmetric countries, symmetric multilateral trade
liberalization (T124 = T214 |) increases productivity in the liberalized industry ( @’f 4 T) but not in the

non-liberalized industry ( <I>If p unchanged).

A comparison of Theorems 2 and 5 confirms that the source of the rise in industrial productivity

8The labor demand curve of the liberalized industry becomes flatter as illustrated in Figure 9. This is shown in the
Appendix.
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Figure 9: Multilateral trade liberalization in industry A

in the Melitz model is the expansion of export opportunity, not the increased import competition from
trade liberalization.

Notice that by setting o4 = 1, the model becomes identical to the original Melitz (2003) model
with one industry. Therefore, our analysis nests the analysis of multilateral and uniform liberalization

in Melitz (2003). We obtain Melitz’s original result using new diagrams:

Corollary 1. (Melitz, 2003) If there is only one industry (o y = 1) and symmetric countries, then

symmetric multilateral trade liberalization (T104 = T214 | ) increases industrial productivity ( <I>]f 4 1)

4.3 Numerical Results

As a check that our analytically derived results are correct, we also solve the model numerically.

Looking at a numerical example is helpful for understanding the intuition behind the results.'

The MATLARB files used to solve the model can be obtained from the authors upon request.
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For the numerical results reported in Table 3, we assume structurally symmetric industries and
countries. Then there are only ten parameters that need to be chosen. We use the following benchmark
parameter values: o, = 3.8, §;s = .025, b;s = .2, 0, = 4.582, Fys = 2, fus = 043, L; = 1,
ag = .5, Tijs = 1.3 and f;;s = .0588. The first six parameter values come from Balistreri, Hillbery
and Rutherford (2011), where a version of the Melitz model is calibrated to fit trade data. L; = 1 is a
convenient normalization given that an increase in country size L; has no effect on the key endogenous
variables that we are solving for (the relative wage w; /wa, productivity cutoff levels ¢;;s and industry

productivity levels ®1

). a4 = .5 means that both industries are equally large: consumers spend 50
percent of their income on industry A products and 50 percent of their income on industry B products.
Tijs = 1.3 corresponds to a 30 percent tax on all traded goods. Finally, we chose f;;s = .0588 to
guarantee that 18 percent of firms export in our benchmark equilibrium, consistent with evidence for
the United States (Bernard et al., 2007).

The first column of numbers in Table 3 shows the benchmark equilibrium (when vy = .5 and
7214 = 1.30). The second column shows what happens when country 1 unilaterally opens up to trade
in industry A (7914 is decreased from 1.30 to 1.15 holding 7915 = 7124 = 7125 = 1.30 fixed).
This leads to productivity rising more strongly in the non-liberalized industry B (@fB increases from
.5564 to .5651) than in the liberalized industry A (<I>{%A increases from .5564 to .5590), consistent with
Theorem 2. Since productivity rises in the liberalized industry, we are illustrating a case where the
wage effect of trade liberalization dominates the competitiveness effect. The third and fourth columns
show the effects of the same trade liberalization when industry A is smaller (o4 = .3, all other
parameter values unchanged). Then the wage effect of trade liberalization is smaller and is dominated
by the competitiveness effect. Productivity in the liberalized industry decreases (@{%A decreases from
.5564 to .5556) and productivity in the non-liberalized industry increases ((I){%B increases from .5564
to .5623), consistent with Theorem 4.

To see the intuition behind these results, consider the auy = .3 “small industry” case first and
focus on what happens in industry A. When country 1 opens up to trade in industry A, country 2
firms earn higher profits from exporting. These higher export profits lead to more entry and greater
industrial employment (L2 4, which is proportional to the mass of entrants and active firms, increases

from .3000 to .3711). As the industry becomes more populated with firms, the country 2 demand for
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ays = .5 Case

ay = .3 Case

To14 = 1.30 | 7914 = 1.15 || 7914 = 1.30 | 7214 = 1.15
w1 /wsy 1.0000 9707 1.0000 9801
Lia 5000 4221 3000 2275
Lip 5000 5779 7000 7725
Lo 5000 5757 3000 3711
Lop 5000 4243 7000 6289
Oloa 3257 3206 3257 3273
©iia 2240 2250 2240 2238
©lap 3257 3092 3257 3144
5 2240 2274 2240 2262
514 3257 3012 3257 2957
©O5aa 2240 2296 2240 2314
©515 3257 3443 3257 3380
©bop 2240 2214 2240 2222
oL, 5564 5590 5564 5556
PR, 5564 5651 5564 5623
ol 5564 5694 5564 5724
oL, 5564 5476 5564 5505
U1 1230 1242 1376 1385
Uy 1230 1238 1376 1381

Table 3: Effects of Trade Liberalization
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each individual firm’s product decreases, so the least productive firms are forced to exit (3, 4 increases
from .2240 to .2314). Even though the increase in labor demand bids up the wage rate in country 2
(w1 /we decreases from 1.000 to .9801), the wage increase is not large enough to completely offset the
tariff reduction by country 1 and more country 2 firms become exporters (¢35, 4, decreases from .3257 to
.2957). Since expanding exporters are more productive than exiting non-exporters, productivity rises
for country 2 in industry A (<I>2RA increases from .5564 to .5724). For firms in country 1, the picture
is very different. Now they are competing against more productive firms in their export market, they
earn lower profits from exporting and this sets into motion the opposite effects. Fewer country 1 firms
become exporters (7, 4 increases from .3257 to .3273), entry is discouraged and the mass of firms in
the industry falls (L1 4 decreases from .3000 to 2275) until the expected profits from domestic sales
increase to offset the loss of expected profits from exporting. The increase in domestic profits allows
less productive firms to survive in the domestic market (7, 4 decreases from .2240 to .2238). Thus,
we get a reallocation of resources from more productive to less productive firms in country 1, lowering
industry productivity (@{%A decreases from .5564 to .5556).

Next, focus on what happens in industry B when country 1 opens up to trade in industry A. Be-
cause wages rise in country 2 (w;/we decreases from 1.000 to .9801), it becomes less profitable for
country 2 firms to export and there is a reallocation of resources from more productive to less produc-
tive firms, lowering productivity (<I>§B decreases from .5564 to .5505). Because wages fall in country
1 (w1 /wy decreases from 1.000 to .9801), there is a reallocation of resources from less productive to
more productive firms, raising productivity (@fB increases from .5564 to .5623).

Finally, turn to the effects of trade liberalization when industry A is larger (o4 = .5). We obtain the
same qualitative effects in industry B: because wages rise in country 2 (w; /ws decreases from 1.000
to .9707), productivity falls ((I>§B decreases from .5564 to .5476) and because wages fall in country 1
(w1 /we decreases from 1.000 to .9707), productivity rises (@{%B increases from .5564 to .5651). But
the qualitative effects are different for the industry A that opens up to trade because there is a larger fall
in country 1 wages. Even though trade liberalization raises productivity in country 2 ((I>§A increases
from .5564 to .5694), which by itself makes exporting less attractive for country 1 firms, the larger
fall in country 1 wages now dominates and country 1 productivity in industry A actually rises (@{YA

increases from .5564 to .5590).
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Although the impact of trade liberalization on industrial productivity is the main focus of this
paper, we also report the impact of trade liberalization on consumer welfare in the last two rows of
Table 3. U; and U, denote the steady-state utility levels of the representative consumer in countries 1
and 2, respectively. In the ay = .5 case, trade liberalization by country 1 raises consumer welfare in
country 2 (Us increases from .1230 to .1238) and raises even more consumer welfare in country 1 (U;
increases from .1230 to .1242). Thus country 2 benefits when country 1 opens up to trade and country
1 benefits even more by unilaterally opening up to trade. Looking at the vy = .3 case, we obtain

qualitatively similar welfare effects.

5 Comparison with Trefler (2004)

In this section, we compare predictions of the multi-industry Melitz model with a representative empir-
ical study by Trefler (2004). We first explain how Trefler (2004) estimated the impact of the Canadian
tariff cuts on Canadian industrial productivity. Then, we calibrate the Melitz model to fit Canada-US
trade during this time period and simulate the impact of the Canadian tariff cuts. Finally, using the
numbers from the numerical simulation and Trefler’s formula, we calculate the impact of the Canadian
tariff cuts implied by the calibrated Melitz model and compare the model’s prediction with Trefler’s

estimate.

Trefler (2004) In 1989, Canada and the US started to reduce all tariffs on trade between the two
countries as part of the Canada-US Free Trade Agreement (CUFTA). Trefler (2004) studied the ef-
fects of this FTA on Canadian industrial productivity from 1988 to 1996 by estimating the following
equation:

Al @8 =~ + 7, + BOATTA + BUSATUS + D " BiAZigy + ear. 27

i
Subscript s denotes each of 213 manufacturing industries in Canada and subscript ¢ denotes two pe-
riods: pre-FTA (1980-86) and post-FTA (1988-96). The dependent variable A In @gf‘ is the average
annual log change of labor productivity for industry s during period ¢. The first two covariates are
industry-fixed effects and time fixed effects for the two periods, respectively. The two terms ATSOf‘

and ATgf are the average annual change of Canadian tariff concessions to the US and US tariff con-
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cessions to Canada for industry s during period ¢, respectively. Concessions ATS{‘ and mg{f are
expressed as negative values: ATEZ“< ATS? < 0 holds if Canada gives greater tariff concessions to
the US for industry s than for industry s’. The estimated equation also includes other control variables
Z;s,+ Tor business cycle effects and industry-time-dependent shocks.

Trefler (2004) found a negative BCA that is both statistically and economically significant.”?’ By
multiplying estimated BCA and Canadian average tariff cuts ATE{‘ for the most impacted import-
competing industries, which experienced more than 4 percentage point tariff cuts, Trefler estimated
that the Canadian tariff cuts increased industrial productivity by 15% in the most impacted import-
competing industries. Furthermore, he estimated regressions of plant-level labor productivity on the
same covariates in equation (27) and found statistically insignificant 54 . This finding implies that
industrial productivity rose in the liberalized industries not because individual firms improved produc-

tivity on average, but mainly because the sales share shifted from less productive to more productive

firms within industries.

Calibration We calibrate the Melitz model to fit Canada-US trade during this time period. For the
numerical results reported in Table 4, we relax the assumption of symmetric countries by assuming
that country 1 (Canada) is ten times smaller than country 2 (US), that is, L; = 0.1 and Ly = 1.
The benchmark parameters o, = 3.8, d;s = .025, b;s = .2, 0, = 4.582, F;s = 2, fi;s = .043 and
ay = .5 are the same as before. We define trade costs as 755 = 1 + t;;5 + ship, where t;;5 are
policy-induced barriers (tariffs) and shep are the natural trade costs (shipping costs). Before the FTA
went into effect, the average Canadian tariff rate against the US was 8 percent and the average US
tariff rate against Canada was 4 percent (Trefler, 2004). To be consistent with the 8 percent average,
we assume a 12 percent Canadian tariff rate in industry A and a 4 percent Canadian tariff rate in
industry B in our 1988 benchmark equilibrium (7214 = 1.12 4 ship and 7215 = 1.04 + ship). We
assume that the 4 percent US tariff rate applies to both industries in the 1988 benchmark equilibrium
(T124 = T12 = 1.04 + ship). Since the FTA eliminated all tariffs on trade between Canada and

the US, we assume that the only trade costs are shipping costs in the 1996 benchmark equilibrium

ACA
1n the tables of his paper, Trefler (2004) reports the average of /J’C ATgtA among the most liberalized industries instead
of BCA itself. Therefore, the positive numbers reported in the column 84 of Table 2 in Trefler (2004) are constructed from

. ~CA | . .
negative 5 since Afg{‘ is also negative.
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(T124 = T19B = T214 = To15 = 1 + ship). Allowing the fixed costs of entering foreign markets to
differ for Canadian and US firms, there are three benchmark parameters that still need to be chosen:
f12s, fo1s and ship. We chose these three parameters to match two stylized facts about Canadian
exports: 20 percent of Canadian firms export to the US (Baldwin and Gu, 2003) and 56 percent of
Canadian manufacturing value-added output is exported to the US (de Sousa, Mayer and Zignago,
2012). It turns out that these 2 stylized facts exactly hold in our 1996 benchmark equilibrium when
f12s = 0.273, fo15 = 0.247 and ship = .0494. Thus we will assume that shipping costs are roughly 5
percent.

The first column of numbers in Table 4 shows the 1988 benchmark equilibrium where the Canadian
tariff rates in industries A and B are 12% and 4%, respectively (7214 = 1 + .12 4+ .05 = 1.17,
To18 = 1+ .04 4+ .05 = 1.09), and the US tariff rate is 4% in both industries (71204 = Ti128 =
1+ .04 4 .05 = 1.09). The second column shows what happens if Canada unilaterally opens up to
trade by reducing its tariff rates (12% and 4%) to zero while holding the US tariff rate (4%) fixed. This
represents a hypothetical calculation but it is precisely what Trefler (2004) studies in his empirical
work. Notice that when Canada unilaterally opens up to trade, there is a larger tariff decrease in
industry A (12% drops to 0%) than in industry B (4% drops to 0%). In his empirical work, Trefler
focuses on what happens to industrial productivity in the Canadian industries that experienced the
largest tariff decreases, holding the US tariff rates fixed. The third column shows the 1996 benchmark
equilibrium where the FTA has been put into effect and all tariff rates on trade between Canada and
the US equal zero (7214 = 7218 = T124 = T128 = 1 + 04 .05 = 1.05).

The effects of unilateral trade liberalization shown in Table 4 are qualitatively the same as those
shown in Table 3 and the intuition for these effects is the same, so we will be brief in discussing the
Table 4 results. The important thing to notice is that unilateral trade liberalization by Canada raises
productivity by 1.6 percent in the industry A with the larger tariff decrease (@FA increases from .7029
to .7142) and raises productivity by 1.8 percent in the industry B with the smaller tariff decrease (@fB
increases from .7013 to .7142). Thus, there is a bigger percentage increase in productivity in the
Canadian industry with the smaller tariff decrease and our Theorem 2 results continue to hold in the
case of a small country opening up to trade with a much bigger country. The difference in percentage

increases is small (1.6 % — 1.8 % = —0.2 %) because the competitiveness effect is small when a small
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1988 Only Canada 1996

Benchmark | Liberalizes Benchmark

To1A4 = 1.17 | 7914 =1.05 | 7914 = 1.05

To1p = 1.09 | 7913 =1.05 | 7915 = 1.05

T124 = 1.09 | 7194 = 1.09 | 7104 = 1.05

T1op = 1.09 | 7195 =1.09 | 7195 = 1.05
wy /wa .8687 .8529 .8698
Lia .0587 .0500 .0500
Lp 0413 .0500 .0500
Loy 4924 .5000 .5000
Lop 5076 .5000 .5000
Plaa 3748 .3665 3628
Yi1a 2466 2524 2555
Ylam .3760 .3665 3628
YliB .2459 2524 2555
P51 4 6518 .6137 .6049
P304 2152 2158 2159
518 .6054 .6137 .6049
V398 2159 2158 2159
oL, 7029 7142 7192
CID{%B 7013 7142 7192
oL, 5249 5330 5352
@53 5351 .5330 5352
Uy .0594 .0609 .0617
U, 1184 1185 .1186
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country opens up to trade with a much bigger country. But what is important is that it exists.

Comparison Now we are ready to compare what Trefler (2004) finds empirically with what the
calibrated Melitz model predicts. Among the many findings reported in Trefler (2004), we focus on
the main finding: that the Canadian tariff cuts increased productivity of the most impacted import-
competing industries by 15%. This number is widely cited in survey papers and textbooks. We simply
ask whether the calibrated model predicts this 15% increase if the corresponding number is calculated
as Trefler did.

We interpret industry A as representing the most impacted import competing industries in Trefler’s
analysis and calculate the effect of Canadian tariff cuts on the productivity of industry A. Though the
calibrated model predicts that the Canadian unilateral tariff cuts lead to a 1.6% productivity increase
for industry A (in column 2 of Table 4), this number is not comparable to Trefler’s calculation (15%)
because his calculation does not include time fixed effects ~y, that capture common effects for all
industries. In the following, we consider what equation (27) would estimate for BCA based on the
numbers in column 2 of Table 4, and then calculate BCAATgft‘ as Trefler did.

When the numbers in column 2 of Table 4 are obtained, industries are treated symmetrically and
the US tariffs do not change. By substituting no industry difference (y, = AZ;s; = 0) and no
US tariff change (ATgf = 0), equation (27) becomes A lIn @gfl = v + BCAATgtA. Then, the
coefficient BCA of Canadian tariff cuts is obtained by taking differences Aln (I)ﬁft‘ — Aln @%ﬁ‘ =

BCA [AT%‘? — AT%‘; and yields

54 _ Al @G} —Alndg}  0.016 —0.018

- = 0.025,
ATGq — ATGY —0.12 — (—0.04)

so the effect of Canadian tariff cuts on industry A productivity is BCAAT%? = (0.025)(—0.12) =
—0.003. Therefore, according to Trefler’s formula, the calibrated Melitz model predicts that the Cana-
dian tariff cuts decrease productivity in the most impacted import competing industries by 0.3%.
Clearly, there is a big difference between what Trefler finds empirically (+15%) and what the
Melitz model implies (-0.3%). We conclude that what Trefler finds empirically is evidence against the

Melitz model.
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6 Conclusion

When we compare a theoretical model with an empirical study, we must derive predictions from the
model that can be directly compared with the empirical study. This procedure, however, has been
absent in the existing comparisons of the Melitz model with empirical evidence. A finding based on
comparisons of liberalized and non-liberalized industries in unilateral trade liberalization episodes has
been accepted as evidence for the Melitz (2003) model with a single representative industry.

This paper derives for the first time the Melitz model’s prediction about how unilateral trade liber-
alization affects productivity in liberalized and non-liberalized industries. The prediction is not what
researchers find empirically, that productivity increases more strongly in liberalized industries than in
non-liberalized industries. Instead, we find that productivity increases more strongly in non-liberalized
industries than in liberalized industries. This finding calls into question empirical support for the cur-

rently most influential model of international trade.

References

[1] Baldwin, John R., and Wulong Gu (2003) “Export-market Participation and Productivity Perfor-

mance in Canadian Manufacturing.” Canadian Journal of Economics, 36(3), 6347657.

[2] Balisteri, Edward, Russell H. Hillberry, and Thomas F. Rutherford (2011) “Structural Estimation
and Solution of International Trade Models with Heterogeneous Firms.” Journal of International

Economics, 83, 95-108.

[3] Bernard, Andrew B., J, Bradford Jensen, and Peter K. Schott (2006), “Trade Costs, Firms and

Productivity,” Journal of Monetary Economics, 53, 917-937.

[4] Bernard, Andrew B., J. Bradford Jensen, Stephen J. Redding, and Peter K. Schott (2007) “Firms

in International Trade.” Journal of Economic Perspectives, 21(3), 105-130.

[5] Bernard, Andrew B., J. Bradford Jensen, Stephen J. Redding, and Peter K. Schott (2012) “The
Empirics of Firm Heterogeneity and International Trade.” Annual Review of Economics, 4, 283-

313

39



[6]

(7]

(8]

[9]

[10]

[11]

(12]

[13]

[14]

[15]

[16]

Bernard, Andrew B., Stephen J. Redding, and Peter K. Schott (2007) “Comparative Advantage

and Heterogeneous Firms.” Review of Economic Studies, 74 (1), 31-66.

Demidova, Svetlana (2008), “Productivity Improvements and Falling Trade Costs: Boon or

Bane?” International Economic Review, 49(4), 1437-1462.

Demidova, Svetlana and Andres Rodriguez-Clare (2009) “Trade Policy under Firm-Level Het-

erogeneity in a Small Economy.” Journal of International Economics, 78(1), 100-112.

Demidova, Svetlana and Andres Rodriguez-Clare (2013) “The Simple Analytics of the Melitz

Model in a Small Economy.” Journal of International Economics, 90(2), 266-272.

de Sousa, Jose, Thierry Mayer, and Soledad Zignago (2012) “Market Access in Global and Re-
gional Trade.” Regional Science and Urban Economics, 42(6), 1037-1052.

Eslava, Marcela, John Haltiwanger, Adriana Kugler, and Maurice Kugler (2013) “Trade and Mar-
ket Selection: Evidence from Manufacturing Plants in Colombia.” Review of Economic Dynam-

ics, 16, 135-158.

Felbermayr, Gabriel, Benjamin Jung, and Mario Larch (2013) “Optimal Tariffs, Retaliation, and
the Welfare Loss from Tariff Wars in the Melitz Model.” Journal of International Economics,

89(1), 13-25.

Fernandes, Ana M. (2007) “Trade Policy, Trade Volumes and Plant-level Productivity in Colom-

bian Manufacturing Industries.” Journal of International Economics, 71(1), 52-71.

Gros, Daniel. (1987) “A note on the optimal tariff, retaliation and the welfare loss from tariff wars

in a framework with intra-industry trade.” Journal of International Economics, 23(3): 357-367.

Harrison, Ann E., Leslie A. Martin, and Shanthi Nataraj (2013) “Learning Versus Stealing: How
Important are Market-Share Reallocations to India’s Productivity Growth?” World Bank Eco-

nomic Review, 27(2): 202-228.

Helpman, Elhanan (2011) Understanding Global Trade. The Belknap Press of Harvard University

Press, Cambridge, Massachusetts.

40



[17]

[18]

[19]

(20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

Hopenhayn, Hugo A. (1992) “Entry, Exit, and Firm Dynamics in Long Run Equilibrium.” Econo-
metrica, 60(5), 1127-50.

Krugman, Paul (1979) “Increasing Returns, Monopolistic Competition, and International Trade.”

Journal of International Economics, 9(4), 469-79.

Krugman, Paul (1980) “Scale Economy, Product Differentiation, and the Pattern of Trade.” Amer-
ican Economic Review, 70(5), 950-59.

Lileeva, Alla (2008) “Trade Liberalization and Productivity Dynamics: Evidence from Canada.”

Canadian Journal of Economics, 41(2), 360-390.

Melitz, Marc J. (2003) “The Impact of Trade on Intra-Industry Reallocations and Aggregate
Industry Productivity.” Econometrica, 71(6), 1695-1725.

Melitz, Marc J. and Gianmarco L.P. Ottaviano (2008) “Market Size, Trade and Productivity.”
Review of Economic Studies, 75, 295-316.

Melitz, Marc J. and Stephen J. Redding (2012) “Heterogeneous Firms and Trade.” NBER Work-
ing Paper No. 18652.

Melitz, Marc J. and Daniel Trefler (2012) “Gains form Trade when Firms Matter.” Journal of

Economic Perspectives, 26(2), 91-118.

Nataraj, Shanthi (2011) “The Impact of Trade Liberalization on Productivity: Evidence from
India’s Formal and Informal Manufacturing Sectors.” Journal of International Economics, 85(2),

292-301.

Okubo, Toshihiro (2009) “Firm Heterogeneity and Ricardian Comparative Advantage within and
across Sectors.” Economic Theory, 38(3), 533-559.

Olley, C. Steven, and Ariel Pakes (1996) “The Dynamics of Productivity in the Telecommunica-

tions Equipment Industry.” Econometrica, 64(6), 1263-1297.

Pavcnik, Nina (2002) “Trade Liberalization, Exit, and Productivity Improvement: Evidence from

Chilean Plants.” Review of Economic Studies, 69(1), 245-76

41



[29] Redding, Stephen J. (2011) “Theories of Hetrogeneous Firms and Trade.” Annual Review of Eco-
nomics, 3, 77-105.

[30] Sivadasan, Jagadeesh. (2009) “Barriers to Competition and Productivity: Evidence from india.”

The BE Journal of Economic Analysis & Policy, 9(1), 1935-1682.

[31] Trefler, Daniel (2004) “The Long and Short of the Canada-U.S. Free Trade Agreement.” Ameri-
can Economic Review, 94(4), 870-895.

[32] Tybout, James R. (2003) “Plant- and Firm-Level Evidence on “New” Trade Theories.” in E. Kwan
Choi and James Harrigan eds. Handbood of International Trade, 388-415. Blackwell Publishing,
Oxford.

[33] Venables, Anthony J. (1987) “Irade and Trade Policy with Differentiated Products: A
Chamberlinian-Ricardian Model.” Economic Journal, 97: 700-717.

42



Appendix: Solving The Model (Not for Publication)

In this Appendix, calculations done to solve the model are spelled out in more detail.

Consumers

First, we solve the within-sector consumer optimization problem

1/ps
max Cs = {/ gs(w)Ps dw] s.t. / ps(w)gs(w) dw = Es
as(-) wENs wes

where ¢s(w) is quantity demanded for variety w in sector s, ps(w) is the price of variety w in sector s

and Ej is individual consumer expenditure on sector s products. This problem of maximizing a CES

utility function subject to a budget constraint can be rewritten as the optimal control problem

ma / CaPide st () = p()a), 5:0) = 0, (+00) = B,
s\’ wellg

where y;(w) is a new state variable and ¢ (w) is the derivative of y5 with respect to w. The Hamiltonian

function for this optimal control problem is

H = q,(w)Ps + v(w)ps(w)gs(w)

where 7(w) is the costate variable. The costate equation g—i = 0 = —%(w) implies that vy(w) is

constant across w. %Z = pgqs(w)Ps~ + v - ps(w) = 0 implies that

gs(w) = (M) 1/(1=py) |

Substituting this back into the budget constraint yields

Es:/ swswdw:/ sw<5 ) dw

p 1/(1795) l—pg—1
= <3> / ps(w) =rs dw.
- weNs

. . 1_ _1
Now o, = —1_1p implies that 1 — o5 = 1be = 12,
s s B

E, _ (Pg) 1/(1-p,)
waQS ps(w)l_osdw = '




It immediately follows that the individual consumer demand function is

ps(w)"7E
gs(w) = ﬁ
S
11/(=0s) . _— .
where P, = { fw cq, Ps (W)= dw is the price index for sector s. Substituting this consumer

demand function back into the CES utility function yields

1/ps i 70'Sps Eps 1/P5 E
we, Jwea, Py 7P P Lwea,
Taking into account that —osp, = % = 1 — oy, the CES utility can be simplified further to
E, 1 /s E 1 1/p Es E;
Cs = 1= |:/ ps(W) s dw] = = [PS _Us] S = 1 PS_US = —,
P 7s weNs Ps s P 7 P

Thus, we can write the across-sector consumer optimization problem as

EA oA EB ap
=0 CRP = == — t. Ex+FEp=F
EIZI%{BU CyCq (PA> <PB s A+ Lp

where F is consumer expenditure on products in both sectors combined. The solution to this problem
isFqy=as4F and Eg = apFE.

In country 7, workers earn the wage rate w; and total labor supply is L;, so total wage income that
can be spent on products produced in both sectors is w; L;. Given free entry, there are no profits earned
from entering markets, so consumers spend exactly what they earn in wage income. Let F;; denote

the expenditure by all consumers in country ¢ on sector s products. It follows that
Eis == aswiLi.
Firms

Let 7;;5() denote the gross profits (or variable profits) earned by a firm with productivity ¢ from

country ¢ to country j in sector s. It follows that

WiTijs

Tijs(p) = Tijs(p) — %ijs(@)
pijs((p)l_asaswj[’j _ WiTijs pijs(gp)_osaswj[/j
l—0os 1—0s :
'Pj5 ¥ Pjs

1/ps



We obtain the price that maximizes gross profits by solving the first order condition

Omijsp) (L= 0s)pijs() " " aswyly | wiTijsospiys() 7 asw;L;
Opijs(p) Pl pP %
_ pz’js((’p)_lisjswjl/j | ot WiTijs0s | _
Pl wpijs(¢)
which yields o5 — 1 = Z;T”zgi Taking into account that —=5 = 1_1p / lfl(i;p 2 — pi, we obtain the
NE] S s s s

profit-maximizing price
W;Tijs
Pijs(p) = : (5)
v P

Substituting this expression for price back into gross profits, we obtain

Pijs(9)' T aswiLy  wiTijs pijs(p) T aswjLy
1—os 1—0s
Pjs o © PJS o

mijs(p) =

Pijs(0)' T asw; L [1 _ _WiTijs ]
Pl epijs ()
W;iTijs PsP ]

- . 1—
Tijs 90> |: ©  WiTijs
)

(
= 1is() [1 = pg]
Tijs ()

Os

1%% implies that 1 — p, = Uis A firm from country ¢ and sector s needs to have a

since o5 =
productivity ¢ > 7, to justify paying the fixed “marketing” cost w; f;;s of serving the country j
market. Thus cp;‘j s 1s determined by the cut-off productivity condition
Tijs(Pijs)
Os

= W fijs- (6)

Comparing the cut-off productivity levels of domestic firms and foreign firms in country 7, we find



that

w; fijs Tijs(Pijs) /O

wj fjjs 7jjs(¥}is)/0s

1—0s
<pZJS (pz]s /PJS) asw]
= from 4)

1—0s

(pjys ‘Pjgs /P]5> asw;iL

l1—0s
(szUs/ps(szs)
= from (5

l1—0s
<w Tjjs/ps()oj]3>

1—0s
— TZJS‘PJJS
wj(pz]s

l1—0s
* o
ijjs _ T(?—'S_lfijs (U%) s
* 1)s .. .
Pijs fijs \wj

* s 5_1
s _ [T%lfijs (w)"r/“’ >
©ljs 7 figs \wj

and letting Tj5 = Tijs (fz‘js/fjjs)l/(as_l), it follows that

Rearranging terms yields

The Price Index

Next we solve for the value of the price index Pjs for country j and sector s. Given the Pareto distribu-
tion function Gis(¢) = 1 — (bis/)%, let gis(¢) = G (o) = bfgﬁsgo_@“_l denote the corresponding
productivity density function. Let y,,(¢) denote the equilibrium productivity density function for
country ¢ and sector s. Since only firms with productivity ¢ > ¢ produce in equilibrium, firm exit is
uncorrelated with productivity and ¢7;; < ¢;;, the equilibrium productivity density function is given
by

2 ife > ¢,

0 otherwise.



1/(1—0s)
Using Ps = Uweﬂs ps(w) =75 dw and

[1 - GZS(SOZS)] Misegis(@) . Mise

Ois [1 — Gis(#53)]  dis 9is(). (A1)

Mispis(0) =

the price index P;, for country ¢ and sector s satisfies

[e.o]

P = / piis(‘P)lUSMisMis(SO)dSD"‘/ Pjis(0)' 7 Mjspjs () dip
S0;’25 (’D;'Ls
Mise o —c Mjse o -0
= 2 [ (@) dGalo) + 5 [ ) 4Gl
is Jo js Jop

* *
iis jis

This expression can be written more conveniently by switching indexes ¢ and j

—c M jse o —0 Mise > -0
P == / Pijs(0)' 77 dGs(p) + — / Pijs(0)' 77 dGis()
5js @ 57,3 ©F.
Jis YES

and it follows that the price index P; satisfies

1-0s Mk,‘se * 1—0o
P =25 Prjs ()77 dGira(@). (9)
k=12 ks Jep.

Free Entry
Free entry implies that the probability of successful entry times the expected profits earned from suc-
cessful entry must equal the cost of entry, that is, Prob.(¢ > ¢ )0;s = w;Fjs or

* 77—1'8
(1 — Gis(¢5is)] 5. w; Fis.

The average profits across all domestic firms (exporters and non-exporters) is given by

o0

Tis = ]\/}is {/:O [Tiis(0) — Wi fiis| Mispiis (@) dep +/ [Tijs (@) — wi fijs) Mispis (@) dSO}

* *
Pijs

118

> [ riis() ] 9is(¢) / ~
= — —Wifus| —— 4 5 dp T+
/%Dfis [ Ts 1= Gis(#5;5) v ®

*
ijs

[ms(go) B wz’fijs:| 9is() do.

1- GIS(SO?ZS)

Os

Substituting yields

[1 - st(()o;kzs)] Tis = / - wifijs:| 915(90) d(p = 6iswiF‘is-

.
Piis

> {ms(%))

o Tijs\p
— wifii5:| gis(¢) d¢+/ [ )
US 907’;]'5 S



Thus we obtain

— = wifijs:| dGis(p) = w; Fis. (10)
To evaluate the integrals, next note that from (4) and (5),

—0Os 1—0s 1-0s * l1—0g os—1
rijs(p) pijs(@)t° (asijj)/Pjs 7 B ( Pijs() _ [ wiTijs PsPijs 7 _ [
7) _ .

rijs(Phs) Pijs(Pyjs) 7o (OésU)ij)/les_Us -\ pigs (9, PsP WiTijs ©iis

Using the cut-off productivity condition, it follows that

(05 ) 7s—1 s—1 7t
7"1]8(@) — TZJS gOZjS f — UsLZfz]s f = wzfz]s % (AZ)
o, o Ol Os Pijs Pijs

and
os—1
[]() - wz‘fijs] dGis(p) = / w; fijs <*) — wifijs | dGis(p)
SO::].S Ts SD::].S (‘OZJS
os—1
i [T |(2) 1wt
¢iis | \ Piss
= Wi fijsJis(©ijs) (A3)

where the function J;4(-) is given by

Jis(z) = /:O [(i)as_l - 1] dGis(p)

) e - Gt

X

00 b 0s
_ b?;gsl,l—as/ S005—1—03—1 d(,D _ (;S>
T

—1—0, 2
= b0 xlfasixaé o (b
is 78 O —os+1 T

0 — (0s — 05 +1) (bis\”
0y —os+1

i
05
05— 1 <b) . (A.4)

:95—03+1 T

We assume that 6 > o, — 1 to guarantee that expected profits are finite. Making substitutions and



rearranging terms, it follows that

Z / [ms — wz‘fijs:| dGis(p) = 0isw;i Fis
g07,]5

7j=1,2

Z w fijsJis(¢ijs) = diswiFis  from (A.3)

j=1,2
37 Fiisdis(0l) = GisFig
j=1,2
05
—1 bis
Z fzgse 1 - = 51'5Fi3 from (A4)
fay —0s + 1\ $ijs

and using 7, = b (05 — 1) / [04s (85 — 05 + 1)], yields the free entry condition

Z 7zsf1]5(ngs

7=1,2

Labor Demand

(A.S)

(11)

Let L;s denote labor demand by all firms in country ¢ and sector s. We use a three step argument to

solve for labor demand.

First, we show that the fixed costs (the entry costs plus the marketing costs) are proportional to the

mass of entrants in each country ¢ and sector s.

Wy Mzsers+ Z fzgs zsﬂzs((p) d()o = w Mzsers+ Z/ fzgs

] 12 (’pzjs 1= 12 907,]5

M.
= w; | MiseFis + e Z fijs[l

Os
=12

M; 0
= w; <MiseEs + (5188 0;sFis
is

—o0s+1

05
M;
= wj | MiseFis + 5186 Z fZ]s <)
is 1o SOUS

Mise gis(¢) dp | from (A.1)
— Gis(ijs)]
— > from (A.S)

= wiM;sFis <

05—1—}—93—08—}—1)
1



from which it follows that

0. F;
w; | MiseFis + Z fz]s zs,UJZs( ) dSO = w;iMise (JS_Zsl) . (12)
j=1,2" Pijs s

Second, we show that the fixed costs are equal to the gross profits in each country ¢ and sector s.

From the free entry condition (10), we obtain

5iswiEs = Z / |:74le ) - wifijs:| dst(@)

Lngs Ts
o0
.
w; | diskis + Z fijs[l = Gis(eis)] | = / ”;((‘0) 4Cis(¢)
j=12 j=12"%ys  "°
M; . M; Ty
wi | MiseFis + — Z figsll = Gusl@lj)l | = 5= / uy 1Gil)
Ois ST Ois [T len. o
ol <9sFis> - M Z/ e (ip) from (12)
7 18€ - *
os— 1 1-—- Gls((pus) j=1,2 ‘P?js Is
1 o
= — Tijs () Mis ;s (p)dip from (A.1)
Ts 27 ¢
1
= — Rijs
Ts ;T2

where R;js = f Tijs () M;sp;5(p)dep is the total revenue associated with shipments from country
1 to country j in sector s.

Third, we show that the wage payments to labor equals the total revenue in each country ¢ and
sector s. Firms use labor for market entry, for the production of goods sold to domestic consumers

and for the production of goods sold to foreign consumers. Taking into account both the marginal and



fixed costs of production, we obtain

wiLlis = w;M;seFis + w; Z /

Tijs
[fz‘jﬁqws(so) (; :|Mis/~Lis(90) do

7j=1,2 Lpz]s
) WiTijs
= w; | MiseFis + Z fz]s 'Ls/%s dsD + Z qus psMiS/lis((p) d(p
j 12 LP’LJQ J= 12 501]9 s

M, ( 0sFis ) Z / Tijs () Mistiis () de from (4), (5) and (12)
7=1,2

‘P”S
= — Z Rz]s+ps Z Rzgs

] 1,2 7j=1,2
= (1_ps+ps)ZRijS

7j=1,2
= g Rijs.

§=1,2

Thus

1 05 F;
Lz ’lejzl:2 Rzys - w3 szzse (O’: _181> Og

and it immediately follows that
1
Lis = Z Rijs = MiseXis (13)

Ws
vi=1,2

where X;; = 05F;5/p, is the labor demand per entrant in country ¢ and sector s.

Relative Expected Profit

The expected profit of an entrant in country ¢ from selling to country j in sector s (after the entrant has
paid the entry cost w; Fj5) is

[ = Gis(eii )] [ [rigs(0) gis(¢) o [ rusle) .
[ [ e g e [ [ -] acto)

ijs 261‘ s
The expected profit of an entrant in country j from selling to country j in sector s (after the entrant has

paid the entry cost w; Fj;) is

1—st(¢§js)] /:O [Tjjs(@) jfm] l_ggs(@)d@:(;,l /:o [W—wjfjjs} dGjs ().

5 s Cralitye) 0 0 2

*
jjs 338 jjs



Thus the expected profit of an entrant in country ¢ from selling to country j in sector s relative to that

captured by an entrant in country j from selling to country j (or the relative expected profit) is given

by

o o {M_wifijs} dGis()

6 = Pl o
ijs — s
s Jor [”?.7(@ _wjfjjs} dGjs(p)
738 h
O wifigsis(#55)
o1 *
05 wjfijsdis(©];s)
0,
i figagZter ()
= A from (A.4)

gs—1 b; 0
. N S s Js
5zsw]fj]sgsfgs+1 (Sa;js

0s
5iawifiie (b O0s [ 7oy \ "L/
:6]5# (bw> ngsl <Z> from (7)
isWj fjs \bj W
by, = distus (B )" g, () T (14)
Y5 Gisfijs \ bj 7wy .
It follows that

52sf12s <bls>05 -0, 1-0s/p 5lsf21s (bZS)GS -0, —140s/p
= - T 75w s/ Fs i T-Ysa0 s/Ps
91260215 01sf22s \ b2s 12s 71 025 115 \ b1s s

_ fasfas TiosTo1s] "

f115f223
Ts— os— —0s
T12S <f12s)1/( s 1) 7—218 <f215> 1/( 1)
f22$ flls

f12sfa1s
1 <f11sf22s)(GS_USH)/(US_I)

f113f223
(T125T215)% \ f12s fo1s

since 7125 > 1, T21s > 1, f12s > fi1s and fars > foos.

from (A.3) (A.6)

or

<1

10



Total Revenue

To solve for total revenue R;;s associated with shipments from country ¢ to country j in sector s, we

first establish three properties:

* W;iTijs
Pijs\Pijs) = "
J ( ] ) PSSOZ»J'S
lj—lLS 218 1/ 1 Us)
= N <;’ ) from (7)
[ we Sk jjs
psTijs (wj) ¥jjs
—1/(os—1) crs/ os—1) 1/(1=0s)
w;
— J (fzjs) A7)
ps@jjs fJJS
since 1 - = (050312 =72 = g;l
s 0';—1
Jis(z) +1 = / [ 1} dGis(p) + 1 — Gis(2)
o0 O'S 1
:/ AGi(9) = [L = Gis(@)] + 1 = Gus()
o0 os 1
=/ dGis(p)
-1 bis fs
T 0o 1 () T1-Gul@)
0-5_1+93_0-5+1
D e
95 98 - US + 1
_98_05+1 os—1 JZS(:L.)
05
= ——Jis(@), (A.8)

11



and

os—1
> o = i yi—ou [ ¥
/* pijs(¢)" dGis((p):/* Pijs(¢js) ( *> dGis()
©

ijs Pijs

0 o os—1
= pijS(‘P;‘kjs)l_os / ( " ) dGis(p)
©iis \ Pijs

= pijs(05js) " is(9]js) + 1 — Gis(;,)]  from (A.4)

—1/(cs—1) os/(cs—1)
_ wl’ wj <fl]$
PsP5js fiis

1/(1—0s)
) ] [Jis(¢7js) + 1 — Gis(i;s)] from (A7)

B —asfijs ( 93 ) (10 ) from (A 8)

pi ’ ;(Jls Usfjjs Os — ot Figs

7 fij 0, 050 w; figsTis(2555)

= 1" ( : 1) s Fige o (@i $i; from (A.6)

ps Pijs fjjs Ts — 51‘3 wzfzys

1—0s
0 w; Jis(¥];s)

= - ‘i 2 ]]S ZS(z)zjs (A9)

os — 1\ psjjs djs

Using these properties, we can solve for total revenue

Rijs = / Tijs (@) Mispiis (@) dip
Lp');js
Mis /OO
= — riis() dGis() from (A.1)
1 st((p”s) . j( ) ( )

= [1 ’LS(SOHS)]Mise & N - '
ol Gis(#;5)] /eoz-]-s Pijs(9)dijs (¢) dGis ()

M iis —0s QW T,
= / pz’js(sD)p () = 120 dGis () from (4)
Ois o P N

5
ijs

ijs
asw;Lj Mlse

1—0o
= - Pijs(0) 7 dGis()
Pl /w ’

ijs

Mzzef* Pijs(0)' 77 dGis()

= asw;iL Mo [0 . from (9)
Zk 1,2 525 fsozjspkjs(@) % dGrs(p)
Mise Os wj 1=os JJS(QDJJS)
Bis Ta-1 \Pa¥s T 0isPijs
= asw;L; from (A.9)

E Myse _0s wj i J]S(cpjjs)(s d) .
k=12 6y os—1 \ ps, 0js ksPkjs

12



and it follows that total revenue can be written simply as

L: Mise¢ijs
’ Zk:lg Mkse¢kjs '

Rijs = aswj (15)

The Mass of Entrants

We are now in a position to solve for the mass of entrants using the property that labor demand is

proportional to the mass of entrants. From L;; = wi > =12 R;js = M;se X5, we obtain

ZRi_js = wiM;se Xis

j=12
S vty Ly 0 X, from (1)
j=1.2 Zk:LQ Mkse¢kjs
from which it follows that
Z asw;iL; Piss = w; Xis. (16)
j=1,2 2 k=12 Misedrjs

L f 0 1*95/Ps .. 1/(‘7571)
Now ¢;;, = 9jsfijs (%) 705 (&) and Tjj5 = 74js (f”s> imply that Tj;s = 1

0isfijs \ bjs ijs  \ wj fijs

and ¢;;, = 1. Thus equation (16) can be written out as

aswiL agL
cubint AR é 2¢123 = wi1Xis
2s

Gls

aswlLl Oéng
2 — = X
Gls ¢218+ G?s %

where

Gls = Mlse+M25€¢2ls

G2s = M186¢128+M286-

Written in matrix form, these systems of linear equations become

L
L o ayer w1 X1
aslo
Po1s 1 e Xos

13



1 925215 Mlse Gls

Pras 1 Mo Gos

Solving using Cramer’s Rule yields

aswilq 1
SGls = Ks(lels - ¢12SX28)

aslo 1
525 = E(ng — Pg15w1X15)

where Ag =1 — ¢y9,¢9;, > 0 is the common determinant and

1
Mige = K (Gls - ¢213G28)
s
1 aswlLlAs OlsLQAs

A, (lels — 1o Xas 9215 Xos — ¢213w1X13> '

Thus the mass of entrants is given by

wily ¢215L2 )
M = « — 17
e ’ (lels — Q195 X2s  Xos — Pgy w1 X1 (17)
where )
523f12s <bls> ° -0, 1-0s/p
= —_— T Sw s s
¢125 5lsf228 b25 12s 1
and

015 f21s <525>98 0, —146./p
= - Toosw s/
Oa1s 025 f11s \ b1s s L

Proof for Lemma 1

Equation (17) defines M, as a function of wy, 7125 and 7215, and can be written in function form as

Mige(w1, T12s, T215)- To determine the properties of this function, we calculate the partial derivatives.

Given s > 05 — 1 = p,o5 > p,, we obtain %‘b—;ﬁs <0, B12s o Wo1s 5 g 21s 0, and it

> OT12s > Owy > OT21s

14



follows that

OMse (w1 X115 — P19sX25) L1 — w1 Ly (X1 — 851,1}? Xos)

= «
awl ’ (lels - ¢123X25)2
(s - Go1sw1 X15) B2 Ly + oy L(o s + G2ewy) X
(Xa2s — do1 w1 X15)?
[~ 195 Xos L1 + w1 L1522 Xoy Xy 5928 Lo + (¢9,,)? Lo X1
= [0 J—
’ i (w1 X15 — P19 X2s)? (X2s — Ppo15w1 X15)?

OMyse _(lels ¢123X23)0 + w1l afizs Xog 0

= « _
67‘123 B i (lels — ¢128X23)

i 0124
’UJ1L1 X2
== Oés 67123 i 2 < 0
(w1 X1s — P125X2s)

6]\4156 - -0 _ (X2s ¢21sw1Xls)3T§is Ly +¢215L2 37218 w1 X1
| (Xos — dor w1 X15)?

X2 ¢21€L2
= —a; [ ~07aLe ) ] > 0.

O0T21s

(X2s — Pg1 w1 X15)?

Thus, the function Mise (w1, T12s, T215) has the properties % aMlse <0, %]‘T/[ll;e < 0and aMl“ > 0.

Equilibrium Cut-off Productivities

Having found the equilibrium wage rate w;, we can now solve for the equilibrium cut-off productivi-

ties. Writing out the free entry conditions | =12 Wi fijSJiS(g0§js) = §;sw; F;5, we obtain

wy f11 * wy f12
2 J1s(11s) + 2 J1s(Ples) = wiFig
518 513
fo1 J22
5 = JQS(QD;LS) =+ (5 : ‘]28(%0;28) = FQS'
2s 2s
e . e o 7sw1f1jsjls(30”s) .
Writing out the relative expected profit conditions ¢, = Svowy FryeTralor > We obtain
s sJjs\Pjjs
p _ d2sw1 f12sJ1s(]as)
128 015 f225 025 (P395)
® _ 6lsf21s=]2s(§0§13)
2s d2sw1 f11sJ1s(971)

15



Thus the free entry conditions can be rewritten as

f1s wy f

12
JQS(Sozls) + - JlS(@TQs) = wikFig
$91502s O1s
fa1 w1 f12
TS‘]QS(()O;L?) + 5 - ‘]18(90?23) = Fys
2s ¢123 1s

and in matrix form become

1 f215J2s (05 s)

o 1 J21s253P01s) ;28 21 B w1 Fig
1 w f SJ 3(90* s)

1 i ZLJ12s 1s \P12s) 6115 12 Fy,

Solving using Cramer’s Rule yields
* Fos _w F
wlfIQSJIS((Ple) _ Pa1s 141s
= 1
O1s Frosbo1s
wifizs 05— 1 ( b1s )95 _ Fsfros — d1asbo1 w1 Fis
01s Os—0s+1 \ plag 1 — 01950215
wifles os—1 g 1 — 1250915 b,
= P12s

615 Os—o0s+11° Fos@195 — 9195021 5w1 Fis

Letting v,, = b (0, — 1)/[61s(05s — o + 1)], we can write the last expression more simply as

_— Y1sS125(1 — P1950915) }1/95 _

iz = |:F28(¢125/w1) - ¢128¢218F15 (19)

Proof for Lemma 2

Equation (19) shows the export productivity cut-off 7, for country 1 in sector s as a function of
the country 1 wage rate w; and trade costs 7125 and 7215. To determine the partial derivative of this

function with respect to w;, note that

1 <f115f22s>(0503+1)/(081)

(71237'215)95 f12s fa1s

P125P21s =

does not depend on w; and

Pras _ | O2sf12s (bls>95 —0,, 1-0:/p, | 1 _ | 02sf12s <b15>98 o,
= — | TRl w Tl w] = 15y s
wy 515f228 st 12s 1 1 5lsf228 b2s 12s

wl_eg/pa

16



is decreasing in wy. Thus the export productivity cut-off 7, is an unambiguously increasing function

8301(25
of wy and o > 0.

To determine the partial derivative of ¢],, With respect to 7125, note that both ¢5,¢,;, and ¢12&

are proportional to 71_2;. It follows from (19) that an increase in 7125 causes the numerator v, f12s(1 —
$12:s021,) to increase and the denominator Fog (o, /w1) — P1a50915F1s to decrease, so (gpm > 0.
To determine the partial derivative of (7, with respect to 721 takes more work. We consider how
the competitiveness curve shifts for a given ¢7],, when 7915 decreases. When 721, decreases holding
all other parameter values fixed and holding 7, fixed, the free entry condition (11) for country 1,
f 118@Tf505 + flzsgff; 595 = Fi5/7,, implies that 7, ; remains fixed. The other free entry condition for
country 2, fo150510% + fozs@ige® = Fas /7o, implies that 3, and ¢}, move in opposite directions.
From (7), the cut-off productivity levels satisfy 35,05, = (Tlgswl/ O3 ) (Tgls’w; e S¢f15> =
T1259595 1215071 5- Because @7 is fixed, 119 is fixed, 1515 decreases and 7, is fixed, 3, and 3,
can move in opposite directions only when 3, increases and ¢35, ; decreases. Thus, a decrease in 721
holding ¢7,, fixed leads to ¢];, remaining fixed, 3, increasing and ¢35, , decreasing. But then the
cut-off productivity condition (7) ¢jo, = T2 swl/ 59, implies that wq must decrease. It follows that
when 791, decreases holding ¢7,, fixed, then the wage rate w; must decrease and the competitiveness
curve shifts down. This is equivalent to the competitiveness curve shifting out (as illustrated in Figure

3), so g%% < 0.

Proof of Lemma 3

(Part 1) One measure of industrial productivity ®1% is the industrial average of firm productivity ¢

weighted by each firm’s revenue share in the industry and is given by

E]‘ZLQ I(p > @Tjs)rljS(@)MISMls(‘P)
Zk:m Ryps '

o
fbls:/ wv1s(p) de where wvi5(p) =
0

17



The function v15(y) is a revenue-weighted density function for ¢ since

0o 00 . > of . Ms .
/O vis(p)dp = / 2 =12 100 2 01551 (0) Misps () ”

Zk:Lleks
e [ @)
= =% T15s() Maispys(p) dp
> k12 Piks ool ens ” e
1

= S R E Ryjs
k=1,2 1]<Jsj:172

= 1.
To better understand the properties of &%, define vy ;5 (¢) = 71;5(0) Misprs()/ (Zk:I,Q les) .
Then vis (p) = >_,_1 2 L(¢ > ¥1;5)v15s () and
oo
e, = /0 puis(p) di

= / 0 > I(p = ¢t v (@) do

0 j=1,2

= / pu11s () do + / u12s (@) dop
©

Tls ‘pTZS
o §0T2s

— / o [o11s (1) + v12s ()] dip + / o1s () di.
¢T25 @Tls

We know that Zk:1,2 Riks = w1 Mise X1 from (13), Misp4(¢) = Misegis(¢)/d1s from (A.1) and

r1js(p) = oswi fijs (#;S) * " from (A.2). It follows that

viis () = 715 (9) Mispins ()
” Zk:LQ Rigs

les(‘P)Mlsegls(Sp)/éls

w1 MiseX1s
os—1
— Usfljs 80 918(90) (A 10)
X1s 90>1kjs 01s

Therefore, productivity <I> " can be written as a function of the domestic productivity cutoff ¢7,, and
the export productivity cutoff ¢7,,. Furthermore, the free entry condition

f11s Ji2s  Fis
* 95 * 95 -
(¢i1s) (¢12s) Vs

(A.11)

determines (7, as an implicit function of (7, and we can solve for its derivative by totally differ-
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entiating. This yields —fllsGSw’{fses_ldcpﬁs - flgsﬁstpgses_ld@fgs = 0 and rearranging terms, we

obtain the derivative

0s+1
d‘PTls _ f12s <<P>{ls> 0
* - * < 0.
dipTgs Ji1s \ ¥las
Because (A.10) and (A.11) do not include the wage w; or variable trade costs, it is possible to write
@1t as a function of 7, that does not include the wage w or variable trade costs.

Taking the derivative of this function using Leibniz’s Formula, we obtain

dof * [d(vi1s (¢) + v12s (9)) . . . . .
d *18 = / Y [ = dot = dp — ©lag[V11s (Plas) + V125 (P12s)] + PlasV11s (P12s)
P12s lo. ¥P12s
Pi2s [ dviy, (o . « o dpl
+/ ® (d 8*( ) dp — 115v11s (P115) d ils
P 12s P12s
o d (Ull (50) + v12 ((70)) * *
= / ‘2 [ 2 do* 2 dp — Plasv12s (Pl2s)
Plas P12s
SOES dUllS (@)) * * ngTl
+/ @ ( dp — 115v11s (P115) o (A.12)
0. doTas Mt iie At dpias

Thinking about the implications of a marginal decrease in ¢},,, the four components of d®¥, /dyi,,
represent the change in industrial productivity associated with existing exporters, new exporters, re-

maining non-exporters and exiting firms.

To determine the sign of d®% /dy%,., we first calculate the derivatives inside the integrals. From

(A.10), the derivatives of v115 () and v25 (¢) are

dvljs (QD) _ _US(US — 1)()00371913(90) fljs fOI‘j _ 1’2‘

d(pijs X15615 (@Tjs)os

It follows that

* - * Os * + * Os
d(1012s X1s01s (Qplls) ) d@lZs (80125)

_os(os =17 gis() Jiis J12s <<PT15>93+1 N it
X1501s (0715)7° fi1s \PTas (0125)7°

— 99_ S 1
_ _Us(Us - 1)9008 1915(90)f125 1— <90Tls> ot <0
Xlsdls (‘PTQS)US 90T2s

d (v11s (@) + v12s () . _08(08 - 1)9005_1918(80) [ fiis  deiis fi2s ]
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and

dviis (90) N dvyis (30) dSO*lﬂls

dSOTQS B d(pils dSOTZS
Tg— * 95
_ 0s(0s — 1) Yg1(0)  fiis  fizs <<P115> !
Xls(sls (901{15)03 flls 901(25
_ * 0s—os+1
_ Us(a's - 1)9005 1915(30)f12s (90115) * ~0

X1501s (@TQs)eSJrl

As a second step in determining the sign of d®%, /dp*,,, we look at the change in industrial pro-
ductivity associated with existing exporters and remaining non-exporters. To make progress, we first

multiply both sides of the free entry condition (10) by os/w; X1 and then use (A.10) to obtain

O 1 * (riis Os
5 Z/ M—wﬁjs g1s(p)de| = (w1 F1s]
01s 5 P1js

w1 X1s Os w1 X1s
Z /OO |:r1js(<)0) . O'sfljs:| J1s (‘P)d(p _ Os F
j=1.27 %1 w1 X1 Xis O1s Xis °
_ 0sf1js 915 ()
Z / |:vl]s Xls 515 d‘P XlsFls
] 12 SOlgs

Next taking the derivative of both sides with respect to ¢7,, and using (A.10), we obtain

® duyis dy?t s . Usfljsgls (¢Tj3>
0= Z / 155() dy — ij 'U1j5<901js) -

*
j=1,2 |7/ ¢ijs d@12s depTas X15015

_ Z / dvljs

j 12 S01]5 @125

[ el /°° o),
® ® 1

. APTa s @¥12s
o) d ‘PTQS d
:/ (v11s () :’U12s (¢)) dop +/ M dep. (A.13)
Plas dpios i, D12

In response to a marginal decrease in (75, the total increase in revenue share of existing exporters
f:%s d (vi1s (@) + vi2s () /dpis, dp is exactly balanced by the total decrease in revenue share of
remaining non-exporters firms — f 30*1‘25 dviis (@) /dpies de.

As a third step in determining the sign of d®F /dp?,,, we look at the change in industrial produc-

tivity associated with new exporters and exiting firms. To make progress, we first note that v14(¢p) is a
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density function:

00
/ Uls
0

/ vi12s () do +/ v11s () do
©% ©%

12s

*
P12s

[ b o @l do+ [ o) de

* *
P12s Pl1s

Next taking the derivative of both sides with respect to (7], using Leibniz’s Formula, we obtain

0= /OO {d (V15 (¢) ;H}ms (‘P))] dp — [vi1s (P12s) + vi2s (P126)] + V115 (PT25)
ia

d90125
Pizs ([ duyys (<P)> dy
+/ <* dep — 11 (¢T1 ) *8
1, d‘Pms ’ *deTy,
°° d (vi1s (@) + vi2s (%’))]
= dp — v12s (P12s)
{ d‘Plzs ’ °
“1zs ( duys (¢ )> dpiy
dp —v11s (P115) 75
/ < dpias ST dpias
From (A.13), this leads to
« N
V12s (90123) + v11s (30115) dsoils = 0.
12s

In response to a marginal decrease in @75, the total increase in revenue share of new exporters

V125 (7o) 1s exactly balanced by the total decrease in revenue share of exiting firms —v115(¢7;,) jzils .
12s

It follows that the net effect of the second and the fourth terms in (A.12) is negative

*

d@lls
dgp?%

_90T25U125 (90;25) - @Tlsvlls ((pils) = _¢T25012S (SDTQS) + ¢T15012S (SDTQS)

- ((pt2s - (pfls) V12s (¢T28) <0. (A.14)

Because the new exporters enter with higher productivity than the firms that are exiting (©7o, > ©715)
this reallocation of revenue shares from exiting firms to new exporters contributes to raising industrial
productivity.

Finally, we are ready to determine the sign of d®¥, /d?,,. Since d (v11s (0) + v12s (©)) /dpis, <
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0 and dvy1s (@) /deies > 0,

d (v11s (p) + v12s (9)) <o d (v11s () + v12s (9))
dSOTQS ° d¢f2s

dviis () dviis ()
0 < p—""= < @logs—— forall ¢ € (pli,, Plas) -
d(p125 12s d(p125 ( 11s 12s

< 0 forall ¢ > ¢}y, and

It follows that the first term on the right-hand-side in (A.12) satisfies the inequality

& d (v11s () + v12s (@ .  d(v11s () + v12s (@
/ 90[(11 (d)* 12())]d¢<%25/ (v11 (d)* 12())d¢
© ¥P12s s ¥P12s

*
12s

and the third term satisfies

/50’{28 ; <dv11s (@)) do < ol Plas duyys (¥) dop
gofls dSOTQS ’ QDTIS d(pTQS

. * d(v11s () + v12s (@
:%28/ (v11s () 12())d(p
%)

TQS dSOTQS
& d
- _/ o [ (vits (fl) iz, (<P))] do.
SOIQS S012S
Therefore, the net effect of the first and third terms in (A.12) is negative
0 d Plas d
410*1:25 ()0123 SOTls 90128

In response to a marginal decrease in ¢7,,, the reallocation of revenue shares from remaining non-
exporters to existing exporters contributes to raising industrial productivity because all of the existing
exporters have higher productivity than any of the remaining non-exporters. Combining (A.14) and
(A.15), we conclude that d®¥ /dpt,. < 0.

(Part 2) The second measure of industrial productivity ®¥, is industrial labor productivity:

Zj:1,2 Rijs
PlsLls

o0

where 1515 = / P11s (@) p15(@)dep.
©

*
11s

L
(I)ls
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From w1 Lz = ijl o Rijs and

ﬁ)l _ /oo <w1> gls(‘;@) dp
° © Ps¥p 1- Gls(gp}{ls)

3lk:l.s
_ w /°° 0:01;
s (bis/951)" Sy, AT 7
L wibl [—sO’{IS(Q”Q)H

Ps —(0s+2)+1

. w1 < 95 )
PsPirs \Os +1)°

industrial labor productivity becomes
0s+1 .
(I)lLs = < 89 )pscplls'
S

From the free entry condition }_,_,; , fijsgofjges = Fis/7vis 11, decreases when @7, increases.
Therefore, ®L, decreases when ¢}, increases. Furthermore, a change in variable trade costs only
affects industrial productivity ®£. through its influence on ©*,. since the trade costs 7;;, and the wage
p Y P15 g P12s J g

w1 do not appear separately in the above expression for <I>1L5 or the free entry condition.

(Part 3) Another measure of industrial productivity ®}" is industrial labor productivity calculated
using a theoretically consistent “exact” price index:
> =12 Rujs

oW =
1s PlsLls

It is easy to calculate how a change in (7, affects this measure of industrial productivity. Starting

from the cut-off productivity condition (6)

mus(Ps)
O 5
* l1-0o
P11 sagwy L
8(9011153)108 2 = oswi f11s from (4)
1s
1—0s
<w1:118> aswi Ly = ogwqfi1s from (5)
PsPT1sP1s
w1 1—0os _ Usflls (p SO* )l_Us
Pls asLl st 1ls
w1 _ Usflls 1/(1=0os) %
Pls asLl PsP11s
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and then using wy L15 = ijl o R1js, we obtain

=12 Buyjs asLy \Y@D
- PsP1is:

<I>‘1/V == - =
s PigLys Py osf11s

From the free entry condition Zj=1,2 fijsgoz‘j;es = Fis/vis» ¥}1, decreases when 7, increases.
Therefore, ®}" decreases when (3, increases. Furthermore, a change in variable trade costs only
affects ®!V through its influence on ¢%,, since the trade costs Tijs and the wage wy do not appear
separately in the above expression for @K or the free entry condition.

Finally, we derive the welfare formula (23) for the representative consumer in country 1 who
supplies one unit of labor. Since her income is wy, her aggregate consumption over varieties in sector

s is

From the utility function (1) and (1)1145/ = w1/ Py, her utility is written as:

U — <C¥A’w1)% <OéBw1>aB
Py Pip

e (O[A(pm)aA (QBQ%)QB .

Footnote 12

Local consumer demand for an individual firm’s product is given by

_ pus(p) 7raswi Ly
qlls(gp) - l1—0s
Pls °

_ <w17'115> 7 agw Ly
Psp Pl
l1—0s
o w1
- o L
(psgp) <Pls> Ol

g

= (py)” (@) T asLy.
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Footnote 15

The weighted average productivity measure in Melitz (2003) satisfies

(7015

Balanced Trade

e 1/(cs—1)
/ so"slms(sO)dsOI

x
Plis

[ [ 915(¢) Vit
os—1 1s
ol —dy
_/SOIIS 1 - Gls(golls) ]

_ 1/(os—1
/oo 8005 . esb?f; dgp /( )
et 0 (brs/¢11,)"

- - 1/(0s—1)
0110, / @”S‘l‘es‘ldw]
%)

*
11s

i x0s—1—0s—1+1
SD*HSH —Pi1s
Hs® g —1—60,—1+1

- 05 :|1/(0'51)

1/(os—1)

*og—1

*
P11s-

r 95 1/(0’3—1)
|05 —0s + 1]

From Zj:1 9 Rijs = w1l and Zj:l o Fvjs = Ei1s + E12s = aswi Ly, the excess exports of sector

s for country 1 is

(Zj:LQ les - Ells) - E123 =

= wias <L;() - L1> :

wlLls(') - (aswlLl - E12s) — Eq9s

Summing up for both industries, we obtain that the balanced trade condition is equivalent to the labor

market clearing condition:

0= ZS:A,B [(23:1,2 les - Ells) - E12s:| =

LIS(‘)

S

> s—AB [wlas (

)

Lig(")

(B2
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Multilateral Trade Liberalization

With symmetric countries and w; = we = 1,

Lls = MlseXls

- a < wy Ly _ P15 L2 ) X,
"\ wi1Xis — drosX2s  Xos — Poqsw1 Xis °
L L
_ Oés< 1 o ¢s 1 )Xs
Xs - ¢5Xs Xs - ¢3Xs
— OésLl,
and
1/0,
%2 _ 71sf12s(1*¢12s¢213) ] /
3 _F2s(¢123/w1) — 01250215 F1s
- 0
o, = Yiafza(l — Qad4) ]1/ 4
124 | Fa(pa/1) — padaFa
- 0
_ [mafeal—04)(0 + QSA)} o
Fags(1—¢4) ’
from which it follows that p
1/04
Y1iafzA 1
eiaa = [ 1o (14 L) @0
Since ) -
b = 0jsfijs (bzs> "6 <w2) 0P
T bisfijs \bj 77\ wj
simplifies to
ba = fﬁT_eA

fa
a decrease in T4 leads to an increase in ¢ 4 and a decrease in 7, 4 for fixed wy = 1.
Finally, we show the labor demand curve of industry A, L1 4, becomes flatter in response to liber-
alization of industry A as illustrated in Figure 9. To draw the labor demand curve, we allow w; can be
different from one; therefore ¢, can be different from ¢4, ,. The labor demand by sector s in country

1is

w1 Xs — P10 X5 B Xs — Py w1 X5
.y [ 1 _ (1) Ga15W1 ]
° 1 — ¢1as/w1 wy ) 1 — dgp w1
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Notice that w; > ¢, and 1 > ¢, w; are required for an interior solution from (A.9).

)(9570'34*1)/(0'371)

. Then ¢;5, and ¢4, , become

Let o = wfs/ps and ks = 78_95 (ﬁ

¢125

K
=2 <1 and ¢y = ks < 1,
w1 w

from which it follows that k; < 1. By substituting these into the labor demand, we obtain

w 1 KsTo
Lis = asL — .
1s = Qsliy [w — e (was/&») 1— nsw}

We take its derivative with respect to x4

0L I [ 1 < 1 ) 1 }
= waos —
Ok Hw —ke)? \@%/% ) (1 kyw)?
wl—as/esasLl 0s/0s < W — KRg )2
= ——— |@7/" - ——— :
(w — ks) 1—krew
Since Oks/0T5 < 0,
8L1 . w — K
° fLH =%/ « =2 = RH
or. > 0i S(w) =w < 1 rw RHS(w)
0L .
071 = 0if LHS(w) = RHS(w)
OL1s .
871 < 0if LHS(w) > RHS(w).
Since
dLHS(w) _ US 05/29571
dQLHS(TD') Og 295 — Oy 7(29 . )/29 -1
d=? 29, < 20, >w <0,
dRHS(w) _ 1-#2
dw (1—rew)® ™
d*RHS(w) 2k (1—K2) 0
dw? (11— kew)® ’
and
LHS(w = 1)=RHS(w=1)
dLHS(w=1) o5 <1< 1+ks dRHS(w=1)
dw 20, 1— ks dw ’
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we have
LHS(w) < RHS(w)ifw >1
LHS(w) = RHS(w)ifw=1
LHS(w) > RHS(w)ifw < 1.

93/p5

Since w = w;*’"*, we obtain
L
OLas > Oforw; >1
0T,
oL
s — Ofor w; =1
0T,
oL
Ls < Oforwy < 1.
0T,

Therefore, a reduction in 7 4 makes L; 4 flatter and tilt counterclockwise around point E in Figure 9.
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