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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 has 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 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 (2013, 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 (2011) found that firm productivity at
lower percentiles increased more strongly in liberalized industries 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
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 reallocation mechanism of Melitz
(2003) has been applied to various issues and is central to the theoretical trade research of the last
decade.

It is widely believed that the Melitz model explains the fact that industrial productivity increases

more strongly in liberalized industries than in non-liberalized industries. Virtually all survey papers

"Early studies use firm size as a proxy for firm productivity (e.g. Head and Ries, 1999; Baggs, 2005) and/or trade volume
as a proxy for trade policy measures (e.g. Pavcnik, 2002). Recent studies use more direct productivity measures and trade
policy measures. Tybout (2003) surveys early studies in this literature.

2Other studies found positive but statistically insignificant associations between productivity improvement due to intra-
industry reallocation and the extent of liberalization (e.g. Tybout and Westbrook, 1995, for Mexico; Fernandes, 2007, for
Colombia; Sivadasan, 2009, and Harrison, Martin, and Nataraj, 2013, for India). We are not aware of any study reporting the
opposite negative association with statistical and economic significance.



recently written by leading scholars cite Trefler (2004) as evidence in support of the Melitz model
(Bernard, Jensen, Redding, and Schott, 2007, 2012; Helpman, 2011; Redding, 2011; Melitz and Tre-
fler, 2012; Melitz and Redding, 2012). For instance, Helpman (2011, p.107) writes in his recent book:
“In other words, the Canadian experience conforms to the theoretical analysis.” Empirical researchers
compare their findings and the Melitz model based on the same belief (e.g. Eslava et al., 2013; Fer-
nandes, 2007; Harrison et al., 2013; Nataraj, 2011; Sivadasan, 2009).

The purpose of our paper is to revisit the correspondence between empirical studies and the Melitz
model. The type of trade liberalization that typical empirical studies investigated is different from
the type of trade liberalization that Melitz (2003) theoretically analyzed. The liberalization in the one
industry Melitz model is multilateral and uniform liberalization, in which all countries reduce tariffs
on all goods by the same amount. On the other hand, the above mentioned empirical studies investigate
unilateral and non-uniform liberalization, in which one country reduces tariffs and the extent of tariff
reductions vary across industries.’

The gap between theory and evidence has probably been overlooked because the analysis of unilat-
eral and non-uniform trade liberalization in a multi-industry Melitz model appears to be complicated
and intractable. To overcome this theoretical difficulty, we develop 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) and
study what happens when one country reduces tariffs in some industries but not others (unilateral and
non-uniform trade liberalization).

Our surprising result is that the multi-industry Melitz model does not predict that industrial produc-
tivity rises more strongly in liberalized industries than in non-liberalized industries. Instead, it predicts
the opposite relationship that industrial productivity rises more strongly in non-liberalized industries
than in liberalized industries. This result 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. Furthermore, when the size of a liberalized industry is small compared to
the size of the liberalizing country, we find a more striking prediction: industrial productivity decreases
in the liberalized industry, while it increases in the non-liberalized industries. This result calls for re-
thinking the model’s implications for industrial promotion policy. 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

3Trefler (2004) and Lileeva (2008) controlled for the US tariff changes when they estimate the impact of the Canadian
tariff 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.



is to protect the target industry, not trade liberalization. This is obviously the opposite of what Trefler
(2004) and other empirical studies suggest.

As illustrated in Table 1, no previous paper has analyzed unilateral and non-uniform trade liber-
alization in a Melitz model with multiple Melitz industries. 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.4 Bernard, Redding, and Schott (2007) and Okubo (2009) develop models with

multiple Melitz industries but only analyze multilateral trade liberalization.

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

Demidova and Rodriguez-Clare (2013) is the most closely related paper to our work. They also
analyze unilateral liberalization in the Melitz (2003) model by using simple diagrams. However, they
analyze a different type of unilateral liberalization and reach different conclusions. Demidova 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 liber-
alization 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 liberalized indus-
tries and non-liberalized industries, which is not possible in their single industry model. Furthermore,
we show that their finding that productivity increases in the liberalized industry depends on the single
industry setting. If the liberalized industry is sufficiently small compared to the rest of the economy,
we find that productivity decreases in the liberalized industry.

The rest of the paper is organized as follows. In section 2, 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

“Melitz and Ottaviano (2008) analyze unilateral liberalization in a model of heterogeneous firms where heterogeneous
firms exist only in one industry. The model differs considerably from Melitz (2003) because it has variable markups and
there is a homogeneous good that is freely traded across countries.

3Strictly 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.



to match US-Canada 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.

2 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.

2.1 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. 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=C3CRP 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, €15 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, o, 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,;,. 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; Fjs. 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 \ 00
Gis(p) =1— ? and g5 (¢) = SOQSJrl for ¢ € [bi87 ), (2)

where 6, 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; /¢ in country 4.
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 ¢ to country j # 4 in sector s needs to ship 7,55, > 1 units of a product in order
for one unit to arrive at the foreign destination (if 7 = ¢, then 745 = 1).

Because of the fixed marketing costs, there exist productivity cut-off levels gojjs 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 (¢f;; < ¢;;4). In each period, there is an exogenous probability d;; 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;se in country ¢ and sector s satisfy
[1 - Gis (90;3)] Mise = 5isMis; (3)

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

Let pi;s () denote the price charged in country j by a firm with productivity ¢ from country ¢
in sector s. Let g;;s () denote the quantity that consumers in country j buy from this firm and let
Tijs (©) = pijs (¢) gijs (¢) denote the corresponding firm revenue. Also, let Pjs 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

are
Piis(p) "7 asw;L; Dii golfgsozw-L-
i) = Liel9) o2 and rij(p) = (7] o 4)
PjS PjS
A firm with productivity ¢ from country ¢ earns variable profit 7;;5(¢) = 755() — %qijs(@ from



selling to country j in sector s. Solving for the profit-maximizing price, we obtain that

WiTijs
e P

that is, each firm charges a fixed markup over its marginal cost w;T;;5/. Substituting this price back

into the variable profit function yields 7;;s(¢) = 74js(¢)/0s.

2.2 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 ¢;; just breaks even from selling to country j,

it follows that npjj < 1s determined by the cut-off productivity condition

= W; fijs- (6)

A firm from country ¢ needs to have productivity ¢ > @7 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:
1/ps
wj

where Tjjs = Tijs ( fijs / fjjs)l/ (es=1) captures both variable and fixed trade costs from country ¢ to
country j relative to the fixed trade cost within country j.

Let p,,(¢) 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-

ductivity, the equilibrium productivity density function is given by

!]is(sﬂ) lf > oF
—Gi. (o ¥ = Pii
pis(p) = ¢ 17 o 8)
0 otherwise.
Given (3) and (8), the price index Pj; satisfies
o M o _
Piir= %y = / Prjs(9)' ™7 dGis(). ©)
5]68 o
k=1,2 kjs



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 = Y pog(1 — 8is)!7is = Tis/0is denote the present value of average profit flows in country 4
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 — G;s(¢};,)|Tis/dis = w;Fs. Calculating the average profits across

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

1 o [y
— Z / rigs(9) _ wi fijs| dGis(p) = wiFis, (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

D Vishijsls = Fis (1D
j=1,2
where vy, = 003 (05 — 1)/ [015 (05 — o5 + 1)].

For each sector s, four equations [(7) for ¢ = 12,21 and (11) for z = 1, 2] determine four cut-
off productivity levels [(pfjs for ij = 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.

2.3 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:

w; | MiseFis + Z /

0 F;
fzys zs,Ufzs( )d@ :wiMise( - Zs)~ (12)
j=1,2 #lis

os—1

Second, equation (10) implies that the fixed costs are equal to the gross profits in each country ¢ and
sector s, that is, w; M. (%) =o;! > 1.2 Rijs where Ryjs = f Tijs () Msp;s(@)de is the
total revenue associated with shipments from country ¢ to country j 1n sector s. Third, free entry
also implies that wage payments to labor equal total revenue in each country ¢ and sector s, that is,

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

— Z Rz]s = zse zs’ (13)

]12

where X3 = 0F;;/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;s. and not on any cut-off productivity
levels ;. We will exploit this remarkable property to solve the model.

The second convenient property of the model is that we can solve for the mass of entrants Mg, as
a function of the wage w; and trade costs 7125 and 7215. Let ‘%‘ < 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

j from selling to country j:

5t :j [TJT(SD) *wifijs} dGis(¢)

8 ;2S[ﬁ%§@-—uufﬁ4 dGs()

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

0, 1-04/p,
o, = Jstis <b> 70 <w> ’ (14)
Y5 Gisfijs \ bjs 5\ wj

SO qﬁijs 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

Pijs
Rijs = asw; L Mise g
! 7 Zk 1,2 Mkse¢k]8

5)



From (13) and (15), we obtain

¢ijs

E Oésijj
j=1,2 Zk:1,2 Mkse¢kjs

= wiXis- (16)

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

Mige = o < wily ¢215L2 ) .

w1 Xis — Q1o Xas  Xos — Po1 w1 X1s

Given (14), equation (17) defines M, as a function of wi, 7125 and 7215, and can be written in
function form as Mg (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, Myse(w1, 7125, T215), satisfies:

a]\4156 <0 aMlS@ < 0and a]\4156

> 0.
owy " OT12s 07215

Lemma 1 are quite intuitive. Increases in the wage (w; 1) and export barriers (7125 T) discourage
entry (Mg ), while an increase in import barriers (7215 1) encourages entry (Mg 71).

Having already established that labor demand in country 1 is proportional to the mass of entrants
(L1s = MjseX1s), it follows that labor demand in country 1 is a function of w1, 7125 and 7215. This
function can be written in function form as Lis(w1, 7125, T21s) and it has the same properties as the
Mise(w, T12s, T21s) function: 9L15/0wy < 0, 0L15/07125 < 0 and OL15/07921s > 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

Li= Y Lus(wi, 7125, T215) (18)
s=A,B

uniquely determines the equilibrium wage rate w; given the trade costs (7125, T21s)-

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
wy 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.

10



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

sectors.

Lia

Lip
Lip—= >11A
14 Lia O1B
Lip

Figure 1: The labor market equilibrium

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 ¢7,, for country 1 in sector

S as:

o | mishfias(1 = 1as015) 1/0s .

SO }
12s Fos(12s/w1) — d1050915F1s

where ¢19,091, < 1 from f;;5 > fiis. Given (14), equation (19) defines (7, as a function of w1, T124

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, p3o, (w1, T12s, T215) Satisfies:

890>f2s >0 aSOTZS > 0. and 890>f2s

< 0.
Oowq T OT12s Tols

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 (¢35, T). The last effect shows that the export productivity cut-off also rises (¢, 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,

more firms enter the industry in country 2 (7215 = Mase T). Since the industry in country 2 become

®Demidova and Rodriguez-Clare (2013) show similar effects in a model with one industry.

11



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 (C1s curves) for both sectors s in country 1 together with the

labor market diagram.

w1y w1
A A
Cia CiB
- - i
| | |
| | |
I I L |
P124 I I ! Plan
< L L -
< — — >
19124 Lia Y128
' Lip
I
L k
QT4
Py
k Pip
A\ (I)lA (I)IfB \

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 ®¥,
is defined as the industrial average of firm productivity weighted by each firm’s revenue share in the

industry:

> jm12 (0 = 0156)r1)s () Misps ()
Zk:l,Q Riks '

@ﬁz/ wv1s(p)de  where wv5(p) = (20)
0

In this definition, I(¢ > Lp’{js) 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

12



fooo v1s(p)de = 1. We need to assume 65 > o so that <I>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:LQ les) /pls

of, =
1s Lls

2D

In this definition, the price deflator Pj, = f:’;s pi1s (@) y5(@)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 P that we derived
earlier in equation (9):
(Zj:l,Q les) /Pis
Lys '

oY = (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)

<I>¥Z1 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 <I>’f5 (k = R, L,W) can be expressed as de-
creasing functions of the export productivity cut-off ©71,, and these functions q)]fs (¢395) do not contain

any other endogenous variables or variable trade costs.”

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-

"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.

13



tivity cut-off falls from (39, 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 39, 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
o - . - P
*0 *1 *] *0
gOlls (’Olls <70125 S0125
—> 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
groups of firms: (a) “existing exporters” with productivity ¢ € [¢19,, o0), (b) “new exporters” with
productivity ¢ € [p1is, ©19,), (c) “remaining non-exporters” with productivity ¢ € [pi1,, 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 Q)ﬁ.g

An important implication of Lemma 3 is that the source of a rise in industrial productivity in the

8The 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 g11s (@) = (psp)°* (@}Z) 1=os as L. Therefore,
local demand ¢115(¢) falls if and only if productivity ®1" rises.

“We thank Don Davis for his suggestion of thinking about four groups of firms.
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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 ¢, 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 ®% .1

3 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
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

7915 fixed. We call sector A the liberalized industry and sector B the non-liberalized industry.

3.1 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, ;4 = 0;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

10 . - . . - 0o .1 1/(os—1)
The weighted average productivity measure in Melitz (2003), ¢,, = [ fw 07y () d@]
11s
[0s/(0s —os + 1)]1/(05_1) (11 also satisfies Lemma 3. Since ¢7;, and ¢7,, 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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Figure 4: Productivity rises more strongly in the non-liberalized industry

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 @lfA = @’fB (k=R,LW).!"

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 L4 shifts to L’1 4) since the mass of entrants drops for a given wage level w;
(7214 4= Mise 4,114 |). From Lemma 2, the competitiveness curve of the liberalized industry
A shifts leftward (curve C 4 shifts to C] ,) for a given wage level wy (7214 1= @54 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
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 4 curve by

fixing the L; g4curve at the pre-liberalization position. As the C' 4 curve shifts in the top-left diagram,

Before liberalization, country 1 always produce positive outputs in both sectors since L 4 / aa = LB / o p holds from
(13) and (17).
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Figure 5: The competitiveness effect decreases productivity in the liberalized industry

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@’f 4 < 0= A(I)’fB). 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
C'14 curve at the pre-liberalization position. As the labor demand curve of the liberalized industry A
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®Y, > 0).

To understand the wage effect, it is helpful to think about the balanced trade condition. Let £;;, be
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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 Ey2,. The balanced trade condition

can be written as
ZSZA,B [(ijm Ryjs — Ells) — E125j| =0. 24)

From ijl 9 R1js = wi1Lqs and ijl o E1js = aswiLy, the excess exports of sector s can be

expressed as

(25)

Lis(wy, T12s, T
<Zj:1,2 Ryjs — E115> — B9 = wia ( 1o (W1, T12s: T215) _ L1> .

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
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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

industries, the wage effect by itself contributes to increase productivity equally in both industries.

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

N Aoty aef, - aw,
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 2. 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 (to14 |) 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 T). However, whether

productivity rises or falls in the liberalized industry is in general ambiguous ( @’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

Theorem 2. In the multi-industry Melitz model with structurally symmetric industries, unilateral trade
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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 (A@]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 s determines the size of industry s, we analyze how
the response of industrial productivity to trade liberalization depends on a4, 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 L1 4/a4 = Lip/ap from (13) and (17), the labor

market clearing condition (18) can be rewritten as

as+ap Lig
L1=L1A+LlB=L1A< ) alA'

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 L 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 L1 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
curve Ly p becomes steeper. Thus, as illustrated in Figure 7, the wage drop due to trade liberalization
is larger when o 4 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 avy. However, as we have just shown, the wage effect
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Figure 7: How much the wage declines depends on the size of the liberalized industry

is larger when a4 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, , rises and productivity <I>’f 4 unambiguously falls in the liberalized industry.
If ay is sufficiently large and satisfies ay = 1, then the model reduces to a one industry Melitz
model where Demidova and Rodriguez-Clare (2013) proved that unilateral liberalization raises indus-
trial productivity. [Strictly speaking, Demidova and Rodriguez-Clare (2013) proved that unilateral
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 = @‘1/‘2), 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 (7214 1). Then there exists a threshold
ay € (0,1) such that productivity <I>’f 4 falls in the liberalized industry if ax < aa and rises if

ap > A

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 (avyq = 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 (a4 small).

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

21



Pip

k
'(I)lA (I)IfB \

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

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 ®% 5 1).

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
target industry, not trade liberalization. This is obviously the opposite of the policy recommendation

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

3.2 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 fixed.
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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 =
Xs, ¢ijs = d)s’ 71ijs = TSa Fis = FS’ fiis = fs and fijs = f:ps for s ?é .7

Cia  Cla Cip
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Figure 9: Multilateral trade liberalization in industry A

Figure 9 describes the impact of liberalization. The employment in sector s becomes Li; =
asLq 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 p 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

3 1 \11/0a
Plaa = [”;ﬁ 4 (1 + m)] 26)

and (14) implies that ¢4, = (fza/f A)TA_GA. 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.

2The labor demand curve of the liberalized industry becomes flatter as illustrated in Figure 9. This is shown in the
Appendix.
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We have established

Theorem 5. In the multi-industry Melitz model with symmetric countries, symmetric multilateral trade
liberalization (7124 = T214 |) increases productivity in the liberalized industry ( @’f 4 T) but not in the

non-liberalized industry ( (IJIf p unchanged).

A comparison of Theorems 2 and 5 confirms that the source of the rise in industrial productivity
in the Melitz model is the expansion of export opportunity, not the increased import competition from
trade liberalization.

Notice that by setting 4 = 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 (ay = 1) and symmetric countries, then

symmetric multilateral trade liberalization (T104 = T214 |) increases industrial productivity ( <I>'f a4 1)

3.3 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.'3

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, 75 = 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 isa
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 w1 /wa, productivity cutoff levels ¢} ;s and industry
productivity levels @g). 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 a4 = .5 and

7214 = 1.30). The second column shows what happens when country 1 unilaterally opens up to trade

3The MATLARB files used to solve the model can be obtained from the authors upon request.
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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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in industry A (7214 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 (<I>f‘B increases from
.5564 to .5651) than in the liberalized industry A (@{%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 ((I){%A decreases from
.5564 to .5556) and productivity in the non-liberalized industry increases ((I)fB increases from .5564
to .5623), consistent with Theorem 4.

To see the intuition behind these results, consider the ay = .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
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>§A 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 (o7, 4 increases from .3257 to .3273), entry is discouraged and the mass of firms in
the industry falls (L4 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 ((I){%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
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more productive firms, raising productivity (@fB increases from .5564 to .5623).

Finally, turn to the effects of trade liberalization when industry A is larger (a4 = .5). We obtain the
same qualitative effects in industry B: because wages rise in country 2 (wy /ws decreases from 1.000
to .9707), productivity falls ((I)fB 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>2RA 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 (@fA
increases from .5564 to .5590).

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 a4 = .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.

4 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:
Aln <I>SC724 =y, +v + BCAATgf + ﬁUSATgf + Z BiAZis i + €t 27)
i
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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 @g{‘ 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 ATSCf‘
and ATg{f are the average annual change of Canadian tariff concessions to the US and US tariff con-
cessions to Canada for industry s during period ¢, respectively. Concessions ATSCf‘ and mg{f are
expressed as negative values: AT§£4< Argft‘ < 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,+ for 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 ATSCf 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 BE4 . 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 o5 = 3.8, §;5 = .025, b;s = .2, 05 = 4.582, Fys = 2, fius = .043 and
ay = .5 are the same as before. We define trade costs as 7;;5s = 1 + t;;5 + ship, where t;;5 are
policy-induced barriers (tariffs) and ship 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 + ship and 7915 = 1.04 + ship). We
assume that the 4 percent US tariff rate applies to both industries in the 1988 benchmark equilibrium

(T124 = 712 = 1.04 + ship). Since the FTA eliminated all tariffs on trade between Canada and

'“In the tables of his paper, Trefler (2004) reports the average of BCAATgf among the most liberalized industries instead
~CA
of B itself. Therefore, the positive numbers reported in the column €A of Table 2 in Trefler (2004) are constructed from

. »CA | . .
negative §  since ATgf is also negative.
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the US, we assume that the only trade costs are shipping costs in the 1996 benchmark equilibrium
(T124 = T12B = T214 = T21B = 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 (7914 = 1 + .12 4+ .05 = 1.17,
7918 = 1+ .04 4+ .05 = 1.09), and the US tariff rate is 4% in both industries (17124 = T12B =
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 (CIJ{ZA increases from .7029
to .7142) and raises productivity by 1.8 percent in the industry B with the smaller tariff decrease (<I>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

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
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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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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 v, 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 BCAAT%E‘ 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 (ATSUf = 0), equation (27) becomes A ln (I)SC:{‘ = v + 5CAATSC7£4. Then, the
coefficient BCA of Canadian tariff cuts is obtained by taking differences A In @gﬁ — Aln @gft‘ =
57 [arq - argi] and yields

504 _ Al @G} —Alndg}  0.016 —0.018
At -argt 012 - (0.04)

= 0.025,

so the effect of Canadian tariff cuts on industry A productivity is BCAAT(A;;‘ = (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.

5 Conclusion

In order to establish that trade liberalization improves industrial productivity through within-industry
resource reallocation, the empirical literature and the theoretical literature have taken different ap-
proaches. On the one hand, empirical studies have typically investigated episodes of unilateral and
non-uniform liberalization in order to utilize the cross-industry variations in trade liberalization. On

the other hand, theoretical studies have typically analyzed multilateral and uniform liberalization in
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models with a single representative industry.

We have demonstrated that this apparently small difference in approach between theoretical and
empirical studies is not innocuous. Once the Melitz (2003) model is extended to analyze unilateral
and non-uniform trade liberalization, it does not predict what researchers find empirically, that indus-
trial productivity increases more strongly in liberalized industries than in non-liberalized industries.
Instead, we find that industrial productivity increases more strongly in non-liberalized industries than
in liberalized industries. When one country opens up to trade in one industry, we find that productivity
falls if the industry is sufficiently small. If the industry is larger, so productivity rises, we find that it
rises even more in the industries that did not open up to trade. So, if we take the Melitz model seriously
when looking at the real world, other things being equal, we should observe that productivity is high
in industries with high tariffs and low in industries with low tariffs. This is the central prediction of the

Melitz (2003) model that should be confirmed by cross industry regressions.
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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 Cys = {/ qs(w)Ps dw] s.t. / ps(w)gs(w) dw = Ej
as(+) weNs wes

where ¢;(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

rqnz(u)i/ 0 gs(w)Ps dw s.t. Us(w) = ps(w)gs(w), ys(0) = 0, ys(+00) = E
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 =g (w)Ps + ’Y(W)ps (W)QS (w)

where y(w) is the costate variable. The costate equation % = 0 = —%(w) implies that y(w) is

constant across w. g—i = pyqs(w)Ps ™1 + 7 - ps(w) = 0 implies that

gs(w) = <_V‘P;S(w)> 1/(1=ps) |

Substituting this back into the budget constraint yields

o 1/(1—py)
E, = / ps(w)gs(w dw:/ psw<s ) dw
WEN; (@)as() WEN; ) —7 - ps(w)

p 1/(1799) 1—pg—1
= <5> / ps(w) =rs dw.
- weNs

l_ps_l —Ps

1_ps 1_ps ’

E, _ (ps)l/(l_ps)
fweﬂspS(w)lfgde - .

Now o4 = ﬁ implies that 1 — o5 =




It immediately follows that the individual consumer demand function is

ps(w)" " E
a:(w) = = o
S
11/(1=0s) L e .
where Py = [ L, cq, Ps (W) =75 dw is the price index for sector s. Substituting this consumer

demand function back into the CES utility function yields
1
/ps Es 1/p9

1/pg i —UspSEps
wes |/ wes Ps( —s)Ps Ps™7 Lweq,

Taking into account that —ogp, = % =1 — og, the CES utility can be simplified further to

E Ues g E E
C, = ljos [/ ps(w)L dw] — 1jgs [Pslfcrs]l/ﬂs _ ljos PO = =5,
Ps wEN Ps Ps PS

Thus, we can write the across-sector consumer optimization problem as
E A @A EB ap

max U =C{AC0E° = | = —-— s.t. Es+FEp=F

E4Ep 4 7B Py Pp 4 b
where F is consumer expenditure on products in both sectors combined. The solution to this problem
is gy =asF and Eg = apFE.

In country ¢, 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

W;Tijs

Tigs(p) = Tigs(p) — Gijs ()
pijs(SO)l*USOésijj _ WiTijs Pijs(p) 7 asw; L
l1—0os 1—0s
Pjs 7 ® Pjs 7




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

Omijs(p) _ (1 —0s)pijs(p) "7 asw;L; n WiTijs0sPijs(¢) 7 Lasw; Lj
Ipijs(p) les_"s (’ijls—“s
_ pijS(‘P)z‘isfsijj | — g, 4 WiTijs0s
P70 pijs()
. . 4 WiTijsOs . . os 1 1-(1-py) _ 1 3
which yields o, — 1 = wiji @) Taking into account that T = 1—03/ 1=p, = poo We obtain the

profit-maximizing price
pijslp) = =L (5)
1]8 - .
’ P

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

Pijs(©)' " aswiLy  wiTijs pijs(p) T aswi Ly
lesfas ® PjISst
Pijs(9) " asw; L [1 _ WiTigs ]
Pl epijs(#)
P_wﬂm &w]
Y WiTijs

Tijs(p) =

= T1ijs()
= 7ijs(p) [1 = py
Tijs ()

1% implies that 1 — p, = L. A firm from country i and sector s needs to have a
Ps Os

productivity ¢ > ¢;; to justify paying the fixed “marketing” cost w; f;;s of serving the country j

since o5 =

market. Thus <p;f‘j < 1s determined by the cut-off productivity condition

Tijs(Plis)

Os

= wj fijs- (6)

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



that

wifijs
wj fjjs

Rearranging terms yields

The Price Index

Tijs($ijs)/0s

Tjs(©}s)/ s

1—0s
(pz‘js(@;“js)/ Pjs) osw;Lj

. from (4)
<pjjs(§0;js)/Pjs> asw; L

l1—0s
(wmjs/,o or )
( e from (5)

1—0s
wJTJJs/Ps%'js)

1—0s
ag
ij _ ol fijs (wz> :
; 97 fiis \wj

Next we solve for the value of the price index Pj4 for country j and sector s. Given the Pareto distribu-

tion function Gis(¢) = 1 — (bis/ )%, let gis(¢) = G (o) = bf;@sgo_es_l denote the corresponding

productivity density function. Let p,,(¢) denote the equilibrium productivity density function for

country 4 and sector s. Since only firms with productivity ¢ > ¢7;  produce in equilibrium, firm exit is

uncorrelated with productivity and ¢7;; < ¢;;, the equilibrium productivity density function is given

by

_ | =G e

0 otherwise.

(8)



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

[1 - GZS(SOZS)] Misegis(@) _ Mise
dis [1 — GiS(SD;'kis)] dis

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

Mispiis(p) = gis(®), (A.1)

o0

P = / piis(‘P)lUSMisMis(SO)dSD"‘/ Pjis(0)' 7 Mjjspjs () dip
® Plis

*
1S

Mise o —c Mjse o —0o
T o / piis ()77 dGis () + 5]/ pjis(p) 7 dGs(y).
18 Plis 78 ¢;is

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

l1—0s Mjse > l1—0o Mise > l1—0o
Pjs = pjjs(SO) ° dGJS(()O) + pijs(@) ) dst((p)
5js * 62'5 *
(pj]s sozgs
and it follows that the price index P satisfies
1—0 Mkse o 1—0s
Pjs - Z pkjs((p) des(SO) (9)
5]65 *
k=1,2 (pk]s

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

* 7TZS
(1 — Gis(¢5is)] 5. w;i Fis.

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

o0

Tis = L {/00 [Tiis(0) — Wi fiis) Mispiis (@) dep +/

M, [szs(@) - wifijs]MisMis((P) d@}

>{is ers
o0 o0
Tiis () ] 9is(¢) / [7‘ ijs () ] 9is ()
= — W, fiis| ——————dp + L w; fiig | ———— dp.
/99;‘5 |: Os Zf”S 11— GZS(SDZ(ZS) v 50;38 s lf”s 1 - GZS(SOZS) v
Substituting yields

Os s

[1 = Gis(piis)] Tis = /OO [Tus((p) - wifz'z's] 9is() d<p+/:o {r”s(@)

- wz‘fz’js] gis(p) dp = 6isw; Fis.

*
ijs

Thus we obtain

1 > ijs
5 |:T](<‘0) — wz‘fijs:| dGis(p) = w;Fis. (10)
is : Os
j=1,2"%ijs



To evaluate the integrals, next note that from (4) and (5),

— l1—o0s 1-0s * —0s
rigs(p)  Pijs(9)' 77 (asw;Ly) /P, <pijs(§0) _ (wimigs P\
)

Tijs(P5s) - Pijs(9jj)1 7% (asw;Ly) /les_"s Pijs(#5s PsP WiTijs

Using the cut-off productivity condition, it follows that

. R os—1 os—1
rigs() _ Tis (¥ls) 0 _ Tl (@ = wifis | 2~ (A2)
o, o P Os Pijs Pijs

os—1
/* [rijs(‘ﬂ) _ wz’fz‘js] dGis(p) :/ w; fijs (f) —w; fijs | dGis()
i o .

and

ijs Ts :js s
0 o os—1
:wifijs/ ( : ) — 1| dGis(p)
s | \ Pigs
= wi fijsJis(Pijs) (A.3)

where the function J;(-) is given by

Jis(z) = /x h [(i)“l - 1] dGis(p)

_ /OO (f)as_l bf’;esgp*efl dp — [1 — Gis(x)]

T

o b 95
_ b?§93$1_05/ S005—1—95—1 dcp - (;)
T

1 05
= b0=0 :Bl—ffs;xas o (s )T
s Os —os+1

0= (B =0+ 1) (bi\*
N O —os+1

x
os—1 bis 0
=— | =] . A4
05—03+1<:r> (&.4)

We assume that §; > o5 — 1 to guarantee that expected profits are finite. Making substitutions and

Pijs



rearranging terms, it follows that

>/

J= 12 @1]5

[ms — U)ifijs:| dGis(p) = 0isw;i Fis

> wifijsis(#5s) = SiswiFys  from (A.3)

j=1,2
Z fijsJis(@ijs) = disFis
j=1,2
0s
-1 bis
Z fzgsa 1 ¥ = 5isFis from (A.4)
j=12 —0s T L\ Pijs

and using 7, = bfg (05 —1)/[0is (8s — o5 + 1)], yields the free entry condition

Z ’YZSfZJSQO'LJS

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.

(1 MzSerS + Z fzgs zsuzs((p) d(P = w; MzSers + Z / fzgs zse S(QD) d(p from (Al)
7=1,2 (’OZ]S 7=1,2 cpljS 7'8
= Wi | Misels Z fljs Gis (pzys)]
M, O
= w; | MiseFis + 5186 Z ijs < )
is 19 4,01]8
M; 0s — 1
= w; <MiseEs 6186 5stiSSUS:—> from (A.5)
is -

= wiMiseEs <

from which it follows that

est's
os—1

w; | MiseFis + Z / fzgs zsﬂzs(@) dSO = w; Mjge <
] 1 2 (pzjs

031+9508+1)
1

(12)



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

diswiFis = Z [W — wz’fijs] dGis(¢)

j=1,2" Pijs Os
. > rijs(p)
wi | GisFis+ Y figsll = Gisleli )l | = D o dGis(¢)
j=12 j=1,2"®ijs s
M; . M; < i
w; | MiseFis + 5%86 Z fijS[]- - Gis(soijs)] = 5%86 Z US(SO) dGlS(@)
=12 is jqolel, s
esFis ) Mis o Tijs(%”)
wi M, = dGis(ip) from (12)
pse <O‘s -1 1-— st((;ous) jZI:Q @?js Os IS(QO)

- = Z/ rijs(©) Misp;s () de from (A.1)
$ j=1,27 Pijs

= ;g Rzgs
S j=1,2

where R;js = [ oy Tijs () Mispt;s(@)de is the total revenue associated with shipments from country

¥
7 to country j in se]:ctor 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

wilis = wiMiselis + w; Z / [fijs + Gijs () ZS} Mispis () de
j=1,2" ¥ijs

i
- ;”psMisuis(sO) dep

= w; | MiseFis + Z/ fz]s zsﬂzs dSD + Z qu
J= 12 901]* ] 12 S01]9 ps

est‘s *
= w;M;ee (a 1) + Py E / Tijs (@) Mispi;s () d from (4), (5) and (12)
5 j=1,2" Pijs

= — Z Rz]s+ps Z Rzgs
] 1,2 7=1,2
= (l_ps+ps) Z Rijs

j=12
= E R;js.

7j=1.2



Thus

1 1 HsFis
Lis=— 3 Rys = —wiM,
is wij:12 ijs wiwz ise (O’S—l Os

and it immediately follows that

1
Lis = E Z Rijs = MiseXis (13>
vi=1,2

where X;s = 0,F;s/p, is the labor demand per entrant in country 7 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; Fj;) is

[1 — Gis((pf )] /OO [Tijs(go) ] gis((p) -1 /oo
———russ - - wzfz js * ng = 51’5
5’[5 © Os / 1 - G’Ls(sous) %]

Os

[%(‘P) ~w; fijs] dGis()-

* *
Ve ijs

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; F}5) is

755s(©) ] gjs(®) -1 /°°
—wj fjjs| — 2 dp =6,
[ . 30| TGt i/,

1- st(‘ﬁ}k‘js)] /OO
@

djs [W

S

- wjfjjs} dGjs(p).

x 5
Jis Jjjs

Thus the expected profit of an entrant in country 7 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
R e {M - wifijs} dGis(p)
- —1 jjs
05 Jor. [77"“03(@ - wjfjjs} dGjs(0)
O wifigsis(#55)
855 w5 i35 Tjs(9555)
Os
§jswi fijs g Tty (;7)
= A from (A.4)

gs—1 b; 0
. f.. _Os—l Js
513wjf31395703+1 (‘P;js

95 -1 £l 65
_ Ojswifijs <b> 71 (“’) "1 from (7)
5iswjfjjs bjs ijs

Wy

from (A.3) (A.6)




or

05 1-65/p,
by = Dinfias ()" oo, (w0 T (14)
s 5isfjjs bjs s Wy .
It follows that
525f125 <bls>0S 0, 1-0s/p 518f218 (bQS) —1+9 /p
— 2 T S s/Fs — 2049 _“o T s/Ps
D125 0215 01sf225 \ b2s 12s 71 02sf11s \ b1s e
f125f215 —0
= TiosT51s
f11sf22s (TizsTous]
—0,
_ fi2sfa1s o (fus)l/ os=1) o1 <f213>1/ oa=1)
fi1sfa2s "\ foos "\ fiis

<1

1 <f11sf22s)(OS_USH)/(GS_I)

(7'1257'213)95 fi2sfa1s

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

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
PsPijs

T 1/ 1 US)
— Wi Uls/p <j: ijs ) from (7)
psTijs (jﬁj) @hig

Pijs(@fjs) =

—1/(cs—1) os/(cs—1) —os
_ Wi wj (fZ]s > L/(1=es) (A7)
/Os@;‘js fijs

10



since 1 ls = (050_51_)1_05 = 05—_11
oo % os—1
Jis(z) + 1 — Gys(z) = / [(x) - 1} dGys(0) + 1 — Gis(z)
B oo % os—1 '
= ~ dGis(¢) — [1 — Gis(x)] + 1 — Gis(x)
B oo f os—1
[ e
os— 1 bis 0
= —\|— 1 —Gis
Gs—as—i-l(x) * Gis(@)
os—14+0s—0,+1
= 1 -Gy
T - Gula)
0 Oy —0os+1
SOy —0s+1 os—1 Jis(@)
=% @, (A8)
os—1
and
oo oo os—1
/ pijs(9) 7 dGis(p) = / Pijs(©55) ' 77 ( f ) dGis(p)
Pijs Pijs Pijs
o os—1
* —0s ¥
= pijs(¢is)! / ( . ) dGis()
iis \ Pijs

= pijs(#}j0) 7 [Jis(0]5s) + 1 — Gis(;,)]  from (A.4)

—1/(0s—=1) o0s/(cs—1)
[w f(oa1) ol ( fon
PsPjjs s

1/(1—0s)
) ] [Jis(#5s) + 1 — Gis(pi;s)] from (A.7)

w; % fijs 0

-0 *1 o
pS 590335 Sf]js

_ w; " fijs 05 0}, S wifijs Jis(#5s)
os—1
1-

) is(¢js) from (A.8)

Os —

¢ from (A.6)

pi 0590;]15 Usf]js 52'5 wzfz]s
Os
05 wj Jjs(#] ]s)
= SCAIEILY B (A9)
o5 — 1 (PSSO;jS) 5]5 zs )8
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Using these properties, we can solve for total revenue

Rijs = / Tijs () Mispiis () dp
SD::].S
Mis /OO () dGis(ip) from (A.1)
= A T Tijs\@ is\P .
1_Gis(()piis) %2} !

[1 GZS (sozzs)]Mise

— e [ @) dGn()
18 15\ Y115 Pijs

Y 7 s iLj
= Mise / Pijs(SO)p] (o) "rasu; L dGis(p) from (4)
©F

ijs

51’3 iis Pl Ts
asw;Lj Mzse/ 1 e
= T—0s ZjS zs( )
'P]S 901]5
Mzze f . szS( )77 dGis()
= asw;L from (9)

Zk 1,2 5ks f:zojspkjS((P)l—as dGps(p)

M’isc 05 wj 1-0s JJ‘S(SO;JG)
0ijs 0s—1 psap;fjs o

s is¢z’js

from (A.9)

= Cts'ijj

Mkse 05 Wy Gs JJS(SDJJS)
Zk;:l,Q 6ks O's_]- <psg0;fj5) ]s 5k8¢k‘],3

and it follows that total revenue can be written simply as

ise®i
Riis = asw; tseijs 15
)8 s ] Zk 19 Mkse¢k35 ( )

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

g Rijs = wiMiseXis
j=1,2

¢
asw;L; e = w;MjseXis from (15)
Z et/ JZk:l,QMkse¢kjs 1iVljse<N\is

7j=12

from which it follows that

¢zgs
QW = w; Xjs. 16
Z s™] ]Zk L 2Mkse¢k35 14318 ( )

j=1,2
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e 0s 1=0s/ps o\ L/ (es=1)
1) stJijs o —0s i — 1js . _
Now 6y = gef (Be) " 70 () and Ty = 7y (£ mply that T3z, = 1

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

aswlLl ang

= X
Gls * G?s ¢125 Wit
aswilq aslo
= X
Gls ¢218+ G25 %

where

Gls = M18€+M28€¢213
G25 = Mlse¢125+M2se-

Written in matrix form, these systems of linear equations become

swi L
L o ayee w1 X1s
L
Pa1s 1 yers Xos
1 ¢215 Mlse Gls
br2s 1 Mage Gas

Solving using Cramer’s Rule yields

aswlLl 1
= — (W1 X1s — Proe X
Gl As(wl 1s ¢125 25)
CtSLQ_ 1

Gon K(XZS — oW1 X1s)

where Ag = 1 — ¢q9,09s > 0 is the common determinant and

1
K (Gls - ¢215G28)

. L ( OéswlLlAs B O[SLQAS >
As \ w1 X1s — P95 X2 1 Xos — o un X1 )

Mlse

Thus the mass of entrants is given by

Mige = o < wily ¢215L2 )

_ 17
w1 X1s — PrasX2s  Xas — P w1 X1s (17)

13



where

025 f12s <bls)93 o, 1-6./p
= — T 5w, °M0s
¢128 515f223 b23 12s 1

and

515f213 <l725>0S -0, —140s/p
= - To7sw s/
@215 025 f11s \ D1s 2s T

Proof for Lemma 1

Equation (17) defines M s, as a function of wy, 7125 and 7215, and can be written in function form as
M se(w1, 712, T215)- To determine the properties of this function, we calculate the partial derivatives.

: —_ : 8¢ s a¢ s 8¢ s a¢ s 1
Given 05 > 05— 1 = p,o5 > p,, we obtain Tulﬁ < 0, Wgs < 0, 85}11 > 0, 87315 < 0, and it

follows that

OMise (w1 X1s — P19 X2s) L1 — w1 L1 (X1s — 8512}35 X2s)
(leIS - ¢125X25)2

(Xoo — G101 X10) 5922 Ly + ooy Lo (15 + ?;fwl)Xls]

8?1}1

ow1

(Xos — ¢21sw1Xls)2

[~ 19 Xos Ly + w1 L1502 Xy Xo, 590215 Ly + (¢h9,)? Lo X1
= (8% —
Tl (@nXns = g Xas)? (Xas — dor w1 X15)?
OMise (w1 X15 — ¢19,X25)0 + wi Ly gi%ng 0
= (0% —_
87_125 B i (lels - ¢125X28)2
[ wbigreXe, ]
=
B _(lels - ¢125X23)2
- 9 9
aMlse — o lo- (X2s - ¢21slels) 3?312 Ly + ¢213L2 fﬁ;iz w1 X1s
07216 ° I (X2s — ¢o15w1 X15)?

> 0.

)
Xos 522 Lo
= —Q -
T (Xos — dpr w1 Xis)?

aMlse

Thus, the function Mise (w1, T12s, T215) has the properties 515 < 0 OM e

> OT12s

aMlse

rars = 0.

< 0and
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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 ) j=1,0 Wi fij sJis(gog‘j s) = disw; Fis, we obtain

w1 f11 w1 f12
2Ns(011s) + ———J1s(plas) = wiFig
518 513
f21 Jo2
. “Jas(p215) + : = Jos(9595) = Fas.
095 09s
e . ) - jswzfzjsjls(sows) .
Writing out the relative expected profit conditions ¢;;; = Sy e Tl ) We obtain
is sJjs\Pjjs
d2sw1 fr2sJ1s(]2s)
¢12S *
015 f225 025 (P595)
¢ _ 5lsf213=]25(§0§13)
2s 62swlfllsjls(§0115) .

Thus the free entry conditions can be rewritten as

fa1 w1 f12
é g Jos(p315) + 5 “J1s(@las) = wiFis
21592s 1s
fa1 w1 f12
5o =2 Jas (e 21s)+¢ 5SJ18( ©las) = Fhs
12sY1s
and in matrix form become
SJS 5
sJ1s (7]
L e el Fas

Solving using Cramer’s Rule yields

w1 f12sN15(PTos) da — W1Fs
O1s ¢1251¢215 -1
wiflzs 05— 1 ( b1s )0‘9 _ Fy0195 — 9195001 sw1 s
51s 93 —0os+1 QDTQS B 1- ¢12s¢213
wifles os—1 g, 1 — 1o50215 b,
515 05— 05+ 1 ¥ Fogdin, — roghorwrFrs 1zs

Letting v,, = b (0, — 1)/[61s(05 — o5 + 1)], we can write the last expression more simply as

Nsf12s(1 — d125¢215) } v _ (19)

Plos =
2 [F2s(¢123/w1) — P125P215F1s

15



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 wi, note that

1 s\ oD/ (@)
¢125¢21s = (fll f22 )

(T125T215)% \ fi2s fo1s

does not depend on w; and

P12s 025 f12s (b15>05 0, 1-6./p.| 1 025 f12s <bls>93 9
= — | Tplw; T lw] = — | T}.°
wy 01sfo2s \ bas tes 71 ! 01sfo2s \ bas 128

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

_95//)5
wy

8@1(25

of w1 and Pw > 0.

To determine the partial derivative of ¢7,, with respect to 7125, note that both ¢;,,¢,;, and —‘i}js
are proportional to 71_29;. It follows from (19) that an increase in 7125 causes the numerator v, f12s(1 —

. . 890* o

$125$215) to increase and the denominator Fis(¢19,/w1) — @12,¢214F1s to decrease, so 512 > 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 721, decreases. When 72;5 decreases holding
all other parameter values fixed and holding ¢7,, fixed, the free entry condition (11) for country 1,
F11s070 + fraspinl® = Fis/71, implies that o}, remains fixed. The other free entry condition for
country 2, fo1 scp;ses + fgzscpzses = Fys/74, implies that 3, . and @3,  move in opposite directions.
From (7), the cut-off productivity levels satisfy ¢35,05,, = (Tlgsw}/ Ps 90325) (T2lsw; 1/95-%18) =
Th25959s 12150715 Because ¢7q is fixed, 112 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 swi /Ps 59, implies that wy must decrease. It follows that
when 721, 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 9¢712s < 0.

07215
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Proof of Lemma 3

(Part 1) One measure of industrial productivity @ﬁ is the industrial average of firm productivity ¢

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

Zj=172 I(p > @Tjs)rljs(SO)Mlsﬂls(‘m
Zk:1,2 Rips

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

> > Zj:LQ I(p > ‘Pfjsy’ljs(‘P)Mlles(@)
vis(p)dp =
0 0 Zk:l,Z Rips

o
<I>1S:/ wv1s(p) de  where wvi5(p) =
0

dp
1 /°°
Zk:l? Rigs jzgz Pljs
1
- - - Ry
Zk:l,z Ry Z ”
= 1.

T1js(@) Mispys () de

To better understand the properties of &%, define vy ;5 (¢) = 71;5(0) Misprs()/ (Zk=1,2 les) .
Then vy (¢) = Zj:l,Q I(p > 8013‘3)”13'8 (¢) and

(I)i = /0 QDUIS(()O) dSO

= / 0 > I(p = ¢t v (@) do

0 =12

= / u11s (@) de +/ u12s () dop
Plis P12s
o0 41091‘23
= [ el 4o @ldo+ [ oo o) de.
%)

* *
12s Pl1s

We know that Zk:m Rips = w1 Mise X5 from (13), Mispq4(0) = Misegis(p)/01s from (A.1) and

17



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

les(‘P)Mlsﬂls(Qo)
Zkz:l,Q Ry
les(‘P)Mlsegls(Sp)/éls
w1 MiseX1s

715s() g15(¢)
w1 Xi1s O1s

os—1
— USfljS SO 915(90) (A 10)
X1s SDT]'S O1s

v1js (p) =

Therefore, productivity ®£ " can be written as a function of the domestic productivity cutoff (7, and

the export productivity cutoff (7, .. Furthermore, the free entry condition

J11s n Ji2s  Fis
* 03 * 93 -
(¢115) (¢725) Vs

(A.11)

determines ¢7,, as an implicit function of ¢7,, and we can solve for its derivative by totally differ-
entiating. This yields — f115050} 70" dpty, — fi2s0s@iae® tdply, = 0 and rearranging terms, we

obtain the derivative

6s+1

dSDTLg _ f125 <(p>{ls> -

= ” < 0.
depag J11s \ Pl

Because (A.10) and (A.11) do not include the wage w; or variable trade costs, it is possible to write

@1 as a function of },, that does not include the wage w or variable trade costs.

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

ﬂﬁ _ o0 d (vi1s (@) + vi2s (¢))
/912 sp|:

} dp — Plag[V11s (Plas) + v12s (P12)] + PlasV11s (P12s)

d@;% dgp;{Qs
SOES dvlls (90)> * * dQOTl
+/ %2 <* dp — ¢115v11s (P115) >
©l1s dgpl?s o ° d(pTZs
[ d(vis (¢) + v12s (9)) .
= / 80[ | A — Plasvins (#la)
Plas
Plas dv doy
/ ( 118( )> de — @T1sv11s (P115) dwils- (A.12)
ol Plos P12s

Thinking about the implications of a marginal decrease in ¢3,,, the four components of d®¥, /dy¥,,
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

18



(A.10), the derivatives of v115 (¢) and vi2s () are

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

d‘/f{js X1s01s (‘PTjs)os

It follows that

d(vi1s (p) +v12s (9)) _ 0s(os — D)% g15(p) [ fi1s  dTy fi2s ]

doTas B X1501s (‘Pﬁs)gs dpias (90T28>0—S

os(0s = )¢ gis(e) | fus  fios (@Tu)gSHJFfHS
Xls5ls (@Tls)as f118 @TQS (SOTQS)O-S

_ * 0s—0s
_ _0'5(0'3 - ].)SOO-S 1913(90)f12s 1 <90118> oot <0
X15015 (0125)7° Plas

and

dvns (LP) . dUlls (90) dgp’{ls

depas deiys  deia,
_ os(0s — D% gis(p)  fiis  fizs ((@51s Pt
B X1s01s (P115)7° f11s <¢T23>
_ 0s(0s = 1)p™ 1 g15(p) fr2s (1) 7t > 0.

X15015 (SOTQS)HSJ’_l

As a second step in determining the sign of d(I' ' /dpT,,, 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

Og 1 oo les((p) O
i 2w fiy d _ F

w1 X1 518 Z /* < os wlfljs gls(@) ® w1 X1s [w1 15]
_12 901]5

Z / {les Usfljs] Jis (80) d(p _ o P

j=1,27 #1js w1 X1s Xis O1s Xis s

s f1js 9is (90)] o
U1js\P) — d = > F,.
]212 /501]5 |: ]S X].S 518 SO XlS s
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Next taking the derivative of both sides with respect to (75, and using (A.10), we obtain

* duis(y) diljs . Osisos (%Q
0= Z do* dp — do* v15s(P1js) — X190
=12 et @P12s P12s 15015

¥ / dvyjs(p)

=127 %15 90125

_ /°° dvizs (¢) /°° dvus (9)
oty APTag o, APTas

12 11s

© d(v11s s Plas dugs
:/ (v11s () + v12s (¥)) dgo+/ e dons (9)
® P

* *
a0 dpias e 9T

(A.13)

In response to a marginal decrease in ¢7,,, the total increase in revenue share of existing exporters
f:;zs d (v11s () + vi2s (@) /dpTs, de is exactly balanced by the total decrease in revenue share of
remaining non-exporters firms — f ﬁ% dviis () /dpis, dep.

As a third step in determining the sign of d<1> " /dp7es, 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

density function:
oo
1:/ﬁvuwww
0OO .
= / v12s () dep +/ v11s () dyp
@ ¢1

*
12s

o0 ‘p’{Qs
:/'wmwwwanw+/ o1s () do.
0 ®

* *
12s 11s

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

0= /OO [d(vns () +v12s ()
WTQS d(pélf28

Plas [ d do*
+ / < 1;118* ((’D)> dSD — Ul1s (Soils) Pl
o P12s

d‘)O){Zs
/OO {d (v11s (p) + V125 (9))

]dw—Wudﬂ%medﬂ%ﬂ+meﬁQ

]dw—vmd¢ﬁﬁ

T2s d(pT2S
Plas [ duy do?
+/ (dls( )> dp — v11s (P7115) d(pils-
i1 Plas P12s

From (A.13), this leads to
dpiis

= 0.
d¢T2s

V12s ((IOTQS) + V115 (@Tls)
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In response to a marginal decrease in ¢},,, the total increase in revenue share of new exporters

v125(744) 1s exactly balanced by the total decrease in revenue share of exiting firms —v;15(¢7,) Zi%s .
It follows that the net effect of the second and the fourth terms in (A.12) is negative
* * * * dgpils _ * * * *
—PT2sV12s (Pl2s) — PI1sV11s (P11s) dot, —PT2sV12s (Pl2s) T PT1sV125 (Pl2s)
12s
- = (SDTQS - (pfls) V12s (@TZS) <0. (A.14)

Because the new exporters enter with higher productivity than the firms that are exiting (¢]o5 > ©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 (p) + v12s (9)) /dpis, <
0 and dvy1s () /deiss > 0,

Sod (v11s () +v12s (9) o d(vi1s () + v12s ()

. < . < 0 forall p > ¢7,, and
d90125 12s d<1012s 12s
dvi1s () dvi1s ()
0 < p—""" < Qlos——— forall ¢ € (¢]1,, ¢las) -
d(pl% 12s d(pl% ( 11ss ¥12s

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 @ P12s

* *
12s 12s

and the third term satisfies
/sv’fzs ; <dv11s (@)) do < o Plas duyys (¥) dep
go;ls dSOTQS ’ QDTIS d(pTQS
« 0 d (vi1s (@) + vias (¢
Y TG ESTHCIp
©

TQS dSOTQS
o d
- _/ - [ (v11s (fl) iz, (<P))] do.
SOIQS S0125
Therefore, the net effect of the first and third terms in (A.12) is negative
(o¢] d 90{25 d
90’1‘25 90128 (101‘13 90125

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.

21



(Part 2) The second measure of industrial productivity @fs is industrial labor productivity:

Ej:1,2 les
PlsLls

o0

where 1513 = / P11s (0) f15(0)dep.
)

*
11s

L _
From wy L5 = ZFI 5 R1js and

5 < w g1s(¢)
b ()
! © PsP 1- Gls(@fls) 4

*
11s

wy /OO 0,b9:
= 05 0, +2%%¥
ps (b1s/071)" gy, #7°F

){13
*Ug - 05+2 +1
_ wles%i)‘s _wils( )
Ps _(95 + 2) +1

- ()
PsPirs \Os +1)°

industrial labor productivity becomes

s+ 1
(I)fs = < 89 )ps@ils'
s

From the free entry condition =12 fl-jsgo;;;es = Fis/7vis ¥, decreases when @7, increases.
Therefore, ®L, decreases when ¢}, increases. Furthermore, a change in variable trade costs only
affects industrial productivity ®1 through its influence on ¢}, since the trade costs 7;;s and the wage
w1 do not appear separately in the above expression for @fs or the free entry condition.

(Part 3) Another measure of industrial productivity ®}" is industrial labor productivity calculated
using a theoretically consistent “exact” price index:
> j=1,2 Rijs

oW =
ls PlsLls

It is easy to calculate how a change in 7, affects this measure of industrial productivity. Starting
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from the cut-off productivity condition (6)

7115 (91 15)
Os

1—
P11s(Pi1s) T aswi Ly
1—0o
Pls °

1—0s
W1T11s
PSR aswi Ly
PsP11sL1s

1—0s
wq
<Pls >

w1y
Pls

and then using wy L5 = Zjﬂ 5 R1js, we obtain

PV = Zj:l,Q Rujs Wy
1s =

PlsLls B Pls -

From the free entry condition 3, _; 5 fijs¢;;

Therefore, ®!V decreases when (%, increases. Furthermore, a change in variable trade costs only

affects ®]” through its influence on ¢, since the trade costs Tijs and the wage w; do not appear

*—0s

w

lflls

oswi fi1s from (4)

oswi fi1s from (5)

Usflls (
O(sLl

(

Usflls
asly

asly )
Usflls

* * .
is/Viss P11 decreases when ¢f,, increases.

* l1-0o
890115) °

1/(1-0s)
> PsPl1s

1/(0s—1)
psgoils'

separately in the above expression for @‘f‘g 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 (I)‘l’z = w1 / Py, her utility is written as:

aAWq
U p—
( Pra

)
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Footnote 8

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

Footnote 10

(J115(<P)

P11s(p) "7 aswi Ly
g

(wlTlls> a
PsP

w1 1—0s
(ps(p)gs <P1 > asLl
s

(ps)°* (ﬂg)l_as asLy.

7 agwi Ly
l—0s
Pls

The weighted average productivity measure in Melitz (2003) satisfies

@13

. 1/(05—1)
/ sO"S‘luls(sO)dsD]
S0{15

o 1/(os—1)
os—1 918(30)
=
Pl1s 1= Gs(eins)
1/(os—1)
S S
Pl @Ot (brs /7 1,)0
- 1/(75-1)
17305 / so(’s_l‘es_ldw]
w{ls
r 1/(cs—1)
*0s—1—0s—1+1
*6 _gpl(lj
.90 S
P11sts <03—1—98—1—|—1)
1 s—1
95 *0g—1 /(o )
_95 —os+ 1 11s
o, MO
_708 o t1 Plls-

24



Balanced Trade

From ijl o Rijs = wiLis and ijl o F1js = E11s + E12s = aswi Ly, the excess exports of sector

s for country 1 is

(Zj:LQ Ryjs — Ells) — Figs = wilis(-) — (aswi Ly — Er2s) — Eas

= wias <L;() - L1> :

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

market clearing condition:

0=2> B [(Zj:m Ryjs — EHS) - Ele} = Za-An [wlas <Lz(.) - Ll)]

- () o ()]

= w1 [Lia(:) + Lip(+) — L41].

Multilateral Trade Liberalization

With symmetric countries and w; = wg = 1,

Lls = MlseXIS

~w ( wily _ P15 L2 ) X
- S S
w1 X1s — Q19 X2s  Xos — Po,w1 X
~w < Ly sk ) ¥
B Xs - ¢5XS Xs - ¢5Xs B
- 045le
and
- 1/65
oy = Y1sf12s(1 — D1950915) ] /
3 _F2s(¢125/w1) — 01950215 F1s
- 0
- Yiafea(l — G ad4) ]1/ 4
124 | Fa(pa/1) —papaFa
- 0
— ’YlAfo(1—¢A)(1+¢A)r/ B
Fags(1—0¢4) ’
from which it follows that 1/
* v f A 1 4
P24 = [ 1}47; (1 + @1)} . (27)
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Since

0s —0s/ps
b = 0js fijs (@s) T0s <wi>1 /p
T bisfijs \ b 97\ wj

facA —0
= JzAp 04
¢A fA A

a decrease in 1’4 leads to an increase in ¢ 4 and a decrease in @7, 4 for fixed wy = 1.

simplifies to

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 ¢4, can be different from ¢4, ,. The labor demand by sector s in country

1is

L L
Lis = Mise Xs = asXs|: i ¢21s : :|

w1 Xs — P10 X5 - Xs — P 5w1 X5

1 1
oo - () 82e]
1 — ¢1a5/un w1 ) 1= dg15w1
Notice that w; > ¢, and 1 > ¢o; ,w; are required for an interior solution from (A.9).

)(0570'34*1)/(0'371)

. Then ¢4, and ¢,;, become

Letw = wfs/ps and ks = 7;95 (ﬁ

¢123

K
=<1 and ¢y = ks < 1,
w1 w

from which it follows that k5 < 1. By substituting these into the labor demand, we obtain

w 1 KsTo
Lis = asL — .
1s sl |:w — kg <w03/93> 1— KJSW:|

We take its derivative with respect to r

OLq, I [ 1 < 1 ) 1 }
= waoy -
Ok ! (w — ns)2 ws/0 ) (1 — /{sw)Q

wl—as/esasLl os/0s < W — KRg )2
= ———— |w - — .
(w— HS)2 1— ks

Since Ok /075 < 0,

8L1 w— K
s if LH =/ « 5 =R
or. > 0i S(w) =w <1z s RHS(w)

aa[;“ = 0if LHS(w) = RHS(w)
L, .
8871 < 0if LHS(w) > RHS(w).
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Since

dLHS(w) Os /20,1
— _° —0s s 0
dw 295w =%
d*LHS(w) 0s (205 =05\ __(20,—04)/20,—1
d=? 29, ( 20, ) “ <0
dRHS 1— k2
J — 7’%52 > 0’
dw (1 — ksw)
PRHS(=) _ 26 (1K)
5 = — 3 > 0,
dw (1 — Ksw)
and
LHS(w = 1)=RHS(w=1)
dLHS(w=1) o cl< 1+ks dRHS(w =1)
dw 26, 1— ks dwo ’
we have
LHS(w) < RHS(w)ifw >1
LHS(w) = RHS(w)ifw=1
LHS(w) > RHS(w)ifw < 1.
Since w = wfs/ps, we obtain
0L,
671 > Oforw; >1
Ly
88 s — 0for w; =1
Ts
Ly
aaTl < Oforw; < 1.

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