HIAS-E-63
A Solution to the Melitz-Trefler Puzzle

Paul S. Segerstrom
Stockholm School of Economics, Department of Economics, Box 6501, 11383 Stockholm, Sweden

Yoichi Sugita
Yoichi Sugita, Hitotsubashi University, Graduate School of Economics, 2-1 Naka Kunitachi, Tokyo 186-8603,
Japan

January 2018

HiAS

Hitotsubashi
Institute for
Advanced Study

Hitotsubashi Institute for Advanced Study, Hitotsubashi University
2-1, Naka, Kunitachi, Tokyo 186-8601, Japan
tel:4+81 42 580 8604  http://hias.ad.hit-u.ac.jp/

HIAS discussion papers can be downloaded without charge from:
http://hdl.handle.net/10086,/27202

https://ideas.repec.org/s/hit/hiasdp.html

All rights reserved.



A Solution to the Melitz-Trefler Puzzle

Paul S. Segerstrom Yoichi Sugita

Stockholm School of Economics Hitotsubashi University

January 6, 2018

Abstract: The empirical finding by Trefler (2004, AER) and others that industrial productivity increases
more strongly in liberalized industries than in non-liberalized industries has been widely accepted as
evidence for the Melitz (2003, Econometrica) model. But it is actually evidence against the Melitz
model. Segerstrom and Sugita (2015, JEEA) showed that under very general assumptions, the multi-
industry Melitz model predicts that productivity increases more strongly in non-liberalized industries
than in liberalized industries. This disconnect between theory and evidence we call the Melitz-Trefler
Puzzle. This paper presents a solution to the Melitz-Trefler puzzle, a new model consistent with the
Trefler finding.

JEL classification: F12, F13.

Keywords: Trade liberalization, firm heterogeneity, industrial productivity.

Acknowledgments: We thank seminar participants at the Hitotsubashi Conference on International
Trade and FDI 2015, Singapore Management University, Peking University, Hitotsubashi University,
and Columbia University for helpful comments. Financial support from the Wallander Foundation and
from the JSPS KAKENHI (Grant Number 80240761) is gratefully acknowledged.

Author: Paul S. Segerstrom, Stockholm School of Economics, Department of Economics, Box 6501,

11383 Stockholm, Sweden (E-mail: paul.segerstrom@hhs.se).

Author: Yoichi Sugita, Hitotsubashi University, Graduate School of Economics, 2-1 Naka Kunitachi,

Tokyo 186-8603, Japan (E-mail: yoichi.sugita@r.hit-u.ac.jp).



1 Introduction

In the last decade, the empirical trade literature have established a new mechanism of gains from trade.
Trade liberalization improves industrial productivity by shifting resources from less productive to more
productive firms within industries. For instance, by investigating the impact of the Canada-USA free
trade agreement on Canadian manufacturing industries, Trefler (2004) found that industrial productiv-
ity increased more strongly in liberalized industries that experienced large Canadian tariff cuts than in
non-liberalized industries, and that the rise in industrial productivity was mainly due to the shift of re-
sources from less productive to more productive firms. Similar productivity gains through intra-industry
reallocation in liberalized industries are also observed in other large liberalization episodes (e.g. Pavcnik
2002, for Chile; Eslava, Haltiwanger, Kugler and Kugler, 2012, for Colombia; Nataraji, 2011, for India).

The 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
seminal model by Melitz (2003) on intra-industry reallocation due to trade liberalization. Virtually all
recently published survey papers by leading scholars cite Trefler (2004) as evidence for the Melitz model
(Bernard, Jensen, Redding, and Schott, 2007, 2012; Helpman, 2011; Redding, 2011; Melitz and Trefler,
2012). In addition to survey papers, empirical studies on intra-industry reallocation following trade
liberalization judge whether their findings support Melitz (2003) or not based on the same belief (e.g.
Eslava et al., 2013; Fernandes, 2007; Harrison et al., 2013; Nataraj, 2011; Sivadasan, 2009). When
they observe that the increase in industrial productivity (or the exit of low productivity firms) is greater
in liberalized industries than in non-liberalized industries, they regard their findings as support for the
Melitz model.

This conventional wisdom is wrong. The Trefler finding is actually evidence against the Melitz
model. In Segerstrom and Sugita (2015a), we show that under very general assumptions, a multi-industry
version of the Melitz model predicts the opposite relationship that industrial productivity increases more
strongly in non-liberalized industries than in liberalized industries. When a country like Canada opens
up to trade in some industries but not others, the Melitz model implies that productivity increases more
strongly in the Canadian industries that did not experience tariff cuts. This disconnect between theory
and evidence we call the Melitz-Trefler Puzzle.

In this paper, we present a solution to the Melitz-Trefler Puzzle. We present a new model of in-
ternational trade with two countries and two differentiated good sectors (or industries), and then study
what happens when country 1 opens up to trade in industry A but not industry B. We show that this
unilateral trade liberalization by country 1 causes productivity to increase more strongly in the liberal-

ized industry A than in the non-liberalized industry B, consistent with the evidence in Trefler (2004)



and other previously-mentioned papers. As Segerstrom and Sugita (2015b) show, trade liberalization has
two effects in the Melitz model with two countries and two industries, a competitiveness effect that con-
tributes to lowering productivity in the liberalized industry and a wage effect that contributes to raising
productivity in both liberalized and non-liberalized industries. In the new model, trade liberalization still
has the same two effects but they both go in the opposite direction. The competitiveness effect of trade
liberalization contributes to raising productivity in the liberalized industry (Theorem 1) and the wage
effect of trade liberalization contributes to lowering productivity in both liberalized and non-liberalized
industries (Theorem 2). It is possible to write down a trade model with opposite properties compared to
the Melitz model.

The basic structure of the new model is the same as the Melitz model with two industries and two
countries. All consumers have the same two tier utility function where the upper tier is Cobb-Douglas
and the lower tier is CES. Labor is the only factor of production and workers in each country earn
the competitive wage rate. Firms are risk neutral and maximize expected profits. In each time period,
there is a fixed cost of entry and an endogenously determined measure of firms choose to enter in each
country and sector. Each firm then independently draws its productivity from a Pareto distribution. A
firm incurs a fixed “marketing” cost to sell to domestic consumers and incurs an even larger fixed cost
to sell to foreign consumers, so only those firms with productivity levels exceeding a threshold value
choose to produce for the domestic market and only those firms with productivity levels exceeding a
higher threshold value choose to export. In addition to the fixed costs of serving domestic and foreign
markets, there are also iceberg trade costs associated with shipping products across countries.

Compared to the Melitz model, the key new assumption concerns the fixed cost of entry. We assume
that individual firms take this fixed cost of entry as given but at the aggregate level, entry costs go up as
more firms choose to enter. With this new assumption, we are in effect assuming that there are decreasing
returns to research and development (R&D) at the sector level: when R&D input (entry costs) is doubled,
R&D output (new varieties) less than doubles. In contrast, Melitz (2003) assumed that there are constant
returns to R&D at the sector level: when R&D input is doubled, R&D output doubles. A large empirical
literature on patents and R&D has shown that R&D is subject to significant decreasing returns at the
sector level (e.g., Kortum 1993; Jones 2009).

Although the Melitz model cannot explain the Trefler finding, this model does have other attractive
properties that have been confirmed in many empirical studies. For example, a recent survey paper by
Redding (2011) mentions two other facts as empirical motivations for the Melitz model: (1) exporters
are larger and more productive than non-exporters; (2) entry and exit simultaneously occur within the

same industry even without trade liberalization. The new model continues to predict these two facts.



The Melitz model also predicts the Home Market effect, which has received empirical support (e.g.,
Davis and Weinstein, 2003; Hanson and Xiang, 2004) and plays an important role in the New Economic
Geography literature. With a moderate degree of decreasing returns to R&D, the new model predicts
both the Home Market effect and the Trefler finding.

The current paper is related to previous studies of trade liberalization using versions of the Melitz
model. Demidova and Rodriguez-Clare (2009, 2013), Felbermayr, Jung, and Larch (2013) and Ossa
(2011) analyze unilateral trade liberalization in models with one Melitz industry. Bernard, Redding, and
Schott (2007) and Okubo (2009) analyze symmetric multilateral liberalization in models with multiple
Melitz industries and endogenous factor prices. Arkolakis, Costinot, and Rodriguez-Clare (2012) derive
a formula by which one can calculate the the welfare effect of trade liberalization in a multi-industry
Melitz model. Segerstrom and Sugita (2015a) derive the Melitz model’s implication for difference-in-
differences estimates of the impact of tariff cuts on industrial productivity. While these studies maintain
the constant returns to R&D assumption as in the Melitz model, our paper is the first to introduce the
decreasing returns to R&D assumption in this literature. We find that constant returns to R&D, which
is assumed for analytical convenience, is not innocuous. In this class of models, the impacts of trade
liberalization on resource reallocation, productivity and welfare crucially depend on the degree of returns
to scale in R&D.

The degree of returns to scale in R&D has played an important role in R&D-based endogenous
growth models. First generation models such as Grossman and Helpman (1991) assumed constant returns
to R&D and as a result, these models have the scale effect property that a larger economy grows faster.
Because this scale effect property is clearly at odds with the empirical evidence, second generation
models weakened the degree of returns to scale in R&D (e.g., Jones, 1995; Segerstrom, 1998). This
paper shares the same spirit with this literature: assuming decreasing returns to R&D also solves a
puzzle in international trade.

The rest of the paper is organized as follows. In section 2, we present the model and our main
results. In section 3, we discuss intuition and other predictions of the model. In section 4, 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

2.1 Setting

Consider two countries, 1 and 2, with two differentiated goods sectors (or industries), A and B. Through-
out the paper, subscripts ¢ 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. Fol-
lowing Melitz (2003), we focus on a stationary steady state equilibrium where aggregate variables do not
change over time and omit notation for time periods.

The representative consumer in country ¢ has a two-tier (Cobb-Douglas plus CES) utility function:

1/p
Ui =Clreop where Cis = [/ gis (w)? dw} and a4 +ap=1.
w

Qs
In the utility equation, ¢;s (w) is country ¢’s consumption of a product variety w produced in sector s,
);5 is the set of available varieties in sector s and p measures the degree of product differentiation. We
assume that products within a sector are closer substitutes than products across sectors, which implies
that the within-sector elasticity of substitution o = 1/(1 — p) satisfies o > 1. Given that a4 + ap = 1,
«s represents the share of consumer expenditure on sector s products.

Country i is endowed with L; units 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 wy = 1.

Firms are risk neutral and maximize expected profits. In each time period, the measure M, of firms
choose to enter in country i and sector s. Each firm uses f;,. units of labor to enter and incurs the fixed
entry cost w; fise. Each firm then independently draws its productivity ¢ from a Pareto distribution. The
cumulative distribution function G () and the corresponding density function g (¢) = G’ () are given
by G () = 1 — (b)) and g (p) = b /?*1 for ¢ € [b,00), where 6 > 0 and b > 0 are the shape
and scale parameters of the distribution. We assume that § > 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 ¢. This firm must use f;; units of domestic labor and incur the fixed
“marketing” cost w; f;; to sell in country j. Denoting f;; = f4 and f;; = f. for i # j, we assume
that exporting require higher fixed costs than local selling (f, > f;). There are also iceberg trade costs
associated with shipping products across countries: a firm that exports from country 4 to country j # i in

sector s needs to ship 7;;5 > 1 units of a product in order for one unit to arrive at the foreign destination



(if 5 = 1, then 7335 = 1).

Decreasing Returns to R&D  So far, the model is a two-industry version of Melitz (2003) with a Cobb-
Douglas upper-tier utility function and a Pareto distribution. The key new assumption concerns the fixed
cost of entry w; f;se. We assume that individual firms take f;s. as given but at the aggregate level, entry
costs satisfy

fise = F - M where (>0, (1)

15€e

that is, entry costs go up as more firms choose to enter.

Since M;,. is the number of firms that enter and F' - M ¢

e 18 the labor used per firm, the total labor

used for R&D in country ¢ and sector s is L;se = F' - Mllsifc Solving this expression for M;,. yields
Mise = (Lise/ F)l/ (HC), where M;s. can be thought of as the flow of new products developed by
researchers and L;,. is the sector level of R&D labor. By assuming that ¢ > 0, we obtain decreasing
returns to R&D at the sector level: when R&D input L, is doubled, R&D output M;,, less than doubles.
Melitz (2003) assumed that ¢ = 0. This implies constant returns to R&D at the sector level: when R&D
input L;, is doubled, R&D output M;s. doubles. A large empirical literature on patents and R&D has
shown that R&D is subject to significant decreasing returns at the sector level. The patents per R&D
worker ratio has declined for most time of the 20th century (Griliches, 1994). This trend holds across
countries (Evenson, 1984) and across industries (Kortum, 1993). A more recent study by Jones (2009)
confirms the decreasing returns to R&D using microdata on US patents and innovators. According to
Kortum (1993), point estimates of 1/(1 + () lie between 0.1 and 0.6, which corresponds to ¢ values
between 0.66 and 9. The Melitz model case where ( = 0 is outside the range of empirical estimates.
There are two reasons for decreasing returns to R&D. One reason is that the duplication and overlap
of research at a point of time decreases the research output per researcher (the duplication effect). An-
other reason is that as an industry matures, innovation becomes harder and needs more inputs (the fishing

out effect). We focus on the first effect for simplicity.

2.2 Equilibrium Conditions

A firm in country ¢ and sector s with productivity ¢ sets a profit-maximizing price p;;s () for goods it

sells to country j. This firm earns revenue 7;;5(¢) and gross profits r;;, () /o from selling to country j.

! An alternative formulation is fiee = FMfseIMfs. The mass of actively operating firms M;s expresses the amount of past
successful innovation and parameter ¢ > 0 captures the decreasing returns to R&D due to the fishing out effect. With this
formulation, our main results continue to hold but the calculations become more complex. These results can be obtained from

the authors upon request.



Solving the consumer optimization and profit maximization problems yields

W;Tiq
Pijs(p) = % and Tijs () = asw;L; (

l1—0o
pijs(@) 7 )

by

where P is the price index. Each firm charges a fixed markup over its marginal cost w;7;;,/ .
Because of the fixed marketing costs, there exist productivity cut-off levels 7 such that only firms

with p > @fjs sell products from country ¢ to country j in sector s. We solve the model for an equilibrium

where both countries produce both goods A and B, and the more productive firms export (¢};; < cp;‘js).

Firms with ¢ > cpfj . export and sell domestically, firms with ¢ € [}, ©F J ) only sell domestically and

firms with ¢ < @7, exit. A firm with cut-off productivity ¢, just breaks even from selling to country

J:
Tijs (90** ) L. (piis(05 )N
18 _ QsWijlig (pzjs(%]s)> _ wifij7 (3)
o o P;
- - 1/(1-0) . o .
where Pj; = {Zi:m f@fjs Dijs () 7 Mg uis(cp)dgo} is the price index for sector s products in

country j, M;s is the mass of actively operating firms in country ¢ and sector s, and p;5() = g(p)/[1 —
G(¢5;,)] is the equilibrium productivity density function for country 4 and sector s.

In each period, there is an exogenous probability  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

M5 and the mass of entrants M, in country ¢ and sector s satisfy
[1 = G (pis)] Mise = 6 M, “)

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

From (2) and (3), the cut-off productivity levels of domestic and foreign firms in country j are related

i} fii 1/(o-1) w; 1/p .
Pijs = Tijs <f]j wij Pjjs- (5)

This equation shows that the cut-off productivity levels of domestic and foreign firms in country j would

as follows:

be the same if it were not for differences in trade costs and labor costs. Let ¢;;5 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. Using (2), (3), (4), and (5), the relative expected profit



simplifies to:

-1 oo [rigs(e) g o o— -
@nzé I3, wﬂﬁﬂw@9:;;<ﬁﬁw o D(W)wmm. ©6)
=T {m;(so) _ ijjj:| g(p)dp  Ths \ij

Jjs

wy

Variable ¢;;, is an index summarizing the degree of country ¢’s market access to country j in sector s.
Since # > o — 1 and (0 — p)/p > 0, it decreases in variable trade costs 7;;5, relative marketing costs
fij/ fj;» and the relative wage w;/w;. As export barriers 7;;5 or f;; increase to infinity, the market access
index ¢;;, converges to zero.

Using the equilibrium price (2), the cutoff conditions (5) and the relative expected profit (6), the price
index can be rewritten as

_ * e b 0 M. M.
e ) () (o 3) 0

where n = 6/(0 —o +1) > 0. To understand equation (7), consider first autarky with ¢;;s = 0.
Then, from (4), it becomes that Pilsf" = 0 piis (0 5)1_‘7 M;s. The price index depends on the mass of
domestic varieties and the distribution of prices. Under the Pareto distribution, the latter is summarized
by the highest price set by the least productive firms on the market. In the open economy with ¢;;5 > 0,
the price index also depends on the mass of foreign varieties (M. /0) and the degree of their market
access (Pjis)-

Substituting the price index (7) into the cutoff condition (3), we obtain

*0 _ 969 O—fd
PUs T 50— 0+ 1) asly

(Mlse + ¢21$M2se) . (8)

The domestic productivity cutoff ¢}, rises if and only if (M1 + p215Mase) rises. If trade liberalization
results in M4 + ¢215sMase increasing, more firms are entering and competition is becoming tougher in
country 1 and sector s. With tougher competition, firms need to have a higher productivity level to
survive, so the domestic productivity cutoff o7, , increases, and it follows that industrial productivity ®¥,
rises. If trade liberalization results in Mjse + @215 Mase decreasing, then fewer firms enter, competition
becomes less tough, lower productivity firms can now survive and industrial productivity falls. Equation
(8) implies that, for determining how trade liberalization impacts the domestic productivity cut-off and
industrial productivity, it is sufficient to consider how the mass of entrants in both countries and country
2’s market access index ¢915 change.

A convenient property of the model with the Cobb-Douglas upper tier utility and the Pareto distribu-



tion is that we can solve for the mass of entrants M;,. as a function of the wage w; and trade costs 7;;s.

First, free entry implies that the expected profits from entry must equal the cost of entry:

iz

1= 12 SOna

r
[ is(P) wifij] 9(p)dp = w; fise. )
Following Melitz (2003) and Demidova (2008), equation (9) can be rewritten as

0
1 c—1
5( —a+1> Z fij <@j> = fise- (10)

Second, equation (10) implies that the total fixed costs (the entry costs plus the marketing costs) are

proportional to the mass of entrants in each country 7 and sector s:

Wy zsefzsc + Z /

j=1,2 Pijs

T efise
fzg zsuzs( )d@ = Wi Mjse (0_ — 1) . 11

Third, the free entry condition (9) implies that the total fixed costs are equal to the total gross profits in

each country ¢ and sector s, that is,

’leMzse <0fl56) - Z Rl]? (12)

]12

where R;js = f Tijs () M;spis(p)de is the total revenue associated with shipments from country ¢

to country j in sector s. Fourth, from (2), (4), and (7), the total revenue R;;s can be rewritten as

zse¢zgs
Riis = asw; (13)
J ] ( E :k 1,2 Mkse¢k]s

Substituting (13) into (12), we obtain

¢z]s (9> .
E asw;L = W; fise | — ) fori=1,2. (14)
! ( E :k 1,2 Mksed)k]s f P

7j=1,2

Since f;se is a function of Mg, and ¢;;5 is a function of 7;;, and wy, it is possible to express the mass of
entrants M;se (7125, T215, w1) as a function of variable trade costs and the country 1 relative wage. Then,
from (5) and (8), we obtain the domestic and export productivity cutoffs as functions of variable trade
costs and the country 1 relative wage.

The labor market clearing condition for country 1 determines the wage w;. Free entry implies that



wage payments to labor equal total revenue in each country ¢ and sector s, that is, w; Lis = Y j=1,2 Rijss

where L;, is labor demand in country ¢ and sector s. From (1) and (12), this leads to

1 o OF

Lis = E Z Rijs = M;se (O’—1> fise = Mils:< <,0> : (15)
=12

Notice that labor demand L;; depends only on the mass of entrants M. and not on any cut-off produc-

tivity levels ;.. The country 1 labor supply is given by Ly so the requirement that labor supply equal

labor demand

OF
Ly = <> Z Mise (7-1287 T21s, w1)1+< . (16)
P s=A,B

determines the equilibrium wage rate w; given the trade costs (7125, 7215)-

Following Segerstrom and Sugita (2015b), we consider two measures of industrial labor productivity.
The first measure is the real industrial output per unit of labor: <I>1Ls = (Z j=1,2 les) / (1518L18>. In
this definition, the price deflater Py = f;;s p11s () p1s(¢)dy 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 widely used in empirical studies (e.g.
Trefler, 2004). The second measure is industrial labor productivity calculated using the theoretically
consistent “exact” price index P, that we derived earlier: ®}7 = (Z =12 les) / (P1sL1s). This
measure is motivated by thinking about consumer welfare. Consider the representative consumer in
country I who supplies one unit of labor. Since her utility satisfies U1 = (aa®},)** (ap®};)"”, @Y
and CI)% are the productivity measures for industries A and B that are directly relevant for calculating

consumer welfare U;. From (2), (3) and (15), the productivity measures satisfy

0+1 . L\ YD .
<I>fs—( 7 )pwns and ¢¥Z—< . ) PPI1s- (17)

ofu

Thus, these two measures are increasing functions of the domestic productivity cut-off ¢7; ..

2.3 The Effects of a Small Change in Trade Costs

We now compute the effects of a small change in trade costs 7;;;,. We assume that countries and sec-
tors are initially symmetric before trade liberalization with one exception: we allow the fraction a4 of
consumer expenditure on sector A products to differ from the fraction avp of consumer expenditure on

sector B products. Thus, the derivatives that we calculate are evaluated at a “symmetric” equilibrium

*The term j=12 B1js s the total revenue of firms in country 1 and sector s. Dividing by the price index Py, gives a
measure of the real output of sector s. Then dividing by the number of workers L1 gives a measure of real output per worker.

10



where M1, = Mase and ¢;;5 = ¢ hold. The market access index ¢ takes a value between 0 (autarky)
and 1 (free trade).

Taking logs of both sides and then totally differentiating (6), we obtain
0
dln o1 = —0dInms+ | — —1 | dlnw;. (18)
p

A decrease in country 1’s import barrier (7215 J) or an increase in the relative wage of country 1 (w; 1)
improve country 2’s market access to country 1 (¢215 1), given that 6 > p > 0.

Writing out (14) yields a system of 2 linear equations that can be solved using Cramer’s Rule. Taking
logs of both sides and differentiating the solution equations, and then evaluating the resulting derivatives

at the symmetric equilibrium, we obtain

dln Mige =ty dInTo1s — tr dInTiog — tyy dInwy — 1 dIn fige + o dIn foue

dIn Moge = —tr dInTo15 + tr dInTios + tyy dInwy + o dln f1ge — 11 dIn fog, (19)
where
0 20 — p (1 — 1 2 2
LTELQ>O,LLUE¢[ Pl 2¢)]>0,L1£L¢2>0and@57¢2>0.
(1-9) p(1—09) (1-9) (1-9)

Increases in the wage (w; 1), export barriers (7125 1) or domestic entry costs (f1s. 1) discourage entry
(Mise ), while increases in import barriers (7215 T) or foreign entry costs (f2se T) encourage entry

(Mjise T). Since entry costs are endogenous, substituting dIn f;se = ¢ d1n M;,, into (19), we obtain

dln Mise = e-dInmo1s — e, dInTios — € dInwy

dln Msse = —e-dInTo15 + - dInTias + € dInwy (20)

where
o0
(1—¢)+¢(1+¢)°

¢[20 —p(1—¢)]
pl1=0P+¢(1+9)

Since both €, and ¢,, are decreasing in ¢, we can see that decreasing returns to R&D makes entry less

> 0.

Er >0 and &, =

responsive to changes in trade costs and the wage. To understand why this is happening, it suffices to
recall that for firms in country ¢ and sector s, the cost of entry is wiFMfse. When ¢ = 0 (the Melitz
model case), the cost of entry does not depend on the mass of entering firms M, but when ¢ > 0, the
cost of entry goes up when M. increases and the cost of entry goes down when M, decreases. So in

a sector where trade liberalization encourages more entry, as more firms enter, the cost of entry goes up,

11



which serves to discourage further entry. And in a sector where trade liberalization leads to less entry, as
less firms enter, the cost of entry goes down, which serves to make entry more attractive. As ( increases,
we get less adjustment in the up direction because the cost of entry is going up and we get less adjustment
in the down direction because the cost of entry is going down.

Taking logs and then differentiating (8) and (17), we obtain that changes in industrial productivity

<I>’fs and domestic productivity cutofts (7, are proportional to the change in M + P21 Mase:

- . 1
dM@iLW:dmwuf:aMnMﬁw+¢mJ@wy Q1)

Using (6), (20) and (21), we obtain our key equation:

dIn TP = dingt) = v dInTor, — y2 dInTi9, — 3 dInw, (22)
where
_9le=AQ] _ _ o[l =A(Q)] _ ¢ 0(1 + ¢)
71:1_7¢277QZW>0773:B<1_¢2) 29—p(1—¢)7>\<<) )
_ ¢(1+9¢)? _ pt
>\ = = = .~ .
= o rcaror SOV ™M=, a—g "

Segerstrom and Sugita (2015a) derive a similar equation to (22) for the Melitz model with ( = 0 and find
that 1, 72, and 73 are all strictly positive. When ¢ > 0, 71, 2, and ~y3 include an additional term \ (¢).
Since A (€) is positive and smaller than one, the sign of o is always positive. Since A (¢) is increasing
in (, the signs of 7y, and 3 are ambiguous and become negative if ( is sufficiently large. Straightforward

calculations lead to our main theorem about the sign of ~y;:

Theorem 1. (1) There exists a positive threshold (; = (fl(i;()@ > 0 such that ~v; >0 if ¢ < (y and

71 <0 if (> (2) ¢ <1/8holdsforall $ € (0,1).

Segerstrom and Sugita (2015b) analyze unilateral trade liberalization by country 1 (dlnTo1s <
dInTjos = 0) and decompose the impact on industrial productivity in country 1 into two effects, the
competitiveness effect and the wage effect. In their terminology, 1 d1In 7915 in (22) expresses the com-
petitiveness effect, while —v3 dlnw; expresses the wage effect. For the unilateral trade liberalization
that they study, the middle term —~» d1n 7194 equals zero. Theorem 1 implies that as the decreasing re-
turns to R&D becomes stronger (¢ 1), the competitiveness effect becomes weaker (y; ) and eventually
takes the opposite sign (71 < 0). The threshold level ¢; for the decreasing returns to R&D parameter

(¢ is bounded above by 1/8. This is a small degree of decreasing returns to R&D when compared with
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estimates of ¢ ranging from 0.66 to 9 reported in Kortum (1993). Even a small degree of decreasing
returns to R&D is sufficient for flipping the sign of the competitiveness effect.

To understand the intuition for Theorem 1, consider how the entrant index M. + @215 Mo changes
when country 1 unilaterally opens up to trade in industry s and the country 1 relative wage wy is held
fixed (dIn 715 < dIn 725 = dIlnw; = 0). From (18) and (20), country 2’s market access rises (1215 L=
®215 T), the mass of entrants in country 2 My, increases (7215 4= Mage 1), and the mass of entrants in
country 1 decreases (1215 4= Mise J). The first two effects increase Mise + (o215 Mase, While the last
effect decreases it. When ¢ = 0 (the Melitz model case), M, falls so much that it offsets the increase in
P21sMase and M ge + o215 Mo, falls. As we have seen, when ( increases, entry becomes less responsive
to changes in trade costs. On the other hand, equation (18) with dInw; = 0 implies that the increase
in country 2’s market access ¢125 does not depend on the size of ¢ but just on the size of parameter 6:
dIn ¢o15 = —0 dIn 791,. Therefore, as ( increases, the dominant change eventually becomes the increase
in ¢125, 50 Mise + 215 Mase Tises.

Theorem 1 offers a solution to the Melitz-Trefler puzzle. When country 1 opens up to trade in
industry A but not in industry B (dInm14 < dlnmo1p = dlnTio4 = dlnmop = 0), it follows from
(22) that

dlnfblfA - dln@’fB = (m1dInTo14 —y3dlnwy) — (—y3dInwi)

=7 dlnTglA.

That is, the competitiveness effect of trade liberalization is equal to the difference-in-differences change
in productivity between liberalized and non-liberalized industries in the liberalizing country. The Melitz
model with ¢ = 0 predicts that y; > 0, that is, productivity rises more strongly in non-liberalized
industries than in liberalized industries (d1ln 14 < 0 = dIn @’f 4 <In <I>’1C ). This is the exact opposite
of the Trefler finding (dInTy14 < 0 = dIn®f, > In®} ;). On the other hand, when ( is sufficiently

greater than zero, the current model predicts y; < 0, which is consistent with the Trefler finding.

Corollary 1. When country 1 opens up to trade in industry A but not in industry B, productivity increases
more strongly in the liberalized industry A than in the non-liberalized industry B if ¢ > (1. Productivity

increases more strongly in the non-liberalized industry B than in the liberalized industry A if ¢ < (1.

The decreasing returns to R&D also affects the wage effect of trade liberalization —v3 dlnw;. To
determine the size of the wage effect, we need to solve for the wage change from the labor market

clearing condition. Taking logs of both sides and then differentiating (16) and substituting using (20),

13



we obtain

dlnw, = 8 Z o (dIn o1 — dInTio4) . (23)
s=A,B

Notice that the wage change does not depend on the size of (, so the decreasing returns to R&D affects
the wage effect only through the size of ~3. Straightforward calculations lead to our second theorem

about the sign of vs:

Theorem 2. (1) There exists a positive threshold (3 = %

and 43 <0 if ¢> G (2) GofG=(1+1) (1+55) > 1

>0 suchthat v3 >0 if (< (3

As the decreasing returns to R&D becomes stronger starting from ¢ = 0, ~3 is initially positive,
decreases and eventually turns negative. To understand the intuition for Theorem 2, suppose that country
1’s wage exogenously increases while trade costs are held fixed (dlnw; > dInTies = dlnmos = 0),
and consider how the entry index Mise + ¢215Mase changes. From (18) and (20), country 2’s market
access rises (w1 T=> @215 1), the mass of entrants in country 2 increases (w; T=> Mage 1), and the mass
of entrants in country 1 decreases (w; T=> M. J). The first two effects increase Mg + @215 Moase,
while the last effect decreases it. When ( = 0 and ~3 is positive (the Melitz model case), M, falls
so much that it offsets the increase in ¢o1sMoge and Mige + ¢o1sMoge falls. On the other hand, when
¢ increases from zero, the adjustment of entrants becomes smaller, while the increase in ¢125 remains
the same. Therefore, as ( increases, the dominant change eventually becomes the increase in ¢125, SO
Mige + P215Mage rises and 3 becomes negative.

The case where 73 < 0 seems to be more intuitive. When the domestic wage w; exogenously
rises, one should expect the lowest productivity firms to exit and the domestic productivity cutoff to rise.
However, the Melitz model with ¢ = 0 actually predicts the opposite: when the domestic wage increases,
the domestic productivity cutoff falls (wy T= ¢}, J when v3 > 0). The current model predicts that
the domestic productivity cutoff rises when ¢ > (3 (w1 1= ¢];, T when 73 < 0). Again, introducing

decreasing returns to R&D makes the model more intuitive.

Corollary 2. When the domestic wage exogenously rises, the domestic productivity cutoffs and industrial

productivity rise if ¢ > (3 and fallif ( < (3.

The case where 3 < 0 is also consistent with empirical studies on the effect of exchange rate
appreciation on firm exit. Since the wage of country 2 is normalized to one, the wage of country 1
represents the relative wage of country 1. An appreciation of the real exchange rate is a shock increasing
the relative wage of a country. Several empirical studies have found that the exit probability of low

productivity firms rises during periods of real exchange rate appreciation, such as Baggs, Beaulie, and
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Fung (2008) and Tomlin and Fung (2015) for Canada and Ekholm, Moxnes and Ulltveit-Moe (2012,
Table 9 in Appendix) for Norway.
Substituting the wage change (23) into (22), we obtain the total impact of trade liberalization on

industrial productivity in sector A in country 1:

dln@]fA = —§1Adln7'21A —§2Adln7'12,4 —§3A (dlnTng — d1n7'123) (24)

where 14 = 1364 — 71, §24 =72 — 13Baa and &34 =136 (1 —aa).

The signs of &14, &4 and 34 depend on five parameters ~yq, ¥2, ¥3, a4 and 5. Letting @ (¢) =
v/ (By3) =20 — p(1 — )] (¢1 —¢) /[(6 — p) (¢3 — ()], straightforward calculations lead to the fol-

lowing theorem:

Theorem 3. (1) &4 <0 if (< and asg < a&(C); (2) &1a>0 if (< and ay > @(C)
or (=G (3) §a4>0; (4) &4>0 if (<(3; and (5) {34 <0 if (> (3.

Theorem 3 implies that the impact of trade liberalization on industrial productivity crucially depends
on the decreasing returns to R&D parameter ¢ and the size of the liberalizing industry 4. Figure 1
is drawn based on Theorem 3 and shows how the signs of £; 4 and &34 depend on ( and ay. When
the degree of the decreasing returns to R&D is sufficiently small (Area I in Figure 1), as in the Melitz
model (when ( = 0), unilateral trade liberalization reduces the productivity of the liberalized industry
when the liberalized industry is small (1914 /= @’f 4 L when 14 < 0). However, with just a slight
degree of decreasing returns to R&D (Areas II and III where ¢; < 1/8), unilateral trade liberalization
raises the productivity of the liberalized industry (1014 |= <I>’f 4 T when {14 > 0). The impact on the
non-liberalized industry also depends on the degree of the decreasing returns to R&D (7215 J= CIDIf a1
when {34 > 0 and 7215 |= q)’f 4 4 when {34 < 0). Unilateral trade liberalization raises the productivity
of the non-liberalized industry when the degree of decreasing returns to R&D is small (Areas I and II)
but reduces it when the degree of decreasing returns to R&D is sufficiently large (Area III). Interestingly,
trade liberalization by foreign countries always raises the productivity of the liberalized industry in the
domestic country (1124 = <I>’f 4 T given £24 > 0), but its impact on the non-liberalized industry depend
on the degree of decreasing returns to R&D (1125 |= @’fA $if €34 > 0, and 725 |= (I>]fA T if
§34 <0).

Using Theorem 3, we can analyze the types of trade liberalization that previous studies analyze.
First, we consider the symmetric trade liberalization that Melitz (2003) analyzes. Suppose country 1 and
country 2 symmetrically liberalize (dInT21; = dInTjos = dIn7s < 0) in a single industry s. Since

symmetric trade liberalization keeps countries symmetric, the wage continues to be w; = 1. Thus,
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(22

a(c) | il

0 3 2 ¢

L& <0, §3A> 0;1I: §,>0, §3A> 0;III: §,,>0, §3A< 0

Figure 1: The signs of 14 and €34

equation (22) leads to

dIn®%, = (v — v2) dln7, = __? dInTs >0,

1+ ¢

so symmetric trade liberalization raises the productivity of the liberalized industry and does not affect
the productivity of the non-liberalized industry. Second, we consider unilateral trade liberalization by
country 1 that is uniform across industries (dlnT914 = dInmo1p =dIn7 < dIlnTj94 = dlnT95 = 0).

Then, equation (24) leads to

¢ (0 + pg)
(1+¢)[20 —p(1—9)]

dInd®y, = dlndfy = — dlnt > 0.

Thus, unilateral and uniform trade liberalization always raises productivity in the liberalizing country.
This is consistent with previous studies on unilateral trade liberalization in the Melitz model with one

industry such as Demidova and Rodriguez-Clare (2009, 2013) and Felbermayr, Jung, and Larch (2013).
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3 Discussion

3.1 Intuition from the Free Entry Condition

Another way to understand the intuition behind Theorems 1 and 2 is to investigate the free entry condition

(10). The condition for entrants in country 1 and sector A can be written as follows:

k k
psrag, - Moo, i
(25)
Entry R&D Costs Expected Expected
Domestic Profit Export Profit

where k = % (0 — 1) /[§ (§ — o + 1)] is constant. Roughly speaking, the left hand side in (25) repre-
sents entry R&D costs, while the right hand side represents the expected profit from entry. The expected
profit from entry consist of expected domestic profit (the first term) and expected export profit (the sec-
ond term). The expected domestic profit is decreasing in the domestic productivity cutoff (7, 4, while
the expected export profit is decreasing in the export productivity cutoff ¢7, 4.

When ( = 0 (the Melitz model case), entry R&D costs in (25) are constant. This means that entry
must yield the same expected profit (before and after trade liberalization) to cover the R&D entry costs:
otherwise, no firm enters and the number of active firms becomes zero in a steady state. When the
domestic productivity cutoff rises, the expected domestic profit falls, since fewer firms can survive in
the domestic market. Then, the export productivity cutoff must fall and the expected export profit must
rise enough to keep total expected profit constant. Notice that the reverse is also true. When the export
productivity cutoff falls and the expected export profit rises, the domestic productivity cutoff must rise
and the expected domestic profit must fall enough to keep total expected profit constant. 3, 4 and 7, 4
move in opposite directions to keep total expected profit constant.

First, consider the competitiveness effect v; > 0 when ( = 0. Suppose the import tariff by country 1
7914 falls and the wage w; is held fixed. The fall in country 1’s import tariff makes exporting by country
2 firms more profitable, so the country 2 export productivity cutoff ¢, 4 decreases. Since entry R&D
costs in country 2 do not change, the domestic productivity cutoff (3, , in country 2 must rise so that
the expected domestic profit for country 2 firms falls. When the wage w; is held fixed, an increase in
the domestic productivity cutoff ¢3, 4 in country 2 implies an increase in the export productivity cutoff
794 in country 1 [see the productivity cutoff condition (5)] because selling to country 2 becomes less
profitable for country 1 firms as well as for country 2 firms. Since the expected export profit for country

1 firms falls, the domestic productivity cutoff ], 4 in country 1 must fall so that the expected domestic
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profit increases enough to cover the entry R&D costs (7214 |, w1 fixed = %, 4 1, @k, 1).

Next, consider the wage effect yv3 > 0 when ( = 0. An exogenous decrease in country 1’s wage
w1 increases the expected export profit of country 1 firms. Thus, the domestic productivity cutoff ¢7, 4
must rise so that the domestic expected profit decreases enough to cover the constant entry R&D costs
(w1 d= ¢pi1a T, @]fA .

The assumption of decreasing returns to entry R&D (¢ > 0) weakens the above-mentioned adjust-
ment mechanisms in two ways. First, when the import tariff 75, 4 falls, the mass of country 1 entrants
M 4 falls so that entry costs fi4. fall in country 1. Therefore, the expected domestic profit does not
have to increase when the export productivity cutoff rises. Second, the mass of entrants in country 2
M 4, rises and entry costs rise in country 2. This also means that the expected domestic profit in country

2 does not have to fall.

3.2 The Welfare Effect

The utility of the representative consumer in country 1, Uy = (aa®}",)** (ap®]';)"”, is an increasing
function of productivity in both industries, @m and @%. Therefore, the welfare effect of trade liberal-
ization depends on how productivity in both industries change. In this section, we solve for how welfare
changes.

Taking logs of both sides and differentiating the consumer utility function U, and then substituting

for the productivity changes from (24), we obtain the welfare change:

dlnU; = — Z as (k1 dInTo1s + ko dInyos), (26)
s=A,B

¢ (0 + po) é (0 —p)
(1+¢)[20 —p(1—9)] (1+6)[20—p(1—9)]

Both domestic and foreign trade liberalization cause domestic welfare to increase (735, .= Ui 1).

> 0.

where k1 = >0 and ko =

Interestingly, the welfare effect does not depend on the decreasing returns to R&D parameter . This
means that the welfare effect does not depend on whether productivity goes up or down in the liberalized
industry. Even when the productivity of the liberalized industry falls, consumer welfare rises thanks to

the productivity gain in the non-liberalized industry. We have established

Theorem 4. For all {( > 0, unilateral trade liberalization by country 1 in industry A leads to consumer

welfare increasing in both countries (To14 = U1 1,Us 1).
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3.3 The Welfare Effect When Industries Are Asymmetric

When industries are asymmetric, the welfare effect of trade liberalization depends on the degree of
decreasing returns to R&D. To see this, considers a case of asymmetric industries that Ossa (2011)
analyzed. Suppose now that industry B produces a homogenous numeraire good with constant returns
to scale technology, there is costless trade in this good and perfect competition prevails. Then, industry
B fixes the wage (w1 = wo = 1) and using (22), the welfare change from trade liberalization in industry
A becomes

danl:aAdlném:aA[qqdlnTglA—'ygdlnﬁgA} 27

In the case of ( = 0, Ossa (2011) showed that unilateral trade liberalization monotonically decreases the
welfare of the liberalizing country (7914 |= U; |) and thus the optimal tariff is infinite. Equation (27)
shows this result comes from y; > 0. As Theorem 1 shows, the sign of v; changes when the degree of
decreasing returns to R&D is increased. When ¢ > (7 and v; < 0, unilateral trade liberalization increases
the welfare of the liberalizing country (7214 |= Uj 7). This is because unilateral trade liberalization

raises productivity in the liberalizing industry as Trefler (2004) and many empirical studies observe.

3.4 Other “Melitz”’ Predictions

Although the Melitz model cannot explain the Trefler finding, this model does have other attractive
properties that have been confirmed in many empirical studies. For example, a recent survey paper by
Redding (2011) mentions two other facts as empirical motivations for the Melitz model: (1) exporters are
larger and more productive than non-exporters; (2) entry and exit simultaneously occur within the same
industry even without trade liberalization. This section shows that the new model continues to predict

these and other facts that the Melitz model predicts.

Selection into Exporting A large number of empirical studies shows that within industries, firm pro-
ductivity is positively correlated with the probability that the firm exports (e.g. Bernard and Jensen, 1995,
1999) and the number of markets to which the firm exports (e.g. Eaton, Kortum, and Kramarz, 2011).
Eaton, Kortum, and Kramarz (2011) show that the Melitz model (with idiosyncratic trade costs and fixed
entry) successfully predicts these cross-sectional facts. The new model also predicts these facts since

firm behavior after entry is exactly the same as in the Melitz model.

Simultaneous Entry and Exit Another fact emphasized by Redding (2011) is that firm entry and exit
simultaneously occur within industries even without trade liberalization. This fact is robustly found in

the industrial organization literature and motivates the seminal model by Hopenhayn (1992) with random
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productivity draws following free entry and probabilistic exit. Similar to the Melitz model, the current
model features random productivity draws following free entry and probabilistic exit, so it can predict

simultaneous entry and exit.

Home Market Effect Our solution to the Melitz-Trefler Puzzle is to introduce decreasing returns to
R&D into a model featuring increasing returns to scale in production. This could change the model’s
properties that are based on the increasing returns to scale in production. As an extension of the Krugman
(1980) model, the Melitz model is known to predict the Home Market effect: a country with larger
population creates net exports of goods with increasing returns to scale in production. The Home Market
effect receives empirical support (e.g. Davis and Weinstein, 2003; Hanson and Xiang, 2004) and plays
an important role in the New Economic Geography literature. Does introducing the decreasing returns
to R&D have to eliminate the Home Market effect?

To answer this question, we consider the model with fixed wages, following a standard model of
the Home Market effect by Helpman and Krugman (1985) and Ossa (2011). Suppose that industry B
produces a homogenous numeraire good with constant returns to scale technology, there is costless trade
in this good and perfect competition prevails. Then, industry B fixes the wage (w; = wa = 1). Suppose
that the two countries are initially symmetric and that the population of country 1 increases (d1nL; >
dIn Lo = 0). Then, we analyze whether the net export of country 1 in industry A, R1o4 — Ro14, becomes
positive or negative. If it becomes positive, we conclude that the model predicts the Home Market effect.

Solving the system of linear equations (14) using Cramer’s Rule, taking logs of both sides and then

differentiating, we obtain

dlanse = &1L dlnL1 and dlnMgse = —&2L dlnLl,

where
_ 1-¢+((1+9) d
&1L = an
(140 [(1= 6P +¢(1+0)]
by = Oll=6-C+9)

(1+¢) [(1= 6P +¢ 1+
Using this and equation (13), we obtain

dln(ngA/RglA) - 2

_ Y
dln L, T4 Etea)
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Since R124 = Ra1 4 initially holds, the net export of country 1 in industry A, R194 — Ro1 4, becomes pos-
itive if and only if dln (Ryi24/R214) /dIn Ly > 0. Straightforward calculations lead to the following

theorem:

Theorem 5. There exists a positive threshold (g = (1 — ¢) /(14 ¢) > (1 such that the model predicts
the Home Market effect if and only if ¢ < (y.

Theorem 5 implies that only a strong degree of decreasing returns to R&D eliminates the Home
Market effect. For a moderate degree of decreasing returns to R&D, ¢ € ({1, (), the model predicts
both the Home Market effect and the Trefler finding. Another implication of Theorem 5 is that the Home

Market effect is not the cause of the Melitz-Trefler Puzzle.

4 Conclusion

In this paper, we present a new model on how trade liberalization reallocates resources across and within
industries. When one country opens up to trade in some industries but not others, the new model predicts
that productivity increases more strongly in liberalized industries than in non-liberalized industries. Pro-
ductivity unambiguously rises in the liberalized industries and falls in the non-liberalized industries. In
contrast, the Melitz model has opposite properties. When one country opens up to trade in some indus-
tries but not others, the Melitz model predicts that productivity increases more strongly in non-liberalized
industries than in liberalized industries. Productivity unambiguously rises in the non-liberalized indus-
tries and can fall in the liberalized industries. What drives our new results is one new assumption: we

introduce decreasing returns to R&D into an otherwise standard Melitz model.
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Appendix: Solving The Model (Not for Publication)

In this Appendix, calculations that we did to solve the model are presented in more detail.

Consumers

First, we solve the within-sector consumer optimization problem

1/p
max Cj; = [/ gis(w)” dw} s.t. / Pis(w)gis(w) dw = Fyg
qis(‘) wWE;s weN;s

where ¢;5(w) is quantity demanded for variety w in country ¢ and sector s, p;s(w) is the price of variety
w and Ej;, is 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

Zn%})(/ 0 qis(w)p dw s.t. yis(w) = pis(W)Qis(W)v yis(o) =0, yis(+oo) = Ejs
s\ weSl;s

where y;5(w) 18 a new state variable and ;5 (w) is the derivative of y;5 with respect to w. The Hamiltonian

function for this optimal control problem is

H = qis(w)p + g(w)pl&(o‘))qzé(w)

where £(w) is the costate variable. The costate equation % = 0 = —¢{(w) implies that &(w) is constant

across w. % = pgis(w)P~1 + € - pis(w) = 0 implies that

gis(w) = (_ggw(w)> 1/(1=p) |

Substituting this back into the budget constraint yields

()i ) (=t )"
Eis = / Pis\W)qis (W dw :/ Pis(W <> dw
wENs wWEN;s _f ) pls(w)
1/(1-p) L
)L i
well;s
Now o = 1T1p implies that 1 — o = 1_f;1 = 15,50

E; _ (p>1/(1p)
oo, Pis@)—7dw — \—€



It immediately follows that the consumer demand function is

Dis (W) "9 FEis
Pllfo'

18

Gis(w) = (A1)

1/(1-0)

where P;s = [ waQ. Dis (w)l_gdw] is the price index for country ¢ and sector s. Substituting this

consumer demand function back into the CES utility function yields

UPEP E: 1/p
Cis = [/ gis(w pdw} / pis(w e 5 dw = 1180_ {/ pis(w) 7P dw .
wWEN;s we zs IDiS wEN; s

Taking into account that —op = 1%pp =1 — o, the CES utility can be simplified further to

E; Ve g vy B E;
Cis = —1= / s(w)' ™7 dw] == [PL]" =P, =22
is Pils_a |: e ispzs( ) Pils_g [ is } Pils_g is P,

1/p

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

Eia Eip
ap L. Ea+ FE;g=FE;
mi fxxi U, = C CZB —( ] ) P, S.t iA 1B i

where E; is consumer expenditure on products in both sectors combined. The solution to this problem is
Ez'A = OéAEi and EiB = OéBEi.

In country 7, workers earn the wage rate w; and total labor supply is L;, so total wage income that
can be spent on products produced in both sectors is w; L;. Given free entry, there are no profits earned

from entering markets, so consumers spend exactly what they earn in wage income. It follows that

Firms

Given (A.1) and (A.2), a firm with productivity ¢ from country ¢ earns revenue 7;;5() from selling to

country j in sector s, where

Pijs(w) ™7 Ejs Pijs () e
Tijs(0) = Dijs(¢) - @ijs (@) = pijs(p) - s asw;L; . (2a)
js



This firm earns gross profits m;;s(¢) from selling to country j in sector s (not including fixed costs). It

follows that

W;Tijs

Tijs(@) = rijs(p) — Qijs ()

asw; L pijs(p) ™  WiTijs swj Ly Pijs(9) ™7
P]'ls_g ¥ les_g

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

Omijs () _ (1 —o)aswiL; pijs(p)~7 n w;iTijssw; Liopijs(p) 71
Ipijs(¢) les_" aijlS_”
_ asijj?ij;(‘P)_o |y Wimso
P} epijs ()

. . o _ WiTijs0 . . o _ L 17(17/)) . l .
which yields 0 — 1 = @) Taking into account that %5 = T / 1, = p We obtain the
profit-maximizing price

W;Tijs
Pijs(p) = pso] : (20)

Substituting p p;js(¢) = w;Tijs/ e back into gross profits, we obtain

WiTijs

Tijs(p) = Tijs(p) — 7%8(@0)
= 1ijs() — pPijs(P)%ijs ()
= rijs(e) [1 = p]
_ Tigs(9)
o
since 0 = 1% implies that 1 — p = L. A firm from country i and sector s needs to have a productivity
P o

© > ¢, to justify paying the fixed “marketing” cost w; f;; of serving the country j market. Thus ¢

is determined by the cut-off productivity condition

* * 1-
Tijs(Piis) _ aswiL; (Pijs(@5s)\ 7 .
Pjs iJij-

g g

The Price Index

Next we solve for the value of the price index P, for country j and sector s. Given the Pareto distribution
function G(p) = 1 — (b/p)’, let g(¢) = G'(p) = b0~ denote the corresponding productivity

density function. Let p;5(p) denote the equilibrium productivity density function for country 7 and



sector s. Since only firms with productivity ¢ > ;. produce in equilibrium, firm exit is uncorrelated
with productivity and ¢j;; < 5, the equilibrium productivity density function is given by

_9@) > of

=Gleg,) 1P = Puis

0 otherwise.

His(p) =

In deriving this equation, we have used Bayes’ rule for calculating conditional probabilities, which states
that P(A|B) = P(AN B)/P(B).
/(1—o0)
Using Pjs = [ fw cq.. Dis (w)l"’dw] , the price index P, for country j and sector s satisfies

o0 oo
P77 = / Piis(©)' T Mjspujs(p) dWr/* Dijs(0)' 7 Migpiis () dep.

Pjs Pijs

It follows that the price index P; satisfies
1/(1-0)
oo .
Pjs = Z / Pijs(p) 7 Mispis(p) dp

i=1,27 Pijs

Comparing Cut-off Productivity Levels

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

wifij Tijs (i) /0
w; fjj r5js(@555) /0
1—0o
aswj (ngs SOZ]S /P]5>
= 17— from (2a)
asw;L; (ijs(¢§js)/ Pjs)
. l—0o
(wmjs/ psoijs>
= 1— from (2b)

(wﬂjy‘s/ PP js

" 1—0o
- WiTijsPjis
= — .
WjPjs



Rearranging terms yields

-0
* ag
Pijjs s fij <wz)
¥ ijs p. .
Pijs fij \wj

Phis _ [ fig <wH Vet
Pijs Vi \wj

i fii 1/(c—1) w; 1/p .
Pijs = Tijs (f]j uT] Pjjs- (5)

and it follows that

The Market Access Index

In each time period, there is free entry by firms in each sector s and country 7. Let 7;5 denote the average
profits across all domestic firms in country ¢ and sector s (including the fixed marketing costs). Let
Vis = p o1 =10 )i7;s = s /9 denote the present value of average profit flows in country 4 and sector
s, taking into account the rate § at which firms exit in each time period. The average profits across all

domestic firms (exporters and non-exporters) is given by

_ 1 * >
Tis = {/ [miis (@) — wi fis] Mispis (@) dip +/ [Mijs(0) — wifij] Misiis () d@}
s g02‘723 SD;Fjs
* 7iis () ] 9(¥) /°° |:7"ijs(90) } 9(¥)
= —Wwifi| T~ 5 de + —wifij| — 5 5~ d
~/gofis [ o 1= G(gj) Cs g 1-Gleg) v
and rearranging yields
.= < [ ras(e T rijs(e
1= Glilme = [ |29 g gty + [ |28 gy gt d,
50;'5 w;js

To evaluate the integrals, next note that from (2a) and (2b),

rigs(e) _ (oswiLy) pigs(9)' ™7 /P77 ( Pijs () >1a _ (wiTijs psoz‘js>1" _ ( ¢ )01
| .

rijs(9is)  (oswiLy) pijs(@5) 0 /P \ Digs(9s PP WiTijs s

Using the cut-off productivity condition, it follows that

. o—1 o—1 o-t
rijs(e) _ Tiis(#ijs) 0 _ wili (¢ —wifiy |2~ (4.3)
o o Pijs g Pijs Pijs




and

I

*
ijs

{7“1@0)

o Vi

o—1
- wifij:| g(p) dp =/ wi fij <<p> —w;fij | 9(p) dp
© s

*
ijs

o—1
:wifij/ ( - ) — 1| g(p)dyp
[ sz‘js

*
ijs

= w; fi;J (¢ijs), (A4)

where the function J(+) is given by

J(x) = /:O [(i)“ - 1} 9(p) de

= /OO (f)a_l b0~ dp — [1 — G(x)]

oc—1 b\’
=—|(-] . A5
0—o+1 (:r) .9)
We assume that § > o — 1 to guarantee that expected profits are finite. From the previous argument, it

also follows that

4
o0 [ o—1 B é _ P
/x (x) 9(¢)ds077<x> where =52 >0. (A.6)

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; fise) is

1 Gl /:’ {W‘s@) - wifz-j} = Akl /:O

* o i
ijs s 18

g

{W - wifij} 9(p) dep.

*
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; fjsc) is

[1 - G(S(S"Ek'js)} /:O [Tjjc;(@) B wjfjj] 1_9G(9(")* dp = 57! /; [T“j;(@) - wg‘fjj] 9(p) dp.

jjs)

Jis Jis

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

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

Tz]e(tp) _ wzfl]:| g(go) dSO

5- 1f¢“8 {Tus(tp) wjfjj} g(p) dy
_ wzfzg ( *s)
w; fi5J(©555)

LP’L_]S

¢ijs =

from (A.4)

L)
SOJS
b

(
w; fii5%5+1 o+1 (@

g —
Wi fij 57511 0+1

from (A.5)

Js

o
_ wifij <<ij5

w;fi5 \ Pijs

0
wifi; | 1 >1/° D (ug)l/p ; s
w; fij l fij wi rom

Gijo = 1 (fj])(GUH)/(Ul) <wj)(‘9”)/”. ©
US fzg Wi

Tijs

or

Variable ¢;; is an index summarizing the degree of country i’s market access to country j in sector s.

% implies that o — 1 = ﬁ — }:—g = 12 and thus the assumption 6 > o — 1

implies that 6 > £ Rearrangmg yields 8 — pf > porf —p > 0p > 0.

Note that o =

The Domestic Productivity Cutoff

From firm’s pricing (2) and the cutoff condition (5), we obtain
pijs(‘Pfjs) _ WiTijs ©ljs
pijs(¥35s)  wi \ s
_wimgs (1 ( i )1/“ ? <) e
wj \ Tijs \ ij w;

_ (wifij )1/(1_0)
w; fij




since 1 — 0 = =2 implies that 1% Sy Using this result, we can evaluate the price integral
p o P

[ poor o serde = [ mate) ( 2 ) o(p) dg
©

*
Pijs Pijs

o—1
e vieo [T
= pijs(#55)" / <> g(p) de
@ Pijs

*
ijs

o
« \1-0 wifij) b
= Djjs \Pjj < n
iio (¥35:) w; (%kjs

0
= npjjs (¢555) 7 <wifij> ( b )
e ]jS . ‘S o— *

9 wifis ) \ mijs (fij/ £i)" Y (wifw))'? Pjjs

6
= npjis (¢555) 7 | 757! fij —(6—0+1)/(0—1) w; (—p)/p b
T T\ fi w; o
! jis

0
A
= npjjs (¢55)" <> Bijs (A7)

*
Pijs

*
ijs

Substituting this back into the price index, we obtain

o0
P7=>" / . Pijs(0)' 77 Mispis(0)dep
i=1,2" Pijs

Mise o 0
=3 B [ e g de
80*

i=1,2

ijs

0
* —0 b M se

*
Yiis) k=12

Changing indexes and noting that ¢;;s = 1 yields

b\’ (M M;
pl-o — iis * l—0c i5€ i jse )
18 np (SOZZS) <<p’>:zs> < 5 + ¢] 5 > (7

~—

In the special case of autarky (¢;;s = 0), this equation simplifies to

b\ M;
—0o * \1—0
‘les = 1] Diis ((piis) (‘P;s> gse

0
iis s (P;klg 1-— G(‘p;kzs)

x \1—
=N piis (¥lis) " Mis.



Using these results, the cutoff condition (3) for country 1 can be written as

r11s(#i1s) _
. = w1 fa
aswily (prs(ef) ' 7 —wif
ag Pls !

L1 [(018) /i) (e + Im1.Ma)] = fa

Rearranging terms then yields

0 _ abe O—fd
PUs T 50— 0+ 1) asly

(Mlse + ¢215M256) . (8)

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.(p > ¢} )Uis = w; fise o [1 — G(¢5,)|Tis/0 =
w; fise. It follows that

1= G = || g atrap [ [P | ol dp = e

115 ijs
Thus we obtain

Making substitutions and rearranging terms, it follows that

Z / |:Tl]5 - wifij:| g(@) dp = dw; fise
907,]5

7j=1,2

> wifiJ(gijs) = 0wifise from (A4)

j=1,2
Z fijJ(<p;kjs) = 5fise
j=1,2
1 b\
> fige T 7= () = §fise from (A.5)
j=1,2 o+1 Pijs

and rearranging yields the free entry condition

(e Eal2) -

ijs



Labor Demand

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.

o0 oo
Mise
wj Misefise"‘Z/ fijMispis()de | = w; Misefise-l-Z/ fii = g(p)dep | from (4)
j=1,2" #ijs j=1,2" %ijs
Mise *
= w; | Misefise + S Z fij[l_G((pijs)}
7j=1.2
M, b ’
= w; | Misefise + gse S il =
=tz \¥iis

ise - 1
= w; <Misefise + ]\46 5fise (9 il >> from (10)
o —

1
J—l—|—9—0—|—1>

o—1

= wiMisefise <

from which it follows that

oo

Wi Misefise + Z /

of:
fijMisNis(So) dy | = wiMise Jise ' (1)
j=1,2"7¥ijs o—1

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

10



From the free entry condition (9), we obtain

Sw;fise = Y /OO {T”s((p) - wz’fij:| 9(p) de

j=1,.27%ijs .
. > rijs(e
wi (Gt 3 il =6l | = X [T 2y
j=12 j=1,2" #ijs
M;  ris(p
w; | Misefise + Mise Z fm @ijs)] = (;se Z/ %9(@) de
j=1,2 j=1,2" ¥ijs
afise ) M /oo Tijs(@)
w;Mise ( = ——g(p)de from (11)
—1 1-— G(<p:<zs) J_ZLQ 50:]'5 o
1 o0
= s Z / TZJS(W)MZSNzS(SD)dSO
§=1,2" #ijs
1
== 5" Ry, (12)
o
=12

where R;;s = f Tijs () Mispis(p)de is the total revenue associated with shipments from country ¢
to country j in sector s.

Third, we show that the wage payments to labor equals the total revenue in each country ¢ and sector
s. Let L;s denote labor demand by all firms in 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 = w; zsefzse + w; g /

j 12 gol]s

Tijs
|:fw + Gijs ‘P) L; ] Mis,“l'S(‘P) de

U)'T“
= W; zsefzse + Z fl] zs,uzs d(P + Z / szs L8 PMis,uis(go) d(p
j=1,27 %ijs j=1,2" ¥ijs pe

= w;Mjse < Ofise ) Z / ngs zsﬂzs( )d(p from (2) and (11)

j 12 CPUG

1
= > Rije+p > Rije from (12)

j=1,2 j=1,2
=(1—p+p) Y Ris
j=1,2
= > Ry (A.8)
j=1,2

11



Total Revenue

oo

Rijs = / Tijs () Mispis (i) dep
ga:js

__ M,

1- G(SDZ(ZS)

— Gy ise [°
B [15[1 f?}i% / :_Spijs(@qijs(so)g(so)dso from (4)

M i Tasw;Lj
zse/ i Pl - L g(¢) dp from (2)
©r

ijs Js

_ osw; L Mwe/
= 1
Pjs 7

/ T rie(©)a(e) di

*
ijs

l1-0o 6
* b
M, 1N Djjs (@-- ) (7) Gijs
o L e from (A.7) and (7)
NPjjs (‘P;js) (%] ) D k=12 Mise g

— cews L zse¢z]s
o > k=12 MisePrjs

The Labor Market Equilibrium

= Ozs’ij]’

Equations (A.8) and (12) imply that

ot efise
772}2135— w; Wy zse(o_ )fzse—Mzse< P )

]12

and it immediately follows from (1) that

0F
=M ().

13)

(15a)

(15b)

Notice that labor demand L;; depends only on the mass of entrants M;,. and not on any cut-off produc-

tivity levels gpjjs. The country 1 labor supply is given by L; so the requirement that labor supply equals

labor demand

0F
Ly = Z Lis = (p> Z Mise (7—125a7—21saw1)1+c

s=A,B s=A,B

determines the equilibrium wage rate wy given the trade costs (7125, T215)-

12

(16)



Industrial Productivity

The first measure of industrial productivity is industrial labor productivity:

Zj:LQ Ryjs
PlsLls

o0

where }315 = / P11s (@) pis(p)de.
©

*
11s

L
(Dls
From w1 L1 = ijl 5 Rijs and

*
11s

w1 > 9()9
= PN o de
p(b/¢irs)" et ¥
* *—(0+2)+1
_ w19<,01?5 _90115( :
P —-(0+2)+1

__wi (9>
p@;ls 9 + 1 ,

industrial labor productivity becomes

5 Ry
oot n (o ()

]SlsLls B pls p(ﬁlkls 0+1
or
o+1\
®{IS = <9> PP11s: (170‘)

The second measure of industrial productivity is industrial labor productivity calculated using a the-

oretically consistent “exact” price index:

- Zj:l,Q les
1s — .
PlsLls

13



Starting from the cut-off productivity condition (3),

s (P11s)
- 5 = wi f11
* -0
agwi L % = owyf11 from (2)
Pls
w1TI] -
aswily <*s) = owyf11 from (2)
Pe11sP1s
w7 _ Uf11( « Yo
Pls asLl Pe1Ls
wo (e
Pls OésLl 11s

and then using w1 L1 = 21:1 5 R1js, we obtain

)

o Ryis L 1/(e—1)
W o_ 2171,2 1js w1 <OA 1) P@Tls- (17b)

Y7 Pl Py \ofu

Finally, we derive the welfare formula for the representative consumer in country 1 who supplies one

unit of labor. Since her income is w;, her aggregate consumption over varieties in sector s is

QW1
Pls

Cls =
From the utility function U; and @}’Z = w1 / Py, her utility can be written as:

= (aa®)™ (ap@l)™”.

The effects of a small change in trade costs

We now compute the effects of a small change in trade costs 7;;,. We assume that countries and sec-
tors are initially symmetric before trade liberalization with one exception: we allow the fraction a4 of
consumer expenditure on sector A products to differ from the fraction ap of consumer expenditure on
sector B products. Thus, the derivatives that we calculate are evaluated at a “symmetric” equilibrium
where M1, = Moase and ¢;j5 = ¢ hold. The market access index ¢ takes a value between 0 (autarky)
and 1 (free trade).

N\ (O—o+1)/(e=1) /., .\ (0=p)/
= Ti;f (fﬂ) 7 7 (%) g p, taking logs of both sides

Starting with the equation ¢;;, 7
ij

14



and then totally differentiating yields

0
dln g5 = —0dIn 1105 — (p — 1) dlnwq

0
dIn¢o1s = —0dInTe1s + (—1) dlnw;. (18)
p
A\ (0=c+1)/(o=1) /., N (6—p)/
Since ¢;j5 = Ti;f (f{j) 7 ’ <%) e implies that ¢;;s = 1, equations (14) for¢ = 1,2
Pijs (9)
asw;L; = w;fise | —
j_ZLQ s¥)=) <Zk_172 Mkse¢kjs vJise P
can be written out as
s sy (D
Mise + Masepa1s Misepros + Mase 12 P 1se
aswi L asL 0
sWil1 (25215 + s4i2 _ <> fgse.
Mlse + M2.5'6¢21$ Mlse¢125 + M286

Written in matrix form, this systems of linear equations become

1 126 aswiLy/ (Mise + Masedans) | <9> w1 fise
¢215 1 asLQ/ (Mlsc¢125 + MZSC) p f25€
Solving using Cramer’s Rule yields
aswy Ly _ Q (wlflse - ¢128f286>
Mige + Masepo1s  p 1 — p125P21s
osLo _ Q (f?se - ¢21sw1f156>
Misepr2s + Mase  p 1 — ¢1250215
where
—2(0—0+1)/(0—1)
_ —0 fx
1 — 1250215 = 1 — (T125T215) 7 >0

since 11257215 > 1, fo > fq,and 8 — o + 1 > 0. For these equations to make sense, we need

1 > fQSe
D125 Wi fise

> Pats,

which is satisfied in the current case of symmetric countries and sectors. The above equations can be

15



written as

s <L
(flse - gb:jf%a) (Mlse + M286¢218) = pae ! (1 - ¢12s¢21s)
sL
(fose — P215w1 fise) (Misedi2s + Mage) = paa 2 (1 — p1250215) - (A9)

Taking logs of both sides and then totally differentiating these equations leads to

dIn (flse - (izsf%e) +dln (Mlse + M236¢21s) =dln (1 - ¢12s¢21s)
dIn (fase — P215W1 fise) + dIn (Misepras + Mase) = dIn (1 — ¢p125¢215) - (A.10)

Since countries and sectors are symmetric before trade liberalization, it follows that ¢;;, = ¢, w1 = 1,

Mise = Mage and fi1se = fose. Using this symmetry and (18), the terms in (A.10) are obtained as

follows:
1
dIn (1 — ¢125¢215) = —————(—0125dP215 — P215dP125)
1 — ¢1250215
P125921s
=——"""  (dln 195 + dIn a1
1 — P1250215 (dIngro d215)
2
0
= 1¢_ ¢2 (dlnTus =+ dln’rgls) s
P12s
¢125 flse w f286
dln (flse - f2se = ———dIn flse -k (dln fQSe +dln ¢125 — dlnwl)
w1 fise — ¢uljé Jose Jise — (12,?3 Jose
—Ldl f i(dl fose +dIn¢ dl )
—1_¢ 11 J1se 1_¢ 11 J2se 1 P12s 1wy
1 0
— ﬂdlnflse — % <dlnf255 — adln’ﬁgs — pdlnw1>
1 ¢ ol 10} 0
= ——dl se — T | 1 se —dl s T 2\ 1 5
1_¢dnf1 1—¢dnf2 +1_¢dn7'12 —|—1_¢ p dlnw;

16



Mlse M2se¢21s
dln (M M- = dln M d1n M- dl
n< tse 286¢]218) Mlse + M256¢21s . e Mlse + M286¢218 ( " 25 n¢218)

1 ¢
= ——dIn Mjse + —— (d1In Mo, 1 s) s
1+¢dn 1 +1+¢(dn 2 +dn¢21)
L dln My + ¢ (dlnM fd1n + <0 1>dlnw>
=TI se T T L se — T21s - —
1+¢ 1 1+¢ 2 21 P 1
1 ¢ o0 ¢ (0
=——dl se T ——dl se — ——dl st——|—-—1 1 ,
1~|—¢anl +1+¢ang 1_|_¢)aln7'21 +1+¢ p dlnwy
f?se ¢21sw1flse
dl se s se) = dl se — dl s+ dl dl se
n(f2 ¢21 wlfl ) f256_¢218w1flse nf2 f256_¢21sw1flse( n¢21 et nfl )

1
:dmﬁ%—gbCﬁdMﬁh+(0—1)dmw1+dmwy+ﬂnﬁ%)
1—¢ 1-9¢ p

1 ) )
:dhhw—¢)dMﬁw+¢dmmb—¢(p)wnm,

1—6 1—¢ 1—¢ 1—¢
Misedr2s Moge
dln (M M- = dln M dl dIn M.
n< 156¢12S i 238) Mlse¢125 + M286‘ ( " se n¢128) * Mlse¢12s + MZse B 2se

10) 0 1
= dln Mz — 0d1 s—|——1]dl ——dIn Mo,
1+ n My nT7io P nwi +1+¢ n Mo
1 ¢ o o (0
= ——dln My + ——dIn M5 — ———d1 s — - —1]dl .
1+q§dn 9 —|—1+¢dn 1 1+¢dn7'12 T+ 0 dlnwy

Now substituting into the equation

¢12s

dln (flse - w1f256) + dln (Mlse + M286¢21S> =dln (1 - ¢125¢21s) ’

we obtain

1 10) ol 10} 0
A free — =2 dn foee + 2 AT + —2— (2} a1
1= ¢ n f1. o n fo +1_¢ nTi2 +1_¢ P nwp

1 ¢ 4 o (0
PR 1 se PN 1 se — T | 1 S PR 7_1 1
+1+¢an1 +1+¢dn2\42 1+¢dnT21+1+¢ P dInw;

¢*0

1-¢?

(dlnﬁgs =+ dlnTng)
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and rearranging terms yields

9 29 9 29
—dlanse ¢ — 7 dIn My, = — <¢ ¢ >d1n7'125+<¢ T ¢ )dlnrgls

1+¢ 1+9¢ ¢ 1-—¢2 1+¢ 1—¢2
) 0 1) 0
_[ ¢(>+1+¢<_1>}dm“’1
1 (bdlnflse“r 1 ¢¢dlnf2$e

This equation can be written more compactly as
AadIn Myge + ApdIn Moy, = —vr dInTigs + vy dInTors — vy dInwy — vgdIn frge + vy dln fose

where Ay = 1/(1+ ¢), Ay = ¢/(1+ ). va = 1/(1 - 9), vy = ¢/(1 — )

o0 ¢*0 _ $0(1+¢) —¢%0 P9 P01 —¢)+6°0 _ ¢ ¢*0

Vr = — = = =

-6 1-02 (1-9)(11¢) 1-¢2 (1-9)(1+9¢) 1+¢ 1-¢2

and

Vyw

()t (o) - e s e

Note that § — p > 6p > 0 implies that 20 > 2p > p(1 — ¢), so ;)(1272(1)) — 1 > 0. Next, substituting into

the equation

dln (f2se - ¢21sw1flse) +dln (Mlse¢123 + MQse) =dln (1 - ¢125¢21s) s

we obtain
1 10) ol 10} 0

———dIn fo;e — ——dlIn f1se + ——dl s——— | —]dl

% nfy > n fi % nT7o1 =0\ nwi
1 10) @0 o) 0

+——dIn Moy, + ——dIn My — ——d1 s——— | ——1]dl
T ¢’d n Mo T ¢d n My T ¢d nTi9 0\, dlnwy
—7&9 (dl +dl )
1_¢)2 1 T12s N 79215

18



and rearranging terms yields

1 0 29 0 29
Ldlanse + ——dln Moy, = ( L9 ) dIn Tos — ((b _9 > dIn 7oy,

1+¢ 1+¢ 1+¢  1-—¢2 1—¢ 1—¢2
o (0 6 (0
s () e (5 1) ame
+%dlnflse_%dlnf2w

This equation can be written more compactly as

ApdIn Myge + AgdIn Mage = vy dInTigs — v dInTors + vy dInwy + vy dln free — vgdin foge.
The two equations

AadIn Myge + ApdIn Moy, = —vr dInTigs + vr dInTors — vy dInwy — vgdIn frge + vy dln fose
ApdIn Mige + AgdIn Moge = vy dInTios — vy dInTo15 + vy dInwy + vy dIn fige — vgdIn fog

can be written in matrix form as:

1 1 ¢ dlanse o ¢9 1 ¢0 1
71+¢ ( s 1 ) (dlnMgse ) ——1_¢2 ( . ) dlnﬁzs-i-il_q52 ( . ) dlnTog

-t ) () e

1 1 1 @
- m ( _¢ ) dlnflse“!‘ﬂ ( 1 ) dlnf236~

Since

19



and

1 ¢ ¢ 1 1 —¢ ¢ 1 2¢
1+ - _
o ¢ 1 -1 I=6\ - 1 -1 I=¢\ —(1+¢?)
we obtain
dIn My »0 1 »0
=T _ dlnTias + d1n 7915
dIn Mo, (1-¢)* \ —1 P AT e
é 20 ) 1
- -1 dl
1—¢>(p<1—¢> )
1 1+ ¢? 1 o
- dl se+ dl se
o \ 2o | ey )
Defining
L @0 L é < 20 _1> L= 1+ ¢? . 2¢
TT -9 Y T 16 \p(l-9) T (1-¢)? (-9

the system of equations can be written out as

dln Mige = t; dInTo15 — tr dInTios — Ly dInwy — 01 d1n fige + todIn foe

dln Mose = —tr-dInmo1s + tr dInTios + iy dInwy + todIn fige — ¢1 dIn foge. (19)

This system of equations can be further simplified by using fise = F-M ¢

1se”

From d In fise = Cdln Mi367

1+ —Cu dln M
G ‘2 tse Ly dInTo1s —tr dInTios —ty dlnw;.
—(ta 1+Cu dln Mo, -1 -1 -1

Using the result that (14 Cu1)? — (Ct2)? = 14 2Cu; + (2 — 1) = 14 (11 — 12) + C(t1 + 12) +

20



Cz(Ll — LQ)(Ll + LQ) = [1 + C(Ll — LQ)] [1 + C(Ll + LQ)],

I4+¢u  —Cu B 1 _ 1 14+Cu (o 1
—Cr2 1+4+¢u -1 (14 ¢u)? = (Ca)® Clo 14Cu -1

_ 1+C(L1—L2) 1
S ) [T+ )] | o1

B 1 1
14 tw) \ o1

1 1
‘1+«1+w+¢%m1@2(_1)

_ (1-0)° 1)
(1-9¢°+¢A+0¢)° \ -1

It follows that

din Mise = e, dInmo1s — e, dInTios — € dInwy

dln Myse = —erdInmo1s + - dInmos + € dInwy (20)
where
o (1—¢)%, _ (1—9%00/(1—¢)* _ 0
T -9+ A+ (1-9)+CA+9)?  (1-¢)+((1+9)
and
o (-9l - (-l epo—pa—o)

;-
(=0f+c+0” (=07 +C0+0F  pla-0P +c1+a)]

The two measures of industrial labor productivity

> je12 Bijs 0+ 1
of, = == ( > P71

PisLys 2
oW = >j=12 Bujs _ <aSL1)1/(”_1) ot
s = PlsLls Ufll 11s
imply that
din Y5 = din gt . (21a)
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Taking logs of both sides and then totally differentiating

wils = 50 _9[;9 1) Ozjzil (Mise + ¢215sMase)
yields
Odln i, = dIn (Mise + ¢a1sMase) (21b)
= ﬁdlanse + ﬁdlnMgse — 1¢+9¢d1n7'215 + ﬁ <l97 — 1> d1nw
=1 j_ 3 [erdInTors —er dInTios — £y dInw ]
+ ﬁ [—erdInTo1s + &7 dInTios + &4 dInwy]
— %dlnmb + % (z — 1) dlnwy
= E _T_ z Er — ld—fqb} dInTo1s — E—I—¢ 57] dIn 7o
SR e
Denote 4+ ¢)2 56
A(Q) = 1= oPtc(t o7 €(0,1) and = W r(1=0) > 0.
Then, the above equation becomes
dln ], =ndintos — o dInTiog — y3dInw, (22)
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where

116
1-6 o0 - ¢>9]
1+¢ (1-¢)°+¢(1+¢)° 1+0

1-¢)
¢[u—¢f+<u+¢f 4

¢ (1-¢)° o
(I+¢)(1—=0) | (1—¢)+¢(1+09) . ¢ﬂ

1¢W[ (l +<1+¢>>]

o 1+@
1—@ (1-¢)*+C(1+¢)°

¢
_?&W—/\(C)]?

1—¢E

0(1+¢) "~

s e
0(1+¢) L(1-¢)>+C(1+¢)

-5 rmarserar

1+¢) [(1-¢)+¢(1+09)?

(1-¢)°

(1-¢)*+¢(1+¢)°

Y2 =

e
(1-¢)°+((1+¢)°

I P (1-¢)
1—¢? (1-¢)*+¢(1+¢)°
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and

il

)

73

oe s (6 )
1 L s@-p(-9)  (0-p
){(1 )p[(1—¢)2+4(1+¢)2} d)( P )]

:¢@9pu¢»[ 1-¢ ]
PA+0)  L(1-02+C(1+¢)? 20-p(1-9)
_9(20-p(1-9)) (1-9)° _(0=p(1-9)
P+0)(1-0) [(1-9¢)+C(1+0)° 20-p(1-9)
6 | 0=bo—p-9) ([, (-9
B(1—¢%) | 20-p(1-9) (1= ¢)* +¢(1+9)°
e [ ea+e) <+
BA-¢) [20-p(1—0) (1-¢)°+((1+9)
_ ¢ 6(1+0)
= S i MO

Proofs for Theorems 1 and 2

We are ready to determine the sign of 71,

1 <0

¢
Tl Q) <o

¢(1+¢)?
1-¢)>+C(1+9¢)
S C1+0)>>0(1-9)>+dC(1+0¢)

=

> ¢

SC1+¢)7(1-9¢)>¢(l—09)°
_o(1—-9)
<:>C>C1— (1+¢)27
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and the sign of 3,

73 <0

¢ 6(1+¢)
BO— ) 20— pi—g) O] <0

C(1+9¢)? L 0+9)
(1= +C(1+¢)°  20—p(1—9)

S C1+0)°20—p(1—¢)—0(1L+¢)]>0(1—¢)*(1+9)
S C1+0)>O-p)(1—9¢)>0(1—¢)*(1+0)
S CA+¢)(O—p)>0(1-0)

=

__0(1-9¢)
AR ey
A comparison of (; and (3 leads to
G_ 0(1-9¢) (1+9¢)?
G (O=p)(1+9)o(1-9)

() ()
(DY ()

To determine the maximum value of (; = ¢ (1 — @) /(1 + ¢)% we take the derivative of In¢; =
Ing+In(l—¢)—2In(1+¢):

dinGi(p) 1 1 2
do ¢ 1—¢ 1+¢

(-9 1+ )~ 6(1+6) —26(1- )

$(1— )1 +0)

12— ¢ 20+ 20

- o(1— ¢?)

L 1-3¢

"ol ?)

Note that the derivative is positive for ¢ < 1/3 and negative for 1/3 < ¢ < 1, so the second order condi-
tion is satisfied and the maximum value of ¢; occurs when ¢ = 1/3. Since ¢1(¢) = ¢ (1 — @) / (1 + ¢)%,

G(1/3) =

25



Therefore, (; takes the maximum value 1/8 at ¢ = 1/3.

Wage change

Suppose that trade costs change in both sector A and sector B. Starting with the labor market clearing

condition (16)
OF
Li=Lip+Lip= <p) (ijf + Mllgec) ,

first taking logs of both sides
oF
InL; =In <> +In (M58 + MIES)
p
and then differentiating yields

1
0= — 77 |(1+ OM{a dMiac + (1+ O Mfp, dMi. |
14+¢ 14+¢ 1Ae € 1Be €
MlAe + MlBe
1;‘&{ Mlgﬁ
1Ae 1Be
— e g Mg + ——28 — dIn Mg,
1+ 1+ 1+ 1+
Mme< + M1B§ M1AeC + My 5¢
L L
=140 |22 dn Myae + 22 dIn My, | .
L L

=(1+¢)

It follows from (20) that

_ Lia Lip

0= I, (erdInTo14 —erdInTioq — e dlnwy) + I, (erdInTo1p —erdInTiop — ey dInwy)
and rearranging terms yields
LLA& (dInTy14 — dlnTioa) + LﬂET (dinTo1p —dInTap) = Ljswdlnuq + Lﬂswdlnwl
Ly Ly Ly Ly
Er Z 12118 (dInTo1s — dInTies) = &y dInwy. (A.11)

s=A,B

Since countries are initially symmetric before trade liberalization, it holds that fisc = fose = fses

Mise = Mase = Mse, $125 = P215s = ¢, L1 = Lo = L and w; = 1. Thus, two equations in (A.9)

s <L

(flse - ijjf?se) (Mlse + M286¢218) - pae ! (1 - ¢128¢21S)
gL

(fase — P215w1 fise) (Misedr2s + Mage) = P 0 2 (1 = r2s¢15)
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becomes one equation

(fse - ¢fse> (Mse + Mse¢’) = pa;L(l - ¢’2)

Further simplifying using fise = F' - M ¢

e this equation becomes

Mucre (1— &) (14 ¢) = 2L 1 _ g2)
_ pasL
MSGfS@ - 9

0
—FML = a,L
P

Since L;s = HFM;;C from (15), as = L;s/L holds. Using this and rearranging equation (A.11), we

o
obtain
dinwr = 3 2 (dinry, — din,)
wap Tt
o0 p[= )+ ¢+ 0)7] " e

= 3 ) Qg Nn721s — 1 T12s

(1=0)?+C(1+9)° 0R0-—p(1—-9) S

9/) Z

= V— Ozs(dlnTgls—dlnles)

20— (-] 2,
=8 Z as (dInTe1s — dInTy2) (23)

s=A,B

Thus, the wage change does not depend on the size of (.

Substituting the wage change (23) into (22), we obtain the total impact of trade liberalization on

industrial productivity in sector A in country 1:

dlntl)’fA =y1dInmo14 — o dlnTioq — y3dInw,
=mdlnTs —v2dlnmos — v3 B8 laa (dlnTea — dlnmo4) + ap (dln 1915 — dInTi2p))
= — (y3Baa —m)dInmaa — (72 — y3Baa)dInTizg — (v3 Bap) (dInmp — dInTizp)
= —&§1adIinms — oadinTiza — §34 (dInTo1p — dInTi2p) (24)

where 14 = 136804 — 71, {24 = 72 — 3P4, and &34 =136 (1 —aa).
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Proof for Theorem 3

First, we introduce two new terms k1 = 33 — 71 and k2 = 72 — 33 that will be useful for the proof of

Theorem 3 and for later welfare analysis. Both terms are strictly positive:

le’)/?ﬁ*’h

o [ 6(+9)
‘1—¢229—pa—¢>_A“ﬂ_
9 [ 0(1+9) _4
1= [20-p(1—9)

9 '9+9¢—¢2«9+¢>p(1—¢)]

¢l — X ()]
1— g2

197 20— p(1—9)
_ ¢ [9(1—¢)+p¢(1—¢)]
(1-0)(1+9¢) 20— p(1+¢)
¢ (0 + p9)

ST o gy "

and

K2 =72 — 730
_ oAl ¢ { 0(1+¢)
1 — ¢? 1—¢? [20-p(1-9)
_ ¢ [1_ 0(1+¢) }
1—¢? 20 —p(1-9)
__ ¢ [29—p(1—¢)—9—9¢}
1 — ¢? 20—p(1—9)
_ ¢ [9(1—¢)—p(1—¢)]

2|

SA-H0r e 2W-p1-9)
B ¢ (0 —p)
NI

(1) If ¢ < (1, then~y; > 0 and 3 > 0 from Theorems 1 and 2. Then

&14>0
< v38a4 —v1 >0
& 13faa >m

@aA>64(§)5;—713
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It follows that £14 > 0 if g > @ (¢) and {14 < 0if s < @& (¢). Next note that @& (¢) can be written as

= 7 = [Hle=AaN [ [ 00 )]

:P_u_<u+@ /lea+@  +9)

O +C(1+¢)? ] [20-p(1=0) (1-¢)°+C(1+09)?
Using
4 ((1+¢)? _9(1-9)* —¢(1-9¢)(1+9¢)°
(1—¢)*+C(1+¢)° (1-¢)*+C(1+¢)°
1-9) [0 —9)—¢(1+9)]
B 1-¢)*+C(1+0)°
and

0(1 + ¢) ((1+¢)°

20-p(1=0) (1-¢)°+¢(1+9)°
(14+6) [6(1— ) +0C(1+6) - 294(1+¢>>+p(1—¢><<1+¢>}
20— p(1—¢ [ 24 C(1+ ) }
(14+0) [0 (1 -0 +0¢ (1 + >{1+¢—2}+p<1—¢><<1+¢>}
R 26— p(1— )] [(1-6)* +C(1+0)%]
(14+6) [0(1= ) =CO(1—6) (1+) +Cp(1—9) (1+0)]
20— p(1= )] [(1 =6+ (1+06)]
149 (1) [0(1— )~ (8- p) (1+9)]
20— p(1-9)] [(1-6)” + ¢ (1 + )]
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we obtain

) <1—¢>[¢<1— 1+¢ 01 =0) 00 —6) = C(0—p) (1+6)
(1—o7+ 26 pl— N[ 6) +¢(1+0)]
20— p(1- )] [qs(l— ¢+ )]

T AP0 - CO-p)(1+0)]
1+ 20— p(1-0)] |29 — ]
(1400 - ) [ — ¢
_R0-p(1-9)](G -0
O-nN -0

It immediately follows that & (1) = 0 and the derivative of the & function is

20 —p(1—¢)] [~ (3 —¢) + (& — Q)]
(0 —p) (G —¢)?
_ [20-p(1-9)] (G- G) or
= oS fr i<

@ () =

Next note that

oy 20—p(1—9)C
a(O)_ (9—P)C3
_20-p(1-9)]o(1- ) (B—p)(1+0)
O-p) (Q+9¢)?* 0(1-9)
_ 920 —p(1—9)]
B 0 (1+ ¢) >0

and

0(1+¢)—¢[20—p(1—9)]
0(1+ 9)

_0—00+dp(1—¢)

a 0(1+¢)

_(0+9p)(1-9)

n 0(1+¢)

1-a(0) =

>0,

so @ (0) lies between O and 1. If (5 > ¢ > ¢y, theny; < Oand 3 > 0,s0 a4 > 0> & (¢) and {14 > 0.
If { > (3, then~y; < 0and~y; <0, so

¢ (0 + po)

T o0 —p(—9)] "

Sla=nfasa—mn>pf-—mn=k =
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2Q)If ¢ > (3 and y3 < 0, then £o4 = o — v38a4 > 0. If < {3 and 3 > 0, then

¢ (0 —p)
1+ ¢)[20 —p(1 - 9)]

€2A572—73506AZW—7355H2:( > 0.

Thus €24 > 0 holds in general.

(3) The sign of {34 = 38 (1 — a4) is the same as the sign of 3,50 34 > 0if ( < (s and &34 < 0
if ( > (3.

Types of Trade Liberalization

First, we consider the symmetric trade liberalization that Melitz (2003) analyzes. Suppose country 1 and
country 2 symmetrically liberalize (dInT21; = dInTios = dInTs < 0) in a single industry s. Since
symmetric trade liberalization keeps countries symmetric, the wage continues to be w; = 1. Thus,

equation (22) leads to

dlnfblfs =(y1— ) dlnTs

(S0 AQ] 61— A(Q)

_< a2 — o )dlnTs
61
T R

_—L n 7.

= 1+¢d1 s > 0.

Second, we consider unilateral trade liberalization by country 1 that is uniform across industries

(dInmg14 =dInme1p =dlnT < dlnTi94 = dIn 795 = 0). Then, equation (24) leads to

din®F, = € 4dInT —&3adInT
=—(mBasr—mn+yB(1l—aa))dnr
=—(y38—m)dlnt

= —k1dlnT

= — ¢ (0 +p9) dlnT > 0.

(1+0)[20—p(1-9)]

The Welfare Effect

First, consider the symmetric industries case that we have analyzed so far. The utility of the representative

consumer in country 1 is Uy = (aa®!",)** (ap®}';)*”. From equation (24), the productivity change
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for country 1 and industry A is

dIn @Yy = —(y3Baa — 1) dInToa — (y2 — Y3Baa) dInTioa — (y3Bap) (dInTep — dInTiap)

and the corresponding expression for industry B is

dln@% = 7(’73ﬁ043 — ’yl)dlnTng — (")/2 — ’ygﬂaB)dlnTlgB — (’)/3ﬂO¢A) (dlnTglA — dlnTlgA) .

Taking logs of both sides and differentiating the consumer utility function Uy, and then substituting for

the productivity changes, we obtain the welfare change:

dInU; = aadln @Y, + apdin @}
= —as(y3Baa —71)dInToa — aa(y2 — 13Baa)dInTina — aaysBap (dIinmp — dInTiap)
—ap(y3Bap —7)dInTop — ap(ye — y3fap)dInTiap — apyzfaa (dInTaa — dInTiga)
= —aa(y3Baa +y3fap —71)dInTaa — aa(y2 — v3Baa — y3Bap) dInTios
—ap(y3Bap +v3Bas —v1)dIntap — ap(y2 — y38ap —y3Ba4) dInTiap
= —as(y3B —m)dInTo s —aa(y2 —138) dInTios

—ap(13B—m)dlnmip —ap(y2 —136) dInTiap

= — Z as (K1 dInTo15 + Ko dIn o) (26)
s=A,B
where
e ¢ (0 + pg)
N T T
and
¢ (0—p) 0.

Ko =72 — 738 = (1+¢)[20—p(1—9)]

Both domestic and foreign trade liberalization cause domestic welfare to increase (7;;5s = U1 1).

Home Market Effect

The system of equations (A.9) for industry A is

oL
<f1Ae - g25;2114,)”25;6) (Mise + Masgetp214) = %(1 — ¢1240214)
g L
(foae — da1aw1 f1ae) (M1ach124 + Masa) = P 2 2 (1= ¢roadaa) .
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Taking into account that f;4. = F MfAe, wy; = wy = 1 and @125 = @215 = ¢, this system of equations

becomes
¢ paaln 9
(MlAe ¢M2Ae) (Miae + Maaeg) = oF (1—¢%)
gL
(MQCAE - ¢M1<Ae> (Myact + Maae) = 2 Y (1 - ¢?).

Note that ¢ does not change when L; increases, since it is only a function of trade costs and the relative

wage. Taking logs of both sides and then differentiating this system of equations, we obtain

dln (MfAe . ¢M§Ae) +dIn (Miae + Maped) = dn Ly

dln (MQCAe ¢M1Ae) +dIn (Miacp + Maae) = 0.

Since
M oM
dn (M, — oMS :¢CdlnM1Ae—¢§dlnM2Ae
1A4e 2Ae MC MC
lAei(’z5 2Ae 1Ae d) 2Ae
- 1E¢dlnM1Ae—%dlnM2Ae
MlAe ¢M2Ae
din (Myae + Moaed) = —— 12 dln Myae + ——— 24 g1n Moya,
B (Mue + Maacd) Mige + Mose A +M1Ae+M2Ae¢ Haa
1 9
- dlnM dln M.
1+¢ n 1Ae 1+¢ n 2Ae
MS M
din (M, = 6Mf,, ) = ———24 — (dIn My, - ¢—“‘ng1nM1Ae
MQAe - ¢M1Ae MZA@ d)MlAe
:1E¢dlnM2Ae_ C¢¢dlnM1Ae
M M.
i (Mt + Moae) = g b0 din My + g2 din M,
e e e e
KN 1
- dln M dln M.
1+¢ n Miae + 1+¢ n M2 Ae,
we have
1 ¢ o Co
4> )dln Mg+ [ —— — dln Mo, = dIn L
(1+¢>+1—¢> ' 1”<1+¢ 1) e TR
o Co 1 ¢
25 VdmM 4> )dInMyy =
(1+¢ o dln Mige + +¢+1 ¢dn 24¢ = 0.



Since

L, ¢ _(1-9)+1+9)
46 1-6~ (1+a)(1-0)

and

6 <o _o{1-0)—C(+0)}
1+¢ 1-¢ (1+¢)1—9¢)

the system of equations can be written in matrix form as

1-=¢)+¢1+09) ¢{(1-9¢)=C(1+9)} dinMae | _ [ 1-¢7 dn L.
P{1-9)—cl+9)} (A=¢)+C(1+9) dln Mz ae 0

The determinant of the matrix on the left hand side becomes

{1=0)+C1+ )} —¢*{(1-9) — ¢ (1 +9)}’

=[(1=@)+C(1+0) = d{(1—-¢) —CA+ON[1—0) +C(1+9) + 6 {(1— ) = C(1+)}]
—{(1= 0+ U+ 0} (1= 0) (1+0)+¢(1+06) (1 9)]
{1 -0 +c+0’} (1= 1+ >0

Using Cramer’s law, we obtain

dln M. _ (1-¢*){(1-9¢)+C(1+9¢)}
dnli (- 1+ {1-¢)’+¢01+0)}
(1-¢)+¢(1+9)

Taro{u-errcarer)

and
dlnMyse _ (1-¢?)o{1-¢)-C(1+9)}
dinli -+ {1-9+Cc1+07}
__el0-9)-c04e)
1+ { -’ +c(1+0)}
From (13),

Riie — o L Zse¢2js
s T T <Z/€ 12Mkse¢kjs

it follows that

MlAeQS >
Riga = aaLy | ———14c®? )
124 ARz <M1Ae¢ + MQAe
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Ro1a = auly (

M2Ae¢ )
Mise + Maged

and

Ripa _ Ly <M1Ae> <M1Ae + MQAe¢)
Ro1a Li \ Maae) \ Miae9 + Maae

Taking logs of both sides and then differentiating, we obtain

M pe
dln <R12A> = —dlnL; +dln ( 4 > +dIn (Mige + Maae) — dln (Miaed + Maae) -
Ro1a Ma4e

Using the following relationships

M
dIn ( 1A€> = dln My s — dIn Mo,
M2Ae

M ae Mpe9
dIn (Myac + M, Mint My S Miae + =y dIn M.
n( 14e 2Ae¢) Mige + M2A6¢ e Mipe + M2A€¢ e
1 ¢
=—dlnM ——dIn M:
1+¢ n 1Ae+1+¢ n Mo Ae,
M1A6¢ MQA
dIn (Myac + Moae) = ———2C dIn Myge + ~————2¢—— dIn M.
n( 1Ae¢ QAE) M1A6¢+ MZA@ nMiae M1A6¢+ M2A€ e
é 1
= —dlnM dln M,
T4g @ niaet g i diae
we obtain
1 1
d1n<R12A/R21A)_dlnL1+(1+M 1i¢> dlanAe (1]ﬂ+w> dh’lMQAe
2
= —dh’lLl + m (dlanAe - dh’lMQAe)
and
dIn (Ri24/R214)
=-1
dinL, T iy B tean)

_ 20 =9+ +0) +6{0=9¢) =1+ )}
(1+6) 1+ {1 -9 +¢(1+0)}
2[(1—¢)(1+¢) + ¢ (1+ ) (1 — ¢)]
1+0) 1+ {1-9+ca+07]
L 20-9)
1-¢)°+C(1+0)°
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if and only if

2(1-¢)>(1-¢)*+¢(1+¢)°
2(1-¢)—(1-¢)*>((1+¢)
(1-¢){2-(1-¢)} >C(1+9¢)°

(1-¢)>¢(1+0)

=0

CHEm>

Notice that Ri24/Ro14 = 1 initially holds. Thus, the model predicts the Home market effect if and only
if dIn (R12A/R21A) /d In L; > 0. Since
(1-¢) ¢(1-9¢) (1-9){l+¢—-9} 1-9¢

CH_CI:(1+¢)_(1+¢>)2: (1+ ¢)? _(1+¢)2>0’

the model predicts the Home Market effect and the Trefler finding if (; < { < (g.
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