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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 7 and j denote countries (7, 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
Uy =CrCo% where Cis = {/ gis (w)? dw] and ay +ap =1.
wEQiS

In the utility equation, ¢;s (w) is country i’s consumption of a product variety w produced in sector s,
;s 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 0 > 1. Given that vy + ap =1,
as represents the share of consumer expenditure on sector s products.

Country ¢ 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 we = 1.

Firms are risk neutral and maximize expected profits. In each time period, the measure M;, of firms
choose to enter in country ¢ and sector s. Each firm uses f;s. 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 () = Ob% / P+ for € [b, 00), where § > 0 and b > 0 are the shape
and scale parameters of the distribution. We assume that §# > ¢ — 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 domestic labor and incur the fixed
“marketing” cost w; f;; to sell in country j. Denoting f;; = fq and f;; = f, for i # j, we assume
that exporting require higher fixed costs than local selling (f; > fq). There are also iceberg trade costs
associated with shipping products across countries: a firm that exports from country ¢ to country j # ¢ 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 j = 4, then 7555 = 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;s.. We assume that individual firms take f;s. as given but at the aggregate level, entry
costs satisfy

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

18€

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

Since M;,, is the number of firms that enter and F’ - Mie is the labor used per firm, the total labor
used for R&D in country ¢ and sector s is Ljse = F' - M};C Solving this expression for M, yields
Mise = (Lise /F)l/ (1+C), where M. 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;s. is doubled, R&D output M. 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;;,() and gross profits 7;;, (¢) /o from selling to country j.

! An alternative formulation is fise = F M zCser.s 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;Ti4
Pijs(p) = % and Tijs (p) = aswjLj (

1—0o
pijs(@)) ’ 2)

P

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

with ¢ > ¢ 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 (¢};, < ©ris)-

Firms with ¢ > 7, export and sell domestically, firms with ¢ € [©F: o ©5; ) only sell domestically and

firms with ¢ < 5 exit. A firm with cut-off productivity ¢ just breaks even from selling to country

7:
Tijs <¢:js> asijj pijs(go;'kjs) o
= = w; fij, 3)
o o P;
0o l—o 1/(1=0) . .
where Pj; = [Zi:m f@fjs Dijs(@) Misuis(gp)dgp} is the price index for sector s products in

country j, M;s is the mass of actively operating firms in country 7 and sector s, and p;5(¢) = g(p)/[1 —
G(¢};,)] is the equilibrium productivity density function for country ¢ 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

M;s and the mass of entrants M;. in country ¢ and sector s satisfy
[1 = G (¥is)] Mise = 6 M;s, @)

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

. fij V=1 7\ /P .
VPijs = Tijs <f” uTj Pjjs- (&)

This equation shows that the cut-off productivity levels of domestic and foreign firms in country 5 would

as follows:

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



simplifies to:

—1 oo |rigs(e) g e B
. ) f(pzjs[ = ’wzflj} g(p)dy 1 <fjj>(9 +1)/(o—1) (wj>(9 0)/p o
178 — [e’s) Tiis 0 - ' .
ot fﬂo;js [”TM o wjfjj] g(@)dgo Tijs f” wy

Variable ¢;; is an index summarizing the degree of country 7’s market access to country j in sector s.
Since # > o — 1 and (0 — p)/p > 6, 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 ¢;;5 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

b\’ [/ M; M,
pl-o _ . * \1-o ise " jse 7
18 np S (SO’L’LS) (QOZS> ( 5 + ¢] 5 ) ( )

where n = 6/(0 — o+ 1) > 0. To understand equation (7), consider first autarky with ¢;;s = 0.
Then, from (4), it becomes that Pils_” = 1) Diis (goz‘is)l_a 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 ¢ ;s > 0,
the price index also depends on the mass of foreign varieties (Mj4./d) and the degree of their market

access (@jis).

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

*0 9b9 de
Pls = 5 (0—0+1)asly

(Mlse + ¢21$M286) . (8)

The domestic productivity cutoff ¢, , rises if and only if (Mise + P215Mase) rises. If trade liberalization
results in Mz + @215 Mase 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 ¢7, , increases, and it follows that industrial productivity ®%,
rises. If trade liberalization results in M7, + ¢215Mose 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 ¢215 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.

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

5 Z / [TW - wz‘fij} 9(p)de = wi fise. ©)
Qoz]s

j12

Following Melitz (2003) and Demidova (2008), equation (9) can be rewritten as

0
1 oc—1
5( 0.+1> Z Jij (%) = 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 ¢ and sector s:

wj zsefzse+ Z /

] 12 <p1j5

AT 9fise
fzg zsﬂzs( )d(P = w;Mise (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,

wiM;se <9fzse ) = Z R’Ljs (12)

]12

where R;js = f Tijs () Mispis(p)dy is the total revenue associated with shipments from country 4

to country j in sector s. Fourth, from (2), (4), and (7), the total revenue R;;5 can be rewritten as

Rijs = astL< MisePijs ) (13)

Zk 1,2 Mkse¢kjs

Substituting (13) into (12), we obtain

d’zgs <9> .
asw; L =w;fise | — ) fori=1,2. (14)
Z ! (Zk 1,2 M]CSE¢]€]S P

7=1,2

Since f;se is a function of M;,. and ¢;;, is a function of 7;;, and wy, it is possible to express the mass of
entrants Mg (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 7 and sector s, that is, w; L;s = > j=1,2 Bijs
where L, is labor demand in country ¢ and sector s. From (1) and (12), this leads to
1 ol 0F
Lis = o D Rijs = Mise (01> fise = Mt¢ <p> : (15)
7=1,2
Notice that labor demand ;s 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 L so the requirement that labor supply equal

labor demand

OF
L= <) Z Mise (T12s, To1s, w1) (16)

P/ <ZAB
determines the equilibrium wage rate w; given the trade costs (7125, T215)-

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 Ry S) / (]51 sL1 s). In
this definition, the price deflater P, = f:,l?ls pi11s (@) u1s(@)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 widely used in empirical studies (e.g.
Trefler, 2004). The second measure is industrial labor productivity calculated using the theoretically
consistent “exact” price index P4 that we derived earlier: <I>‘1/‘S/ = <Z =12 R1j8> / (P1sL1s). 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 satisfies U1 = (a4®}%)** (ap®{%)*” , @V,
and @% 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

041\ . a, L \VeD
of, = (9 >PSO11$ and oY = ( . ) PP11s- (17)
o fi1

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;;5. 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 aup of consumer expenditure on

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

2The term Ej:l o Rijs is the total revenue of firms in country 1 and sector s. Dividing by the price index P 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 Mz, = Mose and ¢;j, = ¢ 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
6
dlnggs = —0dlnmys+ | — — 1) dlnw;. (18)
p

A decrease in country 1’s import barrier (7215 J) or an increase in the relative wage of country 1 (w1 1)
improve country 2’s market access to country 1 (¢215 1), given that 8 > 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 Mise =t dInTo1s — tr dInTios — Ly dInwy — 01 d1n fige + to dIn foue

dln Moge = —trdInTo1s + tr dInTiog + by dInwy 4 to dln frge — 1 d1n foue, (19)
where
9 20— p(1— 1+ ¢? 2
LTELZ>O,LU,E¢[ it 2¢)]>0,L15L¢2>0andm£7¢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
(Mjse {), while increases in import barriers (7215 1) or foreign entry costs (f2s. 1) encourage entry

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

dIn Mise = e-dInmo1s — e-dInTios — ey dlnwy

dln Moge = —e-dInmo1s + e dIn 105 + £ dInwy (20)

where
¢0 $[20 —p(1—9)]

(1_¢)2+<<1+¢)2>0 and ¢, = 5 5 > 0.
p[1-6)+c1+0)

Er

Since both ¢, and ¢, are decreasing in , we can see that decreasing returns to R&D makes entry less
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 w; F' Mée. When ¢ = 0 (the Melitz
model case), the cost of entry does not depend on the mass of entering firms M;4. 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 cutoffs (7, are proportional to the change in M. + ¢215Mage:
= . 1
din®tEY = dngt,, = 5 A0 (Mise + 6215 Maec) 1)

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

dIn (IJIfS:L’W =dlngl;, =y1dInTos — v dInTos — y3dInw, (22)
where
_¢lo—A(] _ _ o[l -] _ ¢ 0(1+¢)
Vl:ﬁj 72:W>0a V3= B1—92) [20—p(1-0) = A0},
2
A(Q) = C(1+9) €(0,1) and g = Py > 0.

(1-¢)°+¢(1+9¢) 20— p(1—¢)

Segerstrom and Sugita (2015a) derive a similar equation to (22) for the Melitz model with ¢ = 0 and find
that 1, v, and 73 are all strictly positive. When ¢ > 0, 71, 2, and 73 include an additional term \ (¢).
Since A () is positive and smaller than one, the sign of 9 is always positive. Since A (¢) is increasing
in (, the signs of ; and 73 are ambiguous and become negative if ( is sufficiently large. Straightforward

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

Theorem 1. (1) There exists a positive threshold (1 = ‘(z’l(i;()@ > 0 such that v1 > 0 if ¢ < (; and

M <0 if (>, (2) & <1/8holds forall p € (0,1).

Segerstrom and Sugita (2015b) analyze unilateral trade liberalization by country 1 (dlnmo1s <
dIn T2 = 0) and decompose the impact on industrial productivity in country 1 into two effects, the
competitiveness effect and the wage effect. In their terminology, 71 d In 7015 in (22) expresses the com-
petitiveness effect, while —v3 d1nw; expresses the wage effect. For the unilateral trade liberalization
that they study, the middle term —~, dIn 795 equals zero. Theorem 1 implies that as the decreasing re-
turns to R&D becomes stronger (¢ 1), the competitiveness effect becomes weaker (; J) and eventually
takes the opposite sign (73 < 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

12



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 s + 215 Mase changes
when country 1 unilaterally opens up to trade in industry s and the country 1 relative wage w; is held
fixed (dIn 1915 < dInTy9s = d1lnw; = 0). From (18) and (20), country 2’s market access rises (7215 =
@215 T), the mass of entrants in country 2 Mo, increases (7215 1= Mase T), and the mass of entrants in
country 1 decreases (7215 4= Mise J). The first two effects increase Mige + ¢215Mose, While the last
effect decreases it. When ¢ = 0 (the Melitz model case), M, falls so much that it offsets the increase in
P215sMage and Mg + ¢o15sMoge falls. As we have seen, when ( increases, entry becomes less responsive
to changes in trade costs. On the other hand, equation (18) with dlnw; = 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 :
dIn ¢91s = —0 d1n mo15. Therefore, as ¢ increases, the dominant change eventually becomes the increase
in @125, 80 Mise + P215Mase rises.

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 (dInTe14 < dIlnmo15 = dInTio4 = dInTiop = 0), it follows from

(22) that

dIn®Y, —dIn®hy = (11 dInmo14 — y3dInw;) — (=3 dInw)

=7 dlnTzlA.

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 v; > 0, that is, productivity rises more strongly in non-liberalized
industries than in liberalized industries (dIln 7914 < 0 = dIn <I>'f 4 <In <I>’f p)- This is the exact opposite
of the Trefler finding (dIln7e;4 < 0 = dln @’f 4> 1n @’f ). 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 ¢ < (.

The decreasing returns to R&D also affects the wage effect of trade liberalization —vy3 dInw;. 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, = Z as (dInTys — dlnTygg) . (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 = % >0 suchthat v3 >0 if ( <(3

and 3 <0 if ¢> Gy (2) cg/g1=(1+;> (1+ﬁ) > 1.

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; > dInTios = dlnTe1s = 0),
and consider how the entry index M. + ¢215Mase changes. From (18) and (20), country 2’s market
access rises (w; 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= Mjse J). The first two effects increase Mige + P215sMoge,
while the last effect decreases it. When ¢ = 0 and ~3 is positive (the Melitz model case), Mg, falls
so much that it offsets the increase in ¢o15Moge and Migse + P215Mase falls. On the other hand, when
¢ increases from zero, the adjustment of entrants becomes smaller, while the increase in ¢12; remains
the same. Therefore, as ( increases, the dominant change eventually becomes the increase in ¢35, SO
Migse + @215 Mage rises and y3 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 (w1 = ¢7;; I when 3 > 0). The current model predicts that
the domestic productivity cutoff rises when ¢ > (3 (w1 t= ¢7;, T when v3 < 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 andfallif ¢ < (s.

The case where 73 < 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@lfA = —flAdlnTglA —ngdlnTlgA —53,4 (dln7—21B — dlnTlgB) (24)

where £14 = 13804 — 71, f24 =72 — 304 and 34 =138 (1 — aa).

The signs of &14, 24 and 34 depend on five parameters v1, Y2, v3, a4 and 3. Letting a (¢) =
v/ (Bv3) = [20 — p (1 — @) (C1 —C) / [(0 — p) ({3 — C)], straightforward calculations lead to the fol-

lowing theorem:

Theorem 3. (1) &4 <0 if (<G and as <a(C); (2) &14>0 if (<G and as > a(()
or ¢ 2C (3) &a>0; (4) &a>0 if ¢ <C3 and (5) &a <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 (7914 /= <I>'1€ 4 4 when &4 < 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 (7914 /= <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 |= (IDIf a1
when £34 > 0and 015 1= <I>’1‘C 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 (7124 |= <I>’f 4 T given {54 > 0), but its impact on the non-liberalized industry depend
on the degree of decreasing returns to R&D (1125 = <I>’f 4 +1f &4 > 0, and 1120 |= (I)’f 4 Tif
&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 (dIln 7915 = dInTios = dInT7s < 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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Figure 1: The signs of &1 4 and &34

equation (22) leads to

dln®%, = (v — ) dlnT, = __¢ dlnt, >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 (dIn71914 = dIlnm1p = dIn7T < dIlnT94 = dIn 95 = 0).

Then, equation (24) leads to

¢ (0 + po)
(1+¢)[20 —p(1—¢)]

dlnt > 0.

dln®%, = dlndh, = —

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
flAe :FMlgAe = {911 + {61'2
—_— P114 Y124
(25)
Entry R&D Costs Expected Expected
Domestic Profit Export Profit

where k = b? (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. ¢7; 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
7214 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 ¢35, , 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 (7, 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 (1214 |, w1 fixed = ¢7; 4 |, CIDIf A ).

Next, consider the wage effect v3 > 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
(Wi = ¢iia T4 D.

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 791 4 falls, the mass of country 1 entrants
M 4. falls so that entry costs f; 4, 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
M5 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, U; = (a A@m) “a (a B@%)QB, is an increasing
function of productivity in both industries, @m and CD%. 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 Uy, and then substituting

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

dlnUy = — Z as (k1 dInTors + ko dInTyog) (26)
s=A,B

¢ (0 + po) ¢ (0 —p)
(1+¢)[20 —p(1—9)] (14+¢)[20 —p(1—¢)]

Both domestic and foreign trade liberalization cause domestic welfare to increase (75 = Ui 7).

where k1 = >0 and kg = > 0.

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 1= Uy T,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 (w; = wg = 1) and using (22), the welfare change from trade liberalization in industry
A becomes

dInUy = aadIn® = a4 [y1dIn o4 — y2 dInTi24] 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 v; > 0. As Theorem 1 shows, the sign of «; changes when the degree of
decreasing returns to R&D is increased. When ¢ > (3 and y; < 0, unilateral trade liberalization increases
the welfare of the liberalizing country (7214 J=> U; 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 (w1 = wg = 1). Suppose
that the two countries are initially symmetric and that the population of country 1 increases (dIn L; >
dIn Lo = 0). Then, we analyze whether the net export of country 1 in industry A, Ri24 — Ro1.4, 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

dlDMlse = &1L dlDLl and dlDMgse = —&9L, dlnLl,

where
_ 1-¢+C(1+9)
el = and
1+0) (1= +¢a+9)]
o #1-6-C(+09)
2L =

1+ (-9 +C(1+0)?]
Using this and equation (13), we obtain

dIn (Ri24/R214) _ 2
dln L1 1+ ¢

(81L + 62L) — 1.
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Since R124 = Ro14 initially holds, the net export of country 1 in industry A, R124 — R21 4, becomes pos-
itive if and only if dIn (Ri24/R214) /dInL; > 0. Straightforward calculations lead to the following

theorem:

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

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 Cjs = [/ Gis(w)? dw} s.t. / Pis(W)qis(w) dw = Ejs
qis(*) WEQs weQys

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

Ené?)c/ 0 is(w)? dw s.t. Uis(w) = pis(w)qis(w), ¥is(0) = 0, yis(+00) = E;
is\" weSig

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

function for this optimal control problem is

H = Qis(w)p + f(W)Pis(W)Qis(W)

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

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

gis(w) = <§.;S(w)> 1/(1—p) |

Substituting this back into the budget constraint yields

P 1/(1-p)
Eis = / Dis(w)gis(w) dw :/ Dis(W () dw
WEN; s ( ) ( ) WEN s ( ) —£ 'pis(w)

1/(1—p) e
N <p> / pis(w) T d,
_g WEN;s
1

_ . . o _1-p-1_ —p
Now o = f—s implies that 1 — o = T—p — 1550

E; _ <p>1/(1—p)
fwegis pis(w)l_adw _§




It immediately follows that the consumer demand function is

i) = P2 T (A1)
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1/(1—0c
where P;s = [ fw cq.. Dis (w)l_adw] is the price index for country 7 and sector s. Substituting this

consumer demand function back into the CES utility function yields

1/p ) —op P
o[ wora]-[[ morve,
WEN;s wEN;s P( —o)p

S

1/p Eis 1/p

=i pis(w) 7P dw
‘ZD’L:KL'S |:/weQis ( )

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

Eis 1— e E;s 1—g11/p Eis __, FEis
Cia = [/wems Pia(1) adw} - pl-o [Pis ] - P;;U Pi" = P’

18

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

Ea\* (Eig\**
max U; =C{ACHE == . s.t. Eia+ Eip = E;
Fia Eon % A YiB Pz P7, i A B 7
where F; is consumer expenditure on products in both sectors combined. The solution to this problem is
Ez‘A = OJAEZ' and EiB = OéBEi.

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. It follows that
Eis = aswiLi. <A2)

Firms

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

country j in sector s, where

Pijs(w) ™7 Ejg Pijs(¢) e
Tijs(0) = Pijs(®) - dijs (@) = pijs () - T plo = asw;L; : (2a)
js



This firm earns gross profits 7;;() from selling to country j in sector s (not including fixed costs). It

follows that

WiTijs

Tijs(@) = Tijs(p) — ijs(p)

asw; Lj pijs(p)' 7  WiTijs aswiLy Pijs(¢) 7
1— 1-
Pjs 7 2 Pjs 7

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

Omijs(p) (1= o)asw;Ljpijs(p) 7 +wiTijsOésijjUpijs(Sﬁ)_U_l
Ipijs () Pl QP 7
_ aswiLypijs(p) ™7 1= oy WiTis? | _
Ple ©pijs(p)

. . . _ WiTijs0 . : o _ 1 1—(1—P) _ 1 1
which yields 0 — 1 = wpa ()" Taking into account that 75 = > / 1=, = 5 We obtain the
profit-maximizing price

Pijs(ip) = —2° (2b)
178 - .
! P

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

WiTis
mijs(p) = rijs(p) — %qﬁs(@)

= 1ijs(®) — pPijs(P)dijs(#)

= 1ijs(¢) [1 = p]

_ rigs(p)

o
since 0 = 1% implies that 1 — p = 1. A firm from country i and sector s needs to have a productivity
P o

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

is determined by the cut-off productivity condition

* * -0
rijs(Pis) _ aswiLy (Pijs(#is) —wifi
o o P; v

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/cp)g, let g(¢) = G'(¢) = %09 denote the corresponding productivity

density function. Let u;s(¢) denote the equilibrium productivity density function for country i and



sector s. Since only firms with productivity ¢ > ¢7;  produce in equilibrium, firm exit is uncorrelated
with productivity and ¢};; < ¢, the equilibrium productivity density function is given by
9(p)

1—G(80* ) lf(p 2 Sog‘kis

1S

fis () .
0 otherwise.

In deriving this equation, we have used Bayes’ rule for calculating conditional probabilities, which states
that P(A|B) = P(AN B)/P(B).

Using P;s = [ fw cq.. Di s(w)l_“dw , the price index Pj, for country j and sector s satisfies

} 1/(1-0)

o0

o0
P77 = / Pjjs(©)' 7 Mispis() dp + / Dijs () 7 Myspis () dep.
(]

* *
djs Pijs

It follows that the price index Pj satisfies

1/(1-0)

o0
Pio=|> Pijis(0)' 77 Mispuis(p) dep
i=1,2 (p:js

Comparing Cut-off Productivity Levels

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

wifl-j _ rijs(@?js)/o-
wj fj rjs(@5;s)/ 0
1-0o
asw;Lj (Pz‘js(wfjs)/ Pjs)
= 1— from (2a)
asw; Ly (ijs(tp}*js)/ Pjs
. 1—0o
<wz’Tijs/ p%;s)
= from (2b)

l—0o

(ijjjs/ PP s

% -0
WiTijsPgis
= — .
WjPi5s



Rearranging terms yields

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;s denote the average
profits across all domestic firms in country ¢ and sector s (including the fixed marketing costs). Let
Uis = p ool — §)tm;s = 7is/9 denote the present value of average profit flows in country i and sector
s, taking into account the rate J at which firms exit in each time period. The average profits across all

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

Mis *

18 L‘Dljs
/
@

ris(e) _, ] _ 9w > [Tz'js(w) — w; ] _ 9@
[ o TGt dw/@ o T TG

Tis = ! {/Oo [Tiis(0) — wi fii] Mispis(¢) dep + /OO [ijs(0) — wi fij]| Mispis () d@}

;F Jjs
and rearranging yields

> wz‘fii] 9(¢) d<P+/:o [TUZ_(SD)

*
iJs

- wifij] 9(¢p) dp.

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

Tijs () _ (asijj)pijS(‘P)l_U/lesig _ Pijs(¥) o _ (W%) o = 14 o
) .

rijs(Pls)  (aswiLy) pijs(0l )0/ Pl7 \ Pigs (95 PP WiTijs Plis

Using the cut-off productivity condition, it follows that

. o—1 o-1 o1
TijS(QO) _ Tijs(soijs) f - % f = w; fij % (A.3)
- o\ ks o\ P




and

o—1
/* [T”S(@) _ wifi]} g(p)dp = / w; fij <f> — w; fij g(p) de
o @

ifs g s ijs
o—1
* ©
:wifij/ ( - ) — 1] g(p)dp
¥iis | \ Pigs
= wi fij J(¥l55), (A4)

where the function J(-) is given by

s = [(E) -1 sterae

- /:O (f)H W00 dp — [1 — G(z)]

xT

— b@em_lo'/ ()00717971 ng _ <>
T xr
o—1-60 b 0
— b90 1-c ¥ =~ e
o 0—oc+1 T

S ait)

X
o—1 b\’
=—|—-] . A5
0—0o+1 <x> “.5)
We assume that § > ¢ — 1 to guarantee that expected profits are finite. From the previous argument, it

also follows that

0
o f o—1 B E /]
/x (x) glp)de =n <x> where e 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; f;se) is

[1— Gé(ﬂﬂz‘is)] /: [”j;icp) — wz’fij:| % dp=0"" /:O

[WS(W

g

- wifz‘y} g(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; fse) is

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

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

o [T”S(@ wifij} g(p) de

¢ijs = 1 7275 (p
6 [P — gy g(e) di
W *
= 7”0” (#ijs) from (A.4)
w fij] ( s)
b
w; fij 900+1 ( )
= Flis/ from (A.S)
— b
wjfjj 930—}— <gajj&
0
_ wzfzj 90]]5
w;fi5 \ s
0
o1 1/(o—1) N /e
_ Wil > <wﬁ) from (5)
wjfjj Tijs fz] Wy
o (0-0+1)/(0-1) (0-p)/
1 —o o=1) s\ O=P)/p
o= (22) () ()
”5 fzy Wy
Variable ¢;;, is an index summarizing the degree of country 7’s market access to country j in sector s.
Note that 0 = % implies that 0 — 1 = %p - t—ﬁ = ﬁ and thus the assumption § > o — 1

implies that 6 > = Rearranglng yields 8 — pf > porf —p > 6p > 0.

The Domestic Productivity Cutoff

From firm’s pricing (2) and the cutoff condition (5), we obtain

pijs(sofjs) _ WiTijs (90%5)

Pijs(¢is)  wi o\ @l

_ WiTijs 1 (fz])l/ (1=0) <wi>1/p
wy Tijs \ i wy

B (U)f >1/(1 o)
a wj fj;




since 1 — o = % implies that 1% = o=l Using this result, we can evaluate the price integral
P o P

o—1
/ Pijs(©) 7 g() do = / pijs(sf)?js)l”( z ) 9(p) dp
©

*
* * ..
ijs Pijs 907,]5

. o o—1
=pijs(<pfjs)1_"/ ( - ) g(p) dy
@ Pijs

*
ijs

0
« -0 wifij) b
sis (Pise) (wjfjj (‘szs

0
=1Djjs (¥} )1U<wifij) ( : )
= NPjjs \Pjjs o— *

77 wifii) \mijs (fis)/ £i7)" Y (wifw))** Pijs

0
— . ( * -0 _0 & —(0—0+1)/(c—-1) & (0—p)/p b
= NPjjs SOjjs) Tijs fis " =
! jjs

0
. b
= N DPjjs (¢§js)1 <*> Gijs (A.7)

Substituting this back into the price index, we obtain

o0

les,(, = Z / pijs(@)l_a Mis#is(@)d@
i=1,2" #ljs

Mise [ .
=3 B [ e e de
Lp*

i=1,2

ijs

0
* —0 b M se
= NPjjs (‘ijs)l ( ) Z 7!; Prjs-

*
Yiis) k=12

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

b \? /M, M;
P = npus (05)' 7 = is—e | .
18 np (@ZZS) <90;<ZS ) < 6 + (;5] 5 > (7

~—

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

b\’ M;
1— * \1—
‘PiS 7= 7] Diis (90223) 7 <()0;kzs> 6156

— (QO* )17(7 <b>6 L
118 \Fiis (P;Fis 1-— G((p;kzs)
= 1) Piis (802}8)1*0' Mis.



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

IEC
- = w1 fyq
aswilq p115(80fls) v =w f
: o 1fd

CVSLI

(0/9) (b 011,)° (Mise + bmudase)] = fu

Rearranging terms then yields

*0 Hbe de
Plls = 5 (0 —0+1)asly

(Mlse + ¢218M236) . (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.(¢ > ¢ )0is = w; fise or [1 — G(¢};,)|Tis/0 =

w; fise. 1t follows that

1= Geilm = [ |20 g gty do+ [

118

|:TZ]SO_(SO) - wzfzj:| g((p) dp = dw; fise-

Thus we obtain

_ — wifz]:| ( )dSO w; fise- (9)

Making substitutions and rearranging terms, it follows that

Z / [TW wz‘fij} 9(p) do = 6w; fise
w5

j 12 ijs

> wifijJ(p5js) = Swifise  from (A.4)

j=1,2
Z fZJJ(SDjJS) = 5fise
j=1,2
0
Zf —! ( b ) = 0 fise from (A.5)
ij ¥ = OJise .
s 60— U+1 Pijs

and rearranging yields the free entry condition

0
1 o—1
5( _a+1> Z fis <¢]> = fise- (10)



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.

oo o
M,
wi | Misefise + ) fiiMispis(9) dp | = wi | Misefise + Y / fz‘ijg(@) de | from (4)
j:172 S(;;'kjs j:1,2 w:js
M; .
= w; | Misefise + gse Z fij[1 = G(p555)]
j=1,2
M b ’
= w; | Misefise + gse Z fij <*>
=12 \¥us
M; 0—o+1
= W Misefise+ﬂ5fise o from (10)
) oc—1
c—1+0—-0c+1
= wiMisefise < >
c—1
from which it follows that
o Hfise
wi | Misefise + Y fijMispis(9) dp | = wiblise { —— |- (11)
j=12"%ijs

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

[ rijs
Swi fise = Z/ [ 70«0) —wz‘fij} 9(p) de
j=1,2"®ijs
* o Tijs\@
wi (et X st -6 | = 3 [ g0
j=1.2 j=1,2" Pijs
M;se * M;se * Tijs 2
w; | Mise fise + Z fii[1 = G(eiss)] | = / MQ(@) dip
o o * g
7=1,2 7=1,2 Pijs
afise M, o s(SD)
iMise = SLYARN A f 11
w <U_1> 1—G(gr) Z /* pu g() dp from (11)
s’/ j=1,2 Pijs
1 o
= ; Z / Tiys(@)Mzsﬂzs(“P)d‘P
j=1,2 L'Ozikjs
1
= — Rijs (12)
i

where R;js = f _Tijs (@) M;spiis(p)dyp is the total revenue associated with shipments from country 4
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 = wiMise fise + w; Z / |:fij + Gijs(p) Zs} Mispuis (@) do
j=1,2" ?ijs

'LUZ'TZ“
= w; | Misefise + Z/ fzj zs,U'zs dSO + Z/ Qz]s p(p]spMis,U/is((p) de

1= 12 S01]5 J= 12 s01]5

— w; M <9fzse> Z / Tijs (@) Mispis(p) de from (2) and (11)

_] 12 sOzgs

:% Z Rijs+p Z R;js from (12)

]:1’2 ]:1’2
=(1-p+p) Z Rijs
j=1,2
= > Ry (A.8)
j=1,2

11



Total Revenue

Rijs = / 1ijs (@) Mispis(p) do
50::].5
. Mis
11— G(Sozkzs)
_ [1— G(%Dfis)}Mise
6[1 = G(e;5)]

_ Mise [ pijs((/))l asij

/ h 1ijs(¢)g(p) dp

*
Y]

/ Pijs(¢)dijs(p)g(p) dp from (4)
©

*
ijs

g(p)dy from (2)

5 (p“s Pl o
asw; Ly M;
= ]831]0 ZSe/ Pijs( 79(p) dp
js <P
. 1—0o b qu
M NPjjs (90“ ) (T) ijs
asw;Lj—=* 1_3,]8 ik from (A.7) and (7)
N Pjjs (‘P;js) (SDHS) Zk 1,2 §86¢kjs
zse¢zgs
= agw;L (13)
o <Zk 12Mkse¢k]s>

The Labor Market Equilibrium

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

ol efise
= ijs — wj zse - 7 ise — Mise I 1
ZR] (0—1>f < p ) (15a)

]12

and it immediately follows from (1) that

Lis = M}:¢ (‘9:) . (15b)

Notice that labor demand L;s; depends only on the mass of entrants M;s. and not on any cut-off produc-
tivity levels ¢ s~ The country 1 labor supply is given by L so the requirement that labor supply equals

labor demand

0F
= Z Lis = <p> Z Mise (71283721s>w1)1+c (16)

s=A,B s=A,B

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

12



Industrial Productivity

The first measure of industrial productivity is industrial labor productivity:

Z = Rl ] D >
Y, = ZL2 = where Py = / puis () s () dyp.
PlsLls Pl1s

From wy L5 = Zj:1 o R1js and

neo= [ () et

*
11s

w1 © 9b‘9
= N arzde
p(b/e11s)” oty ¥

*
11s

* *—(04+2)+1
_ w107, —Spns( :
p —(0+2)+1

- i)
pPis \O+1)°

industrial labor productivity becomes

R
of =z Ziztal Lo (0]

PlsLls B lf)ls Impylﬁls 0 +1
or
o+1\ .
(I)fs = <9) PP11s- (17(1)

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

oretically consistent “exact” price index:

Zj:1,2 Rijs

oW =
Ls PlsLls

13



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

rs($l1s)
-, = w1 f11
* l1—0o
OA&HM% = owif11 from(2)
Pls
w1TI1 1=
aswi L <*S) = owif11 from (2)
P11 1s
ﬁ e — Ufll ( * )1—0’
Py, ool PP11s
w ofin 1/(1-0) .
Pls asLl PP11s

and then using w1 L5 = Zj:1 o R1js, we obtain

I (17b)

D—1p By wr (asly V-l
PLiys P \ofu s

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

unit of labor. Since her income is w1, her aggregate consumption over varieties in sector s is

From the utility function U; and @‘1’[81 = w1 / Py, her utility can be written as:

(2 w > <(]{Bw >

= (OKA(I)II/Z‘)QA (QBQ)%)QB .

The effects of a small change in trade costs

We now compute the effects of a small change in trade costs 7;;5. 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 Mz, = Mo, and ¢;j, = ¢ hold. The market access index ¢ takes a value between 0 (autarky)
and 1 (free trade).

Starting with the equation ¢;;, = ~0 <@> SRR (&> (eip)/p, taking logs of both sides

T,
1js \ fij w;

14



and then totally differentiating yields
0
dln¢ios = —0dInTios — [ — — 1) dlnwy
p

0
dInga1s = —0dInTo + (p—l)dlnwl. (18)

N\ (0—0+1)/(c-1) N (6—p)/
Since ¢;js = 7" (fJ—J> e <&> e implies that ¢;;5 = 1, equations (14) fori = 1,2

T
1js \ fij w;

¢ijs <9>
asw;L; = w; f; e
=1, B (ka Mpsedrs e p

can be written out as

aswi L aslo
P21s + =
Mlse + M2se¢213 M188¢128 + MQse

ozswlLl + Oéng ¢ . (0) w f
Mlse + M2se¢21s Mlse¢12s + MQse 12 1% 1/ 1se
0
<> f2se-
p

Written in matrix form, this systems of linear equations become

1 ias aswiLy/ (Mise + Mased21s) | <0> w1 fise
¢2ls 1 Oéng/ (Mlse¢12s + M2se) P f2se
Solving using Cramer’s Rule yields
aswy Ly _ g <w1flse - ¢125f286>
Mise + Mogepo1s  p 1 — p125P215
asLQ _ g (ste - ¢21sw1flse>
Mlse¢125 + MQSe P 1-— (25125(25215
where
—2(0—0+1)/(o—1)
_ —0 fx
1 — p12s¢21s = 1 — (T1257215) 2 >0

since 7957215 > 1, fz > f4, and § — o + 1 > 0. For these equations to make sense, we need

1 > f2$e
?12s w1 flse

> 0215,

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

15



written as

s sL
<flse - ¢12f2se> (Mlse + M286¢218) == pasa (1 - ¢12s¢215)
w1 0
sL
(fase — P215w1 f1se) (Misedr2s + Mase) = pa@ 2 (1 — ¢ros021s) - (A.9)

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

dIn <flse - qiljsf%e) + dIn (Mise + Masepa1s) = dIn (1 — pr25¢215)
dln (f2se - ¢2lsw1flse) +dln (Mlse¢125 + M2se) =dln (1 - ¢12s¢2ls) . (AIO)

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

Mige = Moge and f1se = fose. Using this symmetry and (18), the terms in (A.10) are obtained as
follows:

1
dln (1 — ¢125¢215) = ————— (—P12sdP215 — P215dP125)
1 — ¢1250215
P125P215
=——""=—" (dln s +dln s
1 — ¢1259215 (dln g2 P215)
2
0
= 1? 72 (dInTi2s + dIn o),
¢125
¢12s flse w f2$e
dIn <flse - 7]0286 = ————dln flse - (dln f23@ + dln¢12s — dlnwl)
w1 Jise — ¢ul}215 Jase 1se — d)ulis Jase
=l i e — =2 (@10 faue + dIndras — dInawy)
_1_¢ 11 J1se 1—o 1l J2se 1 @125 nwy
1 0
= ﬂdh’l flse — 1§_b¢ (dlnfgse — 0d1n7’125 — pdlnw1>
1 ¢ 4 ¢ (0
= 1 se — 1 se 1 s - 1 ’
1_¢dnf1 1_¢dnf2 +1_¢dn712 +1_¢ P dInwq

16



Mise Mosepais
dIn (M M- = dIn M dIln M dl
n( lse T 286¢218) Mise + Masedors n Mige + Mise + Maosedors ( n Moge + n¢2ls)

1 ¢
= ——dln Mg + —— (dIn Moy, + dl s) s
1+¢dn 1 +1+¢(dn 2 —|—dn¢21)

10) 0
7d1 Mg dln Mage — 0d1 s ——1)dl
1+¢ n My +1+¢ n Mo NnTo1s + P nwi

0 0
mdlan56 1f¢dlnMgse— ¢ dln7'213+¢<—1>dlnw1,

T+0 110
f286 ¢2lsw1flse
1 se — s se) — 1 se — 1 s 1 1 se
a n(f2 ¢21 wlfl ) f286 d)lewlflsed nf2 f2se - ¢21sw1flse (d n¢21 +d nwn d nfl )

0
b impe— = (—odmm. + (L 1) dinw + dinwy + din fra
1—¢ 1-9¢ p

¢ o0 ¢ (0
71_¢dlnf236—71_¢dlnflse+71_¢dln7213—71_¢ P dlnwl,

M se S M se
dIn (Migedros + Mage) = LseP12 (d1n Myge + dln dios) + 2

Mlse¢12s + M2se Mlse¢12.s + M256
6 0 1
dln M 0dl —|[—-=1]dl ——dlIn M.
1+¢ nMise — N T12s P nwi | + 140 n Mog,

1 ) ol ¢ (0
= ——dInMsyge + ——dIn Mg — ——dl g — —— 7—1 dl .
140 n Ve —|—1+¢ n Vi 140 nTi2 1+¢ nwi

dln Mo,

Now substituting into the equation

dln <flse - ¢128 f2se> +dln (Mlse + M286¢218) =dln (1 - ¢125¢21s) ,

we obtain
1 ¢ qZ)H 10) 0

——dIn fise — ——dIn fose + ——dl s+ —— | —]dl

1~ o n fi — % n fo — % nTi2s + 5\, nwi
1 gf) qb@ ) 0

——dIn Myse + ——dIn Myge — ——d1 st+—— | —-—1]dl
Tt Mse g Mase = 70 nm+1+¢><p > L
= ¢°0 (dl +dl )
= 1_¢2 N T12s N 721s

17



and rearranging terms yields

2 2
90 90 >dln7'125+<¢0+ 970 >dln7-218

1 o _ _
mdlanse‘l-mdlnMQse— <1_¢ 1_¢2 1+¢ 1_¢2
) 0 1) 0
75 0) s () o
1 ¢

This equation can be written more compactly as

AgdIn Mise + ApdIn Mage = —vr dInTigs + vr dInTors — vy dInwy — vgdln free + vy dln foge

where \y =1/(14+¢), A\f=¢/(1+¢),va=1/(1—¢),vs = ¢/(1 — @)
P60 p0(1— )+ %0 ¢b $%0

o P 0(1+0)— 60 _ _ _
I=9)1+9) 1-¢* (1-9)1+9) 1+0 1-

A P R g
and
V::¢><@+_¢ <9_Q:¢a+@+¢u—w9_ o _ ¢[ 20 _q
YT 1-0\p) 1490 \p (1-=0)1+0¢) p 14+¢ 1+9¢|p(1—-9) '

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

the equation

dln (f286 - ¢21sw1flse) +dln (Mlsegles + M2se) =dln (1 - ¢12S¢218) s

we obtain
1 ) ol 10) 0
U 1 se — T/ 1 se PR 1 s T/ - 1
1_¢<1lnf2 1—¢dnf1 +1_¢dn7'21 —o\s dInw;
1 é @0 ¢ (0
——dIn Msse + ——dIn Mige — ——d1 s—— | ——1]dl
+1+¢n2+1+¢n1 114 nT2 1+¢><p )le
—ﬁ(dl +dl )
= 1_¢2 N T12s N 721s

18



and rearranging terms yields

1 0 20 0 20
Ldlanse 4+ ——dlIn My, = < + ¢ > dlnTigs — <¢ — 1? ¢2> dln o1,

1+ ¢ 1+ ¢ 1+¢  1—¢2 1-¢
¢ (0 ¢
5 () i (5 1) ame
¢ 1
+ ﬂdlnflse - ﬂdln]‘ése

This equation can be written more compactly as
ApdIn Myge + AgdIn Moy, = vy dInTios — vy dInTo15 + vy dInwy + vy dIn frge — vgdlIn foue.
The two equations

AgdIn Mige + ApdIn Moge = —vrdInTins + vy dInTors — vy dInwy — vgdIn free + vy din fose
Apdln Myge + AgdlIn Mage = vy dInTios — v dInTo15 + vy dInwy + vy dln frge — vgdin foue

can be written in matrix form as:

1 1 dln Mige 0 1 0 1
¢ et = — ¢ 5 dln7125+7¢ 3 dIn o1,
1+ \ ¢ 1 d1n Mase -9\ —1 1—9¢ | —1
1
— 9 < 20 1> dlnw,
1+¢ \p(1—9¢) -1
1 1
- dln fise + ¢ dln foge.
1- —¢ 1-¢ 1
Since

19



and

-1
16 o \_ 1 (1 e \[e\_ 1 [ 2
ceo0) (8) -0 7)) )

we obtain
dln Mg @0 1 o0
= - dl s+ dl s
dlnMZse (1 - ¢)2 —1 e (1 - (b)g -1 nr
¢ 20 1
— -1 dl
1—¢<p<1—¢> ) o)
1 1+ ¢ 1 2¢
- dln fise + dIn fose
(1—¢)? —2¢ nh 1-0) \ —(1+¢?) n
Defining
L =% bw = ¢ < 20 —1) leﬂ and L2:72¢
TTA-92 "T 1-0 \p(1-9) T (1-9)? C(1-¢)”

the system of equations can be written out as

dln Mise = t7 dInTo1s — tr dInTi9s — Ly dInwy — 01 d1n fiee + to dIn foge

dln Moge = —trdInTo15 + tr dInTiog + 1y dInwy 4 to dln frge — 1 d1n foue. (19)

This system of equations can be further simplified by using f;sc = F'- M ¢ Fromdln fise = CdIn M,

1s€e°

1+ —(tL dln M 1
‘u Gz 1se = dInTo15 —tr dIn T195 — ey dlnw;.

—Clo 14+ dln My, -1 —1 —1

Using the result that (1 + €)% — (Ci2)® = 1+ 2Cey + C2(13 —13) = 14 C(11 — 1) + C(11 + 1) +

20



CP(er — ) (01 +e2) = [1+¢(1 — e2)] [1 4 C(e1 + 22)]s

1+¢u  —Cuo B 1 _ 1 14+C¢ Cuo 1
—C2 1+Cu -1 (14 C1)? = (Cea)? Clo  14Cy -1

_ 1+C(L1—L2) 1
=) [T+ )] | 21

B 1 1
1+ C¢ute) | o

1 1
T 141+ 20+ 02)/(1 - )2 ( . )

N (1-¢)° 1
Q-9 +ca+e)’ \ 1 )

It follows that
din Mige = - dInTo1s — e dInTos — € dInwy
dln Mage = —e,dInmo15 + e dInTios + € dInwy (20)
where
-9 (1-9)%60/(1-9)° _ o0
T -9 +C1+9)° (1-9)’+C(1+0)° (1-¢)+C(1+9¢)
and
I ) P Ol (75 -1) __ opo—p-)

1-¢
L=9P+¢+0)’ (-0l +C1+0)  pla-gP+c(1+0)?]

The two measures of industrial labor productivity

E i—=1.2 les 0 + 1 %
(pfs = e < ) PP11s

PlsLls 0
W = Zj:l,? les _ oLy Y(e=D *
7 PiLys ofni s
imply that
dIn @’fS:L’W =dln . (21a)
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Taking logs of both sides and then totally differentiating

*0 — abe de
Pl = 50— 0+ 1) asly

(Mlse + ¢218M28€)

yields

0 dln Sa)fls =dln (Mlse + ¢215M286) (21b)

__1 ¢ 0 o (0
= 1+¢dlnM136—|— 1+¢dlnM236— 1+¢dln7'213—|— T+6\p —1)dlnw;
1

= [erdInTos — er dInTios — &4y dInwy]

1+ ¢
¢
1+ ¢

— %dlnms ¢ (9 — 1) dlnw;

1+¢
[1;2 1(_b'_9¢:| dln N 7215 — [1 z&-,-:| dlnTlgs

1
l1-9¢
Lzt ) e

_ U+ d PO
A(C)_(1—¢>)2+c(1+gz5)26(0’1) dﬁ_29—p(1—¢)>0'

Then, the above equation becomes

+ 4+

[—erdInTos + &7 dInTios + 4y dIn wy]

Denote

dlngo’lkls:yldlnTgls—fygdlnﬁgs—’ygdlnwl (22)
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where

1+ (1-¢)?+C(1+¢)° 1+¢

|
B

[ (1-¢) _1}
¢ L(1-9)°+¢(1+9)

-9’
(1+¢) 1_¢) (1—¢)2+C(1+¢)2 <1 ¢)]

(
= e o—|1-— (1_¢)2
1-¢? (1—¢)? +¢(1+¢)?

_ C(1+¢)*
(1—¢)2 +¢(1+9¢)?

_ o0
_9ﬂ+¢)&1—@2+<u+¢f]
(1+0) L1 =¢)* +¢ (1 +9¢)*
(1-¢)°
¢)+Cﬂ+¢)

1_¢¢2 [1 B oy )]

1+@
1= | (1-¢)2+¢(1+¢)?

23



and

73

0(1+o"
1

1F¢

T 0(1+9)

1f¢<0_0]

B p20—p(1-9) (0—p
{ﬂ ¢n{U¢P+C@+@ﬂ ¢< p>]

:¢@0—pa—¢»[ 1-¢ 0—p ]
PWA+0)  [1-02+C(1+0)° 20-p(1-0)
_920-p(1-9) (1-9¢)* _(6-p (-9
P (1+0)(1=9) [(1—-¢)°+((1+¢)° 20—p(1-9)
6 [ 0—te—p-9) ([, (-9
BA-¢?) | 20-p(1-9) (1-9)° +¢(1+9)°
o [ ea+re) ¢+ e)?
B—¢?) [20-p(1-9¢) (1-0)"+((1+0)
6 [ 6(1+9)
=l e Rl

Proofs for Theorems 1 and 2 We are ready to determine the sign of 7y,

7 <0

A<

C(1+¢)°
(1-¢)*+¢(1+9¢)
S C1+0)°>0(1-0)>+6C(1+0¢)

S C1+¢)7(1-9)>e¢(1—9)

_¢(1-9)
<:>C>C1— (1_’_(;5)2’

-

> ¢

24



and the sign of s,

v3 <0
¢ 0(1+¢)
B(1—¢%) [20—p(1—9)
o+ 0(1+9)
(1—¢)+C(1+¢)° 20—p(1-9)
S CA+0)°20—p(1—0)—0(1+¢)]>0(1—¢)*(1+0)
S 1+ O—-p)(1—9¢)>0(1—0¢)"(1+0¢)

S C(1+9)(0—p)>0(1-09)
0(1-9¢)
0 —p)(1+¢)

—A(Q)] <0

=

S (>3 =

A comparison of (7 and (3 leads to

G_ 009 [
G -+ o

(o) ()

To determine the maximum value of ¢; = ¢ (1 — ¢) /(14 ¢)?, we take the derivative of In(; =

Ing+In(l—¢)—2In(l+¢):

dinGi(9) 1 1 2

o o 1-9¢ 1+9¢

(L=¢)(1+¢) = d(1+¢) —26(1—¢)
¢(1—¢)(1+9)

1@ 9= ¢ —20+2¢"

- o(1—¢?)

1-3¢

o(1—¢?)

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 + ¢)?,

Gi(1/3) = al
(1
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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
Ly =Lia+Lip= (p) <M11X§ + M11§§> ;

first taking logs of both sides
OF
InLy =In () +In (M58 + )
and then differentiating yields

1
0o=— [(1 FOMS, dMiae + (1+OMS, dMip }
1+¢ 1+¢ 1Ae € 1Be €
Mo + Mg,
ME M
———2¢ _—dIn Mia. + l—Bedlange
1+¢ 1+¢ 1+¢ 1+¢
MlAe 1Be MlAe + 1Be

—(1+¢)

L L
=(1+0) |22 dn Mg + 22 dn Mg, | .
L L

It follows from (20) that

L L
0= %A (erdInTo14 —erdlnTioq — ey dlnwy) + %B (erdInTo1p —erdInTiop — ey dInwy)
1 1

and rearranging terms yields

L L L L
T e (dInTora — dInTioa) + “Be, (dlnmoip — dlnmiop) = —2ey, dlnwy + “Ley, dlnw,
Ly 14 14 Ly
L
er > T (dInm, — dInTiz,) = ey dInwy. (A.11)
s=A,B Ll

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

Mige = Mage = Mge, 125 = @215 = ¢, L1 = Lo = L and wy; = 1. Thus, two equations in (A.9)

s sL

<flse - fuljf%e) (Mlse + M2$e¢2ls) - pa@ ! (1 - ¢12s¢213)
<L

(f?se - ¢21sw1flse) (Mlse¢12s + MZse) = pae 2 (1 - ¢125¢21s)
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becomes one equation

(fse - (z)fse) (Mse + Mse¢) = pO[;L(l - ¢2)

Further simplifying using fise = F' - M ¢

ise» this equation becomes

_ pasL

Msefse (1_¢) (1+¢) - 9 (1_¢2)
_ pasL
Msefse = ]

0
;FijC = a,L

18€

Since L;s = %FM-1+< from (15), s = L;s/L holds. Using this and rearranging equation (A.11), we

obtain

T Ly
dlnwy == Y 2 (dIn 7oy, — dlnmia,)

Cw s=A,B 1
o0 -0 +c1+0) » )
= o, (dInTo1s — d1n 1o,
1—¢P+¢(1+9)? oR0-p(1-0] “ .
bp

= Z Qg (leTgls — dlnles)
20— p(i-9) 27,

= 5 Z Qg (dln’rgls — dlnles) (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:

din®Y, =v1dInmo1a — v2dInTi24 — Y3 dInw;
=mndnTya —v2dIinTioq — 3 Blaa (dInTo14 — dInTioa) + ap (dInTo1p — dInTiop)]
= — (13Baa —71)dInToia — (72 — y38aa) dInTioq — (v3 Bag) (dInTai g — dInTiap)
= —§1adinTia — §adinTiza — §34 (dInTo1p — dInTi9B) (24)

where £14 = 73604 — 71, 24 =72 — 1384, and {34 = 138 (1 — aa).
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Proof for Theorem 3

First, we introduce two new terms x1 = 35 — 1 and ko = 2 — 30 that will be useful for the proof of

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

738 -7

o [ 0(1+9)
T 1 ¢ _29—p<1—<z>)”(o}_
_ ¢ [_6(+9) _¢]
1—¢? |20 —p(1—¢)

¢ '9+9¢—¢29+¢p(1—¢)]
1—¢? | 20 —p(1—¢)
¢ [9<1—¢>+p¢<1—¢>]
(1-9)(1+¢) 20 —p(1+9¢)
_ ¢ (0 + p9)
(1+0)[20 —p(1—9)]

K1

oo =X (Q)]
1— ¢2

>0

and

K2 =72 — 730

I Y () I [ 0(1+¢)

1 —¢? 1—¢2 [20—p(1—¢)
_ ¢ [1_ 0(1+¢) ]

1—¢? 20—p(1-9)
_ 9 [29—p(1—¢>)—9—9¢]

1 — ¢? 20 —p(1-9)

¢
(1-9)

-2

[9(1—¢)—p(1—¢)]
(1+¢) 20 —p(1—¢)
¢ (0 —p)
T (1 e)[20 - p(1— )]

(1) If ¢ < ¢1,theny; > 0 and ~y3 > 0 from Theorems 1 and 2. Then

&14>0
& y3Bag —v1 >0

& yBasg >m
71

@aA>d(§)—B%
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It follows that £;4 > 0if g > @ (¢) and {14 < 0if aq < @ (¢). Next note that & (¢) can be written as

w0=5 = [5=5 [m mmsate 0

2 2
:P_( ¢(1+9) /[0u+@ _ c(+9)

— )P+ C(1+9)? ] [20-p(1—0) (1—¢)>+((1+¢)
Using
oo COxe’  _ #(1=9)—C1-¢)(1+9)
(1= +¢(1+¢) (1=0)*+¢(1+¢)
(1-9)[6(1-0) - C(1+0)]
O (1=¢)+((1+9)
and

01+¢) C(1+¢)°
20-p(1—0) (1-¢)>+C(1+¢)
(1+6) 0019 +6c(1 +@2—wca+¢%wﬂ1—w<u+¢ﬂ
20— p(1— ¢ [ )2 4+ ¢ ( 1+¢}
(1+9) [0(1 =) +0¢(1+ )H+¢—2}+M1—@Cﬂ+¢ﬂ
20— p(1=9)] [(1= 6>+ (1+ )]
(1+6) |0(1=9)>=CO(1 =) (1+ ) +Cp(1-6) (1+0)]

20— p (=) [(1= )’ +C(1+0)]
1491 =)= 8) =0 p)(1+0)
20— p(1 =) [(1= )’ +C(1+0)]
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we obtain

o (1-9)[s0-6) - C1+0)] J|aso 1—¢)—<<9—p><1+¢>J
(1= 07 +C(1+0) 26 - pl— N [1=9+ca+07
RO p-9)[e(1—9) - C(1+0)]
eI ( p) (14 0)]

(1+6)[20— p (1 - 9)] [ 2=0 — |

_ 1
)

(1+6)2 (0 - p) | oy — ¢
_20-p(1-9)](G1 )
0-n(G-0

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

20 —p(1 =) [= (3= () + (C1 — ()]
(0 —p) (G —¢)°

0 _ _
_[2 (Gp_(lp) ¢)] Egj_gg <0 for ¢ <0y,

@ (Q) =

Next note that

20 —p(1—9)|C1
(0 —p)Cs
_R0-p(-9)¢
0 —p) (
_920—-p(1-9)]
01+ ¢)

a(0)

(1-¢)(@—p)(1+9)
1+¢)> 0(1-9)

>0

and

0(1+¢)—¢[20—p(1—9)
0(1+¢)

_0—=00+dp(1—0)

B 0(1+¢)

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

N 0 (1+ ¢)

1-a(0)=

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

If { > (3,thenvy; < 0and~3 < 0, so

¢ (0 + po)
(1+¢)[20 —p(1—9)]

Sla=fas—m > —7 =K = > 0.
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Q) If { > (3 and y3 < 0, then &4 = 2 — v38a4 > 0. If ( < (3 and 3 > 0, then

¢ (0 —p)
1+¢)[20 —p (1~ 9)]

> 0.

oA =72 —3Bas >y — 3B =Ky = (
Thus €24 > 0 holds in general.

(3) The sign of 34 = 35 (1 — aa) is the same as the sign of v3, 50 {34 > 0if ¢ < (3 and {34 < O
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 (dIln 7915 = dInTios = dlnT7s < 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

dln(I)Ifs - (71 _72) dIn T
(20l elod@

1—¢2  1-¢2
¢(¢—1)
T—oa+e "™
¢

=———dln7, > 0.

1+¢

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

(dinTo14 =dInmo1p =dInT < dlnTea = dlnmep = 0). Then, equation (24) leads to

din®%, = —&4dlnT — &34dInT
= —(13Baa—m +v36(1 —aa))dnt

=—(1B-m)dnr

= —kidlnT

_ ¢ (0 + p9) dlnt > 0.

(1+¢)[20 —p(1—¢)]

The Welfare Effect

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

consumer in country 1is U; = (a ACIJ‘I/Z‘)QA (a B@%)QB. From equation (24), the productivity change
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for country 1 and industry A is

din @) = — (1384 —v1)dInTo4 — (y2 — v3Baa) dInTioa — (v3Bap) (dInTop — dInTiap)

and the corresponding expression for industry B is

dIn @ = —(y38as —v1)dInTap — (2 — y38ap) dInTiep — (y36aa) (dIn T4 — dInTi9a) .

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; = aadIn @), + apdin @},
= —aa(y3Baa — 1) dInTaa — aa(y2 — y38aa) dInTigq — aavyzfap (dInmp — dinTizp)
—ap(y3Bap —y1)dIntap — ap(y2 —v3Bap)dIinTiap — apysBaa (dInTaa — dlnTi2a)
= —aa(y3Baa +v3Bap —71) dInToa — aa(y2 — v3Baa — y3Bap) dInTiza
—ap(ysfap +y3Baa —m)dInTap — ap(y2 — y38ap — y36aa)dIinTiap
= —aa(y3B —m)dInToa — aa(y2 — v38) dInTig4

—ap(136 —m)dIntip — ap(ye —738) dInTi2p

= — Z as (k1 dInTos + Ko dlnTyog) (26)
s=A,B

where

_ ¢ (0 + po)

B — 0

= N S A e p (1= )]
and
¢ (0 —p) >0

Ko =y — W30 = (1+¢)[20 — p(1 —¢)]

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

Home Market Effect

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

L
<f1Ae - qﬁqbse) (Miae + Magepa14) = paz L(1 = ¢1oad014)
L
(foae — P214w1 f1ae) (Miacpi24 + Masa) = pag 2 (1 — ¢p1240214) -
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Taking into account that f; 4. = F' Mii}e’ wy; = wg = 1 and ¢125 = @215 = ¢, this system of equations

becomes

paaly

(MICAe - ¢M2CA6> (MlAe + MZAe(b) = OF (1 — ¢2)
L
<M2<A6 - ¢M1<Ae> (Miacg + Maae) = pae% 2(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 (M, — 6Mgs, ) + dIn (Miae + Mased) = dIn Ly

dln (MQCAe - ¢M1<Ae> +dln (MlA@QS + M2A€) =0.
Since

M¢ oM
: 1Ae : Cdln M 4o — 2Ae :
MlAe - ¢M2Ae MlAe ¢M2Ae

¢ ¢o
_ In M e — In Ma .
1—¢>dn 1A 1_¢d1r1 24
M, $Maac
dl M e M e =25 1 a7 L lM € Miae + Moa.d
n (Miae + Maped) M1A6+M2Ae¢dn 14 M1A6+M2Ae¢

1 ¢
= ——dln Mg + —— dIn Mo,
4o n 1A+1+¢ n Mo 4

M oM
: 2Ae : Cdln Mayse — 1Ae :
MQA@ - nglAe M2Ae qulAe

= 1E¢dlnM2Ae - lg_zdlanAe
M1A€¢ M2A€
dln (M M. =" dlnM o dInM
P (Miaed ¥ Mead) = 3o Mo M g+ M, A

1
= idlanAe + 7dlnM2Ae7

1+ ¢ 1+ ¢

dln (M, — 6M;,, ) = ¢dln Mo

dln MQAe
dIn (MQCAe - qufAe) =

Cdln M4,

we have

-
~
N

¢

<

_.I_

(o

<¢_<
I+¢ 1-

) dlIlMQAe = dlnL1

—
-
—

-

—_
= +
ASS
[
<

ASS
~

_l’_

i+
Jtmaiac s

dln My pe + >dlnM2Ae—0

—_
—_

-

+

-
—_
Gk



Since
L, ¢ _(1-9)+1+9)
l+¢ 1-9¢ (1+o)(1—9)

and
o o _o{1l-9)—C1+9)}
l+¢ 1-¢ (I+¢)(1—-9)

the system of equations can be written in matrix form as

(1-0)+C(1+9)  o{1-0)—C1+9)} | [ dndiac | _
o{1-6)-C1+0)}  (1-9)+C(1+0) | \ i,

The determinant of the matrix on the left hand side becomes

{1=9) +¢C1+0)} =" {(1-0) ~ 1+ )}’
—[(1= )+ C(1+0) = 6 {(1-6) — 1+ )1
={1=0+C1+0)}(1-6) 1 +9) +C(1+9) (1-9)]

—{=0P+¢A+0P} (1-0) 1+ >0

Using Cramer’s law, we obtain

dln Myae _ (1= {(1-9¢)+C(1+¢)}
AL (1) 10 {107 +C1+0))
(-g+ci+e)

Caro{a-errcaro?)

and
dinMyse _ (1-¢°)6{(1—-¢)—C(1+9)}
Al (- 1+ Q {(1- 0P +C(1+9)° )
_ o sf0-e)-cavoy _
1+ {1 -0 +¢(1+0)}
From (13)
we(z)zys
Rijs = asw;L; <Zk 12Mkse¢kjs>

it follows that

My aedh
Rioa = aply | ——14C
124 = Qaka (MlAechngAe)’
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—¢)+C(1+¢)+o{(1-9)—

) dlnLl.

CA+9)}



]\4214e¢5
Ro14 = ayL ( ,
& "\ Mg + Moped

and

Riga Lo <M1Ae> <M1Ae +M2Ae¢)
M pe MlAeQb + Moy, '

Roya L
Taking logs of both sides and then differentiating, we obtain

M pe
dIn (R12A> — —dlnL, +dln ( 5 ) +dIn (Miae + Mzac¢) — dIn (Miacg + Maae) -
R21A M2Ae

Using the following relationships

M ae
dln( 14 ) = dIn Mya, — dln Moy,
M2Ae

dIn (Miae + Mapc9) = ]\MQMJ:?\W dln Myae + ]\m dIn Mz
— g din M+ o din
dIn (M pep + Mane) = ]\mdlanAe + mdlnMgAe
:1f¢dlnM1Ae+l_il_¢dlnM2Aea
we obtain
dIn (Ryaa/Ro14) = —dIn Ly + (1 + 1—11-<Z5 — 1f¢> dln Mipe — (1 - 1f¢ + 1—i1-¢> dln M4,
— _dInL, + Ii¢ (dIn Mige — dIn Maae)
and
dn (gﬁAL/IRQlA) =1+ i (e1L + €2L)

209+ ¢+ ) +0{(1—9) =1+ 9))]
1+6) 1+ {(1-6)* +¢(1+0)}
2((1-6) (1+6) + ¢ (1+6) (1 - 9)]
1+6) 1+ {1-0) +¢(1+0)]
_ 2(1- ¢)
s erecarer

=1+
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if and only if

2(1-¢) > (1-¢)° +¢(1+¢)°
21— ¢)— (1-¢)°>C(1+¢)*
1-¢){2-(1—¢)} >C(1+9¢)
(1—¢)>((1+9¢)
1-¢

Notice that R124/R214 = 1 initially holds. Thus, the model predicts the Home market effect if and only
if d1In (R12A/R21A) /d In L; > 0. Since
(1-0) _6(-6) (-9 {1+o-0} 1-06 _

HEOTUTY T e’ | (1+9) e

)

the model predicts the Home Market effect and the Trefler finding if (; < { < (p1.
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