Thelmpact of Trade on Intra-Industry Reallocations and Aggregate Industry
Productivity

Marc J. Melitz

Econometrica, Vol. 71, No. 6. (Nov., 2003), pp. 1695-1725.

Stable URL:
http:/links.jstor.org/sici ?sici=0012-9682%28200311%2971%3A 6%3C1695%3A TIOTOI %3E2.0.CO%3B2-Y

Econometrica is currently published by The Econometric Society.

Y our use of the JSTOR archive indicates your acceptance of JISTOR's Terms and Conditions of Use, available at
http://www.jstor.org/about/terms.html. JSTOR's Terms and Conditions of Use provides, in part, that unless you have obtained
prior permission, you may not download an entire issue of ajournal or multiple copies of articles, and you may use content in
the JSTOR archive only for your personal, non-commercial use.

Please contact the publisher regarding any further use of this work. Publisher contact information may be obtained at
http://www.jstor.org/journal s'econosoc.html.

Each copy of any part of a JSTOR transmission must contain the same copyright notice that appears on the screen or printed
page of such transmission.

JSTOR is an independent not-for-profit organization dedicated to and preserving a digital archive of scholarly journals. For
more information regarding JSTOR, please contact support@jstor.org.

http://www.jstor.org
Thu Feb 22 18:03:15 2007


http://links.jstor.org/sici?sici=0012-9682%28200311%2971%3A6%3C1695%3ATIOTOI%3E2.0.CO%3B2-Y
http://www.jstor.org/about/terms.html
http://www.jstor.org/journals/econosoc.html




1696 MARC J. MELITZ

the more productive firms reallocate market shares towards the more produc-
tive firms and contribute to an aggregate productivity increase. Profits are also
reallocated towards more productive firms. The model is also consistent with
the widely reported stories in the business press describing how the exposure
to trade enhances the growth opportunities of some firms while simultaneously
contributing to the downfall or “downsizing” of other firms in the same in-
dustry; similarly, protection from trade is often reported to shelter inefficient
firms. Rigorous empirical work has recently corroborated this anecdotal evi-
dence. Bernard and Jensen (1999a) (for the U.S.), Aw, Chung, and Roberts
(2000) (for Taiwan), and Clerides, Lack, and Tybout (1998) (for Colombia,
Mexico, and Morocco) all find evidence that more productive firms self-select
into export markets. Aw, Chung, and Roberts (2000) also find evidence sug-
gesting that exposure to trade forces the least productive firms to exit. Pavcnik
(2002) directly looks at the contribution of market share reallocations to sec-
toral productivity growth following trade liberalization in Chile. She finds that
these reallocations significantly contribute to productivity growth in the trad-
able sectors. In a related study, Bernard and Jensen (1999b) find that within-
sector market share reallocations towards more productive exporting plants
accounts for 20% of U.S. manufacturing productivity growth.

Clearly, these empirical patterns cannot be motivated without appealing to
a model of trade incorporating firm heterogeneity. Towards this goal, this pa-
per embeds firm productivity heterogeneity within Krugman’s model of trade
under monopolistic competition and increasing returns. The current model
draws heavily from Hopenhayn’s (1992a, 1992b) work to explain the endoge-
nous selection of heterogeneous firms in an industry. Hopenhayn derives the
equilibrium distribution of firm productivity from the profit maximizing deci-
sions of initially identical firms who are uncertain of their initial and future
productivity.? This paper adapts his model to a monopolistically competitive
industry (Hopenhayn only considers competitive firms) in a general equilib-
rium setting.’ A contribution of this paper is to provide such a general equilib-
rium model incorporating firm heterogeneity that yet remains highly tractable.
This is achieved by 1ntegrat1ng firm heterogeneity in a way such that the rel-
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IMPACT OF TRADE 1697

productivity heterogeneity yields identical aggregate outcomes as one with rep-
resentative firms that all share the same average productivity level.

This simplicity does not come without some concessions. The analysis relies
on the Dixit and Stiglitz (1977) model of monopolistic competition. Although
this modeling approach is quite common in the trade literature, it also exhibits
some well-known limitations. In particular, the firms’ markups are exogenously
fixed by the symmetric elasticity of substitution between varieties. Another
concession is the simplification of the firm productivity dynamics modeled by
Hopenhayn (1992a). Nevertheless, the current model preserves the initial firm
uncertainty over productivity and the forward looking entry decision of firms
facing sunk entry costs and expected future probabilities of exit. As in Hopen-
hayn (1992a), the analysis is restricted to stationary equilibria. Firms correctly

— aoticinase_this stable, aporeoate epvironment when making all relevant e
sions. The analysis then focuses on the long run effects of trade on the relative
behavior and performance of firms with different productivity levels.

Another recent paper by Bernard, Eaton, Jenson, and Kortum (2000)
(henceforth BEJK) also introduces firm-level heterogeneity into a model of
trade by adapting a Ricardian model to firm-specific comparative advantage.
Both papers predict the same basic kinds of trade-induced reallocations, al-
though the channels and motivations behind these reallocations vary. In BEJK,
firms compete to produce the same variety—including competition between
domestic and foreign producers of the same variety. This delivers an endoge-
nous distribution of markups, a feature that is missing in this paper. BEJK also
show how their model can be calibrated to provide a good fit to a combination
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1698 MARC J. MELITZ

One last, but important, innovation in the current paper is to introduce
the dynamic forward-looking entry decision of firms facing sunk market en-
try costs. Firms face such costs, not just for their domestic market, but also for
any potential export market.> These costs are in addition to the per-unit trade
costs that are typically modeled. Both survey and econometric works have doc-
umented the importance of such export market entry costs. Das, Roberts, and
Tybout (2001) econometrically estimate these costs average over U.S. $1 Mil-
lion for Colombian plants producing industrial chemicals. As will be detailed
later, surveys reveal that managers making export related decisions are much
more concerned with export costs that are fixed in nature rather than high per-
unit costs. Furthermore, Roberts and Tybout (1977a) (for Colombia), Bernard
and Jensen (2001) (for the U.S.), and Bernard and Wagner (2001) (for Ger-
many) estimate that the magnitude of sunk export market entry costs is impor-
tant enough to generate very large hysteresis effects associated with a plant’s
export market participation.®

2. SETUP OF THE MODEL

2.1. Demand

The preferences of a representative consumer are given by a C.E.S. utility

function over a continuum of goods indexed bx w:
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On the other hand, the ratios of any two firms’ outputs and revenues only de-
pend on the ratio of their productivity levels:

©) q9(¢1) :<ﬂ)0 r(e1) z(ﬂ)"_l
9qe) \¢2) 1) \e
In summary, a more productive firm (higher ¢) will be bigger (larger output

and revenues), charge a lower price, and earn higher profits than a less pro-
ductive firm.

2.3. Aggregation

An equilibrium will be characterized by a mass M of firms (and hence M
goods) and a distribution u(¢) of productivity levels over a subset of (0, co).
In such an equilibrium, the aggregate price P defined in (1) is then given by

P= [/ P(<p)1“’MM(<P)d<P] e
0

Using the pricing rule (3), this can be written P = M/~ p(&), where

(7) o= UO ¢”‘1M(<p)d<p] o

¢ is a weighted average of the firm productivity levels ¢ and is independent
of the number of firms M.? These weights reflect the relative output shares of
{ we—— - - R -

11ty heratice 1t comnletely ciimmarizece the infarmatinn 1in the dictribhiition f
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This variable will be alternatively referred to as aggregate or average produc-
tivity. Further note that 7 = R/M and 7 = II/M represent both the average
revenue and profit per firm as well as the revenue and profit level of the firm
with average productivity level ¢ = ¢.

3. FIRM ENTRY AND EXIT

. Whcierdesp (yotenngo y pogl s ot odn gy it the gty —

!
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Prior to entry, firms are identical. To enter, firms must first make an initial
investment, modeled as a fixed entry cost f, > 0 (measured in units of labor),
which is thereafter sunk. Firms then draw their initial productivity parameter ¢
from a common distribution g(¢).'° g(¢) has positive support over (0, oo) and
has a continuous cumulative distribution G(¢).

Upon entry with a low productivity draw, a firm may decide to immediately
exit and not produce. If the firm does produce, 1t then faces a constant (across

= H"Dkﬂﬂv

o —

L

force it to exit. Although there are some realistic examples of severe shocks
that would constrain a firm to exit independently of productivity (such as nat-
ural disasters, new regulation, product liability, major changes in consumer
tastes), it is also likely that exit may be caused by a series of bad shocks affect-
ing the firm’s productivity. This type of firm level process is explicitly modeled
by Hopenhayn (1992a, 1992b). The simplification made in this model entails
that the shape of the equilibrium distribution of productivity u(¢) and the ex-
ante survival probabilities are exogenously determined by g(¢) and 8. On the
other hand, the range of productivity levels (for surviving firms), and hence the
average productivity level, are endogenously determined." Importantly, this
simplified industry model will nevertheless generate one of the most robust
empirical patterns highlighted by micro-level studies: new entrants (including
the firms whose entry is unsuccessful) will have, on average, lower productivity
and a higher probability of exit than incumbents.

This paper only considers steady state equilibria in which the aggregate vari-
ables remain constant over time. Since each firm’s productivity level does not
change over time, its optimal per period profit level (excluding f,) will also re-
main constant. An entering firm with productivity ¢ would then immediately
exit if this profit level were negative (and hence never produce), or would pro-
duce and earn 7(¢) > 0 in every period until it is hit with the bad shock and is

0This captures the fact that firms cannot know their own productivity with certainty until
they start producing and selling their good. (Recall that productivity differences may reflect cost
differences as well as differences in consumer valuations of the good.)

- .
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forced to exit. Assuming that there is no time discounting,'? each firm’s value
function is given by

= 1
v(p) = maX{O, Z(l - 6)’w(cp)} = max{O, 5#(@},

t=0

where the dependence of w(¢) on R and P from (5) is understood. Thus, ¢* =
inf{e : v(¢) > 0} identifies the lowest productivity level (hereafter referred to
as the cutoff level) of producing firms. Since 7(0) = — f is negative, 7(¢*) must
be equal to zero. This will be referred to as the zero cutoff profit condition.

Any entering firm drawing a productivity level ¢ < ¢* will immediately exit
and never produce. Since subsequent firm exit is assumed to be uncorrelated
with productivity, the exit process will not affect the equilibrium productivity
distribution w(¢). This distribution must then be determined by the initial pro-
ductivity draw, conditional on successful entry. Hence, w(¢) is the conditional
distribution of g(¢) on [¢*, 00):

8(p)
8) w(e)=1 1-G(¢*)
0 otherwise,

if ¢ > o7,

and p,, = 1 — G(¢*) is the ex-ante probability of successful entry." This defines
the aggregate productivity level ¢ as a function of the cutoff level ¢*:!*

9 o= ¢ igerde|
©) ¢(¢ —[1_G(¢*)/¢*¢ 8(e) qo] :

The assumption of a finite ¢ imposes certain restrictions on the size of the
upper tail of the distribution g(¢): the (o — 1)th uncentered moment of g(¢)
must be finite. Equation (8) clearly shows how the shape of the equilibrium
distribution of productivity levels is tied to the exogenous ex-ante distribution
g(¢) while allowing the range of productivity levels (indexed by the cutoff ¢*)
to be endogenously determined. Equation (9) then shows how this endogenous
range affects the aggregate productivity level.

12 Again, this is assumed for simplicity. The probability of exit & introduces an effect similar to
time discounting. Modeling an additional time discount factor would not qualitatively change any
of the results.

BThe equilibrium distribution u(¢) can be determined from the distribution of initial produc-
tivity with certainty by applying a law of large numbers to g(¢). See Hopenhayn (1992a, note 5)
for further details.

YThis dependence of ¢ on ¢* is understood when it is subsequently written without its argu-
ment.
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3.1. Zero Cutoff Profit Condition

Since the average productivity level ¢ is completely determined by the cutoff
productivity level ¢*, the average profit and revenue levels are also tied to the

. )
T
qb(qo*>]”‘1 r(e")

* o

(")

*

o—-1
f=r(¢>)=[ ] r(e"), v‘r=w(¢>)=[ f.
The zero cutoff profit condition, by pinning down the revenue of the cutoff
firm, then implies a relationship between the average profit per firm and the

cutoff productivity level:
(10) me)=0 <<= re)=of < 7w=Ffk(¢"),

where k(¢*) = [@(@*)/¢*1° ' — 1.

3.2. Free Entry and the Value of Firms

Since all incumbent firms—other than the cutoff firm—earn positive profits,
the average profit level 7 must be positive. In fact, the expectation of future
positive profits is the only reason that firms consider sinking the investment
cost f, required for entry. Let v represent the present value of the average
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(Zero Cutoff Profit) (Free Entry)

A
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FIGURE 1.—Determination of the equilibrium cutoff ¢* and average profit 7.

uniqueness of the equilibrium ¢* and 7, which is graphically represented in
Figure 1.7

In a stationary equilibrium, the aggregate variables must also remain con-
stant over time. This requires a mass M, of new entrants in every period, such
that the mass of successful entrants, p;,M,, exactly replaces the mass 6 M of
incumbents who are hit with the bad shock and exit: p;,,M, = M. The equi-
librium distribution of productivity u(¢) is not affected by this simultaneous
entry and exit since the successful entrants and failing incumbents have the
same distribution of productivity levels. The labor used by these new entrants
for investment purposes must, of course, be reflected in the accounting for
aggregate labor L, and affects the aggregate labor available for production:
L =L,+L.where L,and L, represent, respectively, the aggregate labor used
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size.!® The mass of producing firms in any period can then be determined from
the average profit level using

@y wm=2__k

. o Vil g\

This, in turn, determines the equilibrium price index P = MY=" p(g) =
MY1=9/pg, which completes the characterization of the unique stationary
equilibrium in the closed economy.

4.1. Analysis of the Equilibrium

All the firm-level variables—the productivity cutoff ¢* and average ¢, and
the average firm profit 7 and revenue 7—are independent of the country
size L. As indicated by (13), the mass of firms increases proportionally with
country size, although the distribution of firm productivity levels u(¢) remains
unchanged. Welfare per worker, given by

(14) W =P'=M#pp,

is higher in a larger country due only to increased product variety. This influ-
ence of country size on the determination of aggregate variables is identical
to that derived by Krugman (1980) with representative firms. Once ¢ and 7
are determined, the aggregate outcome predicted by this model is identical to
one generated by an economy with representative firms who share the same
productivity level ¢ and profit level 7. On the other hand, this model with het-
erogeneous firms explains how the aggregate productivity level & and the aver-
age firm profit level 7 are endogenously determined and how both can change
in response to various shocks. In particular, a country’s production technol-
ogy (referenced by the distribution g(¢)) need not change in order to induce
1 : : S WSVLYN VNN SN NS S T Y ; L e SR
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to cover the export costs do not depend on this choice of representation.?? The
per-period profit flow of any exporting firm then reflects the per-period fixed
cost f,, which is incurred per export country.

Since no firm will ever export and not also produce for its domestic mar-
ket,” each firm’s profit can be separated into portions earned from domestic
sales, 7,(¢), and export sales per country, 7, (¢), by accounting for the entire
overhead production cost in domestic profit:

rd(‘P) _f’ (@) =
g g

r:(¢) _f

X

(16) ma(p) =

A firm who produces for its domestic market exports to all n countries if
(@) > 0. Each firm’s combined profit can then be written: 7(¢) = m,(¢) +
max{0, nm,(¢)}. Similarly to the closed economy case, firm value is given
by v(¢) = max{0, w(¢)/6}, and ¢* = inf{e : v(¢) > 0} identifies the cutoff
productivity level for successful entry. Additionally, ¢* = inf{¢ : ¢ > ¢* and
e it st 2

D S VBRSPS -
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formally derived, it exhibits several similar properties to the equilibrium with
partitioning that will be highlighted.?*

Once again, the equilibrium distribution of productivity levels for incum-
bent firms, u(¢), is determined by the ex-ante distribution of productivity lev-
els, conditional on successful entry: u(¢) = g(¢)/[1 — G(¢*)] Yo > ¢*. The
ex-ante probability of successful entry is still identified by p;,, =1 — G(¢*).

Lurthermore. p. =11 — G(@)1/1 ~ G(0*)] now reoregents the ¢x-ante or

firms that export must then also be represented by p,. Let M denote the equi-
librium mass of incumbent firms in any country. M, = p,M then represents
the mass of exporting firms while M, = M + nM, represents the total mass of
varieties available to consumers in any country (or alternatively, the total mass
of firms competing in any country).

6.2. Aggregation

Using the same weighted average function defined in (9), let $ = ¢(¢*) and
&, = ¢(¢*) denote the average productivity levels of, respectively, all firms and
exporting firms only. The average productivity across all firms, ¢, is based only
on domestic market share differences between firms (as reflected by differ-
ences in the firms’ productivity levels). If some firms do not export, then this
average will not reflect the additional export shares of the more productive
firms. Furthermore, neither ¢ nor ¢, reflect the proportion 7 of output units
that are “lost” in export transit. Let $, be the weighted productivity average
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As before, v = ZZOU — 8)'ir = 77/ & represents the present value of the av-
erage profit flows and v, = p;,0 — f, yields the net value of entry. The free entry
condition thus remains unchanged: v, = 0 if and only if 7+ = éf,/ p;,. Regard-
less of profit differences across firms (based on export status), the expected
value of future profits, in equilibrium, must equal the fixed investment cost.

6.4. Determination of the Equilibrium

As in the closed economy case, the free entry condition and the new zero cut-
off profit condition identify a unique ¢* and 7r: the new ZCP curve still cuts the
FE curve only once from above (see Appendix for proof). The equilibrium ¢*,
in turn, determines the export productivity cutoff ¢* as well as the average
productivity levels ¢, ¢,, ¢,, and the ex-ante successful entry and export prob-
abilities p;, and p,. As was the case in the closed economy equilibrium, the
free entry condition and the aggregate stability condition, p;,M, = 6M, ensure
that the aggregate payment to the investment workers L, equals the aggregate
profit level I1. Thus, aggregate revenue R remains exogenously fixed by the size
of the labor force: R = L. Once again, the average firm revenue is determined
by the ZCP and FE conditions: 7 = r,(¢) + p.ar.(¢,) = o (7 + f + p.nfy).
This pins down the equilibrium mass of incumbent firms,

R L

@) M= = T T o

In turn, this determines the mass of variety available in every country, M, =
(14 np,)M, and their price index P = M,"""/p@, (see (17)). Almost all of
these equilibrium conditions also apply to the case where all firms export. The
only difference is that ¢* = ¢* (and hence p, = 1) and (19) no longer holds.

7. THE IMPACT OF TRADE

The result that the modeling of fixed export costs explains the partitioning
of firms by export status and productivity level is not exactly earth-shattering.
This can be explained quite easily within a simple partial equilibrium model
with a fixed distribution of firm productivity levels. On the other hand, such a
model would be ill-suited to address several important questions concerning
the 1mpact of trade in the presence of export market entry costs and ﬁrm het-

xx 71 1 PP Fi -ﬁuﬂidr hP.
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analyses rely on comparisons of steady state equilibria and should therefore be
interpreted as capturing the long run consequences of trade.

Let o* and ¢, denote the cutoff and average productivity levels in autarkv.
—
I use the notation of the previous section for all variables and functions per-
taining to the new open economy equilibrium. As was previously mentioned,
the FE condition is identical in both the closed and open economy. Inspection
of the new ZCP condition in the open economy (20) relative to the one in the
closed economy (12) immediately reveals that the ZCP curve shifts up: the ex-
posure to trade induces an increase in the cutoff productivity level (¢* > ¢%)
and in the average profit per firm. The least productive firms with productiv-
ity levels between ¢’ and ¢* can no longer earn positive profits in the new
trade equilibrium and therefore exit. Another selection process also occurs
since only the firms with productivity levels above ¢* enter the export markets.
This export market selection effect and the domestic market selection effect
(of firms out of the industry) both reallocate market shares towards more effi-

cient firms and contribute to an aggregate productivity gain.?

Inspection of the equations for the equilibrium number of firms ((13)
and (21)) reveals that M < M, where M, represents the number of firms in
autarky.”’ Although the number of firms in a country decreases after the tran-
sition to trade, consumers in the country still typically enjoy greater product va-
riety (M, = (1+np,)M > M,). That is, the decrease in the number of domestic
firms following the transition to trade is typically dominated by the number of
new foreign exporters. It is nevertheless possible, when the export costs are
high, that these foreign firms replace a larger number of domestic firms (if the
latter are sufficiently less productive). Although product variety then impacts
negatively on welfare, this effect is dominated by the positive contribution of
the aggregate productivity gain. Trade—even though it is costly—always gen-
erates a welfare gain (see Appendix for proof).

7.1. The Reallocation of Market Shares and Profits Across Firms
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the old equilibrium with # countries. I then add primes () to all variables and
functions when they pertain to the new equilibrium with »’ > n countries.
Inspection of equations (20) and (19) defining the new zero cutoff profit
condition (as a function of the domestic cutoff ¢*) reveals that the ZCP curve
will shift up and therefore that both cutoff productivity levels increase with n:
¢* > ¢* and ¢¥ > ¢*. The increase in the number of trading partners thus
forces the least productive firms to exit. As was the case with the transition
from autarky, the increased exposure to trade forces all firms to relinquish a
portion of their share of their domestic market: r,/(¢) < ry(¢), Vo > ¢*. The

- €95 Rrodnuctive firms wha dn not exnart (with_q « *\thns inrur a revenue and

profit loss—and the least productive among them exit.>! Again, as was the case
with the transition from autarky, the firms who export (with ¢ > ¢*) more than
make up for their loss of domestic sales with their sales to the new export mar-
kets and increase their combined revenues: r,/ (@) + n'r,/ (@) > ry(@) + nr.(@).
Some of these firms nevertheless incur a decrease in profits due to the new
fixed export costs, but the most productive firms among this group also enjoy
an increase in profits (which is increasing with the firms’ productivity level).
Thus, both market shares and profits are reallocated towards the more effi-
cient firms. As was the case for the transition from autarky, this reallocation
of market shares generates an aggregate productivity gain and an increase in
welfare.*

8.2. Decrease in Trade Costs

!bi iiiiiiin in tha varinhla trada ~ract = will indiina nlmigt i‘drﬂtigrﬂ‘iiiﬁi:ue
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across firms. In fact, only a portion of the firms—the more efficient ones—
reap benefits from trade in the form of gains in market share and profit. Less

S | o ot dd- e aae > —

force the least efficient firms out of the industry. These trade-induced reallo-
cations towards more efficient firms explain why trade may generate aggregate
productivity gains without necessarily improving the productive efficiency of
individual firms.

Although this model mainly highlights the long-run benefits associated with
the trade-induced reallocations within an industry, the reallocation of these
resources also obviously entails some short-run costs. It is therefore impor-
tant to have a model that can predict the impact of trade policy on inter-firm
reallocations in order to design accompanying policies that would address is-
sues related to the transition towards a new regime. These policies could help
palliate the transitional costs while taking care not to hinder the reallocation
process. Of course, the model also clearly indicates that policies that hinder
the reallocation process or otherwise interfere with the flexibility of the factor
markets may delay or even prevent a country from reaping the full benefits
from trade.

Department of Economics, Harvard University, Littauer Center, Cambridge,
MA 02138, U.S.A.; CEPR; and NBER.

Manuscript received Anril. 2002: final revision received Anril. 2003

A PPENDIX A: AGGREGATION CONDITIONS IN THE CLOSED ECONOMLTF
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[1 — G(¢)]lk () is monotonically decreasing from infinity to zero on (0, oo). (This is a sufficient
condition for both properties.) Recall that k(¢) = [¢(¢)/¢]° ! — 1 where

1 00
B.1 bod U—lz___—__/ o—1 d
(B.1) é(¢) =G /. §77'g(§)d¢

as defined in (9). Thus,

~ o-1 ~ o-1 __1
K (p) = 5 [(rp(qo)) _1]_(47(40)) o

1-G(p) ® ® ¢
_ k(e)gle) (0 —Dlk(ep) +1]
1-G(o) ® '

Define
(B.2) jle)=[1-G(e)lk(ep).

Its derivative and elasticity are given by

1
(B3) i'(¢)=—;(0— D1 = G(e)llk(e) +11 <0,

J(@)e ( 1 )
B.4 =—(c-D|1+— —(o—1).
(B4) j(e) (@-Dit+ k(o) <~(e-1

Since j(¢) is nonnegative and its elasticity with respect to ¢ is negative and bounded away from
zero, j(¢) must be decreasing to zero as ¢ goes to infinity. Furthermore, lim,_,o j(¢) = oo since
lim,_,¢ k() = co. Therefore, j(¢) =[1 — G(¢)]k(p) decreases from infinity to zero on (0, 00).

APPENDIX C: OPEN ECONOMY EQUILIBRIUM
C.1. Aggregate Labor Resources Used to Cover the Export Costs

It was asserted in footnote 22 that the ratio of new exporters to all exporters was 8, and hence
that the aggregate labor resources used to cover the export cost did not depend on its represen-
tation as either a one time sunk entry cost or a per-period fixed cost. As before, let M, denote
the mass of all new entrants. The ratio of new exporters to all exporters is then p, p;,,M./p.M.
This ratio must be equal to 8 as the aggregate stability condition for the equilibrium ensures that
p inMe = oM.

C.2. Existence and Uniqueness of the Equilibrium Cutoff Level ¢*

Following is a proof that the FE condition and the new ZCP condition in (20) identify a unique
cutoff level ¢* and that this new ZCP curve cuts the FE curve from above in (¢, ) space. These
conditions imply &f,/[1 — G(¢*)]1= fk(¢@*) + p.nfik(e}), or

(€1 fi(") +nfej(@}) = 8fe,
where ¢* = 7(f,/f)/“~De* is implicitly defined as a function of ¢* (see (19)). Since j(¢) is

decreasing from infinity to zero on (0, o), the left-hand side in (C.1) must also monotonically
decrease from infinity to zero on (0, co). Therefore, (C.1) identifies a unique cutoff level ¢* and
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APPENDIX D: THE IMPACT OF TRADE
D.1. Welfare

(14\ sielforc noriarker ingutaslsiean beawritten a nf the ntnfforadietisitr

1
1 ~ L\ o1 .
(D.1) W=M,mp¢~=p(—) s
af

Since ¢* > ¢}, welfare in the open economy must be higher than in autarky: W > W,.

D.2. Reallocations

PROOF THAT r4(¢) < ro(¢) < ra(@) + nro(¢) = (1 + nt'=%)ry(¢): Recall that r,(¢) =
(0!o*) " Laf (Vo > o*)in autarkv and that 7.(w) = (o /o0*) L af (Yo > o*) in the onen economv
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Increase in n: Differentiating (C.1) with respect to n and using de¢%/dn = (¢3/@*)d¢*/dn
from (19) yields

dp* ~fe@*j(@})
E.1 —_—= X .
(E1) on  ferj'(e*) +nfietj' (@)

Hence d¢*/dn > 0 and de%/dn > 0 since j/(¢) < 0 Ve (see (B.4)).

Decrease in 7: Differentiating (C.1) with respect to 7 and using do%/dt = @}/7 +
(@%/¢*)d¢*/dT from (19) yields

det o' nfi(e)el

9t 1 ferj(e") +nfei (¢})
since j'(¢) <0V, and

(E2)

der __ fite) d¢"
or nfej' (@) 9T
Decrease in f,: Differentiating (C.1) with respect to f, and using do* /df, = (¢ /@*)de* /If +

[1/(o = D]} /fx from (19) and j'(¢})¢; = — (0 ~ DIj(¢}) + 1~ G(¢3)] from (B.2) and (B.4)
yields

9" _ nll - G(e;)]

ofc  file) +nfij(@}) (93/@%)
since j'(¢) <0V, and

9¢; -1 [ . . o"rp*]
L= ————nj (@) + fi (") — | > 0.
o, ~ afaiiep |V T
Welfare:  Recall from (D.1) that welfare per worker is given by W = p(L/of)"/“~D ¢*. Wel-
fare must therefore rise with increases in » and decreases in f, or 7 since all of these changes
induce an increase in the cutoff productivity level ¢*.

E.2. Reallocations of Market Shares

Recall that ry(¢) = (¢/¢*)° laf (Yo > ¢*) in the new open economy equilibrium. ry(¢)
therefore decreases with increases in n and decreases in f, or 7 since all of these changes induce
an increase in the cutoff productivity level ¢*. Thus 7, (¢) < r,(¢) Yo > ¢* whenever n’ > n,
7' < 7,0r f, < f, (since ¢* > @*).

The direction of the change in combined domestic and export sales, r,(¢) + nr. (@) = (1 +
n7'=%)rs(¢), will depend on the direction of the change in (1 + n7!=9)/(¢*)""!. It is therefore
clear that a firm’s combined sales will decrease in the same proportion as its domestic sales when

- 4 o ‘i . J_= i i 1 1t e
M, ‘%

T —

»

»

combined sales will increase when n increases or 7 decreases as (1 + n7179)/(¢*)~! will then
increase.

Increase in n:  From (E.1),
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since —j'(¢)/j(@) > o — 1 Ve (see (B.4)) and (¢*)"~1j(¢*)/I(¢3)"j(¢2)] > 1% Hence,

fl-o
] gy
on (‘P*)Cf—l qo-1 +n

*1
— (o — 1)ﬁ_<P__] > 0.
n @*
Decrease in 7:  From (E.2),

¢ . _[f el 1]_1

ot ¢ Lnfs o1 (e2)
r * * -1
f 11— G(eM)lk(e*) +1] +1]

Lnfi 1= Gk (@) +1]
[ f (g’; )”“ Jo &g de | l]-‘
Lnf\e*/) [T 1g(¢)dE

[ [ & eOdE l]-*

L 1 [ €788 d¢

Tﬂ'—l -1
< + 1]
L N

(using (B.3))

(using (B.1))

(using (19))

since f:f §”"g(§)d§/[f;’ &7 1g(£)dé] > 1 as o* < ¢*. Hence,

57[1(::‘;;::7] _l4nr (A =-a)nr' (o 1)2:_;;*_7_
ot T (er) T 1+ nrl-o o1 @*
1 1-o Jdo* g—~1 -1
=l(o’_l)_‘pi_(7 +1>
(¢7)7~'7 T ¢* n
< 0.

E.3. Reallocations of Profits

Increase in n:  All surviving firms who do not export (with ¢ < ¢¥') must incur a profit loss
since their nrafifs frpm domestic sales decrease (r'.(@) < r.fw)1and those who wanld have ex-,
ported previously (with the lower ») further lose any profits from exporting. Similarly, the firm
with productivity level ¢ = ¢¥ also incurs a profit loss (although the firm exports, it gains zero

T —— e i -




1724 MARC J. MELITZ

Decrease in T: As was the case with the increase in n, the least productive firms who do
not export (with ¢ < ¢¥') incur both a revenue and profit loss. There now exists a new category
of firms with intermediate productivity levels (¢* < ¢ < ¢*) who enter the export markets as a
consequence of the decrease in 7. The new export sales generate an increase in revenue for all
these firms, but only a portion of these firms (with productivity ¢ > ¢ where ¢*' < ¢ < ¢*) also
increase their profits. Firms with productivity levels ¢ > ¢% who export both before and after the
change in 7 enjoy a profit increase that is proportional to their combined revenue increase (their
fixed costs do not change) and is increasing in their productivity level ¢:

1 /
Am(p) = Slrie) —r@l

s 1R 14nrle
=¢ lfl: - s

(‘P*/)o—l (¢*)0—1

where the term in the bracket must be positive.

E.4. Changes in Aggregate Productivity

Any productivity average based on (D.2) must increase when # increases or 7 decreases as
the new distribution of firm revenues r'(¢)g(¢)/R first order stochastically dominates the old
one r(@)g(@)/R: [Fr(£)g(&)dé < [f r(£)g(é)dé Vo.*! Note that this property does not hold
when f, decreases as the revenues of the most productive firms are not higher with the lower f,.
Nevertheless, the productivity average @ will rise when f, decreases so long as the new exporters
are more productive than the average (% > @).
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