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Abstract
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Our model encompasses Ricardian and monopolistic competition as special cases. We
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1 Introduction

A literature that emerged over the last 10 years has exploited microlevel data to measure
various features of the export behavior of individual producers. Bernard and Jensen (1995,
1999), Roberts and Tybout (1997), Clerides, Lach, and Tybout (1998, henceforth CLT), Aw,
Chung, and Roberts (1998), and Hallward-Driemeier, larossi, and Sokoloff (2002) using data
from various countries, have shown that producers who export are typically in the minority
and tend to be more productive and much larger, even in terms of their domestic sales; yet
they usually export only a small fraction of their output.

All of these characteristics suggest that individual producers face substantial hurdles in
entering foreign markets. Several theories have emerged in response to these observations.
Bernard, Eaton, Jensen, and Kortum (2003) (Henceforth BEJK) develop a Ricardian model
of plant-level export behavior while Melitz (2003) and Chaney (2005) provide models based on
monopolistic competition. Essential to either explanation are trade barriers that deter many
producers who sell at home from entering foreign markets.

Until recently, our ability to gauge a producer’s export activity has been limited to obser-
vations on how much it exported. We have been in the dark about how exports broke down
into sales in individual destinations. Yet this information is critical in understanding the na-
ture of the barriers that individual producers face in selling abroad. In particular, the existing
evidence raises three questions that our analysis here seeks to answer: (1) Is the major hurdle
to exporting selling beyond the home market, with broad penetration across foreign markets
among producers that do export, (as implicit in Roberts and Tybout, CLT, and Melitz), or

do exporters appear to incur such costs market by market (as in BEJK and Chaney)? (2)



In either case, does the cost appear to be fixed (as in CLT and Melitz), or increasing in the
amount shipped, as with standard “iceberg” transport costs? (3) What market structure does
the evidence favor?

Our work makes use of an extensive source of data that provides some insight into the
answers to these questions. The starting point is a comprehensive data set of French firms
that has been merged with customs data on the value of each firm’s shipments to individual
destinations (see, Biscourp and Kramarz, 2002). Focusing on manufacturing firms in 1986,
these data reveal enormous heterogeneity across both destinations and across firms in the
nature of entry into different markets. Nevertheless, we observe some striking regularities.
Looking across firms, the size and productivity advantages of exporters extend very seam-
lessly into size and productivity advantages of firms that export widely, and to less popular
destinations. Looking across destinations, the number of French sellers to a destination in-
creases with overall French market share with an elasticity close to one, while the number
increases with market size with an elasticity of around two-thirds (see, Eaton, Kortum, and
Kramarz, 2004).

We develop a model of firm competition across a wide number of markets that incorporates
a fixed cost of entering an individual market as well as the standard iceberg costs that rise in
proportion to the amount shipped. Both are needed to explain the increase in the number of
sellers with market size and the dominance of home sales even among exporters. Our model
nests the Ricardian framework of BEJK and the monopolistic competition (MC) approach of
Melitz and Chaney by introducing the range of possible goods as a parameter of the model.

When the range is small relative to the number of active producers, the model implies that



multiple producers are competing head to head in different markets of the world, as in BEJK.
A large range, however, implies that it is very unlikely that a producer faces a direct competitor
anywhere (another firm able to cover the fixed cost of entry there), so monopolistic competition
prevails.

We estimate the parameters of the model using data on aggregate production and bilateral
trade among France and 112 trade partners as well as moments from our firm level dataset.
Our estimation proceeds in two stages.

We first show that, under a simple deterministic formulation of the model with monopo-
listic competition, several parameter values can be calibrated very directly by observing (1)
the relationship between the number of producers selling to at least some given number of
destinations and the average sales in France of these producers and (2) average sales per mar-
ket and the size of the market. The parameterized model fits these relationships tightly and
provides ballpark estimates of several parameters close to values delivered by a more sophisti-
cated model. It fails in two dimensions, however. First, it implies a much less heterogeneous
sales distribution in any individual market than the data exhibit. Second, it predicts a strict
hierarchy of export destinations: That is, a firm selling to the k’th most popular export desti-
nation is predicted to sell to the first through k& — 1’st as well. There are substantial deviations
from such a hierarchy in the data.

We then estimate the parameters of a richer model that incorporates both an endogenous
range of goods (so that monopolistic competition is only a special case) and firm and market
specific shocks to demand and to the fixed cost of entry. We estimate the model by simulated

method of moments. That is, given a vector of parameters, we use the model to simulate a



population of French firms and their export behavior around the world. We then search over
parameter values to make the moments of our simulated dataset match key moments of the
actual data.

The outline of our paper is as follows. In the next section we describe our data in detail.
Section 3 then presents our theoretical framework. In Section 4 we show how a simple version
of the model lines up with some systematic features of the data, and delivers some estimates of
the parameters. Section 5 describes our simulation approach and the results of our estimation

of the parameters by simulated method of moments.

2 The Data

Our analysis uses both aggregate and firm level data. At the firm level we analyze the sales of
234,300 French manufacturing firms in 113 destinations around the world (including France
itself). At the aggregate level we use data on bilateral trade flows in manufactures among
these 113 countries, including home sales.

Our firm level data are constructed as follows: We merge data from two French administra-
tive sources. The first is a collection of records of the universe of firms subject to the standard
tax system. After additions and controls made at INSEE, the data include all balance-sheet
variables, employment, industry affiliation, total sales, and a firm identifier (the Siren iden-
tifier). Second, French Customs compile all sales of French firms (also indicating their Siren
identifier) in over 200 foreign destinations. Biscourp and Kramarz (2002) provide a thorough
description of the two sources.

While the data cover all private sector firms, our focus is on a cross section of manufac-



turing firms from 1986, yielding a sample of 234,300. Since we lack other data (in particular,
on domestic production) from many of the smaller destinations, we limit ourselves to 113 des-
tination countries (including France). (Since the entities which we eliminated are very small,
they constitute a trivial proportion of France’s total export activity.)

As is typically the case, summing across what individual producers report exporting pro-
duces a number that is less than what is reported at the aggregate level. In the French case
missing exports arise because manufacturing firms sell to nonmanufacturing intermediaries
who report the foreign sales, and the connection between producer and destination is lost.
Across all destinations, the firm data fail to account for about 20 per cent of total manufac-
turing exports.!

While the raw data themselves are confidential and housed at INSEE, we can construct a
rich set of statistics from them. Some of these statistics do not rely on individual export des-
tinations, so can be compared with the analogous statistics from producers located elsewhere
(and, in particular, to U.S. producers). Statistics based on individual destinations, however,
are to our knowledge unique to these data, providing a new window on the connections be-
tween firms and where they sell.

Previous work on the export behavior of individual producers has typically used the plant
as the unit of observation. The French data report exports and other features by firm. Ob-
viously differences arise. A firm might own several plants, for example, while a firm might
exist that does not own any production unit that corresponds with the definition of a plant.

A priori, a case can be made for either unit of observation over the other. A firm, for exam-

! This figure compares with underreporting of about 40 per cent in the U.S. Census of Manufactures. See

Bernard and Jensen (1999) for a discussion.



ple, might own several plants with very diverse characteristics. Hence firm-level observations
might mask a great deal of the variation in the plant-level data. But observations at the plant

level may fail to pick up inputs provided by the headquarters.

3 Theory

Our theory is about competition across N geographically separated destinations in selling a
good j, where there are a continuum of possible goods with measure J. In our quantitative
analysis, of course, N = 113, while the range of potential goods J is a parameter that we

estimate.

3.1 Technology

Our model of technology is adapted from Eaton and Kortum (2002) and BEJK (2003). The
most efficient potential producer of good j in country ¢ can produce and amount z;(j) per unit

of input, where z;(j) is the realization of a random variable Z; drawn from the distribution:
Fy(z) = Pr[Z; < 2] = exp[—(T;/J) =",

where T; > 0 and 6 > 1 are parameters. The parameter 6, which we treat as common across
countries and goods, governs the extent of heterogeneity in efficiency, with larger values of
0 implying less heterogeneity. The parameter T; governs the average level of efficiency in
country ¢. It may appear that the measure of goods .J should be simply subsumed into 7,
since the ratio is all that matters for the probability distribution of Z;. A distinct role for .J
emerges, however, when we look across all the goods in the economy. The measure of goods
that can be produced in country ¢ with efficiency greater than z is J {1 —exp[—(T;/J )2’9}.
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The cost of an input unit in 7 is w; while it requires shipping d,,; > 1 units of a good from
7 to deliver one unit in n. We normalize d;; = 1 for all 7. The unit cost of delivering a unit of

good j in n from ¢ is thus

The lowest cost version of good j in market n costs:

Cn(]) = min{cn1<j)= Cn2<j)v L) CnN(j)}

3.2 The Distribution of Costs

Our distributional assumptions about Z imply that c¢,;(j) is the realization of a random

variable C,; drawn from the distribution:
Pr[Cpi < ] = 1 — exp[—(T3/ ) (widy:) 7).

while ¢,(7) is the realization of a random variable C; drawn from the distribution:

Pr[C, < | = 1 — exp[—(®,,/J)¢’] (1)
where:
®, = XN:Ti(widm)e.

The measure of goods that are potentially supplied to country n at a cost less than c is:

pa(c) = J{L — exp[—(®,/ J)c’]}. (2)
The probability that country ¢ is the low cost supplier of good j to n is:

Tz’(widm)_e
~ e, ¥

Tni =



In addition to the unit cost, we introduce a fixed cost E,(j) to a firm of selling good j in
market n. We assume that this fixed cost can be decomposed into a country component that

applies to all goods and a component that varies across goods j. Hence we can write:

where ¢,(j) is the realization of a random variable €, which we treat as independent of any

producer’s efficiency Z;(j).

3.3 Demand and Market Structure

Our assumptions about demand are very standard. Expenditure on good j in market n,

available at price p,(j) there, is:
. (o))
Xou(j) = an(y) P Xn (4)

where X, is total spending and P, the CES price index:

P, = [ / ' anu)pnu)l—“dj} o

where o is the elasticity of substitution. We restrict o € (1,6 +1).2

The term ,(j) is the realization of a random variable « that is also independent of any
producer’s efficiency Z;(j), but may be correlated with . We treat goods that are not sold in
country n as having an infinite price.

Our assumptions are compatible with a broad range of market structures, at least over

certain ranges of parameters. For concreteness we assume here that at most only the lowest

2We need o > 1 both to get a well defined price for the case in which a producer faces no direct competition
and to explain why the range of goods provided in different locations can differ. The restriction that o < 8+1

is needed to ensure that the price index, derived below, is well defined.



unit cost supplier of good j to market n enters, with the fixed cost of entry deterring entry
by others. Hence this supplier, conditional on entry, has a monopoly in market n, so charges

a markup over unit cost of:

Hence its unit price is:

if good j is sold in country n at all.

To summarize our assumptions, a potential producer has three characteristics: (1) the
country i of its location, (2) the good j it knows how to make, and (3) its efficiency z;(j)
making good j at location i. In turn, each good j € [0,.J] has 2N characteristics: (1) the
good-specific component of the entry barrier in each location ,(j) and (2) the good-specific
shock to demand in each location a,(j). Each location i is distinguished by (1) its measure of
ideas T}, (2) its input cost w;, (3) the component of the entry barrier that is common across
goods E;, and its geography relative to other locations reflected in the geographic barriers d,,;.
The remaining parameters of the model are the range of goods J and the parameter 6, which
governs heterogeneity in technology, and o, which governs heterogeneity in preferences. We

now turn to the determination of equilibrium.

3.4 Equilibrium Entry

The lowest cost supplier, conditional on entry, earns a profit, gross of the fixed cost, of

X,.(j)/0. Conditional on being the low cost supplier of good j in market n, a producer enters

10



that market if:

or if:
N (J)Tn > (1)) (5)
n n — Pn
where:
L an(d)
1,(J) ()
and
Ty = B

Note that 7 is a positive shock to entry. For any 7, (j) = 71, condition (5) for entry determines

a cutoff cost ¢,(n) such that only a supplier with ¢, (j) < ¢,(n) would enter, where

and:

P,
2, = al/eD .
m

Integrating across the range of costs in any location n, the price index is:

1/(1-0)

[ et
P, = m{E?7 /0 E[a|n]cladun(c)]} (7)

- }1/(10)

Equation (6) defines a positive relationship between ¢, and P, while equation (7) defines

r gDz,
_ m{En Elajn) / =7 expl—(®, /) )0® de
0

(since we treat o and 7 as independent of z, and hence c).

a negative one. Together they determine ¢, and P,.
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To solve for each we define the variable:

where

The ﬁn solves:

~\0
_ _ (nxn / Pn>
Py = Ey | Elaln] 770 (1 =1/, 2——| |, (9)
where I'(a,z) = [t te~"dt is the incomplete gamma function.® Using this new term, the

price index can then be written:

_ ~1/(o—1)
P, =m [P(xn)] o1/

n

while the number of entrants is:

Ty =J (1 _E [exp {— (nxn/ﬁ(xn)f/JH) . (10)

Suppliers to market n have heterogeneous costs, and, from (3) above, a supplier from
country ¢ is more likely to sell in country n the larger 7,;. But, conditional on entry, suppliers
from all countries have the same cost distribution in n and, given the constant markup, have
the same distribution of prices and, hence, of sales. An implication is that the probability m,,;

that a firm from i is the supplier of some particular good j, is also the fraction of spending by

3Combining (6) and (7), applying the change of variable s = ®,,c?, and rearranging gives:

~ (nwn/ﬁn)g ~
P, =E, E[a\n]/ s % exp(—s/J)ds| .
0

Applying the change of variable t = s/J we obtain (9).

12



country n on goods from country 7. We can thus relate m,; to data on import shares, that is:

Xni
s = (1)

where X,,; is n’s purchases from 1.
Since, conditional on entry, suppliers have the same cost distribution in market n regardless
of their origin, the measure of firms from source ¢ in market n, J,;, should equal a fraction

T, of the total number, so that:

We use this relationship to infer the total number of sellers to a market from the number of

French firms selling there and French market share.

3.5 Two Special Cases

Before turning to the general solution we consider two special cases close to those in the

existing literature.

3.5.1 Pure Ricardian Competition

Say that £, = 0 and J = 1 as in EK (2002). Since there is no entry barrier, the cutoff is

infinite while the price index is:
P, = B(@)] ) [0 - 1/8)) Ve

which, setting @ = 1 (since they assume perfect competition), reduces to the expression in

EK (2002). Only the lowest unit cost supplier of good j to market n sells there.

13



3.5.2 Monopolistic Competition
Let J — oco. We then get a price index:
N\ 1/6 ~
Po=m(1=1/0) " ay a0/ a0 g0 (12)

where:
ay = {En [E[a!n]ng’l] } :

The cutoff is

= (1 . 1/5) o ( P )1/9. (13)

1Ty
Taking the measure (2) as J — oo, the measure of entrants with cost less than or equal to ¢

is Pareto with parameters ®,, and 0:

lim p,(c) = ®,c. (14)

J—o00

Taking the limit of (10) as J — oo the measure of entrants is:
J, = (1 1 /5) 2 Elif). (15)

which rises in proportion to z,,.

If, in addition, we shut down market-specific sales and entry shocks by setting «,(j) =
en(j) = 1 Vn, j, our formulation is monopolistic competition with potential sellers having
a Pareto distribution of efficiencies, as in Chaney (2005). Firms in any source are identical
except for their efficiencies z. An implication is that there is a hierarchy of destinations.

Setting a; = 1 in (13) above, a necessary and sufficient condition for a firm from i to sell

in market n is that it have a domestic cost below:

14



For each source ¢ we can rank destinations n according to ¢,;, where Egl) > 61(2) > E§3) > ... >

Eék) > ... > EEN). Hence any firm that sells to the k£’th ranked market has a domestic cost ¢
below Egk) which is also below 55’“” for all k' < k. Hence it must sell to these markets as well.
Hence in this special case each source ¢ should have a hierarchy of destinations, with more
efficient firms selling to destinations further down the hierarchy.

This special case yields simple specifications for (1) the distribution of sales in any market,

(2) the number of firms entering a market, and (3) the relationship between a firm’s sales in

any particular market and the number of markets where it sells.

1. The sales distribution. To sell in market n a firm must sell at least o E,, to overcome

the entry hurdle. The distribution of its sales there is:

1/(o-1)
F.(z)=1-Pr[X >2|X >0FE,|=1-Pr [C’ < <f)

n

which, from (14), is:

while mean sales are:

B ok,
to1-1/0

That is, the sales distribution is Pareto with slope 0.

2. Entry. From (15), the measure of firms selling in market n is simply:
J, = (1 . 1/5) T (17)

3. Sales in a Market and Number of Markets Served. Consider the sales of a
firm from country ¢ selling in market n. Its sales in that market are drawn from the

15



distribution F),(z) above and its cost in market n must be below ¢,. If the firm sells in
markets that are less popular than n, its cost in market n must be lower still, implying
higher sales in n. Denote by Jgf) the measure of firms from ¢ selling in n that also sell
in at least k less popular markets than n. This measure is decreasing in k. From (16)

above, to sell in at least k£ less popular markets, sales in n must be at least:

—-1/6
(k) _ i
z,;, =0k,

while the mean sales in market n of firms from 7 selling to k less popular destinations

(k) -1/6
70 _ _TEn [ Ju (18)
"1 1/6 \ JO

than n is:

The model delivers a precise relationship between a firm’s sales in any given market and

the number of less popular markets it sells in.

3.6 Application to French Firms

Our particular focus is on the model’s implications for observations on French firms and their

export activity. Furthermore, we assume that French firms are observed only if they sell in

the French market. Our model does not impose this last requirement, so we will interpret our

data on French firms as being a truncated sample.

If a French firm producing good j were to enter market n, it would sell:

Xi0) =) (") x, (19)

where ¢,p = wpd,rp/zr(j). To enter the market it has to overcome two distinct hurdles. First,

16



its operating profits need to overcome the cost of entry, meaning that:
Xn(j) = oByen(j), (20)

what we call the entry hurdle. Second, it must be the lowest cost supplier of good j to market
n, meaning that:
o) < T(3) = min{ew(i)}, 1)
what we call the competition hurdle.
It is important to remember that we treat the 7,,(j) as applying to all potential sellers of
good j in market n, regardless of source. Hence if a French firm passes the entry hurdle in
destination n so does any other seller with a lower unit cost in that market. Hence the entry

hurdle never protects a French firm from a lower unit cost competitor.

4 Quantification I: Calibrating Monopolistic Competi-
tion

The special case of the model with monopolistic competition and no shocks to sales or the
entry barrier, is particularly simple to calibrate.

A strict implication, as discussed, is a market hierarchy. In fact, every firm in our sample
sells in France, so that this first element of the hierarchy is not violated. But 48 percent of
the over 35 thousand firms that export in our sample don’t sell in Belgium, the most popular
foreign destination. Looking at the top seven destinations, 73 percent of exporters violate
the hierarchy by skipping more popular destinations. But looking at this figure another way,
27 percent of firms sell to a string of destinations that satisfies the market hierarchy. Such

17



strings constitute only 7 of 128 (= 27), or 5.5 percent, of possible configurations of sales to 7
markets.*

Moreover, organizing firms according to the least popular market they serve and according
to the number of markets they serve gives very similar results. Figure 1 graphs the number of
firms selling to k£ or more markets against the number of firms selling to the £’th most popular
market. The relationship suggests a rough one-to-one correspondence. Furthermore, as we
discuss below, selling in less popular markets has very similar implications for sales in France
than selling in many markets. Hence, while the strict implication of market hierarchies is
violated, we think that there are enough features of the data consistent with this implication
that this simple version of the model is worth exploring further to see what it has to say
about parameters of interest. We go on to examine the three relationships discussed above,

in reverse order.

4.1 Sales in France by Exporters to Multiple Destinations

Figure 2a plots average sales in France of French firms selling to k£ or more markets against the
number of firms selling to k or more markets. It is the observational analogue of (18) above.
Note that the relationship is tight, and approximately linear on a logarithmic scale, as the
theory implies. Moreover, its slope is -2/3, suggesting a value of 0 of 1.5. Hence monopolistic
competition combined with an assumption that efficiencies have a Pareto distribution fits the

the relationship between French firms’ sales in France and the number of export destinations

4The most popular foreign destinations, in order, are Belgium, West Germany, Switzerland, Italy, United
Kingdom, the Netherlands, and USA. With its prediction of a hierarchy of destinations, the basic model

cannot explain how, for example, we could ever observe a French firm selling in Italy but not in Belgium.
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that they serve.

Returning to the issue of hierarchies, Figure 2b plots sales in France of French firms selling
to the k’th most popular market against the frequency of firms selling there. Note that the
relationship is very similar. French firms that sell to unpopular markets sell systematically

more in France, just as French firms that sell to many markets sell more in France.

4.2 Entry and the Price Index

Under monopolistic competition, as well as for a wide range of other market structures, the
number of French firms selling to a destination, divided by French market share, provides an
estimate of the total number of firms selling there. We thus use (17) to infer o E,, across our

113 destinations, using J,r/m,r as a proxy for J,,. That is, we calculate:
0B, =(1—1/0)Tp

where T,r = X,r/J,r is mean sales of French firms in market n (using our estimate of
0 =1.5).

Figure 3 plots our estimate of o E,, against total market size X,, (measured as manufac-
turing absorption, home production plus imports minus exports) on a logarithmic scale. Note
that the relationship is linear, upward sloping, and quite tight. A linear regression of In(c E,,)
against In X,, has an R? of .71. The slope is .36 with a standard error of .02.

We can use our estimates of o F,, and 5, along with data on X, and conjectures about o,
to infer the contribution of x,, to the price index, using (12) (setting a; = 1) Specifically we

calculate the term:

(o) = 2= (=10 (@=1) _ [ Xn
' (

~1/[3(0-1)]
1-1 /E)an]

—1/[3(c—1
) e /3(o—1)
(1=1/0)mnp
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for each destination n using various values of o. Figure 4 plots this component of the price
index against market size X, on a logarithmic scale. A regression of In P, against In X, has an
R? of .89 and yields a regression coefficient of —.046 (standard error .002). The implication is
that a doubling of market size is associated with a decline in the price index of —.046 percent
due to increased entry.’ Size has a modest but notable effect on welfare through increased

variety.’

4.3 The Sales Distribution

In the simple case of monopolistic competition, the distribution of sales in any market is given
by (16), a Pareto distribution with parameter 9. From above, the relationship between a
firm’s sales in France and number of markets its serves implies that 0 =1.5.

Figure 4 plots the average sales distribution of French firms across destinations (distin-
guishing among markets according to whether France’s total exports there are large, medium,
or small)..Two things don’t fit. First, the relationship is nonlinear at the lower end of the dis-
tribution, violating the implication that the sales distribution should be linear in logarithms.

Second, the slope at the upper end is too steep, with a slope closer to -1 than -2/3. The

SRecalculating 13,‘;(0) for o = 3 yields an elasticity of the price index with respect to market size of —11

percent.

6Taking 0 — oo delivers the standard formulation of monopolistic competition with homogeneous firms.
Note that in this case market size has a greater effect on welfare through variety as the elasticity of ﬁe(a) with
respect to size is —1/(c — 1). Heterogeneity in technology attenuates the effect of size on welfare as larger
markets attract higher-cost firms on the margin. A point made by Ghironi and Melitz (2004) is that, with
technological heterogeneity, the average price of a good sold will be higher in a large market, even though the

true price index is lower due to greater variety of goods.
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sales distribution is more skewed than what is implied by the value of 0 inferred from the size
advantage in France of prolific exporters implies.

We conclude that the model of monopolistic competition does a good job of picking up
the relationship between exports in any given market and the number of markets served.
It provides hints about the cost of entry (0FE,) and about the ratio of the heterogeneity
parameters (5 =0/(0 —1)). But it does not explain aspects of entry (with its prediction of a

strict hierarchy of destinations) and it understates the curvature and heterogeneity of sales in

any given market.

5 Quantification II: Simulated Method of Moments

We now turn to the estimation of a more general model to assess its ability to grapple with
these feature of the data. We generalize the case above by allowing for destination-specific
shocks to entry and to sales, and by treating the range of goods J as a parameter to be

estimated.

5.1 Stochastic Specification

In all of the quantitative analysis, it is convenient to isolate the stochastic component of ¢,;(7)

by introducing the variable:

uwi(j) = (T ) (widni) " cuil)".
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Our assumptions imply that u;(j) is the realization of a random variable U; drawn from the

unit exponential distribution:
Pr{U; < u] =1 —exp(—u). (22)
This definition allows us to express ¢,;(j) as:
Cni(7) = (widns)(T3/ 1)~ ui(5)°.
Invoking expression (3) for the trade share, implies:

cai(7) = (Bn/T) 7 (il) /) (23)

We can express our competitiveness hurdles (21) in terms of the u;(j)’s and data on trade

shares as:
up(j) < un(j) = Izgig,l{ﬂnFUi(J')/Wm}
if the firm is competitive in market n. We use u(j) to denote the vector of competitiveness
hurdles across all markets n. As mentioned above, a necessary condition for a French firm to
appear in our data is that the firm sells in France. Thus, it must pass the competitiveness
hurdle for the French market, i.e. up(j) < up(j).
Aside from the w;(j)’s, our model has the stochastic components «,(j) and 7,(j). We

assume that these components have the joint bivariate lognormal distribution:

Ina N 0 O’i PO
Inn 0 )’'\ poson, o3 ’

Under this distributional assumption, the expression (9) for P(z,) becomes:

[
~ 2(1 — p? = ~
P(r,) = exp (M) Jl_l/eEn n””“/”hF 1-1/6, (ﬁxn ) J 1

P(z,)
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The expression (19) for the latent sales of a French firm in market n (actual sales if it enters

that market) can be simplified by exploiting (23) and (8):

X;()) = anlj) X, (M)me.

TnF

which is, in logs:
InX:(j)=T,— 7 'In up(j) + Inay(y),
where the vector I' summarizes firm-invariant country-level variables with representative ele-
ment:
T, = In(X,/P(2,) + 8 In(Xpr/X,) — 0 InJ. (24)

Finally, we can express our entry hurdles (20) as:

Inup(j) <In%,(j) =01 —In(0Ey) + Inn,(5)]

if the firm covers the fixed cost of entering market n. Thus, for a French firm to enter market
n it must be that ur(j) < u,(j) and up(j) < G,(j).

To illustrate the role of the parameter .J it is useful to consider the special case of F,, = 0.
In that case the mean sales of a French firm in market n, conditional on entry, is simply X,,/.J.
The parameter .J is the scale factor between aggregate magnitudes and firm-level magnitudes.
In the extreme case of J — o0, on the other hand, the mean sales of entrants varies in
proportion to o F,. More generally, J also enters the model in a more subtle way. Notice
that as J gets larger, the entry hurdle gets increasingly difficult to pass. The competitiveness
hurdle, on the other hand, is invariant to J. Thus J parameterizes the relative importance of

the two hurdles.

2
a’

The parameters of the model are o2, o2, p, 5, J, and, for each country, o F,,. We do not
try to estimate the full set of 0 E,,’s. Based on our results for the simple case of monopolistic
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competition we specify o F,, = y7X?, giving us two new parameters v and ¢. The vector © of

7 parameters of the model is then:

0=(77 6 02 ot p).

For a value of © we can simulate a dataset of firms competing in each of 113 markets around
the world, following the procedure described in the appendix. We can then extract firms
located in France from that simulated dataset, and observe their entry and sales in markets
around the world. Moments generated by these simulated data can then be compared with

the actual data.

5.2 Estimation by Simulated Method of Moments

To estimate © we seek a value that generates a simulated dataset that approximates the actual

data in the following moments:

1. The number of French firms entering each of 113 destinations.

2. The fraction of simulated firms selling the amount sold by the actual 5th percentile of

sales in each country.

3. The fraction of simulated firms selling the amount sold by the actual 75th percentile of

sales in each country.

4. The fraction of simulated firms selling the amount sold by the actual 95th percentile of

sales in each country.

5. The number of firms selling to b or more markets.
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6. Average sales in France of firms selling to b or more markets.
7. Average exports of firms selling to b or more markets.

8. The number of firms selling to subsets of the 7 most popular destinations.

Using the amoeba algorithm we searched over values of © to minimize the difference

between these moments of our simulated data and the actual data.

5.3 Parameter Estimates

The procedure yielded the following estimates for ©:

6  J 6 v o2 a2

1.5 13%10% .30 .0034 1.8 0.95 —.32

Note first that our estimation yields the same value of 0 as that provided by the calibration of
the simpler model. Our estimate of the elasticity of entry with respect to market size is only
slightly lower. Moreover, the value of J is enormous. Our simulations almost never delivered
multiple potential suppliers of the same good, consistent with monopolistic competition. The
richer model’s predictions about how entry varies with market size, and about sales in France
of firms that sell to b or more markets are very similar to those of the simpler model. Figures
5, 6, and 7 compare some other moments of our simulated data with moments of the actual
data. Figure 5 reports the actual and simulated number of firms selling to at least b countries,
for b = 1,2,4,8,16,32, and 64. Figures 6 and 7 report sales in France and export sales,
respectively, according to this same classification. Figure 8 shows how our simulated data

pick up on the number of firms entering into different markets.
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What about the dimensions in which the simpler model failed? Remarkably, the richer
model, in which country-specific shocks to entry 7,,(j) can generate deviations from a hierarchy
of export markets, delivers a simulated data set of firms in which 27 percent follow the proper
hierarchy among the top 7 destinations, the same fraction as in the actual data. Figure 9
plots the distribution of sales in France. The richer model, in which loglinear country-specific
shocks to sales lead to a more skewed distribution of sales in the upper tale and introduces
curvature in the lower tail.

We conclude that a quite simple model of monopolistic competition, with technological
heterogeneity and good and country-specific shocks to entry and to sales, can pick up the

basic features of the micro-level data very well.
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6 Appendix: The Simulation Algorithm

Given a vector of parameters we can simulate the behavior of our sample of French firms.
We will describe our algorithm as if we were simulating an arbitrary number French firms,
indexed by j = 1,... 5. But, we can easily scale the results to be comparable to our data on
all French firms selling in France. We introduce notation here for the data on French firms,
indexed by j = 1,..., Jyata. We define the indicator S, (j) = 1 if we observe firm j selling
in destination n, and S,(j) = 0 if we observe no sales. In the destinations n in which we
observe sales (where S,,(j) = 1), we let y,,(j) be the natural logarithm of the firm’s sales (and

arbitrarily set y,(j) = 0 when S,,(j) = 0). Thus: y,(j) = S,(j) In X,,(j).

1. Stage 1 does not require any parameter values and uses data only on the world bilat-
eral trade matrix (expressed as shares of the importer’s absorption) with representative

element m,; = X,,;/X,,. It involves four steps.

(a) Draw v;(j)’s independently from U[0,1], fori =1,...,113 and j =1,...,8S.

(b) For i # F calculate S x 112 values of:
wi(j) = —In [l —v;(j)]

(c) Use the u;(j)’s and the 7,;’s to construct S x 113 competitiveness hurdles:

(d) Independently draw S x 113 realizations of a,(j) and h,(j) from:
an(7) 0 10
] 1() (o))
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2. Stage 2 requires data for each destination n on X, and 7, as well as a set of parameters.

It involves three steps,

(a) Fix values for 0,7, ¢, 02, o2 p, and J.

(b) Calculate P(x,) for each destination n as the solution to:

2

0
- _ 2 _ _
P('CUTL) = eXp (Oﬁ(%[))) Jl—l/aEn npo'a/o'hr 1 . ]_/97 (ﬁrr/(mn > J_l

(c) Calculate:

r,= ln(Xn/]S(:rn)) —I—Eil Inm,rp—0 Y,
for each destination n.

3. Stage 3 combines the simulation draws from Stage 1 and the parameter values and

destination variables from Stage 2. It involves seven steps.

(a) Use the draws from 1d and the parameter values from 2a to construct S x 113

realizations for each of In a,(j) and Inn,,(j) as:

llnan(j) ] _ {aaﬂ Gap] [an(j) ]

In M (]) 0 Oh hn (j>

(b) Construct the S x 113 entry hurdles:
T(j) = exp {010 — In (0 B,) + 17, ()]}
(c) Construct S joint hurdles @(j) faced by a French firm in its home market:
u(j) = min{wp(j), ur(j)}-

Note that a French firm will sell in France if and only if it passes both the entry
hurdle and the competitiveness hurdle there, i.e. iff up(j) < u(j).
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(d) Construct S probability weights:

plu(y)] = 1 — exp[=u(j)].

If we were to construct ug(j) in a manner parallel to how we constructed all the
other u;(j)’s in step 1 b, p[u(j)] would be the probability of the French firm selling

in France.

(e) We actually construct up(j), based on the draw vp(j) from step 1 a, so that we

necessarily obtain a French firm selling in France. To do so, we set:

up(j) = —In {1l —p[a(j)lvr(j)} -

Our simulated French firm gets a weight p[@(j)] in the sample.

(f) Calculate S, (j) as determined by the competition and entry hurdles:

50y — [ 1ifur(i) <) and ur(j) < ()
n\J 0 otherwise.

(g) Wherever S, (j) = 1 calculate log sales as:

I X,(j) =T — 0 lnup(j) + nan(j).

Following this procedure we simulate the behavior of S firms. In generating statistical

moments from this simulated sample, we need to keep track of two issues. First, when summing

across firms, we must apply the sampling weight p[a(j)] to firm j. Second, if we want to mimic

the scale of the French data, we need to apply a scaling factor of J/S. In this way the choice

of S matters only for the variance of the resulting simulated moments.
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Figure 2a: Firm Size and Frequency of Multiple Markets
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average sales in French market ($ millions)
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Figure 2b: Firm Size and Popularity of Market
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Figure 3: Implied Entry Cost and Market Size

K USA
LB JAP
AFG NIC
SIE BRNp RN
e
CEN soMm
I I I I
.01 N 1 10 100 1000 10000

sSsTgTg™



percentile / mean

100

1-p
Figure 4: Distribution of Sales, by Market Size
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