
Granular Comparative Advantage∗

Cecile Gaubert
cecile.gaubert@berkeley.edu

Oleg Itskhoki
itskhoki@princeton.edu

July 4, 2016

preliminary and incomplete
download the most up-to-date version from:
http://www.princeton.edu/~itskhoki/papers/GranularCA.pdf

Abstract

Firms play a pivotal role in international trade, shaping the comparative advantage of countries.
We propose a ‘granular’ multi-sector model of trade, which combines fundamental comparative
advantage across sectors with granular comparative advantage due to outstanding productivity of
individual �rms. We develop a SMM-based estimation procedure, which takes full account of the
general equilibrium of the model, and jointly estimate the fundamental and the granular forces using
French micro-level data with information on �rm domestic and export sales across manufacturing
industries. The estimated granular model captures the salient features of micro-level heterogeneity
across �rms and industries, without relying on variation in model parameters across sectors. The
estimated model implies that thirty percent of trade �ows is explained by granular forces, and that
sectors with the highest export shares are more likely to be of granular origin than sectors with
average export shares. Extending the model to allow for �rm-level productivity dynamics explains
the majority of the change in the country’s comparative advantage over time. We further show that
empirically measurable proxies of granularity have a substantial predictive ability for trade �ows in
the estimated model, even after controlling for fundamental comparative advantage of the sectors.
Lastly, we show that the welfare gains from liberalizing a sector are shaped by the extent to which
this sector is granular.
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1 Introduction

Firms play a pivotal role in international trade. Much of exports is done by a small number of very large
�rms that enjoy substantial market shares in their markets across destination countries. One may thus
conjecture that countries export not only the goods they are fundamentally good at producing, but also
the goods that their individual �rms happen to master to produce in an idiosyncratic way. As a conse-
quence, if some of these individual �rms disappeared, the country’s comparative advantage would be
dramatically altered. This paper contrasts such granular comparative advantage with the fundamental

comparative advantage of a country, which we de�ne as a sector-level characteristic stemming from
technological di�erences or factor endowment di�erences across countries.

By doing so, we revisit the fundamental questions in international trade: What goods do countries
trade? What is the source of countries’ comparative advantage? The answers to these questions are
interesting in themselves, even if the source of comparative advantage were not consequential for trade
�ows and welfare gains from trade. Furthermore, the knowledge of the speci�c source of comparative
advantage is instrumental for our ability to predict changes in trade �ows in response to a variety of
shocks, such as reductions in trade costs and productivity changes across countries.

Casual empiricism suggests that individual �rms play a central role in shaping country-level trade
patterns: for example, the fate of Nokia in Finland or Intel in Costa Rica have shaped aggregate export
patterns in these countries. In this paper we are concerned with the role of individual �rms in determin-
ing the comparative advantage of a country. To what extent the exports of a country are due to its fun-
damental comparative advantage, immune to the fate of individual �rms, versus granular comparative
advantage embodied in individual �rms and entrepreneurs? In more formal terms, to what extent the
country’s comparative advantage is shaped by the high-mean sectoral productivity versus outstanding
productivity draw(s) from an otherwise unremarkable mean-productivity distribution? Furthermore,
can one identify which speci�c export sectors are ‘granular’?

The dominant theoretical framework in international trade has shifted towards modeling individual
�rms’ exporting decisions, with a focus on �rm heterogeneity and selection of the �ttest �rms into
exporting. At the same time, these models typically maintain the assumption that sectors are comprised
of a continuum of �rms. Under this continuum assumption, the law of large numbers (LLN) applies.
The productivity of any individual �rm plays no role in shaping sectoral trade in such a model. Sectoral
trade is instead fully determined by the fundamental sectoral productivity. In other words, there is no
granularity left upon integration across heterogenous �rms within sectors. We refer to such models
as continuous models, which are equivalent in the aggregate with neoclassical Ricardian models. In
contrast, a granular model dispenses with the assumption of a continuum of draws, and acknowledges
that a �nite number of �rms operate in each sector. Hence, the realized sectoral productivity (which
shapes comparative advantage) operates away from the LLN limit. Furthermore, it can be in part driven
by the speci�c productivity draws of individual �rms, acknowledging the role of these �rms in shaping
sectoral outcomes (see also Eaton, Kortum, and Sotelo 2012, for a further discussion).1

1On top of the discreteness of the number of �rms, the fact that the distribution of �rm productivities is fat-tailed plays a
very important role here. Because of this fat-tailedness, the properties of the average sectoral productivity for a sector of N
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In this paper, we aim to analyze the properties of a quanti�ed granular model of international
trade. We conduct our analysis by systematically benchmarking the properties of the granular model
to those of its continuous counterpart. To that end, we start our analysis with a standard continuous
model based on a multi-sector extension of Melitz (2003) with sectoral comparative advantage. Across
sectors, this model embeds the Ricardian forces of Dornbusch, Fischer, and Samuelson (1977) in the
sense that absent within-sector heterogeneity of �rms, this model would converge to the Dornbusch,
Fischer, and Samuelson (1977) model, with full specialization of countries across sectors according
to their comparative advantage, and only inter-sectoral trade. Within sectors, we maintain the �rm
heterogeneity assumption of the Melitz (2003) model, but relax the assumption of the continuum of
�rms within sector, hence relaxing the LLN assumption. Firm productivities are drawn from a fat-tailed
Pareto distribution consistent with the empirically observed Zipf’s law in �rm sales distribution. The
�nite number of draws from a fat-tailed productivity distribution results in granular e�ects: individual
�rms’ outcome can shape sectoral productivity. Our model is a multi-sector extension of the Eaton,
Kortum, and Sotelo (2012) granular model of trade, which allows us to nest simultaneously fundamental
and granular comparative advantage in a uni�ed framework.

We develop a simulated method of moments (SMM)-based estimation procedure for the granular
model, consistent with the full general equilibrium of the model. We estimate the model using French
�rm-level data, which has information on both domestic and export sales of French �rms across 117
4-digit manufacturing industries. We show that the estimated model reproduces the empirical cross-
sectional distributions, in particular the cross-sectoral variation in the number of �rms, in the fatness
of tails of the sales distributions, in the market shares of the largest �rm, and in the sectoral export
intensity, without relying on heterogeneity in parameters across sectors. In contrast, the continuous
model would be unable to account for many of these features of the data without bringing in parametric
cross-sectional heterogeneity. We argue therefore that the granular model, by means of relaxing the
convenient (yet counterfactual) LLN assumption, provides a signi�cantly better �t to the data.

In the data, despite the fact that a median manufacturing sector features around 270 �rms, the
market share of the largest �rm is on average around 20% due to the fat-tailed productivity distribution.
As a result, our estimated granular model, which mimics these empirical patterns, acts very di�erently
from the continuous LLN model. In the model, as in the data, the single largest �rm in a sector tends
to have a mass-point e�ect on the cumulative sectoral sales and exports. The estimated model exhibits
strong granular forces, which play a �rst order role in shaping sectoral comparative advantage and the
resulting trade �ows.

Our SMM procedure estimates jointly the sector-level and granular forces in the model, combining
the data on sectoral trade �ows and the within-sector distribution of �rm sales. Intuitively, sectors
in which the largest �rm stands out in terms of sales relative to the median �rm, exhibit signs of
granularity. Therefore, we use the cross-sectoral correlation between the relative size of the largest
�rm (in the domestic market) and sectoral exports in the model, along with other moments, in order to

�rms behaves very di�erently from what the central limit theorem would predict. That is, the realization of the largest draws
among N shapes in part sectoral outcomes, even for relatively large N (See for example Gabaix 2011). We come back to this
point below.
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discipline the relative roles of fundamental and granular comparative advantage.
Using the estimated model, we show that fundamental comparative advantage, which acts at the

sectoral level, accounts for 70% and the granular residual for 30% of the variation in the realized export
shares across sectors. Therefore, a substantial share of international trade is a granular phenomenon.
Furthermore, we show that sectors with the extreme export shares are more likely to be of the ‘granular’
origin, as opposed to sectors with average export shares. We next show that measurable proxies of
granularity, such as the market share of the top local �rms in their domestic market, have substantial
predictive ability for sectoral exports, even after controlling for the fundamental comparative advantage
of the sector. We also develop a statistical �ltering technique that identi�es the speci�c likely granular
sectors in the data.

We then extend our model to allow for industry dynamics driven by exogenous �rm productivity
process. We discipline the �rm-level productivity dynamics with the evolution of �rm market shares
observed in the data, in order to study the implications of the dynamic granular model for the evolution
of comparative advantage over time. We show that the dynamic granular model is consistent simul-
taneously with the hyper-specialization of countries in a few industries and the relatively fast mean
reversion in the comparative advantage of the countries, documented by Hanson, Lind, and Muendler
(2015). In particular, a granular model with empirically-disciplined �rm-level dynamics, and featur-
ing no dynamics in fundamental comparative advantage, accounts for about 50% of mean reversion
over time in country’s realized comparative advantage documented by these authors. We then propose
another way to quantify the importance of individual �rms in shaping trade patterns. We consider a
counterfactual in which a top �rm in a sector fails for an exogenous reason and has to exit the industry.
We show that this has a dramatic e�ect on the export standing of the sector, often switching it from a
net exporter into a net importer.

Lastly, we investigate the extent to which accounting for the granularity of sectoral trade leads to
di�erent predictions for how sectors react to a trade liberalization episode, compared to the continuous
model benchmark. We �nd that trade elasticities are shaped by the extent of granularity in each sector.
Granularity predicts part of the welfare gains from liberalizing a set of sectors, beyond what is predicted
by the su�cient statistics for welfare from Arkolakis, Costinot, and Rodríguez-Clare (2012). Finally,
granularity shapes the dynamic gains from liberalizing a set of sectors, like it shapes the dynamics of
comparative advantage.

Related literature Granularity has been mostly explored in macroeconomics for the purpose of
studying aggregate �uctuations. However, the granular forces must be at least as prominent in inter-
national trade �ows, which are shaped at the country-industry level, where granularity is particularly
pronounced in the data.

• Granularity and aggregate �uctuations: Gabaix (2011), Acemoglu, Carvalho, Ozdaglar, and Tahbaz-
Salehi (2012), Carvalho and Gabaix (2013), Carvalho and Grassi (2014)

• Granularity, trade and volatility: Di Giovanni and Levchenko (2012), Di Giovanni, Levchenko,
and Méjean (2014)
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• Granular trade model: Eaton, Kortum, and Sotelo (2012)

• Empirics of granularity and dynamics of comparative advantage: Freund and Pierola (2012), Chor
(2010), Costinot, Donaldson, and Komunjer (2012), Hanson, Lind, and Muendler (2015)

• Oligopolistic competition in trade and international macro: Neary (2003, 2012, 2015), Atkeson
and Burstein (2008), Edmond, Midrigan, and Xu (2015), Hottman, Redding, and Weinstein (2015),
Amiti, Itskhoki, and Konings (2015)

• Recent review of granular implications for trade: Bernard, Jensen, Redding, and Schott (2015).

2 The DFS-Melitz Benchmark

In this section, we review the continuousmodel, which serves as a benchmark in our analysis of the gran-
ular model in Section 3. As a benchmark continuum economy we consider a two-country multi-sector
extension of the Melitz (2003) model, with Ricardian comparative advantage across a unit continuum of
sectors indexed by z ∈ [0, 1], as in Dornbusch, Fischer, and Samuelson (1977).2 We refer to this bench-
mark economy as DFS-Melitz. More speci�cally, within each sector z we consider the Chaney (2008)
version of the Melitz model without free entry, in which an exogenous mass of �rms M(z) are present
and their productivities are drawn from a Pareto distribution with a sector-speci�c lower bound ϕ(z)

and a shape parameter θ common across all sectors. We show below that in this model, the overall
sectoral productivity is determined by:

T (z) = M(z)ϕ(z)θ. (1)

Intuitively, a sector is more productive either if there are more potential entrants, M(z), or if the
average productivity of a potential entrant, given by θ

θ−1ϕ(z), is high. The two countries di�er in these
sectoral productivity measures, {T (z)} at home and {T ∗(z)} in foreign, which is the source of the
Ricardian comparative advantage across sectors. Some of the speci�c assumptions and exposition we
adopt here are slightly di�erent from what is conventional in the Melitz literature, and this is meant to
mimic the granular model of Section 3 and ease the comparison between the two frameworks.

Households in each country have Cobb-Douglas preferences over the consumption of sectoral goodsQ(z):

Q = exp

{∫ 1

0
αz logQ(z)dz

}
, (2)

where {αz} are the preference parameters which determine the shares of household income spent on
consumption in sector z. This is the only source of cross-sectoral heterogeneity that we introduce into

2This model extends Melitz (2003) in a multi-sector way, the same way Costinot, Donaldson, and Komunjer (2012) extend
the Eaton and Kortum (2002) (EK) model. Our multi-sector extension of the Melitz model is di�erent from Bernard, Redding,
and Schott (2007) who also considered an extension of the Melitz model to a multi-sector environment, however one in which
sectors di�ered in their capital-labor intensity, as in the classical Heckscher-Ohlin model. The other papers which considered
a multi-sector DFS-Melitz environment, albeit under somewhat di�erent formulation, are Okubo (2009) and Fan, Lai, and Qi
(2015).
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the model. The sectoral consumption bundles are CES aggregators of individual varieties ω:

Q(z) =

[∫
ω∈Ω(z)

qz(ω)
σ−1
σ dω

] σ
σ−1

, (3)

where Ω(z) is the set of varieties available for consumption in sector z at home, and σ > 1 is the
elasticity of substitution across varieties within sectors, common to all sectors. The foreign demand
structure is symmetric, with Ω∗(z) replacing Ω(z). The households supply labor inelastically, with L
units at home and L∗ units in foreign.

With this demand structure, the home consumers’ expenditure on variety ω in sector z is given by:3

pz(ω)qz(ω) = sz(ω)αzY, where sz(ω) ≡
(
pz(ω)

P (z)

)1−σ
, (4)

where pz(ω) is the price and sz(ω) is the within-sector market share of the variety, and

P (z) =

[∫
ω∈Ω(z)

pz(ω)1−σdω

]1/(1−σ)

(5)

is the sectoral price index. Lastly, Y is the aggregate household income at home which is comprised of
labor income and dividends:

E = wL+ Π, where Π =

∫ 1

0

[∫
ω∈M(z)

πz(ω)dω

]
dz, (6)

where w is the wage rate at home and Π is the aggregate pro�ts of all domestic �rms. Hence, we have
assumed that home households own home �rms, and the �rms pay out their full pro�ts as dividends.

The foreign households are symmetric and di�er only in the aggregate supply of labor L∗, the
equilibrium wage rate w∗, and the dividend from the ownership of the foreign �rms Π∗. We choose the
foreign labor as numeraire and thus normalize the foreign wage w∗ = 1, so that w = w/w∗ equals the
home’s relative wage. Finally, consumers’ expenditure on the varieties in the foreign market parallels
that in the home market given in (4).

Firms in sector z operate their individual varieties ω and choose whether to become active in the
home and in the foreign markets. The entry cost in the home market is F units of home labor and it
is F ∗ units of foreign labor in the foreign market respectively, independently of the origin of the �rm.
This symmetry of entry costs is an assumption we adopt following EKS, and it proves useful in our
granular setup in Section 3.

There are M(z) home �rms in sector z, each endowed with a linear technology with individual
productivity ϕ = ϕ(ω) drawn from a Pareto distribution with a cumulative distribution function

3This derives from the fact that under Cobb-Douglas consumers spend a constant shareαz of their incomeY on purchasing
the varieties in sector z (i.e., P (z)Q(Z) = αzY ), and within sector z the CES demand for variety ω is given by qz(ω) =(
pz(ω)/P (z)

)−σ
Q(z).
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Gz(ϕ) = 1 −
(
ϕ/ϕ(z)

)−θ , and we require θ > σ − 1 for stability. In order to produce one unit of
its variety, a �rm with productivity ϕ requires 1/ϕ units of labor. Lastly, international shipments in-
volve an iceberg melting cost τ > 1, so that τ units of a good must be shipped for one unit to reach
the foreign market. Therefore, a home �rm with productivity ϕ has a marginal cost w/ϕ for domestic
shipments and τw/ϕ for international shipments.

Each �rm is in�nitesimal in the markets it serves. Therefore, upon entry, �rms compete according
to monopolistic competition in each market. They set a constant markup σ/(σ−1) over their marginal
costs. This implies that the �rm’s operating pro�t in each market equals 1/σ of its revenues, and the
overall pro�t of the �rm can be written as:

πz(ω) =

[(
σ

σ − 1

w/ϕ(ω)

P (z)

)1−σ αzY

σ
− wF

]+

+

[(
σ

σ − 1

τw/ϕ(ω)

P ∗(z)

)1−σ αzY
∗

σ
− w∗F ∗

]+

, (7)

where we substituted the markup pricing rule over the marginal cost into the expression for rev-
enues (4), and we use the notation [x]+ ≡ max{0, x}.4

Firms with su�ciently high productivities pro�tably enter the home and the foreign markets re-
spectively, as is conventional in the Melitz model. We denote with ϕh(z) and ϕf (z) the productivity
cuto�s for a domestic �rm to enter the home and foreign markets respectively in sector z, and provide
the closed-form expressions for these cuto�s in Appendix A.1. The foreign �rms are symmetric, and
we denote with π∗z(ω) their pro�ts, and with ϕ∗h(z) and ϕ∗f (z) their productivity cuto�s for entry into
the home and foreign markets respectively.

Sectoral Equilibrium Using (5), (7) and the markup pricing rule, we can calculate the price index in
sector z in the home market (see Appendix A.1):

P (z) =
σ

σ − 1
w

[
κ

κ− 1

T (z)

1− Φ(z)

]−1/θ (σwF
αzY

)(κ−1)/θ

, (8)

where we denote κ ≡ θ/(σ − 1) and

Φ(z) =
(τw∗)−θT ∗(z)

w−θT (z) + (τw∗)−θT ∗(z)
=

1

1 +
(
τw∗

w

)θ T (z)
T ∗(z)

, (9)

is the foreign share, that is the share of foreign �rms in the sales in the domestic market in sector z,
a conventional object in analysis of quantitative models of international trade following Eaton and
Kortum (2002). All else equal, the foreign share increases with the fundamental productivity advantage
T ∗(z)/T (z) of the foreign country, and decreases with the relative wage w∗/w and with the variable
trade costs τ .5 The sectoral price in (8) increases in the local wage rate and in the relative �xed cost of

4Speci�cally, a home �rm sets pz(ω) = σ
σ−1

w
ϕ(ω)

in the home market, which results in revenues (pz(ω)/P (z))1−σ αzY ,
according to (4), and the operating pro�ts equal fraction 1/σ of these revenues due to constant markup pricing. Net pro�ts
are operating pro�ts net of the �xed entry cost. Symmetric characterization applies to pro�ts in the foreign market, with the
di�erence that the marginal cost of delivering a good abroad is augmented by iceberg trade cost τ .

5We note that the foreign share in (9) does not depend on the �xed costs since both domestic and foreign �rms are assumed
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entry (wF )/(αzY ), and decreases in sectoral productivity. It also increases in the home share [1−Φ(z)],
as is familiar from the Arkolakis, Costinot, and Rodríguez-Clare (2012) analysis.

The de�nition of the foreign share, and its symmetric counterpart in the foreign country Φ∗(z),
makes it straightforward to calculate sectoral exports of home and foreign countries respectively:

X(z) = αzΦ
∗(z)Y ∗ and X∗(z) = αzΦ(z)Y. (10)

In the appendix we also characterize the allocation of aggregate labor supply to sector z, which in the
home market satis�es:

wL(z) = αzY

(
σκ− 1

σκ
[1− Φ(z)] +

κ− 1

σκ
Φ(z)

)
+ αzY

∗σ − 1

σ
Φ∗(z). (11)

The last term is labor used in production of goods for foreign market, while the �rst two terms is
labor used for production and entry costs in the home market.6 This fully characterizes the sectoral
equilibrium in sector z given aggregate variables (w,w∗, Y, Y ∗) and exogenous parameters, including
sector-level productivity parameters T (z) and T ∗(z).

General Equilibrium requires balanced trade and labor market clearing in both countries, which
(together with our choice of numeraire w∗ = 1) allow us to solve for (w,w∗, Y, Y ∗). These three
conditions also imply countries’ budget balances (6) by Walras Law. Using (10), we aggregate sectoral
net exports:

NX(z) ≡ X(z)−X∗(z) = αz
[
Y ∗Φ∗(z)− Y Φ(z)

]
to arrive to the trade balance condition:

Y

∫ 1

0
αzΦ(z)dz = Y ∗

∫ 1

0
αzΦ

∗(z)dz. (12)

Recall from (9), that Φ(z) and Φ∗(z) can be written as function of relative wages w/w∗ and the ex-
ogenous parameters of the model. Therefore, (12) links relative wages with relative incomes, Y/Y ∗.
A higher relative income Y/Y ∗ implies a larger relative demand for foreign goods, and hence must be
met by a higher relative foreign wagew∗/w to ensure trade balance, replicating the standard DFS logic.

Next, aggregating sectoral labor demand in (11) across z and equalizing it with inelastic labor sup-
ply L, we obtain aggregate labor market clearing, which we manipulate in Appendix A.1 to arrive at:

wL =
σκ− 1

σκ
Y and w∗L∗ =

σκ− 1

σκ
Y ∗. (13)

to face the same �xed costs of entry into the home market. As a result, �xed costs in this framework have little e�ect on the
key variables which characterize equilibrium, apart from the price indexes P (z) and P ∗(z), which increase with the �xed
cost of entry into the market, thereby reducing local welfare. In Appendix A.1 we also describe the alternative case in which
the �xed cost di�ers between domestic producers and importers. This appendix also discusses the DFS limit of the model,
which obtains as θ, σ →∞ and F → 0 holding κ, σF and

(
T (z)/T ∗(z)

)1/θ constant, so that Φ(z) and Φ∗(z) become step
functions from 0 to 1 at some cuto� sectors z and z̄ respectively.

6Speci�cally, we show that (σ − 1)/σ of revenues goes to cover variable production labor costs (in the country of pro-
duction) and fraction (κ− 1)/(σκ) goes to cover entry labor costs (in the country of entry). Note that the �rst term in (11)
can be decomposed as (σκ− 1)/(σκ) = (σ − 1)/σ + (κ− 1)/(σκ).
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Therefore, total labor income is a constant share of GDP (total income), with the complementary share
coming from �rm pro�ts. Taking the ratio of the two equations in (13) results in:

Y

Y ∗
=

wL

w∗L∗
,

which together with (12) allows to solve for both relative wagew/w∗ and relative incomes Y/Y ∗, again
as in the DFS model. A more productive country supplies more goods on the foreign market, and trade
balance requires that this is o�set by both higher wages and incomes in this country.7

With these simple characterizations for the aggregate variables, we brie�y returns to the cross-
sectional sectoral outcomes. Speci�cally, we characterize the number of entrants and the labor alloca-
tions across sectors. We denote the number of entrants withN(z) = M(z)

(
ϕh(z)/ϕ(z)

)−θ . Using (13)
together with the solution for ϕh(z) given in the appendix leads to express the number of entrants as:

N(z) =
κ− 1

σκ
[1− Φ(z)]

αzY

wF
. (14)

Larger markets αzY and markets with smaller �xed costs wF have more domestic �rm-entrants; so do
the markets with less foreign competition (smaller foreign share Φ(z)). The sectoral labor allocation (11)
can be simpli�ed using (13):

L(z) = L

[
αz +

σ − 1

σ

NX(z)

wL

]
, (15)

In the closed economy NX(z) = 0, and therefore each sector gets αzL units of labor, due to the
Cobb-Douglas sectoral preference aggregator. The allocation of labor in the open economy additionally
depends on the net exports of the sector.

3 The Granular Model

We now develop the granular version of the model outlined in Section 2. This model is a multi-sector
version of Eaton, Kortum, and Sotelo (2012; henceforth EKS), nesting together fundamental comparative
advantage across sectors, a (pair of) sectors-level characteristic, and granular comparative advantage
arising from the individual productivity draws of �rms. Much of the modeling environment is the same
as in Section 2, with the exception that the number of �rms in each sector is now discrete and �nite.
Speci�cally, there are still a continuum of sectors, but the number of varieties within each sector is
�nite. The preference structure is the same, but instead of the sectoral aggregator (3), we now have:

Q(z) =

[∑K(z)

i=1
q
σ−1
σ

z,i

] σ
σ−1

, (16)

7Indeed, we can combine the two conditions as

wL

w∗L∗
=

∫ 1

0
αzΦ

∗(z)dz∫ 1

0
αzΦ(z)dz

,

and a higher productivity at home increases the right-hand side of this equation, while a higherw/w∗ increases the left-hand
side and reduces the right-hand side.
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where i indexes the product varieties, K(z) is the total number of products o�ered in sector z in the
home market. The demand qz,i and market share sz,i of individual product i are still given by (4), where
the price index is now a discrete version of (5):

P (z) =

[∑K(z)

i=1
p1−σ
z,i

]1/(1−σ)

, (17)

with pz,i denoting the prices of individual products.
In addition, instead of a �xed pool of entrants, we adopt the EKS assumption that the number of

potential entrants from the home country in sector z is a random variable distributed Poisson with a
parameterM(z).8 The productivity of each entrant, as in the DFS-Melitz model, is independently drawn
from a Pareto distribution with a sector-speci�c lower bound ϕ(z) and a common shape parameter
θ. We denote this distribution Gz(ϕ), as in Section 2. EKS show that under these circumstances, the
combined productivity parameter T (z) ≡M(z)ϕ(z)θ is still a su�cient statistic for the country-sector
productivity advantage, but now determines it only in expectation, as under granularity the realized
comparative advantage becomes a random variable. Formally, EKS show that the number of home
entrants with productivity equal or above any given level ϕ ≥ ϕ(z) is a Poisson random variable with
parameter T (z)ϕ−θ , increasing in T (z) and decreasing in ϕ.9

The production technology is as in the continuous model. A domestic �rm with productivity ϕ
uses a linear technology in labor (y = ϕ`) to produce output of its product. The product can be
marketed domestically at no additional variable cost, or it can be exported at an iceberg trade cost
τ > 1. Therefore, the marginal cost for the �rm of delivering a unit of its product locally is w/ϕ and
it is τw/ϕ internationally. As before, in order to enter the home (resp. foreign) market, the �rms need
to incur a �xed cost F (resp. F ∗) in units of home (resp. foreign) labor. While �rms are large within
their industries, they are still in�nitesimal at the level of the whole economy, since unlike EKS we have
a continuum of sectors. We thus make the (internally consistent) assumption that �rms take the wage
rate w as given.

Granularity leads to two important di�erences in the economic environment for �rms compared to
the continuous benchmark. The �rst di�erence concerns the nature of competition and price setting,
and the second di�erence concerns entry. We discuss each in turn below. In order to do so e�ectively,
we adopt the following notational convention: we let i ∈ {1, 2, . . . , M̃(z) + M̃∗(z)} rank all potential
entrants in the home market in the order of increasing marginal costs. Speci�cally, there are M̃(z)

potential domestic entrants with marginal cost of supplying home market mcz,i = w/ϕz,i and M̃∗(z)
potential foreign entrants with marginal cost of supplying home market mcz,i = τw∗/ϕ∗z,i. We assign
�rm-product indexes i in such a way that mcz,i ≤ mcz,i+1 for i ≥ 1. We refer to the �rms with lower
indexes i as more e�cient �rms, independently of what is the source of their lower marginal costs of

8Formally, the realized number of entrants M̃(z) has the probability distribution function P
{
M̃(z) = m

}
=

e−M(z)M(z)m/m! for m = 0, 1, 2, . . . .
9To avoid the issue of separately specifying the probability distribution for ϕ < ϕ, it is convenient, as in EKS, to work in

the limit of ϕ(z)→ 0 and M(z)→∞, which maintains constant the value of T (z).
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supplying the market.10 We denote with K(z) ≤ M̃(z) + M̃∗(z) the total number of �rms (home and
foreign together) that choose to enter the home market. Lastly, we introduce an indicator variable ιz,i,
which equals 1 if the �rm (ranked) i in the home market of sector z is of domestic origin and 0 if it is
foreign. The foreign market is characterized in a symmetric way.

Price setting Since the number of �rms in any given market is �nite, the competition between them
is oligopolistic, rather than monopolistically competitive. Each �rm can have a non trivial impact on
the sectoral price index, and they internalize this impact when making their pricing decisions. As a
result, �rms charge variable markups µz,i ≥ 1 over their marginal costs:

pz,i = µz,imcz,i. (18)

This contrasts with the constant-markup pricing under monopolistic competition in Section 2. We
make the assumption that �rms compete in prices.11 That is, �rms that chose to enter a given market
set prices as an equilibrium outcome of a Bertrand-Nash game by maximizing market-speci�c pro�ts
and taking prices of their competitors as given.

Under these circumstances, �rms adopt the following markup policy:12

µz,i =
εz,i

εz,i − 1
, where εz,i ≡ ε(sz,i) = σ(1− sz,i) + sz,i, sz,i =

(
pz,i
P (z)

)1−σ
. (19)

The variable εz,i ∈ [1, σ] can be thought of as the e�ective elasticity of residual demand for the product
of the �rm, which is no longer constant when �rms are large. In particular, the e�ective elasticity εz,i
decreases in the market share sz,i of the �rm, and with this the markup of the �rm increases.

The model is block recursive. The pricing block is solved as follows. Conditional on knowing the
number and the set of entrants [zi]i∈1...K(z) , equations (18) and (19), together with the de�nition of
the price index (17), can be solved to get the market shares, markups and prices of the entrants in the
home market. Conditional on the set of entrants, this solution exists and is unique, although closed-
form expressions are not available. More e�cient �rms (with lower ranks i) charge higher markups,
but lower prices, and hence command greater market shares. Lastly, we can write the resulting pro�ts

10Note that index i is not a property of a �rm, but rather a property of a �rm-market pair. A �rm is characterized by its
origin and productivity draw ϕ, and a given �rm in general has di�erent indexes i in the two markets. Mapping ϕ into i is
not essential for characterizing equilibrium in this model.

11Much of the earlier granularity literature (including Carvalho and Grassi 2014, Di Giovanni and Levchenko 2012) adopts,
however, an ad hoc assumption that markups are constant. The quantitative pricing-to-market literature following Atkeson
and Burstein (2008) studies oligopolistic competition with variable markups, but adopts competition in quantities, which is
qualitatively similar but results in greater markup variability (see detailed discussion in Amiti, Itskhoki, and Konings 2015).
We adopt oligopolistic competition in prices, following EKS, which we view as a more natural assumption, and under which
the di�erence from the constant markup environment is less pronounced.

12The operating pro�t of the �rm (gross of �xed costs) is given by (pz,i − mcz,i)qz,i, and demand is given by qz,i =
p1−σz,i∑K(z)

j=1 p1−σz,j

αzE, where we substituted the expression for price index P (z) into (4). Maximizing with respect to own price

pz,i, given the prices of the competitors pz,j for j 6= i, results in (19).
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of the �rms in the home market in the following way:

Πz,i =
sz,i
ε(sz,i)

αzY − wF. (20)

Operating pro�ts are a fraction µz,i−1
µz,i

= 1
εz,i

of revenues, and revenues are the �rm’s share sz,i of the
sectoral expenditure αzY in the market. In equilibrium, �rms with higher market shares command
higher pro�ts.

Entry An equilibrium of the entry game is achieved when for a subset of �rms equilibrium pro�ts
given by (20) are non-negative, while for any additional entrant the pro�ts upon entry would be nega-
tive. With a discrete number of potential entrants, there exists a multiplicity of equilibria in the entry
game. This arises because the entry of a number of small unproductive �rms can lower the price index
enough to crowd out entry of a larger, more productive �rm - and vice-versa. To avoid this issue, we
consider a sequential entry game in which more e�cient �rms (with lower ranks i) have the priority
to decide whether to enter the market. Equilibrium in the sequential entry game is unique and has the
following cuto� property. All �rms enter, until for a given �rm i it is not pro�table to do so; if �rm i

does not enter, then all �rms with higher ranks do not �nd it pro�table to enter either. The equilibrium
of the entry game is achieved when the pro�ts of the last (Kth) �rm are non-negative, but if another
(K + 1)th �rm were to enter, its pro�ts would be negative.13

General equilibrium Equilibrium in each sector, including entry, can be fully characterized given
aggregate incomes and wage rates (Y, Y ∗, w, w∗). We maintain our normalization w∗ = 1. The equi-
librium values of (Y, Y ∗, w, w∗) are determined from the de�nitions of aggregate income (analogous
to (6)) and labor market clearing, which we can write for home as:

Y = wL+

∫ 1

0

[∑K(z)

i=1
ιz,iΠz,i +

∑K∗(z)

i=1
(1− ι∗z,i)Π∗z,i

]
dz, (21)

wL =

∫ 1

0

[
αzY

∑K(z)

i=1
ιz,i

sz,i
µz,i

+ αzY
∗
∑K∗(z)

i=1
(1− ι∗z,i)

s∗z,i
µ∗z,i

+K(z)wF

]
dz. (22)

Aggregate home income is the sum of labor income and pro�ts of the domestic �rms in both the home
and the foreign markets in all sectors. Home labor income is the sum of wages paid to production
workers, both for home and foreign markets, and wages paid to workers engaged in entry activities in
the home market. Note that there are K∗(z) entrants into the foreign market of sector z and ι∗z,i is the
indicator for whether the ith entrant is a foreign �rm. Further, αzY sz,i equals �rm sales in the home

13In order to characterize the equilibrium in the entry game, it is useful to introduce notation ΠK
i for the pro�t of �rm

ranked i in the home market of sector z (indicator omitted for brevity) when a total of K �rms have entered. From (20), ΠK
i

is an increasing function of market share sKi , de�ned in a similar way. We have the following properties: sKi > sKi+1 and
sKi < sK+1

i , and similarly for pro�ts ΠK
i . Then entry is complete when ΠK

K ≥ 0 and ΠK+1
K+1 < 0, and this is satis�ed for a

unique value of K . Alternatively, it is convenient to de�ne the minimum market share consistent with non-negative pro�ts:
sz solves sz/ε(sz) = wF/(αzE). Then entry is complete when sKK ≥ sz and sK+1

K+1 < sz . Note that if entry were not
sequential, then it is possible to have equilibria in which ine�cient �rms enter and crowd out more e�cient �rms from entry.
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market, and therefore αzY sz,i/µz,i equals �rm operating costs for home market production, which are
entirely spent on labor in the country of production. A similar logic applies in the foreign market.

In addition to (21)–(22), there are two symmetric equations for foreign, with one of these equations
redundant due to Walras’ Law. Substituting in the expressions for �rm pro�ts (20) into (21) and its
foreign counterpart, it is easy to see that this aggregate equilibrium system is linear in (Y, Y ∗, w, w∗),
conditional on parameters of the model and (endogenous) equilibrium values of {K(z),K∗(z)}z and
{sz,i, s∗z,i}z,i, since both �rm pro�ts and markups are determined by the �rm’s market share. In Sec-
tion 4.2 we describe a simple computational iterative procedure, which simultaneously solves for the
sectoral and general equilibrium of the model. Lastly, we note that as the expected number of �rm
draws M(z) and M∗(z) increase, and the entry �xed cost F and F ∗ decrease, the granular model
converges to the continuous limit of Section 2.14

Some analytical properties While a complete closed-form characterization of equilibrium is infea-
sible, there exists a useful analytical property in this formulation of the granular model, which was �rst
pointed out in EKS. Given the structure of productivity draws (Poisson-Pareto) and market entry (i.e.,
a common destination-speci�c �xed costs), the distribution of market shares conditional on entry in a
given market is the same for home and foreign �rms. This implies that the respective distributions of
markups and pro�ts are also the same. The only ex-ante di�erence between home and foreign �rms
is the expected number of entrants. We expect more home �rms in markets with greater home com-
parative advantage, or if home has lower relative wages. We also expect more home �rms in the home
market, due to the trade cost advantage. At the same time, conditional on observing a foreign and a
home �rm, they have the same expected market share, markup and pro�ts. Formally, one can show
that the expected share of foreign entrants in the home market of sector z, both in terms of �rm count
and market sales, is given by Φ(z), as de�ned in (9). In particular, the foreign share at home is given by:

E
{
X∗(z)

αzY

}
= Φ(z) =

1

1 +
(
τw∗

w

)θ T (z)
T ∗(z)

, (23)

and thus the granular model has the same sectoral trade shares as the continuous model, but in ex-
pectation only.15 The actual foreign share is shaped in part by this mean level, driven by fundamental
comparative advantage, and in part by the actual realization of �rm-level productivities, whose average
may depart from this mean, driven by outstanding draws. To highlight this distinction between trade
driven by fundamental comparative advantage vs trade driven by a ’granular comparative advantage’,

14In order to maintain the entry productivity cuto�s stable, FT (z) and F ∗T ∗(z) must stay constant as T (z) and T ∗(z)
increase together with the number of draws (see (A3)).

15Sketch of a proof: Recall that the number of home �rms with productivity above ϕ is distributed Poisson with param-
eter T (z)ϕ−θ , and symmetrically for foreign �rms. Since the sum of Poissons is a Poisson with parameters adding up, the
total number of �rms with marginal cost below c of delivering the good to the home market is Poisson with parameter
cθ[T (z)w−θ +T ∗(z)(τw∗)−θ]. Note that a foreign �rm has a cost τw∗/ϕ below c, if its productivity ϕ > τw∗/c. Addition-
ally, the expected fraction of foreign �rms with cost below c equals T ∗(z)(τw∗)−θ/[T (z)w−θ + T ∗(z)(τw∗)−θ] = Φ(z),
and this is true independently of the value of c. This immediately implies that the foreign fraction of overall entrants is Φ(z),
and the distributions of market shares (and hence markups and prices) within the groups of foreign and home entrants are
the same.
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we write the following accounting identity and decompose realized trade (here, foreign share at home)
into its two components:

X∗(z)

αzY
= E

{
X∗(z)

αzY

}
+

[
X∗(z)

αzY
− E

{
X∗(z)

αzY

}]
= Φ(z) + Γ(z). (24)

In what follows, we call Γ(z) the granular residual. It has mean 0, and is the part of trade patterns not
explained by fundamental comparative advantage.

Using these results, we can calculate the aggregate foreign share in the aggregate home economy:

Φ ≡
∫ 1

0 X
∗(z)dz

Y
=

∫ 1

0
αz [Φ(z) + Γ(z)] dz =

∫ 1

0
αzΦ(z)dz, (25)

where we used that EzΓ(z) = 0 together with the assumption of the continuum of sectors. These
ensure that granularity cancels out on average across sectors, so that the aggregate trade shares depend
only on fundamental comparative advantage T (z)/T ∗(z), trade costs and the aggregate wage ratio
w/w∗, as {Φ(z)}z∈(0,1) do.

If we assume further that T (z)
T ∗(z) are drawn independently across sectors from a common distribution,

then we can simplify expression (25) to Φ = EzΦ(z). The expectation is taken across the draws of
T (z)
T ∗(z) .16 In general, foreign share Φ is an increasing function of relative wage w/w∗ and a decreasing
function of τ . The foreign share Φ also decreases with neutral increases in relative home productivity
(i.e., when all T (z)

T ∗(z) are multiplied by a constant greater than 1).
Using these properties, we can conveniently rewrite the general equilibrium conditions (21)–(22)

as follows (see Appendix A.2):

wL = wFK + Y
1− Φ

µ
+ Y ∗

Φ∗

µ∗
, (26)

Y = wL+ (1− Φ)

[
Y
µ− 1

µ
− wFK

]
+ Φ∗

[
Y ∗

µ∗ − 1

µ∗
− w∗F ∗K∗

]
, (27)

where K =
∫ 1

0 K(z)dz is the aggregate number of �rms in the home economy across all sectors and

µ =
[∫ 1

0 αz

(∑K(z)
i=1 sz,i µ(sz,i)

−1
)

dz
]−1

is the average markup rate in the home economy. K∗ and µ∗

are de�ned symmetrically for the foreign economy, and two symmetric equations apply in the foreign
economy. Note that

[µ−1
µ Y −wFK

]
in (27) are net pro�ts in the domestic market, with fraction (1−Φ)

of these pro�ts accruing to domestic �rms, and therefore the right-hand side of (27) characterizes the
aggregate income (labor plus pro�ts) equal to GDP Y of the domestic economy. Further, Y (1− Φ)/µ

equals the variable cost expenditure (on labor) of the domestic �rms for production and sales in the
domestic market, and therefore the right-hand side of (26) equals the total expenditure of all �rms on
home labor equal to labor income wL.

Equation (26) is the granular version of (13) in the continuous model. Combining it with (27) to
16We treat the Cobb-Douglas shares, {αz} as deterministic parameters. A similar logic would hold if they were themselves

stochastic variables, uncorrelated with { T (z)
T∗(z)

}z∈(0,1).
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solve out wL, we obtain the trade balance condition:

Φ [Y − wFK] = Φ∗ [Y ∗ − w∗F ∗K∗] , (28)

which is the granular version of (12) in the continuous model. Note that [Y − wFK] are the sales in
the home market net of the �xed cost of entry, and fraction Φ of these net sales constitutes foreign
income from sales in the home market. The right-hand side of (28) is the symmetric income of home
�rms from sales abroad, ensuring trade balance. The equations above form the general equilibrium
system and allow us to solve for (Y, Y ∗, w/w∗). With this we complete the description of the granular
economy and turn to characterizing its quantitative properties.

4 Estimation of the Granular Model

In this section we develop an SMM (simulated method of moments) estimation procedure for the gran-
ular model and apply it to the French �rm-level data. Importantly, the estimation procedure takes into
account the general equilibrium restrictions imposed by the model. We then use the estimated model
to study the quantitative properties of the granular mechanism, including model �t and the implied
role of granularity for the country’s comparative advantage. We close this section with counterfactu-
als, in particular those in which we study the role of the individual �rms in shaping the comparative
advantage of a country.

4.1 Data

We use a dataset of French �rms (BRN), which reports information on the balance sheets of the �rms
declared for tax purposes. All �rms with revenues over 730,000 euros are included. It reports in partic-
ular information on domestic and export sales, and 4-digit industry classi�cation, at the �rm level. We
use 2005 as our reference year for calibration. We match this data with international trade data from
Comtrade, to get the aggregate imports and exports of France in each industry. The industry classi�ca-
tion used in the French data is the French NAF (based on European NACE classi�cation), whereas the
trade data uses ISIC rev3. We convert the French data into the ISIC rev3 classi�cation (using the cross-
walk between NACE and ISIC, available from UNstats). This leaves us with 117 4-digit manufacturing
sectors.

4.2 Estimation

Estimation procedure We estimate a two-country model with France as home and the rest-of-the-
world (ROW) as foreign. Home and foreign di�er in labor endowmentsL andL∗ and the country-sector
productivities {T (z)} and {T ∗(z)}, which together determine the relative size of the home and foreign
markets. We assume that F ∗ = F .17 Given the Cobb-Douglas preference structure, all variables of in-

17Absent data on the number of foreign �rms serving the domestic market, we cannot identify a �xed cost parameter
separately for ROW.
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terest in the model scale with the common level of productivity, so we can normalize T ∗(z) ≡ 1 without
loss of generality.18 Furthermore, the model scales with L as long as we keep L

L∗ and L
F constant. In

other words, L simply determines the units of labor, and hence we normalize L = 100. The model,
therefore, has four parameters {σ, θ, τ, F} common across sectors and countries, in addition to sec-
toral Cobb-Douglas shares {αz}z common across countries, as well as Ricardian sectoral comparative
advantage parameters { T (z)

T ∗(z)}z and relative country labor endowment L
L∗ .

We next parametrize the distribution of sector-level comparative advantage parameters T (z)
T ∗(z) , to

reduce the dimensionality of the problem. Hanson, Lind, and Muendler (2015) show evidence that in the
cross section of countries, the distribution of measured comparative advantage is well-approximated by
a log-normal distribution. We thus make the parameteric assumption that the distribution of the sector-
level comparative advantage parameter is lognormal with parameters (µT , σT ), i.e. log

( T (z)
T ∗(z)

)
∼

N (µT , σ
2
T ).19 Therefore, the parameter vector we need to estimate is Θ ≡ (σ, θ, τ, F, µT , σT ), along

with Cobb-Douglas shares and relative labor endowment.
We proceed in two steps. In the �rst step, we read the Cobb-Douglas share from the data as:

αz =
D(z) +M(z)∑
z′ D(z′) +M(z′)

,

whereD(z) is domestic sales in sector z andM(z) is total French imports in sector z. We also calibrate
w/w∗ using the ratio of the wage in France to the average wage of its trading partners weighted by trade
volume. We �nd that French wages are 13% above the average wage of its trade partners. Therefore,
we set w/w∗ = 1.13. As we discuss below, this provides a general equilibrium restriction on other
parameters.

In a second step, we follow a simulated method of moments (SMM) procedure to estimate the re-
maining six parameters (along with L/L∗), using French �rm-level data across 117 manufacturing in-
dustries.

1. For a given (µT , σT ), we get a vector of values for the relative sectoral productivity T (z)
T ∗(z) corre-

sponding to 117 quantiles of the the lognormal distribution with parameters (µT , σT ).

2. We use 4 replications of the French sectors,20 where in each of the 4 replications the Cobb-Douglas
shares are reshu�ed randomly across the sectoral productivity draws to ensure that sectoral
shares and productivities are not correlated.21 The simulated economy has therefore 117× 4 =

468 sectors.
18Note that if productivity in sector z of both countries doubles, the quantity in this sector doubles and the price halves

without any e�ect on market shares within or across sectors.
19Note here that the comparative advantage distribution analyzed in Hanson, Lind, and Muendler (2015) as being well-

approximated by a log-normal lumps together what we aim to distinguish here, i.e. the �rm-level granular comparative
advantage and the fundamental sector-level one. In our model, the distribution of the observed comparative advantage is an
outcome of the combination of the distributions of fundamental and granular comparative advantages. It could therefore be
that an alternative distribution for the fundamental comparative advantage provides an even better �t to the data. We will
explore alternative distributions in further versions of the draft.

20The empirical Cobb-Douglas shares are divided by 4 to ensure that they sum to 1.
21Without such replication, the model is sensitive to the randomness in the match between sectoral shares and productiv-

ities, while with four replications the e�ect of this randomness is already negligible. In future drafts we will explore further
the role of the fat tail in the joint distribution of sectoral productivities and Cobb-Douglas shares.
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3. For a given θ and T (z) in each sector z, we draw the productivities of potential entrants in a man-
ner consistent with the structural assumptions of the model. We follow EKS in using rank-order
statistics for the Pareto distribution to directly draw the productivity of the most productive �rm,
which follows an extreme value distribution, and each �rm thereafter, with spacings following
an exponential distribution. We draw enough “shadow �rms” in each sector to ensure that the
least productive ones never enter the market.22

4. We implement the following �xed point procedure:

(i) given the calibrated value of w
w∗ , take an initial guess for (Y, Y ∗). This pins down the initial

candidate general equilibrium vector.
(ii) given general equilibrium variables, solve for sectoral equilibrium in each sector and each

country, characterizing {K(z),K∗(z),Φ(z),Φ∗(z)}z , {sz,i, s∗z,i}z,i and thus (Φ,Φ∗, µ, µ∗),
as described in Section 3.

(iii) use the two general equilibrium equations (26) and (28) along with normalization L = 100

to solve for (Y, Y ∗) given the values of (Φ,Φ∗, µ, µ∗) calculated in (ii). Note that equations
(26) and (28) are linear in (Y, Y ∗) conditional on the outcomes of step (ii).
In this step, we also recover the only value of L∗ consistent with general equilibrium from
the foreign counterpart to equations (26).

(iv) update the values of (Y, Y ∗) taking a half step between the initial vector from step (i) and
the new vector from step (iii) and loop over until convergence.

(v) upon convergence, compute the momentsM(Θ) and compare it with the moments from
the data.

Given this mapping from parameters of the model to the moments, we choose Θ to minimize the
distance betweenM(Θ) and the empirical moments, using the unweighted quadratic objective.23 We
discuss the moment selection below. We estimate the model for two cases: (a) the constant markup case,
in which we replace µ(sz,i) in (19) with µ̄ ≡ σ/(σ−1), corresponding to the monopolistic competition
markup; and (b) the variable markup case, in which we use (19), corresponding to the oligopolistic
in prices (Bertrand) described in section 3.24 The constant markup case is useful for reference, as the
assumption is often made of a monopolistic competition setup even with a discrete number of �rms.

Estimated parameters We start with the summary of the estimated parameters, reported in the top
panel of Table 1 for both (a) the constant markup and (b) the variable markup versions of the model.
Both speci�cations broadly agree on the parameter values, with a slight di�erence in the estimated

22Speci�cally, we use a set of 20,000 �rm draws by sector for France and 80,000 for Foreign. For smaller sectors (in terms
of Cobb-Douglas shares), we use 8,000 and 20,000 draws instead, to economize on the computing requirement. We check that
these constraints do not bind around estimated parameter values, i.e. that not all shadow �rms enter in any sector.

23We �rst �nd the value of the objective function on a sparse grid in the parameter space. Then, we start the local numerical
optimization routine from the 15 points on the grid that have minimal value of the objective function. The convergence to
the same parameter vector from these 15 points suggests that we are indeed �nding a global minimum.

24In the future versions of the draft we will also consider the case of Cournot competition, which results in greater markup
variation, and has been commonly used in quantitative models of pricing-to-market following Atkeson and Burstein (2008).
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parameters of the fundamental comparative advantage (µT , σT ). Both speci�cations imply a within-
sector elasticity of substitution of about 5, consistent with conventional estimates in the literature at
the 4-digit level (see Broda and Weinstein 2006). The two speci�cations also agree on the value of
κ = θ/(σ − 1) of around 1, which determines the shape of the within-sector sales distribution, the
so-called Zipf’s law (see Gabaix 2009). The estimated iceberg trade costs are around 1.4, again broadly
in line with the estimated in the literature (see Anderson and van Wincoop 2004).

Table 1: Estimated parameters
Parameter/variable Model (a) Model (b)

θ 4.339 3.751
σ 5.298 4.927

κ = θ/(σ − 1) 1.009 0.955
τ 1.365 1.410
F 0.460 ·10−5 0.430 ·10−5

σT 1.180 1.284
µT −0.581 −0.625
w/w∗ 1.130 1.130
L∗/L 4.792 4.185
Y ∗/Y 4.283 3.808

1− wL/Y 0.170 0.132
Note: Model (a) refers to constant markup and Model (b) refers to vari-
able markup. 1 − wL/Y is the pro�t share in GDP. (Standard errors
to be computed by bootstrap.)

Lastly, the estimated mean µT of the relative productivity distribution log T (z)
T ∗(z) is around −0.6.

This distribution also exhibits substantial dispersion across sectors, with a standard deviation that is
twice as high as the absolute value of the mean. This creates a lot of room for fundamental comparative
advantage across sectors to drive trade �ows, as we further discuss below. The negative mean of the
relative productivity distribution implies that home is on average less productive than foreign. Recall
however that T (z) = M(z)ϕ(z)θ , so that T (z) re�ects both the average productivity and the number
of draws. Since France is smaller than the rest of the world, it is natural to expect that ROW bene�ts
from substantially more draws, which may o�set a possible productivity advantage of France re�ected
in greater ϕ(z) across sectors. Therefore, we judge the relevance of this estimated parameter based on
its implications for the equilibrium values of labor income and GDP for France and the ROW, which
we discuss next.

The lower panel of Table 1 reports the general equilibrium variables consistent with the estimated
models. In both cases, we have calibrated the wage in France to be 13% above the wage in the ROW,
consistent with the data. The estimated constant-markup model implies that France is nearly 4.8 times
smaller than the ROW in terms of labor endowment and 4.3 times smaller in terms of GDP. These factors
in the variable-markup model are 4.2 and 3.8 respectively. In reality, France accounts for only 3.7% of
world GDP and less than 1% of world population. Also France is about 5 times smaller that the European
Union alone. This is however not the right interpretation to give to the values of these variables in the
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model. The model is a simpli�cation in that it allows for only one foreign country with a single value of
iceberg trade costs τ . One therefore needs to discount the countries in the ROW by their proximity to
France as re�ected in the trade costs. The countries that are close to France should be discounted less,
while the countries that do not trade much with France should be discounted more heavily. Therefore,
we view the estimated values of relative GDPs and labor endowments as plausible, and leave the fuller
analysis of a multi-country world economy for future work. Lastly, we point out that the estimated
model implies a pro�t share of GDP of about 15%, again in line with conventional values from NIPA.
Interestingly, the estimation procedure does not target this moment directly or indirectly.

4.3 Model �t

Table 2 summarizes the moments used in the SMM estimation procedure, reporting the values of the
moments in the French �rm-level data, as well as in the two versions of the estimated model: (a) constant
markups and (b) variable markups. We have chosen 14 moments to match in estimation, as we discuss
in detail below, and overall both versions of the model have a very similar quality of �t.

Moments 1–3 in Table 2 characterize the distribution of the log number of �rms across manufac-
turing sectors in France: average across sectors, standard deviation, and ratio of mean to the median
in order to capture skewness in this distribution. In a typical (median) sector in France, there are about
270 �rms with a substantial variation across sectors. Both versions of the model are able to match very
closely the distribution of number of �rms across sectors. We illustrate this in panel (a) of Figure 1,
which contrasts the distribution of the log number of �rms by sector in the constant-markup model,
the variable-markup model, and in the data. We see from Figure 1a that the model distribution lies on
top of the empirical distribution, with both distributions exhibiting a smooth bell-shape. The ability of
the model to replicate closely the distribution of the number of �rms across sectors is important for the
analysis of granularity.

The next two moments (4 and 5) in Table 2 are the market share of the largest �rm on the domestic
market and the market share of the top three �rms on the domestic market, measured relative to the
sales of other French �rms (that is, not taking into account imports in the total market size).25 In the
data, these statistics are equal to 20% and 36% on average across sectors, while both versions of the
model somewhat over-predict these values (equal to 27% and 41% respectively in the constant-markup
version of the model). Panel (b) of Figure 1 plots the distribution of the top-French-�rm market share
across sectors in the constant-markup model and in the data. We see that the �t of the model is rather
decent, especially in the right tail of the distribution across sectors (i.e., for sectors with the largest �rm
capturing 20% or more of the market), while the model under-predicts the number of sectors with the
largest �rm accounting for less than 20% of sales. In addition, and quite intuitively, both the data and
the model exhibit a negative relationship between the size of the largest �rm and the number of �rms
in the market, with the respective elasticity equal to −0.09 in the data and −0.07 in the model.

The next two moments (6 and 7) characterize the distribution of the within-sector domestic sales
25Here and in what follows, we measure the size of French �rms using the ratio of their domestic sales to the total domestic

sales made by domestic �rms. In other words, the individual �rm size excludes exports, and the total market size excludes
imports. We do so to get a proxy of the relative productivity of French �rms that is not impacted by their export status.
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Table 2: Moments used in SMM estimation
Moment Data Model (a) Model (b)

1 Log number of French �rms, mean 5.601 5.569 5.603
2 Log number of French �rms, std. dev. 1.445 1.351 1.262
3 Log number of French �rms, mean/median 0.948 0.984 0.989
4 Domestic market share of the largest �rm 0.198 0.266 0.265
5 Cum. dom. market share of three largest �rms 0.358 0.413 0.426
6 Pareto shape of domestic sales, mean 0.897 1.005 0.962
7 Pareto shape of domestic sales, std. dev. 0.230 0.175 0.154
8 Exports relative to domestic sales, mean 0.631 0.678 0.684
9 Exports relative to domestic sales, std. dev. 0.690 0.581 0.574
10 Exports relative to domestic sales, mean/median 1.393 1.462 1.456
11 Fraction of sectors with exports > domestic sales 0.154 0.188 0.212
12 Aggregate Import share 0.320 0.468 0.476
13 Correlation top market share and export share 0.269 0.365 0.284
14 Correlation top-3 market share and export share 0.314 0.323 0.257
Note: Model (a) refers to constant markups and Model (b) refers to variable markups. See the description of
the moments in the text.

across �rms. Speci�cally, they report the cross-sector mean and standard deviation of the estimated
Pareto shape parameters of the within-sector domestic sales distributions, estimated using a log (rank−0.5)
regression for �rms above the median size (see Gabaix and Ibragimov 2011). On average across sectors,
the distributions of domestic sales exhibit Zipf’s law, i.e. the estimated Pareto shape parameter is close
to 1, however there is a substantial variation across sectors, with some sectors having shape parameters
as high as 1.5 and others as low as 0.5. Panel (c) of Figure 1 illustrates the model �t of the whole cross-
sectoral distribution of Pareto shapes. We observe that the model somewhat over-predicts the mean
(distributions are less fat-tailed in the quanti�ed model than what the data suggest) and under-predicts
the variance of this distribution.

From the joint �t of moments (4), (5) and (6), we can see that the estimation procedure faces a trade-
o� between matching the market share of the top �rm and the Pareto shape of the distribution, two
moments that are particularly important to understand granularity. The estimated model over-�ts the
market shares of top �rms, but also over-�ts the Pareto shape of �rm size distributions (i.e. under-�ts
how fat-tailed �rm size distributions are). With smaller Pareto shapes, closer to the ones in the data,
the distribution of �rm sizes would be more fat-tailed in the quanti�ed model, hence the top market
shares would be even larger.26

Despite the lack of a perfect �t, panels (a)–(c) of Figure 1 illustrate that the model is capable of
capturing the salient features of the cross-sector variation in the number of �rms, top-�rm market
shares and the fatness of tails of the within-sector sales distributions. This is particularly striking given
the tightness of the model parameterization, which features only six parameters common across sec-
tors and countries. The only parameters that are allowed to vary across sectors are the Cobb-Douglas

26In a future version of the draft, we will explore a more conservative estimation where we put more weight on the top
market share, so as to match the top market share more closely at the expense of the Pareto shape.
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(d) Exports relative to domestic sales
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Figure 1: Distributions across sectors: model and data
Note: Top French �rm market share is relative to other French �rms. Pareto shapes are estimated using a log(rank−0.5)
regression for within-sector sales of �rms above the median size. Exports relative to domestic sales is the ratio of total
sectoral exports to total sectoral domestic sales of the French �rms.

sectoral shares. In Appendix Figure A2 we simulate the estimated model in which we shut down vari-
ation in the Cobb-Douglas shares keeping all other parameters constant. We see that the variation in
Cobb-Douglas shares contributes very little to variation in the Pareto shapes and market shares of the
top �rm across sectors, and nearly all of the model-generated variation in these moments comes from
the granularity of sectoral draws. A continuous model, therefore, would not be able to reproduce this
variation without assuming rich heterogeneity in sectoral parameters (e.g., σ, θ, F or τ ). For the varia-
tion in the number of �rms across sectors, the heterogeneous Cobb-Douglas shares and the granularity
contribute roughly equally.

The next 7 moments (8 through 15) in Table 2 characterize international trade. Moments 8–11
characterize the ratio of sectoral export sales relative to domestic sales, and its variation across sectors.
Export sales in a typical French sector equal 63% of the domestic sales, with substantial variation across
sectors, in particular with over 15% of sectors featuring export sales in excess of domestic sales. Panel
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(d) of Figure 1 shows distribution of export-to-domestic sales ratio across sectors, in the data and in the
estimated model. The model predicts accurately the mean of this distribution, yet it slightly underpre-
dicts the variance and overpredicts the fraction of sectors in which this ratio exceeds one. At the same
time, the model overpredicts the aggregate import share in French manufacturing (the ratio of imports
to total domestic sales), which equals 32% in the data and 47% in the model.

In addition to these moments, we decompose the cross-sectoral variation in export sales into the
extensive (number of exporters) and intensive (average exports per exporter) margins, and �nd that
in the model the intensive margin explains about one-fourth of the cross-sectoral variation in exports,
against two-thirds in the data. This notable discrepancy between the models and the data has been em-
phasized by Fernandes, Klenow, Meleshchuk, Pierola, and Rodríguez-Clare (2015). Importantly, how-
ever, the continuous model attributes nothing to the intensive margin (i.e., its contribution is nil, while
the extensive margin drives all of the variation in export sales), and thus the granular model o�ers an
important improvement. In Appendix C.2 we additionally discuss the decomposition of the variation
in domestic sales into intensive and extensive margins.

The last two moments in Table 2 characterize the correlation between sectoral export intensity (i.e.,
the ratio of exports to domestic sales) and the relative size of the largest �rm (resp. three largest �rms)
on the domestic market. These moments discipline the granularity force versus the fundamental com-
parative advantage: if sectoral export intensity is strongly correlated with the within-sector skewness
of the domestic sales distribution, this is suggestive of the importance of the granular force. The models
are broadly in line with the empirical correlations between these variables. Overall, we conclude that
the model has a reasonable �t and is admissible for further quantitative explorations.

Identi�cation We close this section with a brief discussion of identi�cation in the estimation pro-
cedure. With 14 moments reported in Table 2, the model with six parameters is overidenti�ed, and
variation in any of the parameters tends to a�ect all moments simultaneously. Nonetheless, we can
identify which moments are more directly linked to speci�c parameters, and thus what intuitively
drives identi�cation.

First, it is easy to see that the �xed cost of entry F largely determines the average number of �rms
that enter a sector. Second, the average Pareto shape parameter across sectors is pinned down, following
the predictions of the theory, by κ = θ/(σ − 1). Third, given relative wages w

w∗ , the aggregate import
share Φ is decreasing in both µT and τ , as explained in Section 3, and thus this moment provides a
joint restriction on these two parameters. Once these two parameters are known, we can calculate the
import share in the foreign economy, Φ∗, and use it together with the trade balance condition (28) to
discipline Y/Y ∗. Indeed, a lower Φ∗ relative to Φ requires a higher Y ∗/Y in order to balance trade. A
similar logic applies to the fraction of French sectors with export sales exceeding domestic sales, which
would altogether be impossible if the foreign market were no greater than the home market. The mean
and the variance of the export sales distribution (relative to domestic sales) also discipline the values of
θ and τ , as θ is the elasticity of sectoral trade �ows with respect to trade costs in the continuous limit of
the model (as originally shown by Chaney 2008). Lastly, the value of σT determines the strength of the
fundamental Ricardian comparative advantage: greater σT reduces the correlation between sectoral
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exports and the size of the largest home �rm, with this correlation turning negative as σT increases
further. Since this correlation is positive in the data, it puts a limit on the value of σT .

5 Quantifying Granular Trade

We use the estimated model to study the properties of trade �ows, focusing in particular on the relative
roles of the fundamental and granular components.27

5.1 Fundamental versus granular trade

We denote with Λ∗(z) ≡ X(z)
αzY ∗

the realized export share of home in sector z, that is the ratio of home
exports to the total size of the foreign market. Recall that realized trade in the granular model is a ran-
dom variable with the mean given by the expected share, EΛ∗(z) = Φ∗(z). The expected share Φ∗(z)

is an increasing function of fundamental comparative advantage T (z)
T ∗(z) (FCA for brief), as we discussed

in Section 3. We decompose realized export shares into its fundamental and granular components (in
parallel with (24)):

Λ∗(z) = Φ∗(z) + Γ∗(z), (29)

where Γ∗(z) is the mean-zero granular residual, that measures the part of trade patterns not explained
by fundamental comparative advantage. Note that by de�nition the granular contribution to aggregate
trade is nil, as positive granular residuals in some sectors are o�set by negative granular residuals in
others.28 Nonetheless, granularity contributes to the variation of exports across sectors, which is the
focus of our analysis in this section. As the further properties of the granular component Γ∗(z) are
unavailable analytically, we proceed with a quantitative analysis using our estimated model.

First, to get the quantitative feel for the model, we simulate one realization of the economy with 468
sectors using the estimated values of the parameters (see Section 4.2), and plot the results in Figure 2.
To facilitate this discussion, we need a small de�nitional digression:

• De�ne Â(z) ≡ F−1(Λ∗(z)), where F(·) is the function that maps T (z)
T ∗(z) into the expected trade

share Φ∗(z) as a function of T (z)
T ∗(z) given the other parameters of the model Θ. That is:

Φ∗(z) = F
(
T (z)

T ∗(z)
; Θ

)
,

T (z)

T ∗(z)
= F−1

(
Φ∗(z); Θ

)
and Â(z) = F−1

(
Λ∗(z); Θ

)
.

In the continuous model, Λ∗(z) = Φ∗(z), and therefore Â(z) = T (z)/T ∗(z), or in words the observed
trade �ows allow to directly recover the fundamental comparative advantage. This property of a con-
tinuous model is commonly used for identi�cation in the literature following Eaton and Kortum (2002).
In the granular model, it is no longer the case that one can back out fundamental comparative advantage
T (z)/T ∗(z) as Â(z) from the observed trade shares Λ∗(z). Furthermore, while realized trade shares

27We report the results based on the estimated variable markup model (referred to as Model (b) in Tables 1–2), yet most
results are quantitatively similar for the estimated constant markup model (Model (a)).

28Formally, the total exports of a country equal X = Y ∗
∫ 1

0
αzΛ

∗(z)dz = Y ∗
∫ 1

0
αzΦ

∗(z)dz and
∫ 1

0
αzΓ

∗(z)dz = 0.
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Figure 2: Comparative advantage and trade �ows: one realization of the economy
Note: the left panel plots realized sectoral export shares Λ∗(z) = X(z)

αzY ∗ against the fundamental comparative advantage
T (z)
T∗(z)

, while the right panel reverses the axes and plots T (z)/T ∗(z) against Λ∗(z) = X(z)
αzY ∗ . Each blue point corresponds

to a sector z, and the �gure shows one realization (draw) of the estimated economy with 468 sectors. The red line in both
plots corresponds to the expected export share of the sector Φ∗(z) = EΛ∗(z) as a function of T (z)

T∗(z)
, which also equals the

realized trade �ows in the continuous limit of the model.

Λ∗(z) are centered around Φ∗(z), the distribution of T (z)/T ∗(z) is not even centered around Â(z), as
we see below in Figure 2, where Â(z) ≡ F−1(Λ∗(z)) corresponds to the red curves in the two panels.

The left panel of Figure 2 plots realized sectoral trade shares Λ∗(z) against the sector’s fundamental
comparative advantage T (z)

T ∗(z) , which each blue point corresponding to an individual sector z. We see
that, indeed, Λ∗(z) is distributed around Φ∗(z), depicted in the �gure with a red line, with a substantial
variation in Λ∗(z)/Φ∗(z) re�ecting the strength of the granular force in the model. In the continu-
ous limit of the model, all blue points in the �gure align on the red line with no granular e�ects left,
corresponding to Figure A1.

It turns out to be interesting to swap the axis of the plot, as we do in the right panel of Figure 2. What
we observe is that the sectors with the largest realizations of trade shares Λ∗(z) are not necessarily the
sectors with the largest fundamental comparative advantage. In other words, if we are trying to predict
T (z)
T ∗(z) based on observed trade share Λ∗(z), very large realizations of Λ∗(z) seem to imply, based on
this example, an extreme realization of the granular residual Γ∗(z) rather than an extreme relations of
T (z)
T ∗(z) and hence Φ∗(z).29

We further explore this intriguing �nding in Figure 3, which describes the results across 300 sim-
ulations of the estimated economy, and in the {Φ∗,Λ∗} space rather than in the { TT ∗ ,Λ

∗} space. In
the left panel of Figure 3, we plot the moments (mean and the percentiles) of the Λ∗(z) distribution
conditional on Φ∗(z), over 300 realizations of the quanti�ed model. The �gure con�rms our observa-
tions for a single realization of the economy: for a given value of fundamental comparative advantage
and associated expected trade share Φ∗(z), there exists a substantial variation in the realized trade
share — accounted for by the granular residual Γ∗(z). In other words, there is a wide distribution of

29We replicate the exact same analysis with a random draw for sectoral FCA T (z)
T∗(z)

rather than choosing them at �xed
percentiles of the distribution as we do in estimation. This does not a�ect any results.
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Figure 3: Comparative advantage and trade �ows: distribution across realizations
Note: 300 simulations of the estimated economy. LEFT PANEL x-axis: Φ∗(z) (export intensity predicted by fundamental
comparative advantage); y-axis: realized export share, Λ∗(z) = X(z)

αzY ∗ . Blue line plots average realized export share for a
sector across simulations as a function of Φ∗(z) of the sector; Pink (resp. Green) lines plot 25th and 75th percentiles across
simulations (resp. 5th and 95th percentiles) of realized export shares for a given sector as a function of Φ∗(z) of the sector.
RIGHT PANEL reverses the axes in the left panel. Blue line plots the average Φ∗(z) corresponding to a given observed value
of export share Λ∗(z) = X(z)

αzY ∗ across simulations; Pink (resp. Green) lines plot 25th and 75th percentiles (resp. 5th and 95th
percentiles) across simulations of Φ∗(z) corresponding to a given realized value of export shares. Red lines in both panels
plot the 45 degree line. In the continuous limit, all realizations align on the red line. In both panels, the vertical black dotted
lines corresponds to the 50th, 75th, 90th and 99th percentiles respectively of the distribution of the variable plotted on the
x-axis.

possible export-intensity outcomes, for the same level of fundamental comparative advantage. Next,
the right panel shows a more striking pattern, by plotting the distribution of the underlying funda-
mental comparative advantage T (z)

T ∗(z) — or rather of the export intensity predicted by this level of FCA,

Φ∗(z) = F
(
T (z)
T ∗(z) ; Θ

)
— against the realized traded share Λ∗(z).

The intriguing pattern in the right panel of Figure 3 is that the distribution of Φ∗(z) conditional on
realized trade share Λ∗(z) is not symmetric around Λ∗(z), and the mean of this distribution (the blue
line) diverges from Λ∗(z) (the red line), as Λ∗(z) increases. Equivalently, the distribution of fundamen-
tal comparative advantage T (z)

T ∗(z) conditional on realized trade share Λ∗(z) is not symmetric around
Â(z), and the mean of this distribution diverges from Â(z) as Λ∗(z) increases.

That is, for large realized values of export intensity in a given sector, the actual fundamental com-
parative advantage level of the sector is systematically lower than what the continuous model would
predict. Furthermore, this discrepancy increases with the export intensity of the sector. More specif-
ically, the level of comparative advantage predicted by the continuous model Â(z) exceeds the 75th
percentile (the upper pink line) of the actual distribution of fundamental comparative advantage for
very large realizations of Λ∗(z), so that the bias from using a continuous model to infer fundamen-
tal comparative advantage can be substantial, especially for the most export-intensive sectors. This
con�rms the intuitive observation derived from the right panel of Figure 3, in which we plotted one
realization of the granular economy. The granular residual Γ∗(z) becomes particularly important to
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understand the export behavior of sectors with large realized export intensity Λ∗(z).

Trade �ows decomposition We next investigate quantitatively the extent to which trade �ows are
shaped by fundamental comparative advantage vs. granular comparative advantage. To that end, we
propose a simple decomposition of the variation in export share Λ∗(z) as well as in log exports logX(z)

across sectors into the contributions of various components as follows:

var
(
Λ∗(z)

)
= var

(
Φ∗(z)

)
+ var

(
Γ∗(z)

)
+ 2cov

(
Φ∗(z),Γ∗(z)

)
, (30)

var
(

logX(z)
)

= var
(

logαz
)

+ var
(
λ∗(z)

)
+ 2cov

(
αz, λ

∗(z)
)
, (31)

where λ∗(z) is the log export share: λ∗(z) ≡ log Λ∗(z) and log exports is logX(z) = logαz +λ∗(z)+

log Y ∗. The �rst decomposition captures the relative contributions of the fundamental and granular
forces to the variation in trade shares across sectors. If we, however, are interested in the gross trade
�ows, the second decomposition additionally splits the variation in total exports across sectors into the
size of the sector (captured by the Cobb-Douglas share) and the export share in the sector.30

Table 3: Decomposition of variation in trade �ows

Decomposition of var(Λ∗(z))=0.03
Φ∗(z) Γ∗(z) Covar

Variance-based 0.697 0.304 0.001
Decomposition of var(logX(z))=1.69
logαz λ∗(z) Covar

Variance-based 0.405 0.577 0.009

Table 3 reports the results from these decompositions. We observe that almost 60% of variation in
gross export �ows across sectors is due to the variation in trade shares λ∗(z) and 40% is due to the size of
the sectors. In turn, the variation in trade shares is 70% due to the fundamental comparative advantage
and 30% due to granular residual.31 We conclude that granularity plays an important role in shaping
sectoral trade �ows in our estimated model. It accounts for close to 20% of gross trade �ows (30% of
60%) and 30% of the variation in export shares across sectors, which is a natural scale-free measure of
comparative advantage.

30 As an alternative to variance decompositions, we also considered regression-based decompositions, which conveniently
feature no covariance terms. Given that the covariance terms are negligible in Table 3, regression-based decompositions give
virtually the same results. For concreteness, consider the regression counterpart to variance decomposition (30):

var
(
Λ∗(z)

)
= cov

(
Φ∗(z),Λ∗(z)

)
+ cov

(
Λ∗(z)− Φ∗(z),Λ∗(z)

)
,

and it can be conveniently obtained by regressing in turn φ∗(z) and λ∗(z)−φ∗(z) on a constant and λ∗(z). The granular con-
tribution in this case is measured as cov

(
λ∗(z)−φ∗(z), λ∗(z)

)
/var

(
λ∗(z)

)
, as opposed to var

(
λ∗(z)−φ∗(z)

)
/var

(
λ∗(z)

)
in the variance decomposition (30). When the covariance term in (30) is close to zero, the two decompositions give similar
results, as is the case in Table 3.

31The role of the granular component is somewhat larger, around 40%, in the estimated constant markup version of the
model.
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Figure 4: Granularity and export intensity

High export intensity and granularity If granularity explains 30% of variation in export shares
on average across sectors, it is also important to note that the role of granularity is even more pro-
nounced in high export-intensity sectors. We illustrate this point by reporting in Figure 4 how much
granularity impacts trade �ows di�erentially for high and low export intensity sectors. Speci�cally, we
group sectors by decile of export intensity Λ∗(z), and report the fraction of sectors in each decile for
which export is largely driven by granularity. First, we call a sector granular if its exports are mostly
accounted for by the granular component, as opposed to fundamental component. Formally, a sector
is granular when Γ∗(z) > Φ∗(z), or equivalently Λ∗(z) > 2Φ∗(z). The left panel of Figure 4 exhibit
a clear monotonic increasing pattern: granularity is particularly important to explain trade in high
export-intensity sectors, with virtually no granular sectors in the bottom deciles and almost a quarter
of granular sectors in the top decile.

The right panel of Figure 4 plots the contribution of sectors to total country exports by deciles of
export intensity, as well as the separate contribution of the granular component.32 As expected, the
top export intensity decile accounts for over 40% of total exports. More surprisingly, the granular trade
component is negative in all but the two largest deciles. Recall that the granular residual is de�ned to
be mean zero, and therefore the sum of the red bars across deciles must sum to zero, however it is not
zero within the deciles. The �gure illustrates how the granularity of the large export sectors is o�set by
the negative granular components in the bottom eight deciles of sectors (i.e., these sectors export less
than they would in a continuous model). Furthermore, within the top export decile, granular exports
account for a quarter of total exports, which equals 10% of the total exports of the country.

To summarize, we have de�ned the granular contribution to be zero at the aggregate. Positive gran-
ular components in some sectors are o�set by equally large negative granular components in other
sectors. Granularity in the model explains about 30% of variation in trade across sectors (more trade
in some sectors and less trade in others), though it does not create more trade on net. Granularity is

32Speci�cally, the �gure plots
(
Y ∗

X

) ∫
z∈Dk

αzΛ
∗(z)dz and

(
Y ∗

X

) ∫
z∈Dk

αzΓ
∗(z)dz, where X = Y ∗

∫
αzΛ

∗(z)dz is
total exports and Dk is the kth decile of sectors sorted by export intensity Λ∗(z).
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important to understand the particularly large export intensity of certain sectors, i.e. the export cham-

pions of the country. Among the largest decile of exporting sectors, granular sectors play a particularly
large role.

Properties of granular trade �ows We now study the covariation properties of the granular com-
ponent of trade �ows with other variables in the estimated model. This exercise serves two purposes.
First, it helps us understand the properties of the granular component of trade and in particular the
determinants of granular nature of sectoral trade. Second, we want to �nd out empirical proxies for
the granular component of trade �ows using covariates that are in principle readily observable in the
data, whereas fundamental comparative advantage and its counterpart Φ∗(z), used in the �gures and
decompositions above, are not. These proxies can guide a further empirical investigation of granular
comparative advantage.

To this end, Table 4 reports regressions with the granular residual, Γ∗(z) = Λ∗(z) − Φ∗(z), as
the dependent variable. The �rst two columns show that, in the estimated model, Γ∗(z) is correlated
with neither fundamental comparative advantage measured as Φ∗(z), nor with the size of the sector
measured as αz : both the coe�cients and the R2 in these regressions are virtually zero. Therefore,
in the model, that granularity of trade is not systematically related with the size of the sector or the
sector’s fundamental comparative advantage.

Table 4: Properties of the granular residual

(1) (2) (3) (4) (5) (6)
Φ∗z −0.003
logαz 0.000
logNz −0.009 0.008
sz,(1) 0.281 0.302 0.296
s∗z,(1) −0.191

R2 0.000 0.000 0.017 0.333 0.344 0.449
Note: The table reports coe�cients andR2 from the regressions of granular residual Γ∗(z) on
various proxies of granularity, whereNz stands for the number of home entrants in the home
market, sz,(1) is the top market share of a home �rm relative to other home �rms in the home
market, and s∗z,(1) is the top foreign market share among foreign �rms in the foreign market.

The remaining columns show that the granular component of trade can be captured well by the
size of the largest domestic �rm as a our preferred measure of realized granularity in the sector’s pro-
ductivity draws. The size of the largest �rm is one simple measure of the skewness in the realized
productivity draws, and is a likely sign of a granular sector.33 Column 4 of Table 4 shows that the size
of the largest home �rm (relative to other home �rms) alone explains a third of the variation in Γ∗(z)

across sectors. In column 3, we also show that the number of �rms in a sector (domestic entrants in the
33We have also experimented with two other proxies of granularity — concentration ratio of the three largest domestic

�rms (relative to other domestic �rms) and the ratio of the top to median market shares of the domestic �rms. Both of these
variables have similar, albeit slightly lower, explanatory power for Γ∗(z), but they do not improve the �t when combined
together. Therefore, we only display results for our preferred proxy — the top home market share.
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Figure 5: Probability Γ∗(z) > Φ∗(z) conditional on (Λ∗(z), sz,(1))

domestic market) does not have much of an explanatory power for the granular component of trade.
This underlines that granularity is not merely a re�ection of small number of �rms: in large sectors in
terms of number of �rms, the granular component can still be large, given the very fat-tailed distribu-
tion of productivity draws. Furthermore, adding the number of �rms to the size of the largest �rm does
not improve the explanatory power of the regression (column 5).

As foreign granularity can be an equally important force in shaping trade �ows, column 6 includes
both the size of the largest home and foreign �rms, as proxies for home and foreign granularity. These
two variables can explain almost a half (45%) of the variation in the granular component Γ∗(z) across
sectors, up from a third when only the home granularity is proxied for in column 4. We conclude that
a single easily observable variable — the relative size of the largest �rm — acts as a powerful proxy
for granularity, explaining nearly a half of the granular trade. The remaining portion of variation in
granular trade is due to the other, less easily measurable, features of the sectoral productivity draws.

5.2 Identifying granular sectors

We now address the subject of identifying the speci�c granular sectors in the data. This is a challenging
task, as neither Φ∗(z) nor Γ∗(z) are observed, and the inference must be made using only the overall
trade share Λ∗(z) and the observable proxies for granularity, such as the relative size of the largest
�rm. We again de�ne a sector to be granular if Γ∗(z) > Φ∗(z), that is more than a half of its exports
have a granular origin. The estimated model o�ers a full description of the data generating process, and
therefore we can answer the following question: in a given sector z, what is the likelihood of Γ∗(z) >

Φ∗(z) (or in other words, Φ∗(z) < Λ∗(z)/2) conditional on observing the realized trade share Λ∗(z)
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and r(z), a vector of other observed variables. In particular, we simulate the model to evaluate a joint
distribution function for (Φ∗(z),Λ∗(z), r(z)), and use it to evaluate the probability mass associated
with Φ∗(z) < Λ∗(z)/2, integrating across all possible values of the unobserved variable Φ∗(z).34

In Figure 5, we plot the resulting probability of granularity as a function of (Λ∗(z), sz,(1)), where
sz,(1) is the relative size of the largest home �rm (as in Table 4 above). The blue colors indicate the
region of low probability of granularity, while the green and yellow regions indicate the regions of
high likelihood of granularity (high probability of Γ∗(z) > Φ∗(z)). Since Γ∗(z) > Φ∗(z) is a rather
unlikely event in the estimated model, concluding that the probability of this event is greater than a half
requires a very large realization of the top home market share sz,(1) of above 50%. Conversely, if the
top home market share is below 30%, the likelihood of a sector being granular (in the Γ∗(z) > Φ∗(z)

sense) is below 10%.35 Figure 5 additionally superimposes our French data as red circles. This way, for
each of our 117 French sectors, we identify the probability of it being granular, in the Γ∗(z) > Φ∗(z)

sense. Indeed, there are a few sectors in the French data that we can call as likely granular, i.e. in which
the realized export shares exceed considerably those that would be predicted based on the sectors’
fundamental productivity.

6 Dynamics of Comparative Advantage

In this section, we develop a dynamic extension for our granular model of trade in order to study
the dynamics of comparative advantage. In a recent paper, Hanson, Lind, and Muendler (2015; HLM
henceforth) emphasize two striking facts:36

(i) the hyper-specialization of exports, where a single top sector accounts on average across coun-
tries for 21% of a country’s total exports and three top sectors account on average for 45% of total
exports; and

(ii) the high turnover of comparative advantage, where a sector in the top-5% of exporting sectors
has only a 41% chance of staying in the top-5% of exporting sectors two decades later.

A granular model is well suited to address these facts. Firm dynamics, which is straightforward to
discipline empirically using data on the evolution of �rm market shares, alters the granular comparative
advantage over time, and therefore can explain, at least partially, the high turnover of exporting sectors,
replicating simultaneously the hyper-specialization of countries at any given point in time. This is the
issue we now address quantitatively.

34Formally, this probability is calculated as follows:

P{Γ∗(z) > Φ∗(s)|Λ∗(z), r(z)} =

∫
Φ∗< 1

2
Λ∗(z)

h
(
Φ∗,Λ∗(z), r(z)

)
dΦ∗∫ 1

0
h
(
Φ∗,Λ∗(z), r(z)

)
dΦ∗

,

where h(Φ∗,Λ∗, r) is the joint density of (Φ∗(z),Λ∗(z), r(z)) according to the estimated model, which can be factored into
a density of (Λ∗(z), r(z)) conditional on Φ∗(z) and the partial density of Φ∗(z), resulting in the standard Bayesian formula.

35One can adopt alternative, less tight, cuto�s for granularity, for example Λ∗(z) > 1.5·Φ∗(z), in which case the probability
schedule will shift upwards across the entire space (Λ∗(z), sz,(1)) in Figure 5.

36Hanson, Lind, and Muendler (2015) use data which splits all products into 135 sectors.
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Table 5: Firm dynamics and comparative advantage

Moment Data Model
ν=0.0092 ν=0.0120

SR persistence std(∆sz,i,t+1) 0.0036 0.0025 0.0036
LR persistence corr(sz,i,t+10, sz,i,t) 0.78 0.78 0.65
Top-1% of sectors trade share 21% 20% 20%
Top-3% of sectors trade share 45% 34% 34%
Turnover: stay in top-5% sectors after 20 years 41%-55% 68% 57%
Note: Empirical moments in the top panel from French data and in the bottom panel from HLM. Top-1% (3%) of
sectors corresponds to 1 (3) sectors in the HLM data and to 3.5 (10) sectors in the simulation (with 468 sectors
relative to 135 sectors in the data).

We introduce dynamics by assuming that the productivity of each �rm evolves over time according
to a random growth process. Consistent with our earlier assumptions, there is a given pool of �rms in
each sector drawn in the beginning of times from a Poisson distribution. These �rms never leave and
new �rms never enter, yet the �rms decide each period whether to be active or inactive. The decision
to become active involves a per-period �xed cost, but no sunk costs, making this choice static. The
productivity of every �rm, whether active or inactive, evolves over time. In any given time period,
�rms play a static entry game, as described in Section 3, given the realized productivity distribution in
that period. We choose the productivity process to replicate the same cross-sectional Pareto distribution
of �rm productivities as in the static model. Therefore, our dynamic economy is a sequence of static
economies, with the only inter-temporal link through the persistent �rm-level productivity process.
We discipline this process using our French data on the evolution of �rm market shares over time.

The speci�c �rm productivity process we adopt is a geometric random walk with drift and a re-
�ecting barrier at the lower bound for productivity draws. Formally, productivity of �rm i in sector z
evolves according to:

ϕz,i,t = ϕz + |µ+ ϕz,i,t−1 + νεz,i,t − ϕz|, (32)

where ϕz is the re�ecting barrier, µ = −θν2/2 < 0 is the negative drift term, ν is the standard
deviation of innovation, and εz,i,t is iid standard normal. If the initial productivity draws ϕz,i,0 came
from a Pareto distribution with the shape parameter θ and the lower bound ϕz , the cross-sectional
distribution of productivities ϕz,i,t stays stable over time (see Gabaix 2009).

We normalize ϕz to a small number which we ensure never binds in the entry game,37 and other-
wise this parameter is inconsequential in the model. Given the restriction on the value of µ, this leaves
us with only one parameter to estimate—the size of the productivity innovation ν. Importantly, this
parameter does not a�ect any of the static moments used in the simulation, and therefore can be dis-
ciplined in a separable way from the rest of the model. Speci�cally, we choose to match two moments
of the �rm market share evolution—the short-run persistence of market share measured (inversely) by
var(∆sz,i,t+1) and the long-run persistence measured by corr(sz,i,t+10, sz,i,t), where one period cor-
respond to a year. We choose the value ν = 0.0885 to match these two moments, as we show in the

37Concretely, we use the minimum realized draw of the pool of shadow �rms drawn initially.
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Figure 6: Trade e�ects of individual �rm exit

top panel of Table 5. The model is broadly consistent with both the short-run and long-run persistence
of market shares, and we choose to err on the conservative side and adopt the parameter value which
results in somewhat greater persistence of market shares than in the data.

With this, we simulate the dynamic equilibrium path of the economy over a long period of time,
and use the simulated �rm data to calculate the HLM moments, as reported in the bottom panel of Ta-
ble 5. The model matches the hyper-specialization of the top-1% of sectors and somewhat understates
the hyper-specialization of the top-3% of sectors (34% versus 45%). The model also accounts for a large
fraction of the turnover in comparative advantage sectors: over 20 years, the probability for a sector to
remain among top-5% exporting sectors is 68%, against 41% in the data.38 If we were to recalibrate the
model to match the short-run (rather than long-run) persistence of market shares by setting ν = 0.012

(last column of Table 5), we �nd that the probability of staying in top-5% of exporting sectors falls from
68% to 57%, very close to the empirical persistence of comparative advantage for developed countries.
Therefore, a simple dynamic granular model accounts jointly for the hyper-specialization of industries
and a substantial turnover in comparative advantage across industries over time. The turnover im-
plied by the model is arguably a lower bound, since the model features no evolution over time in the
fundamental comparative advantage T (z)

T ∗(z) . Nonetheless, we conclude that a granular model o�ers an
important quantitatively-disciplined source of dynamics for comparative advantage of countries.

Trade e�ects of individual �rm exit Finally, we consider a counterfactual in which the largest
�rm in a randomly chosen sector fails for an exogenous reason and has to exit the industry. We study
the impact of this shock for the aggregate export performance of the sector, which is absent in a model
with a continuum of �rms. In particular, in Figure 6, we plot the drop of the sector in the percentile of
the export intensity distribution as a result of the exit of the largest �rm, as a function of the sector’s

38This moment in the HLM data is sensitive to the sample of countries, with developing countries having greater turnover.
The corresponding probability for the developed countries is, in fact, 55%, closer to the number implied by our model calibrated
to the French �rm-level data.
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granular residual Γ∗(z) = Λ∗(z)−Φ∗(z). We observe that in the non-granular sectors, the e�ects are
small, with the relative standing of the sector in terms of export intensity barely changing. At the same
time, a death of the sector leader in more granular sectors has much more dramatic consequences. On
average, a death of a �rm in a non-granular sector (in the bottom 7 deciles of the Γ∗(z) distribution)
results in a drop of the sector by 5 percentiles in the export intensity distribution of Λ∗(z). In contrast,
for the top decile of granular sectors, a death of a �rm shifts the sector down on average by 18 percentiles
in the import intensity distribution, however much greater drops are also typical. In the most extreme
cases, a drop of over 80 percentiles — that is, from the top-10% of exporting sectors to the bottom-10%
— merely due to the death of a single �rm is possible.

Granularity, trade openness, and labor reallocation Idiosyncratic �rm productivity shocks in a
continuous model result in labor reallocation across �rms, but not across sectors. Sectoral labor alloca-
tion in a continuous model depends on the sector’s Cobb-Douglas share and is additionally increasing
in the sector’s net exports. Idiosyncratic �rm productivity shocks wash out at the sectoral level, and
hence a�ect neither net exports, nor labor shares across sectors.39 Matters are di�erent in a granular
model, where idiosyncratic �rm productivity shocks a�ect aggregate sectoral comparative advantage,
as we discussed above. As a result, these shocks lead to labor reallocation not only within, but also
across sectors — from sectors losing comparative advantage towards sectors gaining it. We quantify
the amount of intersectoral labor reallocation in response to idiosyncratic �rm productivity dynamics
in the estimated dynamic model. We �nd that 20% of the total labor reallocation in response to idiosyn-
cratic �rm productivity shocks is across sectors. This between-sector labor mobility is entirely absent
in the continuous counterpart of the model, emphasizing that granularity can be an important source
of aggregate resource reallocation, especially in economies open to international trade.

7 Implications of GCA for the Impact of Trade Liberalization

We have established in section 5 that accounting for the granular nature of exports is important to
understand the determinants of countries’ comparative advantage. We turn next to studying whether
accounting for this granular source of comparative advantage has implications for trade policy. Speci�-
cally, we ask �rst whether granular sectors respond di�erently to a trade liberalization episode. Second,
we study the implications of granularity for evaluating the welfare gains from trade following such a
trade liberalization episode.

7.1 Trade Elasticities

To evaluate how trade �ows respond to a trade liberalization episode in the granular model, we take
the estimated model of Section 5 and shock the economy with a reduction in trade costs of 10%. We

39Aggregate sectoral productivity shocks can change a sector’s comparative advantage, and therefore its net exports and
labor share. In the closed economy, even aggregate shocks do not a�ect sectoral labor allocations, given the Cobb-Douglas
assumption, as sectoral labor income is proportional to sectoral expenditure share. While this exact relationship breaks down
in the granular model, it gives a quantitatively-accurate benchmark: The sectoral labor shares are stable in the granular model
in autarky, emphasizing the role of both granularity and trade openness for the results we now discuss.
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then compute a measure of sectoral trade elasticity θ̃z de�ned as:40

θ̃z =
1

2∆ log τ
∆ log

(
Λz

1− Λz

Λ∗z
1− Λ∗z

)
(33)

This measure of trade elasticity plays a central role in the recent research in international trade. Arko-
lakis, Costinot, and Rodríguez-Clare (Arkolakis, Costinot, and Rodríguez-Clare; henceforth, ACR) show
that for the class of models commonly used in the international trade literature this measure of trade
elasticity form a su�cient statistics, along with the home shares (1 − Λz), for evaluating the welfare
gains from trade. In the continuous limit of our granular model, θ̃z = θ for all sectors z.

We evaluate this expression in the granular model, across 300 di�erent simulations of the model.
Figure 7 reports the results. Panel (a) plots the kernel density of the distribution of these sectoral trade
elasticities. It also plots for reference the case of the continuous model, where these elasticities are
equal to the parameter θ, constant across sectors, as well as the value of the aggregate trade elasticity,
measured using aggregate trade �ows:

θ̃agg =
1

2

1

∆ log τ
∆ log

(
Λ

1− Λ

Λ∗

1− Λ∗

)
, (34)

where Λ = X∗/Y and Λ = X/Y ∗ are the home and foreign aggregate import shares.
Two facts emerge. First, trade elasticities are on average higher (at 4.24) than what the continuous

limit of the model would predict (at 3.75). Second, they display a fair amount of variance across sectors,
varying between 0.37 and 6.75, despite the facts that all sectors are governed by the same parameter θ.
We investigate the determinants of this heterogeneity in realized trade elasticities. To that end, panel
(b) plots the distribution of the sectoral trade elasticities conditional on the realized market share of the
largest home �rm in the sector (our preferred proxy for granularity from Section 5). Further, Table 6
reports the explanatory power of this trade elasticity using a few additional proxies of granularity, that
is, the market share of the top foreign �rm in the foreign market and the number of domestic and
foreign �rms. Granularity both at home and in foreign systematically lowers how much trade �ows
react to a reduction in trade costs. Beyond that, trade elasticity is higher the smaller the sector in terms
of number of �rms.

Table 6: Determinants of the Sectoral Trade Elasticity
(1) (2) (3)

Top Firm MS on Domestic Market -1.220 -1.163 -1.587
Top Firm MS on Foreign Market -0.743 -1.007
log Number Dom. Firms -0.172
R-squared 0.241 0.308 0.491

We conclude from this exercise that granularity (i) makes sectoral trade more sensitive, on average,
40Formula (33) is constructed by analogy with the continuous case, in which the same expression (given that in this case

Λz = Φz and Λ∗z = Φ∗z) allows to recover the structural parameter θ. The intuition behind the product of ratios in (33) is that
such transformation cancels out the general equilibrium variables and thus allows to recover the (partial) elasticity of trade
with respect to trade costs.
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Figure 7: Distribution of Sectoral Trade Elasticity

to a reduction compared to the continuous limit of the modeland (ii) matters to explain cross-sectional
variation in sectoral response to trade liberalization, in a way that can be well predicted using as a
proxy for granularity the top market share of home and foreign �rms, as well as the number of home
�rms in each sector.

7.2 Welfare Gains from Trade

We next investigate the extent to which the granular model has di�erent implications for the welfare
gains from trade, compared to its DFS-Melitz continuous limit. To that end, we follow the logic of ACR.
They show that under a wide class of trade models, the measured trade elasticity θ̃z together with
the home shares 1 − Λz are su�cient statistics for the welfare gains from trade. That is, once these
quantities are measured from the data, the welfare gains from trade can be computed using only these
quantities, irrespective of the speci�c micro-structure of the model. Our granular model does not fall
into this class of models, though its continuous limit does.41 We therefore investigate quantitatively
whether trade elasticities and home shares are still su�cient statistics for welfare gains from trade once
we account for granularity in the world’s exports, or whether the granular micro-structure plays a role
in welfare gains beyond these statistics. We �rst brie�y investigate this question at the aggregate level
for completeness of the analysis, then focus on cross-sectoral heterogeneity.

Aggregate welfare gains Our �rst exercise is concerned with aggregate welfare gains. In our model,
because of the assumption of a continuum of sectors, the LLN holds across sectors so that there is no
granularity left in the aggregate upon integration across sectors. Granularity kicks in at the sectoral
level, and our main focus is to investigate whether di�erent sources of comparative advantage, funda-
mental or granular, have di�erent implications for sector-level outcomes. Nevertheless, before moving

41Relaxing the continuum assumption of the DFS-Melitz model leads to two departures from the ACR framework. First,
granularity gives rise to oligopolistic competition and variable markups, as analyzed in Edmond, Midrigan, and Xu (2015).
Second, under �nite number of draws, the realized productivity distribution is no longer Pareto, and therefore the macro
restrictions of the ACR analysis do not hold in the granular model.
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Table 7: Welfare gains from trade (%)
Actual welfare gain Multi-sector ACR Single-sector ACR

Small Liberalization 5.97 5.85 5.76
Full Liberalization 20.66 19.76 21.11

to studying cross-sectoral heterogeneity in welfare gains from trade, we �rst brie�y study aggregate
questions. It is indeed not a priori clear whether the formulas commonly used for aggregate welfare
gains following ACR hold here in the aggregate, since this granular model does not fall within the class
of models considered by ACR. Our �rst step is therefore to check whether it is the case.

To that end, we �rst compute, within the granular model, the instantaneous welfare gains from
a small trade liberalization as well as the welfare losses of going back to autarky, holding constant
individual �rm productivity draws before and after the trade liberalization. To implement the ACR
formula, we evaluate the multi-sectoral ACR formula for welfare gains (which applies in the continuous
limit):

ŴACR = −
∫
αz

̂(1− Λ∗z)

θ̃z
dz, (35)

where the hat notation denotes log changes.42 We use the same estimator of θ̃z described above in (33),
which varies across sectors, for both liberalization episodes.43 For completeness, we also report the
outcome of the one-sector ACR formula, i.e. the one we would apply if the data were interpreted as
coming from a continuous one-sector model:

ŴACR,agg = − 1̂− Λ∗

θ̃agg
.

The results are reported in Table 7. We �nd that the ACR formula(s) perform remarkably well
in the context of the static granular model, whether we use its multi-sector version or its one sector
version. Both predict the actual gains from trade in the granular model with an error of less than 5%.
These results echo the ones in Edmond, Midrigan, and Xu (2015) who study welfare gains from trade
on Taiwanese data through the lens of a quanti�ed model of Cournot competition, and �nd that the
one-sector ACR formula provide an accurate approximation for aggregate welfare gains from trade.

Sectoral contribution towelfare gains We next move to the heart of our question, which is whether
the contribution of each sector to a change in welfare following a trade liberalization is close to the one
predicted by the continuous model, or whether a granular sector has di�erent implications for welfare
gains compared to a sector whose comparative advantage is driven by fundamental CA. That is, are
the granular and the continuous models close sector-by-sector as well, or does the aggregate result
mask substantial discrepancies at the sectoral level? To analyze this question, we �rst evaluate the

42In particular, in the case of a small reduction in trade costs, ̂(1− Λ∗z) = d log(1 − Λ∗z) is the log change in home
shares, measured in the simulated data before and after the liberalization. In the case of going back to autarky, ̂(1− Λ∗z) =
− log (1− Λ∗z).

43The sectoral trade elasticities are computed for a 10% reduction in trade costs, starting from the calibrated trade costs.
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distribution of the sectoral contribution to welfare gains, de�ned as:

Ŵz =
Πz

αzY
∆ log Πz −∆ logPz.

This expression is a way to evaluate the marginal contribution of a sector to the welfare gains from
trade. In particular, we have that Ŵ =

∫ 1
0 αzŴzdz, as shown in Appendix A.4.

Figure 8 reports the distribution across 300 simulations of the model of the sectoral contribution
to welfare gains from trade of each sector, as a function of its fundamental comparative advantage.
Panel (a) reports the results for a small reduction in trade costs, and Panel (b) plots the results for going
back to autarky. The welfare contribution of individual sectors in the granular model can vary sub-
stantially from what their fundamental comparative advantage predicts, another sign that granularity
shapes the comparative advantage of sectors. We next investigate the extent to which these potential
welfare gains can be predicted by measures that are observable in the data before the liberalization
episode. A natural candidate for this is the home share, 1 − Λz . As shown in Appendix A.4, sectoral
contribution to welfare can be expressed as a function of home shares and the model’s parameter in
the continuous model.

Table 8: Predicting outstanding welfare contribution
(1) (2) (3)

Top Firm MS on Domestic Market 0.016 0.017 0.016
Top Firm MS on Foreign Market -0.012 -0.013
log Number Dom. Firms -0.001
R-squared 0.196 0.289 0.289

Figure 9 reports the distribution across 300 simulations of the model of the sectoral contribution
to welfare gains from trade of each sector, as a function of its observed home share. Panel (a) reports
the results for a small reduction in trade costs, and Panel (b) plots the results for going back to autarky.
We see that home shares are a much tighter predictor of sectoral welfare gains, though sectors with
high home shares have quite variant outcomes in terms of welfare gains. We see for example that
for these high-home-share sectors, the distribution of welfare gains are very skewed: 5% of them have
systematically a welfare contribution that is about twice what the mean sectoral contribution to welfare.
Sectors that tend to bring in large welfare gains correspond to outliers compared to the continuous case.
We report in Table 8 how these outstanding welfare contributions correlate with — and hence can be
predicted by — the proxies for granularity we have already used above. To that end, we measure the
di�erence between their sectoral welfare contribution Ŵz and the mean welfare contribution predicted
by their fundamental comparative advantage (the red line in Figure 8). We then project this residual
on proxies for granularity. Similarly to what we have seen for the trade elasticity patterns, the top
market share of the domestic �rm and the top market share of the foreign �rm on their respective
home markets are good predictors of these outstanding welfare contributions, though here the number
of �rms in the sectors brings in no additional predictive power. More precisely, an exceptionally large
domestic �rm in a given sector tends to bring in additional gains from trade compared to what the
corresponding trade share would predict. Conversely, an exceptionally large foreign �rm in a given
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Figure 8: Sectoral Contribution to Welfare Gains from Trade
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Figure 9: Sectoral Gains as a Function of Home Share, 1− Λz

sector tends to dampen systematically the gains from trade compared to what the corresponding home
share would predict.

7.3 Sectoral contribution to welfare gains: dynamics

To illustrate quantitatively these systematic departures from the continuous benchmark, we run the
following thought experiment. We study a liberalization episode in which only a subset of sectors see
their trade costs change,44 and ask how large are welfare gains depending on the set of sectors chosen
to be liberalized, both in the short run and in the long run. For this exercise, we come back to modeling
�rm dynamics as we did in Section 6. Concretely, we measure the counterfactual gains from trade that
would occur, over time, if one were to liberalize the top 2% of sectors chosen in terms of either

(i) their instantaneous contribution to welfare gains (computed myopically for year 1);

(ii) their home share 1− Λz at the time of liberalization; and
44Formally, we bring back these sectors to autarky and report the negative of the corresponding losses.
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Figure 10: Dynamics Gains from Trade for a subset of sectors,
relative to the optimal choice of sectors in year 1

(iii) their fundamental comparative advantage as captured by 1− Φz .

In the continuous model, these three notions are equivalent, both in year 1 and over time. Therefore,
the same measure of sectors would be selected according to either criteria. In the granular model,
this is not the case anymore. First, (i) and (ii) di�er because of the outlier sectors highlighted above.
Second, (i) and (iii) di�er because granular comparative advantage shapes 30% of trade patterns, so that
fundamental comparative advantage alone is only a noisy predictor of the realized export patterns.

We let the economy evolve dynamically according to the process described in Section 6. Over
time, individual �rms’ productivity evolve, and because of granularity, sectoral comparative advantage
evolves in turn. Therefore, sectors that initially bring in large welfare gains because of granular e�ects
tend to revert over time to bringing in the welfare gains that their fundamental comparative advantage
predict.

Figure 10 plots the yearly contribution to welfare gains of the sectors selected according to selec-
tions rules (i), (ii) and (iii). Gains from trade are computed compared to a counterfactual with no change
in trade costs, but with the same �rm dynamics as in the liberalization episode. Welfare numbers are
normalized by the maximal instantaneous welfare gains of 2% of sectors.

We see from Figure 10 that the optimal choice of sectors to liberalize depends on the time horizon
considered. Nevertheless, the relative ranking of sectors is slow-moving, so that for example, as long as
the time horizon considered in less than 25 years, the ranking of selection criteria is unambiguous: (i) is
preferred over (ii), which is preferred over (iii). Only over the very long run are the yearly gains from
trade higher for sectors chosen based on their fundamental comparative advantage. This suggests that
accounting for the role played by large �rms in bringing in welfare gains from liberalization matters
both in the short and medium-to-long run.
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8 Conclusion

Firms play a pivotal role in international trade: much of exports is done by a small number of very
large �rms that enjoy substantial market shares. This research develops a quanti�ed general equilib-
rium model that is well-suited to account for this fact. It contrasts two sources of comparative ad-
vantage: a fundamental comparative advantage, which is a sector-level characteristic stemming from
technological characteristics shared by all �rms in a sector-country pair, and a granular comparative
advantage, driven by goods that some individual �rms happen to master to produce in an idiosyncratic
way. To do so, we rely on an international trade model that features technology di�erences between
sectors, and �rm heterogeneity within sectors a la Melitz (2003). Di�erent from the standard models
in the literature, we relax the assumption of the continuum of �rms within sector, allowing for indi-
vidual �rms to play a determinant role in shaping sectoral exports. The estimated model implies that
thirty percent of trade �ows is explained by granular forces, and that sectors with the highest export
shares are more likely to be of granular origin than sectors with average export shares. Furthermore,
extending the model to allow for �rm-level productivity dynamics explains the majority of the change
in the country’s comparative advantage over time. Failure of a single large �rm in a granular sector has
dramatic e�ects on the relative export standing of the sector. Lastly, we show that the welfare gains
from liberalizing a sector are shaped by the extent to which this sector is granular.
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A Theory Appendix

A.1 Derivations and proofs for the continuous model of Section 2

Using (7) to write the zero pro�t conditions for entry into the home and foreign market, which de�ne
ϕh(z) and ϕf (z) respectively, we have:

πz(ω) = wF

[(
ϕ(ω)
ϕh(z)

)σ−1
− 1

]+

+ w∗F ∗
[(

ϕ(ω)
ϕf (z)

)σ−1
− 1

]+

,

ϕh(z) = σ
σ−1

w
P (z)

(
σwF
αzY

)1/(σ−1)
,

ϕf (z) = σ
σ−1

τw
P ∗(z)

(
σw∗F ∗

αzY ∗

)1/(σ−1)
.

(A1)

Using (5) and the markup pricing rule

pz(ω) =


σ

σ − 1

w

ϕz(ω)
, if variety ω is by home �rm,

σ

σ − 1

τw∗

ϕ∗z(ω)
, otherwise,

(A2)

we can calculate the price index in sector z in the home market:

P (z) =
σw

σ − 1

(
κT (z)

κ− 1

) 1
1−σ

ϕh(z)κ−1

[
1 +

(
τw∗

w

)1−σ T ∗(z)

T (z)

(
ϕ∗h(z)

ϕh(z)

)σ−1−θ
] 1

1−σ

,

where we denote κ ≡ θ/(σ − 1) > 1. Combining this expression with the cuto� condition in (A1), we
have: 

ϕh(z) =
(
κT (z)
κ−1

) 1
θ
[
1 +

(
w
τw∗

)θ T ∗(z)
T (z)

] 1
θ
(
σwF
αzY

) 1
θ
,

ϕ∗h(z) = τw∗

w ϕh(z),

ϕf (z) = τ P (z)
P ∗(z)

(
w∗F ∗/Y ∗

wF/Y

) 1
σ−1

ϕh(z),

P (z) = σ
σ−1

w
ϕh(z)

(
σwF
αzY

) 1
σ−1

(A3)

Symmetric equation hold for cuto�s and the price index in the foreign market. Therefore, we have fully
solved for industry equilibrium in sector z given aggregate variables (w,w∗, Y, Y ∗) and exogenous
parameters, including Ricardian productivity T (z) and T ∗(z).

We de�ne Φ(z) =
∫
ω∈M∗(z) sz(ω)dω and use equations (4), (A1) and (A3) to calculate this integral

to obtain expression (9) in the text.45

45In a more general case in which the �xed cost of market entry depend both on the source-country j and the destination
country i, e.g. Fji paid in units of domestic labor (at cost wjFji), the foreign share in country i is given by:

(wjτ)−θ(wjFji)
1−κTj(z)

w−θi (wiFii)1−κTi(z) + (wjτ)−θ(wjFji)1−κTj(z)
=

1

1 +
(
wjτ

wi

)θ
Ti(z)
Tj(z)

(
wjFji
wiFii

)κ−1
,
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Table A1: Revenue split in sector z in the home market (shares)

Home expenditure on Home expenditure on
Home varieties Foreign varieties

= [1− Φ(z)]αzY = Φ(z)αzY
Home Income Foreign Income Home Income Foreign Income

Production (Labor) σ − 1

σ
— — σ − 1

σ

Entry Cost (Labor) κ− 1

σκ
— κ− 1

σκ
—

Pro�ts 1

σκ
— — 1

σκ

Note: the total expenditure on sector z varieties at home equals αzY , and the table reports the split of this expenditure into
incomes of various factors in home at in foreign.

In Table A1 we provide income accounting in the domestic market for sector z, i.e. the split of
the total sectoral expenditure αzE into the incomes of various factors at home and in foreign. As
just discussed, the share Φ(z) of the expenditure goes to foreign �rms, while the complementary share
1−Φ(z) goes to home �rms. The revenues of the �rms are split between production labor and operating
pro�ts, with the latter in turn split between net pro�ts and �xed costs of entry (payed to labor in the
country of entry). Given constant markup pricing and linear production, fraction (σ − 1)/σ of sales
covers the operating costs (payment to production labor), while the remaining fraction 1/σ is operating
pro�ts. With Pareto productivity distribution and given that the marginal �rm just breaks even paying
the entry cost wF , we calculate that fraction 1/κ of operating pro�ts goes to cover �xed costs and the
remaining share (κ− 1)/κ is net pro�ts of all �rms in the sector, where recall that κ ≡ θ/(σ− 1) > 1.
This applies to both domestic and foreign �rms, however for foreign �rms the operating costs and
net pro�ts are income of the foreign factors, while entry costs go to local labor. These results are
summarized in Table A1 for the domestic market, and mirror-image results hold in the foreign market.

Next, we use Table A1 to calculate the aggregate demand for home labor (in value terms):46

wL = E

∫ 1

0
αz

[
σκ− 1

σκ

(
1− Φ(z)

)
+
κ− 1

σκ
Φ(z)

]
dz + E∗

∫ 1

0
αz
σ − 1

σ
Φ∗(z)dz,

where the �rst integral is the aggregate demand for domestic labor used to supply goods in the do-
mestic market (both in production and in entry), while the second integral is the aggregate demand
for domestic labor used in production for exports. Since L units of labor are supplied inelastically, this
equation can be also viewed as the labor market clearing condition. Manipulating the equation above

and hence also decreases in the relative �xed costs of entry for foreign �rms, (wjFji)/(wiFii).
46Since all workers are homogenous and command the same wage in the labor market, the total value spent on labor

expenditure wL is su�cient, given the wage rate w, to recover the total demand for units of labor, L. In this model, it is
more convenient to do the calculations in the value terms, however, one can arrive to the same aggregate labor demand by
aggregating the physical demand for labor of individual �rms.
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Figure A1: Foreign share across sectors in the DFS-Melitz model
Note: Symmetric countries with κ = 1.25, τ = 1.5, αz ≡ 1, M(z) ≡ 1, ϕ(z) drawn from a uniform distribution on [1, 5]

and ϕ∗(z) ≡ 6− ϕ(z). The other parameters are inconsequential when countries are symmetric.

and using the trade balance condition (12), we can rewrite the labor market clearing condition as:

wL =
σκ− 1

σκ
E, (A4)

and a symmetric condition holds for foreign. Condition (13) states that labor income in the model is a
constant share of total income, with the complementary share coming from �rm pro�ts.

DFS Limit The continuous DFS-Melitz benchmark admits as a limiting case the classical DFS formula-
tion when within-sector �rm heterogeneity collapses. Speci�cally, the DFS model emerges as a limit of
the DFS-Melitz model when θ, σ →∞, F → 0, while at the same time holding constant κ = θ/(σ−1),
σF and the following productivity parameters: a(z) ≡ T (z)1/θ and a∗(z) ≡ T ∗(z)1/θ . Note that our
choice of notation a(z) and a∗(z) parallels the original notation in DFS, as in the limit of θ → ∞,
a(z)/a∗(z) indeed becomes the measure of relative sectoral productivity of the countries. In what fol-
lows we use a(z)/a∗(z) as our measure of comparative advantage rather than T (z)

T ∗(z) , as this makes
easier the comparison across calibrations with di�erent values of θ and σ. In the DFS limit, the foreign
shares Φ(z) and Φ∗(z) in (9) become step functions, de�ned by two cuto�s z, z̄ ∈ [0, 1]. Speci�cally,
we rank all sectors z ∈ [0, 1] such that a(z)/a∗(z) is a monotonically increasing function of z, and
de�ne the cuto�s to satisfy:

a(z)

a∗(z)
=

w

τw∗
and a(z̄)

a∗(z̄)
=
τw

w∗
, (A5)

which implies z < z̄. For sectors z ∈ [0, z), foreign is the only supplier of the good on both domestic
and foreign markets, goods z ∈ (z, z̄) are non-traded and produced in both countries, and for goods
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z ∈ (z̄, 1] home is the only world supplier.47

More generally, we can study the behavior of the DFS-Melitz economy as we vary θ and σ holding
constant κ and σF . We do this in Figure A1 by plotting the foreign share Φ∗(z) (of home �rms in foreign
market) across sectors against the measure of sectoral comparative advantage a(z)/a∗(z) for various
values of parameter σ and θ. Speci�cally, we consider σ ∈ {1.5, 3, 5, 10,∞} and corresponding values
of θ holding constant κ = 1.25. Recall from (10) that Φ∗(z) is exports of home normalized by the foreign
expenditure on good z, and hence can be viewed as the direct consequence of the home’s comparative
advantage. We see from Figure A1 that foreign share is indeed increasing in the comparative advantage
of the sector. When σ is small, the foreign share is rather �at across sectors, and it becomes steeper
approaching a step function as σ increases towards in�nity.

A.2 Derivations and proofs for the granular model of Section 3

We can rewrite (21)–(22) and their foreign counterparts as:

wL = wFK + Y
S

µH
+ Y ∗

1− S∗

µ∗H
, (A6)

w∗L∗ = w∗F ∗K∗ + Y ∗
S∗

µ∗F
+ Y

1− S
µF

, (A7)

Y = wL+

[
Y S

µH − 1

µH
− wFχK

]
+

[
Y ∗(1− S∗)

µ∗H − 1

µ∗H
− w∗F ∗(1− χ∗)K∗

]
, (A8)

Y ∗ = w∗L∗ +

[
Y ∗S∗

µ∗F − 1

µ∗F
− w∗F ∗χ∗K∗

]
+

[
Y (1− S)

µF − 1

µF
− wF (1− χ)K

]
, (A9)

0 = [Y ∗(1− S∗)− w∗F ∗(1− χ∗)K∗]− [Y (1− S)− wF (1− χ)K] , (A10)

where (A10) is the sum of (A6) and (A8), which is also the sum of (A7) and (A9), and where we used
the following notation:

K =
∫ 1

0 Kzdz, K∗ =
∫ 1

0 K
∗
zdz,

χ = 1
K

∫ 1
0

(∑Kz
i=1 ιz,i

)
dz, χ∗ = 1

K∗

∫ 1
0

(∑K∗z
i=1 ι

∗
z,i

)
dz,

S =
∫ 1

0 αz

(∑Kz
i=1 ιz,isz,i

)
dz, S∗ =

∫ 1
0 αz

(∑K∗z
i=1 ι

∗
z,is
∗
z,i

)
dz,

µH =
[

1
S

∫ 1
0 αz

(∑Kz
i=1

ιz,isz,i
µ(sz,i)

)
dz
]−1

, µ∗F =
[

1
S∗

∫ 1
0 αz

(∑K∗z
i=1

ι∗z,is
∗
z,i

µ(s∗z,i)

)
dz
]−1

,

µ∗H =
[

1
1−S∗

∫ 1
0 αz

(∑K∗z
i=1

(1−ι∗z,i)s∗z,i
µ(s∗z,i)

)
dz
]−1

, µF =
[

1
1−S

∫ 1
0 αz

(∑Kz
i=1

(1−ιz,i)sz,i
µ(sz,i)

)
dz
]−1

.

Lemma A1 χ = S = 1− Φ, χ∗ = S∗ = 1− Φ∗, µH = µF = µ and µ∗H = µ∗F = µ∗.

This lemma follows from the property of EKS model described in footnote 15.
47The only remaining equilibrium condition in the limiting case is a version of (12), after substituting in the limiting

versions of expression (13) wL = Y and w∗L∗ = Y ∗, which reads (wL)/(w∗L∗) =
∫ 1

z̄
αzdz/

∫ z
0
αzdz, and together

with (A5) allows to solve for equilibrium (w/w∗, z, z̄).
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A.3 Trade elasticity

Continuous Model Home shares in the continuous model are:

Λz =
w−θTz

w−θTz + (τw∗)−θT ∗z
and Λ∗z =

w∗−θT ∗z
w∗−θTz + (τw)−θTz

.

It follows that :
Λz

1− Λz

Λ∗z
1− Λ∗z

= τ2θ.

And �nally:

θ =
1

2

1

∆ log τ
∆ log

(
Λz

1− Λz

Λ∗z
1− Λ∗z

)
. (A11)

Granular Model We know that in the granular model, the �rst expressions above are valid for the
expected trade shares, i.e.:

E(Λz) =
w−θTz

w−θTz + (τw∗)−θT ∗z
and E(Λ∗z) =

w∗−θT ∗z
w∗−θTz + (τw)−θTz

.

Therefore, by a similar reasoning as above in the continuous model:

θ =
1

2

1

∆ log τ
∆ log

(
E(Λz)

1− E(Λz)

E(Λ∗z)

1− E(Λ∗z)

)
. (A12)

Of course, we do not observeE(Λz) but instead one realization of it for each sector, Λz . We calculate
Λz and Λ∗z before and after the reduction in τ , and calculate θ̂z according to (33).

A.4 Sectoral Contribution to Welfare Gains from Trade

In this section of the appendix, we normalize w = 1 at Home and ω ≡ w∗/w.

Continuous Model The total home �rm pro�ts in both the home and foreign markets in sector z are:

Πz =
1

σκ
ΦzαzY +

1

σκ
[1− Φ∗z]αzY

∗.

We aggregate:

Π =
1

σκ

∫ 1

0
αz
(
Y Φz + Y ∗[1− Φ∗z]

)
dz =

1

σκ
Y.

where the second equality uses the trade balance condition. Since pro�ts are a share 1/(σκ) of income,
the residual share goes to labor income wL = Y (σκ − 1)/(σκ). Since trade is not balanced sector-
by-sector, some sectors generate a greater or a smaller pro�t share for the home country in a trade
equilibrium (in general, Πz 6= αzY/(σκ)).

We can therefore write:
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W =
Y/L

P
=
wL+ Π

PL
=
Y

L
·

1 +

=0︷ ︸︸ ︷∫ 1

0
αz

(
Πz

αzY
− 1

σκ

)
dz

exp
∫ 1

0 αz logPzdz
.

We therefore have the following decomposition of welfare changes:

Ŵ =

∫ 1

0
αzŴzdz

where we use Ŷ = ŵ = 0 and we de�ne sectoral gains as:

Ŵz ≡
dΠz

αzY
− d logPz (A13)

We then show that:

Ŵz ≡
dΠz

αzY
− d logPz

=
1

σκ
ΦzΦ̂z −

1

σκ
Φ∗zΦ̂

∗
z

Y ∗

Y
+

1

σκ
[1− Φ∗z]

Y ∗

Y
ω̂ − 1

θ
Φ̂z

=
1

σκ
Φz(1− Φz)θ(τ̂ + ω̂)− 1

σκ
Φ∗z(1− Φ∗z)

Y ∗

Y
θ(τ̂ − ω̂) +

1

σκ
[1− Φ∗z]

Y ∗

Y
ω̂ − 1

θ
(1− Φz)θ(τ̂ + ω̂),

where ω̂ = ŵ∗−ŵ = ŵ∗. The �rst three terms are from pro�ts and they are proportional to the change
in the net exports in the sector, so that we can rewrite:

Ŵz =
1

σκ

d(Xz −X∗z )

αzY
− 1

θ
Φ̂z.

So the welfare gains from the sector are a weighted sum of an increase in net exports (divided by σκ
to convert to increase in pro�ts) and a reduction in home share (divided by θ to convert to price index
reduction).

After some further algebra, it is easy to show that Net exports are a function of Φ,Φ∗:

dNXz

αzY
= −θτ̂

[Y ∗
Y

Φ∗z(1− Φ∗z)− Φz(1− Φz)
]

and Foreign share are a function of Φ:

d log(1− Φz) = −Φzθ(τ̂ + ω̂)

Granular Model We de�ne the pro�ts of domestic �rms in sector z Πz to be the ones made in both
home and foreign markets:

Πz =

Kz∑
i=1

(1− ιz,i)Πz,i +

K∗z∑
i=1

ι∗z,iΠ
∗
z,i.
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Welfare writes:

logW = log
Y

PL
= log

(
w +

Π

L

)
− logP

= log

(
w +

1

L

∫ 1

0
Πzdz

)
−
∫ 1

0
αz logPzdz

Given our normalization w = 1, we can calculate:

Ŵ =
1

Y

∫ 1

0
(dΠz)dz −

∫ 1

0
αzd logPzdz.

We can de�ne the contribution of sector z to welfare as:

Ŵz =
Πz

αzY
d log Πz − d logPz

such that Ŵ =
∫ 1

0 αzŴzdz.

B Estimation Appendix

Variablemarkup case is identical to the constant markup case except for the computation of markups
and prices given general equilibrium variables (see Section 4.2). To make the procedure faster, we use
the following approximation:

• We show that the number of �rms in the variable markup case is larger than in the constant
markup case (higher markups of large �rms resulting in more entry by small �rms), given the
same parameters of the model. Therefore, we start with the set of �rms that would enter in the
constant markup equilibrium.

• For these �rms, we compute the Atkeson-Burstein markup distribution and market share distri-
bution, and the corresponding price index.

For all less productive �rms, we approximate their markup at the constant markup level and
check whether with this markup and this price index they would enter or not.

• This is the equilibrium. It turns out to overpredict entry somewhat, but yields a good approxi-
mation overall. We compare the outcome (moments) under these procedure and under the full
procedure, and the di�erence is negligible.

B.1 Identi�cation

[TO BE COMPLETED]

B.2 Shutting down granularity

1. By increase θ.
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2. By reducing σ.

3. By increase T (z) and reducing F , keeping FT (z) constant, to increase the median number of
�rms per sector from 270 to 2,700.

4. By replacing Pareto with log-normal with the same variance.

C Additional Results

C.1 Model without variation in the Cobb-Douglas shares

(a) Log number of French �rms
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(b) Top French-�rm market share
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(c) Pareto shapes of sales distributions
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(d) Exports relative to domestic sales
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Figure A2: Distributions across sectors: model without variation in Cobb-Douglas shares
Note: the �gure replicates �gure 1 adding the results from a model (with constant markups) holding all parameters the same
apart from the Cobb-Douglas shares which are made uniform across sectors (and equal to 1/468 where 468 is the number of
simulated sectors).
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C.2 Extensive versus intensive margin

(a) Extensive margin in the data
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(b) Extensive margin: model vs data

0
2

4
6

8
10

Lo
g 

N
um

be
r o

f fi
rm

s 
ac

ro
ss

 S
ec

to
rs

8 10 12 14 16 18
ltot_dom

Data Model(Constant Markups)

Figure A3: Extensive versus intensive margin of cross-sector variation in sales
Note: the �gures plot the extensive margin—variation across sectors in the log number of �rms against the total sectoral sales.
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