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OA.1. Online appendix: Theory

OA.1.1. Analytical details

Under the model’s assumptions, the number of suppliers from j offering a
price below p is drawn from a Poisson distribution of parameter λijµij(p) =

λijTj (dijwj)
−θ pθ = λijυijp

θ where we define υij ≡ Tj (dijwj)
−θ to alleviate

notations. Likewise, the number of suppliers from any country offering a price
below p is drawn from a Poisson distribution of parameter

∑
j λijµij(p) =∑

j λijTj (dijwj)
−θ pθ = κiΥip

θ.

Preliminary results: The assumption of Poisson draws makes it possible to
derive a number of useful properties for the distribution of prices offered to
buyers in country i. The following theorem characterizes the joint distributions

of prices offered to a particular buyer, when we note P
(n)
i the n’th lowest price

offer received by a buyer in i and P
(n)
ij the n’th lowest price offer received by a

buyer in i from a seller in j.1

Theorem 1. The joint density of P
(n)
i and P

(n+1)
i is:

gi,n,n+1(pn, pn+1) =
θ2

(n− 1)!
(κiΥi)

n+1 pθn−1
n pθ−1

n+1 exp
[
−κiΥip

θ
n+1

]
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succursale A, Montréal, QC H3C 3P8, Canada. Email address: martin.julien@uqam.ca.
‡Sciences Po and CEPR. Address: Sciences Po, Department of Economics, 28 rue des

Saints Pères, 75006 Paris, France. Email address: isabelle.mejean@sciencespo.fr

1. Here, we closely follow the steps in Eaton and Kortum (2010), chapter 4.
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for 0 < pn ≤ pn+1 <∞. The marginal density of P
(n)
i is:

gi,n(p) =
θ

(n− 1)!
(κiΥi)

n pθn−1 exp
[
−κiΥip

θ
]

for 0 < p <∞.

Likewise, the joint density of P
(n)
ij and P

(n+1)
ij is:

gij,n,n+1(pn, pn+1) =
θ2

(n− 1)!
(λijυij)

n+1 pθn−1
n pθ−1

n+1 exp
[
−λijυijpθn+1

]
for 0 < pn ≤ pn+1 <∞ while the marginal density of P

(n)
ij is:

gij,n(p) =
θ

(n− 1)!
(λijυij)

n pθn−1 exp
[
−λijυijpθ

]
for 0 < p <∞.

Proof. Under the model’s assumptions, the distribution of Pi given Pi ≤ p̄ is:

F (p|p̄) =

{ (
p
p̄

)θ
if p ≤ p̄

1 if p > p̄

The probability that a price is less than pn is F (pn|p̄) and the probability
that a price is more than pn+1 is (1− F (pn+1|p̄)). Hence, if the buyer has met
with m sellers with price below p̄, the probability that n are lower than pn and
m− n are greater than pn+1 is:

Pr
[
P

(n)
i ≤ pn, P (n+1)

i ≥ pn+1|m
]

=

(
n

m

)
F (pn|p̄)n(1− F (pn+1|p̄))m−n

Taking the negative of the cross-derivative of this expression with respect to

pn and pn+1 gives the joint density of P
(n)
i and P

(n+1)
i , conditional on m:

gi,n,n+1(pn, pn+1|p̄,m) =
m!F (pn|p̄)n−1(1− F (pn+1|p̄))m−n−1F ′(pn|p̄)F ′(pn+1|p̄)

(n− 1)!(m− n− 1)!

for pn+1 ≤ pn and m ≤ n+ 1. For m < n+ 1, gi,n,n+1(pn, pn+1|p̄,m) = 0.
The number m of price quotes is drawn from a Poisson distribution with

parameter κiΥip̄
θ. The expectation of the joint distribution unconditional on

m is thus:

gi,n,n+1(pn, pn+1|p̄) =
∞∑
u=0

exp
[
−κiΥip̄

θ
](
κiΥip̄

θ
)u

u!
gi,n,n+1(pn, pn+1|p̄,m)

=
F (pn|p̄)n−1

(
κiΥip̄

θ
)n+1

exp
[
−κiΥip̄

θF (pn+1|p̄)
]
F ′(pn|p̄)F ′(pn+1|p̄)

(n− 1)!

=
θ2

(n− 1)!
(κiΥi)

n+1 pθn−1
n pθ−1

n+1 exp
[
−κiΥip

θ
n+1

]
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which is the expression in Theorem 1 for p̄→∞. The marginal density comes
immediately from:

gi,n(p) =

∫ ∞
p

gi,n,n+1(p, pn+1)dpn+1

�

Theorem 1 thus characterizes the joint distribution of each pair of adjacent
order statistics, in the overall subset of offers received by a buyer in i and in
the subset of offers originating from j. These distributions solely depend on θ,
κiΥi and λijυij .

Another useful property of random variables described by the marginal
distribution in Theorem 1 is summarized in Theorem 2:

Theorem 2. For each order n, the b’th moment (b > −θn) is:

E

[(
P

(n)
i

)b]
= (κiΥi)

−b/θ Γ [(θn+ b)/θ]

(n− 1)!

where Γ(α) =
∫∞

0 yα−1e−ydy is the gamma function.
Likewise,

E

[(
P

(n)
ij

)b]
= (λijυij)

−b/θ Γ [(θn+ b)/θ]

(n− 1)!

Proof. First consider k = 1:

E

[(
P

(1)
i

)b]
=

∫ ∞
0

pbgi,1(p)dp

=

∫ ∞
0

(κiΥi) θp
θ+b−1 exp

[
−κiΥip

θ
]
dp

We now use a change of variable: v = κiΥip
θ:

E

[(
P

(1)
i

)b]
=

∫ ∞
0

(
v

κiΥi

)b/θ
exp [−v]dv

= (κiΥi)
−b/θ Γ

(
θ + b

θ

)
which is defined for θ + b > 0.

More generally:

E

[(
P

(n)
i

)b]
=

∫ ∞
0

pbgi,n(p)dp

�
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Weibull distribution of prices: Based on Theorem 1, one can recover the

distribution of the n’th lowest price P
(n)
i :

Fi,n(p) ≡ Pr[P (n)
i ≤ p] = 1−

n−1∑
u=0

(
κiΥip

θ
)u

u!
exp

[
−κiΥip

θ
]

As is necessary for a cumulative distribution, Fi,n(p) approaches 1 when p tends
to infinity and F ′i,n(p) = gi,n(p).

In particular, the lowest price is distributed:

Fi,1(p) ≡ Pr[P (1)
i ≤ p] = 1− exp

[
−κiΥip

θ
]

which is the Weibull distribution used in the main text.
Likewise, the distribution of the lowest price received from j is:

Fij,1(p) ≡ Pr[P (1)
ij ≤ p] = 1− exp

[
−λijυijpθ

]
Bilateral trade probabilities: Section 3.2 of the paper analyzes the share
of buyers from i purchasing the product from country j. When the number of

buyers is large enough, the share is also the expected value of 1
(1)
bij

, a dummy
variable that is equal to 1 if the lowest price received by buyer bi originates
from country j.

To derive this expected value, we first derive the probability that the
lowest-cost seller from j that buyer bi meets is the lowest cost supplier
overall, conditional on a price p. By definition, this probability is equal to
the probability that all lowest-cost sellers from a different country offer a price
above p: ∏

j′ 6=j
[1− Fij′,1(p)] = exp

−pθ∑
j′ 6=j

λijυij


Integrating over p gives the probability that the lowest-cost supplier met from
j is the lowest-cost supplier met:

E
[
1

(1)
bij

]
=

∫ ∞
0

exp

−pθ∑
j′ 6=j

λijυij

dFij,1(p)

=
λijυij
κiΥi

[1− Fi,1(p)]∞0

=
λijυij
κiΥi

Bilateral trade shares: Under iso-elastic preferences, the nominal demand
expressed by a buyer bi is a function of the lowest price received, at the power
1− σ:

pbicbi =
(
P

(1)
bi

)1−σ
X̄i
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The expected value of bilateral imports from j to i can thus be written
as the expected value of individual purchases, across buyers in i that end up
purchasing the good from j, i.e. conditional on the lowest-cost supplier from j
that the buyer has met offering a price below the lowest-cost supplier of any
other country:

E
[
pbicbi |1

(1)
bij

= 1
]

= X̄i

∫ ∞
0

p1−σ exp

−pθ∑
j′ 6=j

λijυij

dFij,1(p)

= X̄iθλijυij

∫ ∞
0

pθ−σ exp
[
−pθκiΥi

]
dp

To derive bilateral trade shares, this expression must be compared with the
expected value of individual purchases, irrespective of the source country:

E [pbicbi ] = X̄i

∫ ∞
0

p1−σdFi,1(p)

= X̄iθκiΥi

∫ ∞
0

pθ−σ exp
[
−pθκiΥi

]
dp

= X̄i (κiΥi)
σ−1
θ Γ

(
θ + σ − 1

θ

)
Taking the ratio of the two terms and simplifying gives:

πij =
E
[
pbicbi |1

(1)
bij

= 1
]

E [pbicbi ]

=
λijυij
κiΥi

As in Eaton and Kortum (2002), trade shares are fully summarized by the
probability that any supplier from j ends up serving market i. The reason is
that, conditional on the identity of the seller, the distribution of prices offered
to buyers in i is the same whatever the origin of the seller. In this context,
trade shares only depend on the likelihood that a seller from j is the lowest-
cost supplier met by a buyer from i. In our model, the probability depends on
country j’s comparative advantage in market i (υij/Υi) and the relative size
of frictions (λij/κi).

As discussed in the text, the semi-elasticity of this trade share with respect
to the bilateral search parameter is unambiguously positive:

d lnπij
dλij

=
1

λij
− 1

κi

dκi
dλij

=
1− πij
λij

> 0
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OA.1.2. Proof of proposition 2

The sensitivity of export probabilities to search frictions can be assessed
through the following derivative:

∂ lnρij(z)

∂λij
=

∂ lnλij
∂λij︸ ︷︷ ︸

Visibility channel

+
∂ ln e−(wjdij)

θz−θκiΥi

∂λij︸ ︷︷ ︸
Competition channel

=
1

λij
− (dijwj)

θz−θΥi
dκi
dλij

=
1

λij
− Tjz−θ

(
z

z

)−θ
.

Depending on the current level of frictions (λij), the expected number of firms
in country j (Tjz

−θ) and the position of the firm in the productivity distribution

(
(
z
z

)−θ
), the derivative can be positive or negative. It is more positive for high

values of z. At the limit:

lim
z→+∞

∂ lnρij(z)

∂λij
=

1

λij
.

Instead, low-productivity sellers’ export probability is less sensitive to frictions
and can even be negatively affected by a decrease in frictions. Namely, if the
level of frictions is such that λij > 1/Tjz

−θ, that is, if frictions are not too strong
so that buyers in expectation meet with at least one seller from j, a strictly
positive mass of firms exists whose export probability decreases when search
frictions are reduced: ∂ lnρij(z)/∂λij < 0, where ρij(z) denotes the export
probability of the least productive firm.

This non-monotonicity is to be compared with the sensitivity of export
probabilities to iceberg trade costs, which is instead unambiguously negative,
less so for more productive sellers:

∂ lnρij(z)

∂dij
= −(cjdij)

θz−θΥiκi

[
θ

dij
+
∂ ln Υi

∂dij
+
∂ lnκi
∂dij

]
= − θ

dij
(cjdij)

θz−θΥiκi(1− πij) < 0.

These contrasted results are the key reason search frictions and iceberg
costs can be identified separately in firm-level export patterns in this model.
Larger iceberg trade costs decrease the probability of serving any buyer in
the destination, less so for more productive sellers. By contrast, more search
frictions are more costly for high-productivity firms, in relative terms.
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OA.1.3. Plugging the model into a general equilibrium structure

The model developed in paper describes the matching equilibrium in a sector
whose production costs are taken as exogenous as in partial equilibrium.
We now show how this structure can be plugged into a general equilibrium
framework. In this general equilibrium structure, the assumptions in the main
text describe the matching of consumers and producers within a particular
sector k. Following Atkeson and Burstein (2008) and Gaubert and Itskhoki
(2018), the aggregate impact of the discretedness at product level is neglected
by assuming the economy displays a continuum of products. A consumer in
country i consumes a CES bundle of products:

cbi =

[∫ 1

0

(
ckbi
)σ−1

σ dk

] σ
σ−1

with σ the elasticity of substitution between product-level consumptions.
Consumption at product level follows the assumptions in of our model. Each
consumer bi meets with a random number of potential suppliers for variety k,
chooses the lowest-cost supplier met and pays the price:

pkbi = arg min

{
wjd

k
ij

zsj
; sj ∈ Ωkbi

}
,

where Ωkbi now denotes the set of producers of variety k met by buyer bi and

dkij is the product-specific iceberg cost. The price of the input bundle is instead
assumed homogenous across products and we will now interpret it as the wage
rate: Firms produce out of labor with a constant returns to scale technology
and labor is perfectly mobile across sectors.

To solve the model, it is assumed that individual consumers maximize
aggregate consumption based on the expected price index, i.e. they neglect
the aggregate impact of the randomness in the matching process: max{ckbi}k∈[0,1]

[∫ 1

0

(
ckbi
)σ−1

σ dk

] σ
σ−1

s.t. E
[∫ 1

0 p
k
bi
ckbidk

]
≤ Ri

Bi

Ri is the country’s aggregate income that we assume is shared equally across
buyers. In equilibrium Ri = wiBi + Πi where Πi denotes aggregate profits,
assumed to be distributed lump-sum to all consumers.

Under these assumptions, the demand addressed to the lowest cost supplier
met by consumer bi writes:

pkbic
k
bi =

(
pkbi
Pi

)1−σ
Ri
Bi
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where Pi = E
[∫ 1

0

(
pkbi
)1−σ

dk
] 1

1−σ
is the expected price index in country i.

This demand function is consistent with the assumption in the main text
under the notation X̄i ≡ Ri

Bi
Pσ−1
i . Aggregating these demand functions across

buyers within a product implies:

Xk
i = BiE

[
pkbic

k
bi

]
= BiX̄i

(
κki Υk

i

)σ−1
θ Γ

(
θ + σ − 1

θ

)

πkij =
Xk
ij

Xk
i

=
T kj
(
dkijwj

)−θk
Υk
i

λkij

κki

where the notations are the same as in the main text except that we explicitly
introduce the product dimension that was neglected to alleviate notations.

The model is closed using the trade balance condition. For each pair of
countries i and j, we have: ∫ 1

0

πkijdk =

∫ 1

0

πkjidk

These conditions for all pairs of countries define a system of equations that can
be used to solve for equilibrium factor prices {wj}j=1...N . Solving the model
numerically requires estimates for all parameters, most notably the whole vector
of search frictions λkij , ∀k ∈ [0, 1], i = 1, ...N and j = 1...N . In the main text,

we propose a strategy to estimate λkij from firm-to-firm trade data. Because
we have access to data for French exporters only, we are unable to recover the
whole set of parameters necessary to solve the model in general equilibrium.

The general equilibrium extension discussed in this Section however gives
intuition for how search frictions affect welfare in general equilibrium. The
gravity structure at product-level makes it possible to compare our theoretical
framework with other trade models displaying structural gravity, most notably
the multi-sector extension of Eaton and Kortum (2002) in Caliendo and
Parro (2015). As discussed in Costinot and Rodriguez-Clare (2014), a gravity
structure, together with other common micro and macro restrictions, defines a
general class of trade models which welfare predictions can be summarized
using a simple formula that solely involves trade shares and measures of
trade elasticities. As long as the search frictions we introduced in the model
are technological constraints that the planner faces, so that the planner’s
solution coincides with the decentralized equilibrium, the results in Costinot
and Rodriguez-Clare (2014) are likely to apply in our model as in the class of
multi-sector models they discuss. By distorting the geography of trade, search
frictions will thus affect the welfare benefits from trade.
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OA.1.4. Alternative market structure assumption

Results in the main text rely on the assumption that firms price at their
marginal cost. The randomness induced by matching frictions however increases
the market power of the lowest-cost supplier met by a particular buyer. Even
if the firm has announced a price at its marginal cost, it has an incentive to
deviate ex-post and exploit its market power. As we now show, the model is
flexible enough to handle more realistic price strategies.

Suppose that firms in each buyer’s random choicest compete à la Bertrand.
Under Bertrand competition, the lowest-cost producer ends up setting the price
which is just sufficient to beat the second lowest-cost supplier, unless this price
is above the monopoly price.2 As in the baseline discussed in the main text,
each buyer ends up purchasing the product from the lowest-cost supplier she
has met. The price that she pays is however equal to the marginal cost of the
second lowest-cost supplier.

In this setting, bilateral trade probabilities are the same as in the baseline
case. The value of trade, conditional on a match, is however a function
of the distribution of the second lowest-cost supplier, through the lowest-
cost supplier’s pricing function. As demonstrated in Bernard et al. (2003),
endogenous mark-ups do not distort the geography of trade, and thus trade
shares are still equal to bilateral trade probabilities. The reason is that the
distribution of markups is the same whatever the origin of the firm setting this
markup: within a destination, no source sells at systematically higher markups.
This result is summarized in Theorem 3.

Theorem 3. Under Bertrand competition, the distribution of markups set to
buyers in country i writes:

Hi(m) = P [Mi ≤ m] = 1−m−θ

with Mi the ratio of the price set by the lowest cost supplier over its marginal

cost, P
(2)
i /P

(1)
i if we keep the notations used in Appendix OA.1.1.

2. In the set-up under study, the monopoly markup is σ
σ−1

for σ > 1.
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Proof. The distribution of the second to the first lowest cost P
(2)
i /P

(1)
i ,

conditional on P
(2)
i = p2 is:

P

[
P

(2)
i

P
(1)
i

≤ m|P (2)
i = p2

]
= P

[
P

(1)
i ≥ p2

m
|P (2)
i = p2

]
= 1− P

[
P

(1)
i ≤ p2

m
|P (2)
i = p2

]
= 1−

∫ p2
m

0

gi,1,2(p, p2)

gi,2(p2)
dp

= 1−
( p2

m

p2

)θ
= 1− (m)−θ

The unconditional distribution Hi(m) comes immediately. �

Whereas the baseline model sticks to the assumption of marginal cost
pricing, the result in Theorem 3 shows that the main conclusions would be
left unchanged if we instead assumed Bertrand competition among the random
choiceset of firms met by a particular buyer. The pricing assumption instead has
consequences for the dynamics of trade adjustment to shocks, that is studied
into more details in Fontaine et al. (2021).

OA.1.5. Increasing meeting probabilities

One may wonder whether imposing the same meeting probability to all firms,
whatever their productivity, is a key driver of the result. An alternative
approach would assume the meeting probability to be increasing in the firm’s
productivity. Such increasing relationship would for instance emerge under
endogenous search effort. In a reduced-form set-up, this assumption would
imply that the meeting probability for a firm of productivity z in country
j that seeks to serve market i can be summarized by

λij(z) = f(λij , z)

with df(λij , z)/dλij > 0 and df(λij , z)/dz > 0, i.e. high-productivity firms
meet more buyers on average but more structural frictions reduce meeting
probabilities at each point of the productivity distribution.

Under such assumption, the probability for a firm with productivity zsj to
serve a buyer in i is still equal to the probability of a match times the probability
of being the lowest cost supplier, conditional on this match. However, the cross-
derivative of ρij(zsj ) with respect to the (exogenous) search parameter and the
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firm’s productivity now takes a more complicated form:

d2ρij(zsj )

dλijdzsj
=

ρij(zsj )λij

d2f(λij , zsj )

dλijdzsj
+
ρij(zsj )

P()

d2P

(
mins′k∈Ωbi

{
wkdik
zs′
k

}
= sj

)
dλijdzsj

 .
As in the benchmark case, the second term is likely to be negative and
increasing in zsj . The second derivative of the probability of serving the buyer
conditional on a match with respect to λij and zsj is expected larger than in
the baseline, however. The reason is that a reduction in frictions implies the
typical buyer in i meets with more sellers and the additional sellers met are
more productive, on average. From this point of view, the competitive channel
is even more distortive in this case. However, a reduction in frictions also affects
the relative meeting probabilities at different points of the distribution; that
is, d2f(λij , zsj )/dλijdzsj might no longer be zero. From this, it comes that the
distortive impact of frictions is likely to show up in this model as well, whenever
the cross derivative of the meeting probability with respect to λij and zsj is
not too negative.

Figure OA.1.1 illustrates the impact of varying the meeting probability
under a specific parametric assumption, which can be compared with Figure 2
of the paper. Namely, we simulate the model assuming:

λij(zsj ) = 2λij

[
1−

(
zsj
z

)−θ]
(1)

Under this parametric assumption, the expected meeting probability is equal to
λij , as in the baseline, but now varies between 0 and 2λij along the productivity
distribution. Assuming the meeting probability to be increasing in the seller’s
productivity mechanically increases the likelihood that a high-productivity
seller will end up serving a foreign buyer. As a consequence, the probability of a
match is larger at the top of the distribution in the extended model than in the
benchmark case. Whereas the level probabilities are different in the baseline
and extended models, the extended model still displays the log-supermodularity
in λij and zsj , which we exploit in the empirical Section. For this reason, we
believe that our empirical strategy is not threatened by the strong parametric
assumption imposed to recover analytical results.

OA.1.6. A model of heterogeneous consumers

In this Section, we discuss the predictions of another class of models which the
trade literature often compares with Ricardian models à la Eaton and Kortum
(2002) or the monopolistic competition structure in Melitz (2003), namely
models displaying horizontal differentiation and heterogeneous consumers. As
discussed in Anderson et al. (1992) and Head and Mayer (2014), discrete choice
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Figure OA.1.1. Probability of serving a buyer as a function of the seller’s productivity
under increasing meeting probabilities. This Figure illustrates how the probability of
serving a buyer varies with the seller’s productivity, for four different values of bilateral
frictions.

models of demand for horizontally differentiated varieties can deliver a gravity
structure under the adequate parametric assumptions. In this Section, we show
how it is possible to interpret our predictions in the context of this class of
models. We also show that the moment used to identify search frictions in the
paper is likely to be orthogonal to the parameters of such a model.

Consider a model in which buyers display heterogeneous preferences with
regard to the varieties produced by the (discrete) set of wordwide producers.
More specifically, let us denote ψbisj a random variable characterizing the
preference of buyer bi with respect to variety sj . Following the literature, we
will assume that the preference parameters are independently drawn into a
Pareto distribution of shape θ:

P
(
ψbisj ≥ ψ

)
=

{ (
ψ
ψ

)−θ
if ψ ≥ ψ

1 if ψ < ψ

Let us further assume that consumers’ preferences are systematically biased
towards varieties produced in some countries. Namely, the number of varieties
from j that deliver a preference parameter above ψ in country i is assumed
to follow a Poisson distribution of parameter Tjλijψ

−θ. Tj can be interpreted

12



as the mean quality of varieties produced in j whereas λij measures a dyadic
preference bias.

Finally, suppose as in the paper’s baseline model that the cost of serving
market i from j is equal to wjdij and that the revenue of a consumer in country
i is equal to xi ≡Ri/Bi. Under these assumptions, the indirect utility recovered
from the consumption of variety sj writes:3

Vbisj =
xi

wjdij
ψbisj

Using the properties of the Poisson distribution, it is straightforward to
show that the number of varieties from j (resp. from any country) delivering an
indirect utility above v is distributed Poisson of parameter v−θcθiTjλij(wjdij)

−θ

(resp. v−θcθi
∑
j Tjλij(wjdij)

−θ).
In this model, the probability that a buyer bi chooses a variety produced in

country j, conditional on the variety delivering indirect utility above v, writes:

P
(
V

(1)
bi

originates from j|V (1)
bi
≥ v
)

=
v−θcθi (wjdij)

−θ Tjλij

v−θcθi
∑
j (wjdij)

−θ Tjλij

As the probability is independent from v and homogenous across buyers, it is
also equal to the probability that any buyer from i purchases the variety from
j, which is also the trade share in this model in which the value of trade is
homogenous across buyers in expectation:

πij =
(wjdij)

−θ Tjλij∑
j (wjdij)

−θ Tjλij
=
Tj (wjdij)

−θ

Υi

λij
κi

where Υi ≡
∑
j (wjdij)

−θ Tj and κi =
∑
j(wjdij)

−θTjλij∑
j(wjdij)

−θTj
.

Based on bilateral trade shares, it is thus not possible to discriminate our
model, that combines Ricardian comparative advantages with search frictions,
and a model that displays (biased) heterogeneous preferences. As discussed in
the main text though, this prediction of the model is not sufficient to identify
search frictions anyway. Indeed, the geography of trade involves two dyadic
components, dij and λij , which cannot be separated in the data based on
predicted and observed trade shares. What the discussion in this Section adds
is that, even if we were able to control for iceberg costs, using this prediction
of the model would not be desirable because the same structural equation
arises from a completely different model in which λij interprets as a preference
parameter instead of a search friction.

3. As in the paper’s model, it is implicitly assumed that the seller sj serves buyer bi
at marginal cost. Assuming instead that the seller exploits her competitive advantage to
price at the second lowest preference-adjusted marginal cost would complicate the analysis
although results regarding the selection of firms into exporting would be left unaffected.
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Our identification strategy does not exclusively relies on the gravity
structure of the model though. Instead, we exploit the model’s prediction
regarding individual trade patterns. Namely, the moment used for identification
is based on the expected number of firms from a given country that serve exactly
M buyers in i:

hij(M) =

∫
CMBiρij(sj)

M (1− ρij(sj))Bi−Mf(sj)dsj

where f(sj) is the pdf of the distribution of firms and ρij(sj) is the probability
that seller sj serves any buyer in country i. Our empirical strategy uses the
heterogeneity across sellers in their ability to reach foreign consumers, that is
log-supermodular in firms’ productivity and the level of search frictions.

In a model in which the only source of heterogeneity is consumers’
preferences with respect to differentiated varieties, such heterogeneity does not
exist and the moment used in the structural estimation becomes:

hij(M) = CMBiρ
M
ij (1− ρij)Bi−M

where

ρij =
Tj (wjdij)

−θ

Υi

λij
κi

is homogenous across sellers and captures the likelihood that any seller from i
is the prefered variety of any buyer from j.

OA.1.7. A model of buyer acquisition under monopolistic competition

Whereas our model is Ricardian in nature, an alternative interpretation of
the buyer margin can be done in the context of an imperfect competition
model à la Melitz (2003), as notably done by Bernard et al. (2018); Carballo
et al. (2018). In this Section, we develop such a model using a structure and
notations comparable to those used in our model to ease the comparison. The
model introduces market penetration costs à la Arkolakis (2010) in the discrete
version of the Melitz model proposed by Eaton et al. (2012). As in the paper’s
model, we abstract from any general equilibrium effects.

We start with the supply side structure used in our model, that features
a discrete and random number of producers that are heterogeneous in their
productivity. Remember that under our assumptions, borrowed from Eaton
et al. (2012), the number of sellers from j that display a productivity above z
is the realization of a Poisson variable with parameter Tjz

−θ. Given exogenous
input costs wj and iceberg costs dij the number of firms serving market i at a

cost below p is itself a Poisson variable of parameter µij(p) = Tj (dijwj/p)
−θ.

In the Ricardian framework, worldwide firms compete to serve market i with
the same perfectly substituTable variety, which triggers prices towards marginal
costs. In the monopolistic competition variant, we instead follow Eaton et al.

14



(2012), and assume that each seller offers a differentiated variety and faces a
demand which is isoelastic. Equilibrium prices are then a constant mark-up
over marginal costs:

pij(zsj ) =
σ

σ − 1

dijwj
zsj

pij(zsj ) is the price set by sj in country i, which is uniform across buyers within
a destination if the residual demand elasticity is itself homogeneous. We assume
this is the case and denote σ > 1 this elasticity.

In Eaton et al. (2012), sellers face a representative consumer in each market
i and decide whether to serve the market or not, depending on the size of some
fixed export cost Fij . To introduce the buyer margin, we instead assume that i)
sellers can serve a discrete number Bi of homogeneous buyers in the destination,
that all display an iso-elastic demand function as in our model, and ii) the fixed
cost of exporting is increasing in the number of buyers served:

Fij
(
Bij(zsj )

)
= Fij ×

1−
(

1− Bij(zsj )

Bi

)1−1/λ

1− 1/λ

where Fij is a positive parameter, Bij(zsj )/Bi measures the share of the market
that seller sj chooses to serve and λ > 0 measures the increasing cost of reaching
a larger fraction of potential buyers.

Solving for the seller’s optimal number of buyers served implies:

Bij(zsj )

Bi
= Max

{
0; 1−

(
pij(zsj )

1−σ

σ

BiX̄i
Fij

)−λ}
From this, it comes:

∂ lnBij(zsj )

∂zsj
= λ

[
1−

Bij(zsj )

Bi

]
σ − 1

zsj
> 0

∂ lnBij(zsj )

∂dij
= λ

[
1−

Bij(zsj )

Bi

]
1− σ
dij

< 0

∂ lnBij(zsj )

∂Fij
= λ

[
1−

Bij(zsj )

Bi

]
−1

Fij
< 0

In this model, the buyer margin is decreasing in both iceberg and fixed
export costs, especially at the bottom of the productivity distribution. This
feature of the model is illustrated in Figure OA.1.2, which reproduces Figure
2 of the paper in the context of the alternative model just discussed. As in
the baseline model, the probability of serving a buyer is increasing in the
seller’s productivity. Reducing trade frictions, whether the fixed or the variable
component of trade costs, however increases the export probability at every
point of the productivity distribution. This is in contrast with our model which
displays a non-linear impact of moving from a high to a low level of frictions.
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Figure OA.1.2. Probability of serving a buyer as a function of the seller’s productivity
in the model of buyer acquisition. This Figure illustrates how the probability of serving
a buyer varies with the seller’s productivity, for four different values of the fixed cost per
buyer of serving market i.

In this model, the number of sellers choosing to serve exactly M ≤ Bi
buyers is equal to the number of sellers which productivity satisfies the following
conditions:

z(M) ≤ z < z(M + 1)

where z(M) ≡
(
Bi −M
Bi

) −1
λ(σ−1)

Aij

and Aij ≡
σ

σ − 1
wjdij

[
σ
Fij
BiX̄i

] 1
σ−1

The moment used to identify search frictions would thus capture the variance
of the following ratios:

hij(M)

hij(1)
=

z(M)−θ − z(M + 1)−θ

z(1)−θ − z(2)−θ

=
(Bi −M)

θ
λ(σ−1) − (Bi −M − 1)

θ
λ(σ−1)

(Bi − 1)
θ

λ(σ−1) − (Bi − 2)
θ

λ(σ−1)

16



OA.1.8. Two-sided heterogeneity

The model derived in the previous Section can further be extended to handle
two-sided heterogeneity, as in Bernard et al. (2018). Suppose that the supply-
side of the previous model is left unchanged but buyers in each destination are
now heterogeneous in terms of their average demand:

cbi(pbi , X̄bi) = p−σbi X̄bi

In Bernard et al. (2018), the heterogeneity comes from buyers combining inputs
into a final good sold to final consumers. In their setting, the heterogeneity in
demand ultimately comes from a random productivity component that affects
the demand addressed to buyers, and in turn their network of suppliers. For the
purpose of the appendix, it will be sufficient to assume that buyers are born
with a random demand level, drawn from a Pareto distribution with shape Γ.
With a discrete number of such buyers, the number of buyers that draw a X̄bi
above X is distributed Poisson of parameter Bi (X/XL)−Γ.

Following Bernard et al. (2018), sellers are assumed to decide whether to
serve a buyer or not, given a fixed cost per buyer fij . Under these assumptions,
a seller with productivity z chooses to serve all buyers which demand is
sufficiently high to cover the fixed cost per buyer. At the margin:

πij(z, X̄(z)) = 0

⇔ X̄(z) = fijσ

(
σ

σ − 1
dijwj

)σ−1

︸ ︷︷ ︸
Fij

z1−σ

As discussed in Bernard et al. (2018), the model thus displays negative
assortative matching: High productivity sellers can afford serving relatively
small buyers. As a consequence, high-productivity sellers are also those that
serve more buyers, consistent with the data. The assortative matching also
implies that the relative share of sellers at different points of the distribution of
outdegrees reflects the shape of the Pareto distributions that parametrize the
heterogeneity of sellers and buyers.

In this setting, the unconditional probability that a particular buyer is
served by a seller of productivity z is the probability that this buyer’s demand
parameter is above the seller’s threshold:

ρij(z) = Pr
[
X̄bi ≥ X̄(z)

]
= Pr

[
X̄bi ≥ Fijz1−σ]

=

(
Fijz

1−σ

XL

)−Γ

The probability is depicted in Figure OA.1.3, which reproduces Figure 2 of
the paper in the context of the model just discussed. Again, the probability
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of serving a buyer is increasing in the seller’s productivity, consistent with
the data. Here as well, and contrary to our model, reducing trade frictions,
whether the fixed or the variable component of trade costs, increases the export
probability whatever the firm’s productivity.

Figure OA.1.3. Probability of serving a buyer as a function of the seller’s productivity
under two-sided heterogeneity. This Figure illustrates how the probability of serving a
buyer varies with the seller’s productivity, for four different values of Fij/qL.

Finally, the number of sellers choosing to serve exactly M ≤ Bi buyers
is equal to the number of sellers which productivity satisfies the following
conditions:

z(M) ≤ z < z(M + 1)

where z(M) ≡
(
M

Bi

) 1
Γ(σ−1)

Aij

and Aij ≡
σ

σ − 1
wjdij

[
σ
fij
XL

] 1
σ−1
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The moment used to identify search frictions would thus capture the variance
of the following ratios:

hij(M)

hij(1)
=

z(M)−θ − z(M + 1)−θ

z(1)−θ − z(2)−θ

=
M

−θ
Γ(σ−1) − (M + 1)

−θ
Γ(σ−1)

1− 2
−θ

Γ(σ−1)

OA.2. Online appendix: Details on the empirical strategy

OA.2.1. Expected number of firms serving M buyers

Integrating the probability of having exactly M buyers along the distribution
of productivities gives the expected number of firms from j with exactly M
buyers in i:

hij(M) =

∫ +∞

zmin

CMBiρij(z)
M (1− ρij(z))Bi−MdµZj (z).

Using the following change of variable,

ρij(z) = λije
−
λij
πij

Tjz
−θ

,

one can show that

hij(M) =
πij
λij

CMBi

∫ λij

ρij(z)

ρij(z)
M−1(1− ρij(z))Bi−Mdρij(z),

where ρij(z) is the probability of the least productive firm in j serving a buyer
in i.

If we assume M > 0, we can recognize a function of the family of the Beta
function:

hij(M) =
πij
λij

CMBi (B(λij ,M,Bi −M + 1)−B(ρij(z),M,Bi −M + 1)) ,

with B(λij ,M,Bi−M + 1) =
∫ λij

0 ρij(z)
M−1(1− ρij(z))Bi−Mdρij(z) being the

incomplete beta function.

Using properties of the Beta function, notice that
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B(M,Bi −M + 1) =
Γ(M)Γ(Bi −M + 1)

Γ(M +Bi −M + 1)
=

Γ(M)Γ(Bi −M + 1)

Γ(Bi + 1)

=
(M − 1)!(Bi −M)!

Bi!
=

1

M

(M)!(Bi −M)!

Bi!

=
1

M

1

CMBi
.

Then, the regularized incomplete beta function is

Iλij (M,Bi−M + 1) =
B(λij ,M,Bi −M + 1)

B(M,Bi −M + 1)
= B(λij ,M,Bi−M + 1)CMBiM.

Now, we can rewrite the expression for the mass of suppliers from j with
M buyers in i with the help of the regularized incomplete beta function:

hij(M) =
πij
λij

1

M

(
Iλij (M,Bi −M + 1)− Iρij(z)(M,Bi −M + 1)

)
.

Finally, note that if ρij(z) goes to 0, Iρij(z)(M,Bi −M + 1) goes to 0 as
well:

lim
ρij(z)→0

Iρij(zmin)(M,Bi−M + 1) = lim
ρij(z)→0

∫ ρij(z)

0

ρij(z)
M−1(1−ρij(z))Bi−Mdρij(z) = 0.

Using this property, one gets:

hij(M) =
πij
λij

1

M
Iλij (M,Bi −M + 1).

OA.2.2. Choice of the empirical moment

Once normalized by the expected number of firms in the market (T kz−θ) to
recover a convergent moment, the equation of hij(M) can be used to estimate
search frictions. Empirically, this moment however varies with distance, which
potentially reflects the impact of other physical trade barriers on a firm’s
customer base in a destination. This sensitivity is illustrated in Table OA.2.1,
which shows the correlation between various transformations of the empirical
moment and distance from France, used as a proxy for iceberg trade costs.4 The
correlation between the number of firms with exactly M buyers in a destination
and distance to the destination is negative and strongly significant. This finding
is consistent with evidence that French sellers tend to serve fewer partners, if

4. For practical reasons detailed in the text, we restrict our attention to four values for
hki (M), corresponding to the bottom of the distribution of sellers’ degrees.
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any at all, in more distant countries. This result should be expected from
the model, as the πki component entering hij(M) is negatively correlated with
iceberg trade costs dki , which are likely to be increasing in distance. In principle,
the correlation can be controlled for using readily available data for those trade
shares.

Another option is to normalize the expected number of firms with M buyers
with the destination-specific proportion of sellers with one buyer, i.e. compute
the theoretical moment hki (M)/hki (1) and compare it with its empirical
counterpart. In theory, this convergent moment is useful to identify search
frictions as it varies monotonically with λki (see Figure OA.3.6). Moreover,
several ratios can be combined to identify precisely search frictions along a wide
range of possible values. In the data, the corresponding empirical moments are
still correlated with distance, which the model does not explain (see the second
panel of Table OA.2.1). In principle, the normalization should neutralize the
impact of trade shares, and thus of iceberg trade costs. A correlation between
search frictions and distance may explain this result. However, iceberg trade
costs may also affect the ratios through other channels, which the model does
not encompass but the data reveal. To prevent such correlation from polluting
our estimates of search frictions, we use an alternative moment that is not
correlated with distance to France and is thus more likely to help us extract
from the data information on pure search frictions.

Table OA.2.1. Correlation between various empirical moments and distance from
France.

log Distance Std Dev. Adjusted R-squared
Dependent Variable

# sellers with:
1 buyer -15.92*** ((1.51) .698
2 buyers -5.89*** (.575) .535
3 buyers -3.24*** (.374) .417
4 buyers -2.00*** (.261) .334
# sellers (in relative terms with respect to the sellers with 1 buyer) with:
2 buyers .021** (.009) .339
3-4 buyers -.027*** (.008) .372
5+ buyers -.121*** (.021) .408
Variance of the relative shares of sellers:
across M .002 (.011) .210

Common language Std Dev. Adjusted R-squared
Dependent Variable

# sellers with:
1 buyer 45.37*** (5.258) .682
2 buyers 17.05*** (2.083) .518
3 buyers 9.85*** (1.526) .417
4 buyers 6.11*** (1.045) .334
# sellers (in relative terms with respect to the sellers with 1 buyer) with:
2 buyers -.08** (.033) .339
3-4 buyers .07*** (.036) .372
5+ buyers .20*** (.033) .401
Variance of the relative shares of sellers:
across M -.062** (.028) .210

Notes: Robust standard errors, clustered at the country level, are in parentheses, with ∗∗∗, ∗∗,
and ∗ respectively denoting significance at the 1%, 5% and 10% levels. The last regression
uses as right-hand-side variables the (log of) distance from France and the probability of
citizens in France and the destination speaking the same language.
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The moment chosen exploits information on the dispersion in the number
of buyers served by sellers serving the same destination with the same product.
Namely, the theoretical moment is defined as the variance in the hij(M)/hij(1)
ratios:

V arki
(
λki
)

=
1

Bki − 1

Bki∑
M=2

hki (M)

hki (1)
− 1

Bki − 1

Bki∑
M=2

hki (M)

hki (1)

2

. (2)

This moment is also correlated positively with λki . As shown in the third panel
of Table OA.2.1, the empirical counterpart of this moment is not correlated
with distance. On the other hand, there is a significant correlation with the
probability of citizens speaking the same language that can be interpreted as
a proxy for frictions.

OA.2.3. Distribution of the Auxiliary Parameter

We work with the following convergent moments as auxiliary parameters:

θij(λij ,M) =
hij(M)

Bi∑
M=0

hij(M)

=
1

M

Iλij (M,Bi −M + 1)∫ λij
0

(1−ρij(z))Bi
ρij(z)

dρij(z) +
Bi∑
M=1

1
M Iλij (M,Bi −M + 1)

,

(3)
that is, the proportion of firms from j having exactly M buyers in destination
i. We first show the empirical counterparts of these auxiliary parameters are
normally distributed. Then, we apply the delta method to work with the
moment we chose to identify λij . Finally, we discuss the asymptotic distribution
of our estimator of λij .

In line with our theoretical framework, we note
[
1{Bij(zsj ) = M}

]
sj∈Sj

,

the vector of dummy variables that equal 1 whenever a firm in the sample
has exactly M buyers in country i. The vector is of size Sj , the number of
observations in the sample under consideration. The dummies are independent
and identically distributed random variables of mean θij(λij ,M) and of
variance σ2

ij(M). This is true for all M ∈ [0,Bi].
5

The central limit theorem implies√
Sj

(
θ̂ij − θij(λij)

)
D−→

Sj→+∞
NB(0,Σij), (4)

5. Independence comes from the fact that sellers are independent from each other. Note
this assumption could be relaxed because we could eventually use a version of the central
limit theoreim based on weak dependence conditions. They are identically distributed ex
ante as sellers draw their productivity in the same distribution and face the same degree of
search frictions.
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where

θ̂ij =



Sj∑
sj=1

1{Bij(zsj )=1}

Sj
Sj∑
sj=1

1{Bij(zsj )=2}

Sj

...
Sj∑
sj=1

1{Bij(zsj )=Bi}

Sj


and θij(λij) =



hij(1)
Bj∑
M=0

hij(M)

hij(2)
Bi∑
M=0

hij(M)

...
hij(Bi)

Bi∑
M=0

hij(M)


respectively denote the vector of empirical and auxiliary parameters and Σij is
the variance-covariance matrix of the Bi random variables 1{Bij(zsj ) = M},
for M ∈ {1...,Bi}.

We then consider the function

g : RBi 7→ R
θij(λij , 1)

θij(λij , 2)

...
θij(λij , Bi)

 → V ar

m1 =
θij(λij , 2)

θij(λij , 1)
,m2 =

6∑
M=3

θij(λij ,M)

θij(λij , 1)
,m3 =

Bi∑
M=7

θij(λij ,M)

θij(λij , 1)


where V ar(.) is the variance operator. g is derivable and verifies the property

Og(θij(λij)) 6= 0. Using the delta method, one can show an estimate of λij based
on g(.) is asymptotically normal:√
Sj [g(θ̂ij)− g(θij(λij))]

D−→
Sj→+∞

N
(
( 0 ),Ω(θij(λij)) = O′g(θij(λij))ΣijOg(θij(λij))

)
(5)

where Og(θij(λij)) is of dimension [Bi, 1] and is defined as



∂g

∂θij(λij , 1)
= −2

3

∑3
p=1

(mp−m̄)mp
θij(λij ,1)

∂g

∂θij(λij , 2)
=

2

3
m1−m̄
θij(λij ,1)

∂g

∂θij(λij , 3)
=

2

3
m2−m̄
θij(λij ,1)

...
∂g

∂θij(λij , 6)
=

2

3
m2−m̄
θij(λij ,1)

∂g

∂θij(λij , 7)
=

2

3
m3−m̄
θij(λij ,1)

...
∂g

∂θij(λij ,Bi)
=

2

3
m3−m̄
θij(λij ,1)
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with m̄ = 1
3

∑3
p=1mp.

In practice, our estimation is implemented in two steps. First, we use an
estimation of the Ω(θ̂ij) weight matrix using our observations Og(θ̂ij) and Σ̂ij .

Second, with the λ̂ij estimated in the first step, we re-run our estimation with

Ω(θ(λ̂ij)).
As proved in Gouriéroux et al. (1985), the variance of the GMM estimator

of λij is

Σλij =

[
∂g(θij(λij))

∂λij
Ω(θij(λij))

−1 ∂g(θij(λij))

∂λij

]−1

with

∂g(θij(λij))

∂λij
= 2

3(m1 − m̄)
∂θij(λij , 2)/θij(λij , 1)

∂λij

+2
3(m2 − m̄)

∑6
M=3

∂θij(λij ,M)/θij(λij , 1)

∂λij

+2
3(m3 − m̄)

∑Bi
M=7

∂θij(λij ,M)/θij(λij , 1)

∂λij

.
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Figure OA.3.4. Number of buyers per seller, full and restricted sample. This Figure
compares the number of buyers per seller, in the whole dataset and in the estimation
dataset, restricted to the 70% of exporters that declare the product category of their
exports (“Restricted sample”).
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Figure OA.3.5. Number of buyers per seller, Wholesalers versus the rest of the economy.
This Figure compares the number of buyers per seller, in the wholesaler sector and in the
rest of the economy.

OA.3. Online appendix: Additional results
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Figure OA.3.6. Identification power of the theoretical moments. This Figure shows the
theoretical relationship between the underlying value of search frictions (λ, x-axis) and
the share of firms with M buyers in the destination, in relative terms with respect to the
expected number of firms with one buyer (h(M)/h(1), y-axis). The relationship is derived
conditional on the underlying number of buyers (B) and for various values of M , using
the formula in equation (7) of the paper.
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Table OA.3.2. French sellers and EU buyers, 2007

Number of Number of
Exporters Importers Pairs Exporter-HS6 Importer-HS6 Triplets

(1) (2) (3) (4) (5) (6)
Overall 44,280 572,553 1,260,255 184,700 2,396,511 2,887,919
Austria 8,205 14,024 28,122 21,440 53,156 61,824
Belgium 29,485 71,173 213,952 97,520 379,141 482,851
Bulgaria 2,294 2,288 3,659 5,785 6,923 7,672
Cyprus 2,362 1,628 3,737 7,297 8,391 10,093
Czech Republic 6,848 6,118 13,198 16,572 21,516 25,221
Denmark 8,358 8,850 20,872 21,189 37,706 46,891
Estonia 1,803 1,235 2,495 5,247 5,525 6,411
Finland 5,258 5,173 11,599 13,758 22,235 26,391
Germany 24,651 117,942 236,574 73,889 392,438 464,008
Greece 7,793 11,261 25,415 26,120 55,664 68,628
Hungary 5,376 4,439 9556 12,957 16,347 18,719
Ireland 6,355 6,670 16,270 17,975 38,239 49,422
Italy 20,127 95,914 183,376 63,617 377,298 44,0634
Latvia 2,063 1,355 2,948 5,924 6,089 7,467
Lithuania 2,914 1,854 4,699 7,247 7,321 9906
Luxembourg 10,730 7,646 28,554 31,378 54,913 70,212
Malta 1,782 930 2,553 4,730 4,738 5,806
Netherlands 16,443 33,650 69,871 43624 131,986 158,602
Poland 9,734 12,860 30,232 24,736 43,577 52,732
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Table OA.3.3. Number of buyers per seller across destination countries

Mean Median p75 Sh. with 1 buyer
(1) (2) (3) (4)

Austria 2.9 1 2 63%
Belgium 5.0 2 4 50%
Bulgaria 1.3 1 1 81%
Cyprus 1.4 1 1 80%
Czech Republic 1.5 1 1 76%
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Estonia 1.2 1 1 85%
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Ireland 2.7 1 2 63%
Italy 6.9 1 3 53%
Latvia 1.3 1 1 84%
Lithuania 1.4 1 1 79%
Luxembourg 2.2 1 2 66%
Malta 1.2 1 1 86%
Netherlands 3.6 1 2 59%
Poland 2.1 1 2 67%
Portugal 3.2 1 2 62%
Romania 1.5 1 1 77%
Slovenia 1.3 1 1 82%
Slovakia 1.3 1 1 84%
Spain 6.0 1 3 54%
Sweden 2.3 1 2 67%
United Kingdom 4.6 1 3 53%
Across countries 15.6 3 10 32%

Notes: Columns (1)-(3) respectively report the mean, median, and third quartile number of
buyers per seller in each destination. Column (4) gives the share of sellers having a unique
buyer. A seller is defined as an exporter-HS6 product pair. The data are for 2007 and are
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Austria Belgium Bulgaria Cyprus

Czech Rep. Denmark Estonia Finland

Germany Greece Hungary Ireland

Italy Latvia Lithuania Luxemburg

Malta Netherlands Poland Portugal

Romania Spain Slovania Rep. Slovak

Sweden UK

Notes: Observed and predicted CDF of sellers’ numbers of buyers, by country. Predicted
CDF are obtained using the model’s definition of hki (M), at the country and product
level, before aggregating across products using information on the relative number of
producers of each good in France.

Figure OA.3.7. Model fit: Distribution of sellers’ degrees
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