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Abstract

This paper studies the nonparametric identi�cation and estimation of productivity dis-
tributions and trade costs in an Eaton and Kortum (2002) type Ricardian trade model.
Our identi�cation and estimation strategy gains insights from the empirical auction liter-
ature, however, our methodology is novel since we face additional problems resulting from
the nature of the trade data. Our methodology does not require data on prices which are
usually quite hard to obtain and manages to identify the underlying structure by using dis-
aggregated simple bilateral trade data consisting only of trade values (expenditures) and
traded quantities. We recover destination-source-sector speci�c productivity distributions
and trade costs nonparametrically. The fact that these productivity distributions and trade
costs are both country and sector speci�c provides important insights about not only cross
country di¤erences in productivity distributions and trade costs but also di¤erences across
sectors. Moreover, in Eaton and Kortum (2002) and variants, the productivity distributions
of countries are assumed to come from a certain parametric family, Fréchet, and it has now
become a common tradition in models of international trade to use either Fréchet or Pareto
distributions to represent the distribution of productivities. These parametrizations provide
great analytical convenience; however, recent studies show that gains from trade estimates
are very sensitive to these parametrizations. In order to quantify the welfare gains from
trade and answer related policy questions, checking the validity of these parametrizations
and analyzing how productivity distributions behave is very important. In view of this,
using a �exible structure for productivity distributions and trade costs we can perform sim-
ilar counterfactuals as in Eaton and Kortum (2002) and variants, and compare the welfare
results to those of the current literature.
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1 Introduction

This paper studies the nonparametric identi�cation and estimation of the productivity

distributions and trade costs in an Eaton and Kortum (2002) type Ricardian trade model.

Following the seminal papers of Eaton and Kortum (2002) and Melitz (2003), international

trade literature has been dominated by Ricardian and heterogeneous �rm models using prob-

abilistic representation of technologies. In this setup, countries or �rms draw their produc-

tivities from some productivity distribution. In Eaton and Kortum (2002) the productivity

distributions of countries are assumed to come from a certain parametric family, Fréchet,

and it has now become a common tradition in models of international trade to use either

Fréchet or Pareto distributions to represent the distribution of productivities. These para-

metrizations provide great analytical convenience, however, recent studies show that gains

from trade estimates are very sensitive to these parametrizations. Arkolakis, Costinot and

Rodriguez-Clare (2012) argue that one parameter of the productivity distribution is actually

one of the only two statistics governing gains from trade in most of those models. Simonovska

and Waugh (2013) show that incorrect estimates of that parameter causes the gains from

trade to be estimated half of what it should be. Therefore, if we would like to quantify the

welfare gains from trade and answer related policy questions, checking the validity of these

parametrizations is very important. Once the productivity distributions are recovered and

their nonparametric estimates are obtained; we can not only check the validity of the para-

metrizations but also perform similar counterfactuals as in Eaton and Kortum (2002) and

variants, which enables us to compare the estimated welfare results to those of the current

literature.

In view of all these, in an Eaton and Kortum (2002) type Ricardian model of trade,

we keep a �exible structure for productivity distributions of countries and recover them

nonparametrically. We are also able to recover the destination-source-good speci�c trade

costs nonparametrically, which is an important contribution to the literature as these costs

can never be fully observed in the data but are very crucial in welfare analysis.
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Our identi�cation and estimation strategy gains insights from the empirical auction liter-

ature since the setup is very similar. However, our identi�cation and estimation methodology

will be novel in the sense that we face additional problems resulting from the nature of the

trade data. For a survey of empirical models of auctions see Athey and Haile (2006) and for

a survey of nonparametric methods used in auctions see Athey and Haile (2007). In Eaton

and Kortum (2002) there is perfect competition among the countries and whichever country

provides the good at the lowest price will win the competition and be the supplier of a given

good. An immediate analogy to an asymmetric �rst price auction can be made in the sense

that the bidder who bids the highest will be the winner of the auction. Just as bidders draw

their valuations from their individual speci�c distribution of valuations, in our case countries

draw their productivities from their country speci�c productivity distributions. These pro-

ductivities are independent across countries similar to a �rst price auction with independent

private valuations (IPV). In a �rst price auction when all the bids are observed in the data,

Guerre, Perrigne and Vuong (2000) show the nonparametric identi�cation of underlying dis-

tribution of valuations for symmetric IPV case. The extension for the asymmetric case is

straightforward, see Campo, Perrigne and Vuong (2003). From the observables (bids) they

�rst recover what they call the pseudo valuations and then the underlying distribution(s) of

valuations which is (are) unobservable. In other words, they can recover the unobserved dis-

tribution(s) of valuations from the observable bid data. In a similar fashion, if we have data

on prices o¤ered by each country for any particular good, from these observables (prices) we

can recover the productivity distribution(s) which is (are) unobservable. Actually, in that

case our job would have been much easier than the case of a �rst price auction. This would

be due to the fact that since there is perfect competition, there will be marginal cost pricing

and since there is no private information, the equilibrium strategy is much simpler (which

is basically price equals to marginal cost), hence the problem we face compared to Guerre,

Perrigne and Vuong (2000). However, due to the nature of the disaggregated bilateral trade

data we face two additional problems:

4



Our �rst problem is the fact that we do not observe all the prices that are o¤ered by the

countries but only the winning price. In an asymmetric �rst price auction with IPV, as long

as the winning bid and the identitiy of the winner are known, nonparametric identi�cation

of the underlying distributions of valuations follows from the identi�cation of competing risk

models1. In our case, the identity of the winning country is not observed either, yet we show

that the underlying distributions can still be identi�ed from the observables. Our second

problem is that data on actual prices usually do not exist and the disaggregated simple

bilateral trade data available usually consist only of trade values (expenditures) and traded

quantities. Our identi�cation and estimation methodology is novel in the sense that it does

not require data on actual prices and manages to identify the underlying structure by using

only the disaggregated simple bilateral trade data.

The perfect competition homogenous good setup in Eaton and Kortum (2002) implies

that for a given product category the lowest cost supplier should supply the whole market;

however, this is not what we see in bilateral trade data. Even in the least aggregated level,

we see multiple sellers. In Eaton and Kortum (2002) they use aggregate trade �ows in their

analysis, so they do not need to address this issue. Our e¤orts in this paper can also be

seen as a complementary to their seminal work in the following sense: We take advantage of

the disaggregated information available in bilateral trade data and also try to reconcile their

perfect competition homogenous good setup with the existence of multiple sellers.

As we mentioned above, it has now been very popular in models of international trade

to use either Fréchet or Pareto distribution to represent the distribution of productivities

One might wonder whether any justi�cation for such distributional assumptions other than

analytical convenience has been provided in the literature. In Eaton and Kortum (2002)

1A typical example of a competing risks model is the following: Suppose there are two causes of death.
Let T1 be the lifetime of the individual exposed to cause 1 alone and T2 be the the lifetime of the individual
exposed to cause 2 alone. It is usually the case that we cannot observe T1 and T2 but we can observe when
the individual dies, i.e., T = min fT1; T2g. In addition, it is usually the case that the reason of death whether
cause 1 or cause 2 is known. Call � = argmin fT1; T2g. It is known from the competing risks literature
that the distributions of T1 and T2 can be identi�ed if the joint distribution of (T; �) is known when the
distributions of T1 and T2 are independent. See Kalb�eisch and Prentice (2002), Rao (1992), Heckman and
Honoré (1989).
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and Bernard, Eaton, Jensen and Kortum (2003), the productivity distributions are assumed

to be Fréchet. In others such as Helpman, Melitz and Yeaple (2004), Melitz and Ottaviano

(2008), Helpman, Melitz and Rubinstein (2008), Eaton, Kortum and Kramarz (2010) and

many others the productivity distribution is assumed to be Pareto. Fréchet distribution

is also called the Type II extreme value distribution since it is related to the asymptotic

distribution of the largest value. Eaton and Kortum (2002) refers to Kortum (1997) and

Eaton and Kortum (1999) where they show how certain processes of innovation and di¤usion

give rise to this type of distribution. They argue that while producing any good, the actual

technique that would ever be used in a country represents the best discovered one to date

so it is reasonable to represent technology with an extreme value distribution. The models

in Eaton and Kortum (2002) and Bernard, Eaton, Jensen and Kortum (2003), are mainly

concerned with the best producers of a country for each good, which is considered as the

explanation of the choice of an extreme value type for a country�s productivity distribution.

On the other hand, in Helpman, Melitz and Yeaple (2004), Melitz and Ottaviano (2008),

Helpman, Melitz and Rubinstein (2008), Eaton, Kortum and Kramarz (2010) the main

concern is not necessarily the best producers, which justi�es the choice of an "non-extreme"

value type of distribution such as Pareto. Helpman, Melitz and Yeaple (2004) refer to

Axtell (2001) for justi�cation, where he shows that US �rm size distribution closely follows

a Pareto distribution. This, however, does not say much about the underlying productivity

distribution.2 Both distributional assumptions provide great analytical convenience in these

models.

The rest of this paper is organized as follows: Section 2 introduces the model. Section

3 establishes the nonparametric identi�cation of the productivity distributions and trade

costs. Section 4 introduces nonparametric estimation methodology and estimates. Section 5

concludes.

2It is worth mentioning the link between Pareto and Fréchet: The limiting distribution of the maximum
of independent random variables having Pareto distribution is Frechet which suggests that when all �rms
draw from Pareto the distribution of the best can be represented as Fréchet.
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2 Model

We follow the multi-country Ricardian model of trade introduced by Eaton and Kortum

(2002). We consider a world with N countries indexed by n; i = 1; 2; :::; N and a �nite

number, J , of goods indexed by j = 1; 2; :::; J .3Throughout all the paper, index i will refer

to the source country whereas index n will refer to the destination country.

Following the probabilistic representation of technologies in Eaton and Kortum (2002),

country i�s productivity in producing good j for destination/market n, zjni, is the realization

of a random variable Zjni which is drawn from distribution, FZjni(�). This speci�cation of

productivity distributions, which is destination-source-good speci�c, is a more general spec-

i�cation than the one in Eaton and Kortum (2002). In their case, it is only source country

speci�c meaning that for any destination n and for any good j countries draw their produc-

tivities from these source country speci�c distributions, which is obviously a special case of

our speci�cation. Moreover, in Eaton and Kortum (2002) and variants, these productivity

distributions are assumed to come from a certain parametric family, Fréchet. Here, we do

not restrict the productivity distributions to come from a certain parametric family. In ad-

dition to the parametrization, in those models, there is also an additional restriction: The

comparative advantage parameter �, which governs the shape of the Fréchet distribution, is

restricted to be the same across countries. Here, we relax that asssumption as well.

Labor is the only factor of production.4. As in Eaton and Kortum (2002), there is constant

returns to scale. Also, as in Eaton and Kortum (2002), there is perfect competition. The

total demand for good j in country n is denoted by Qjn.
5 Before describing equilibrium prices

and trade �ows we would like to make the following remark: Due to perfect competition

assumption, there will be marginal cost pricing and the source with the lowest marginal

3In Eaton and Kortum (2002) there is a continuum of goods, however we assume a �nite number of
goods due to some technical issues.

4In Eaton and Kortum (2002) there are also intermediate goods which can be traded and used as inputs,
however in our model we will only have tradable �nal goods.

5Note that in Eaton and Kortum (2002) there is the CES demand structure. Here, we do not model
the demand explicitly to simplify our nonparametric identi�cation but we will account for the dependency
between the total demand and the productivity draws of all countries for any given market n and good j.
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cost should supply the entire market for good j since marginal costs are constant. Suppose

country i0 is the one with the lowest marginal cost, then it implies Qjni0 = Q
j
n and Q

j
ni = 0 for

all i 6= i0 where Qjni is the quantity of good j supplied by country i to country n. Similarly,

in terms of trade �ows we have Xj
ni0 = X

j
n and X

j
ni = 0 for all i 6= i0 where Xj

n is the total

expenditure of country n on good j, of which Xj
ni is spent on good j bought from country

i. When we look at the bilateral trade data on a disaggregated level, however, we do not

see such pattern; instead we see positive amounts for more than one exporter. In Eaton and

Kortum (2002) they do not have to deal with this issue since they perform their analysis

using aggregated trade �ows. In our case, however, we use the disaggregated data. In order

to reconcile the perfect competition homogenous good setup with the fact that in the data

we observe multiple sellers for a given product, we provide the following interpretation:

Suppose for every good j, these goods are sold in batches and for every good j there exists

a �j > 0 such that the size of the batch is 1=�j and �jQjn denotes how many batches are

sold. Suppose there is competition for supplying each batch of good j and hence, countries

compete �jQjn times in order to supply 1=�
j units of good j in country n. One may also

think that there are �jQjn seperate auctions and in each auction there is competition to

supply each batch of good j. For each time or for each auction t, t = 1; 2; :::; �jQjn, suppose

country i�s productivity draw, Zjn;i;t, comes from FZjnijQ
j
n
(�j�). One may think of this case as

each time or in each auction, a di¤erent �rm from country i is entering the competition and

hence it will be a di¤erent draw. These draws are independent across t. Thus, we make the

following assumption:
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Assumption A1 :

(i) For any given n and j, fZjn;i;t; i = 1; :::; N ; t = 1; :::; �jQjng are mutually independent

across i and t given Qjn.

(ii) For any given n,j and i, fZjn;i;t; t = 1; :::; �jQjng are identically distributed from

FZjnijQ
j
n
(�j�) given Qjn:

Assumption A1(i) states that for a given destination n and a given good j, productivities

are mutually independent across countries and across those auctions given the total demand

Qjn. The last part, Assumption A1(ii), guarantees that for a given destination n, a given

good j, and a given country i, for each t, Zjn;i;t draws come from the same distribution given

the total demand Qjn,.

Constant returns to scale implies that in country i cost of producing good j for destination

n in the tth auction is wi=z
j
n;i;t where wi is the wage rate in the economy.

6 Trade costs are

assumed to be of iceberg form, i.e., delivering a batch of good j to destination n requires

djni � 1 units of good j to be produced in i. Moreover, we allow for trade costs to depend

on the total demand for that good in that destination and have djni = djni(q) for a given

Qjn = q.
7 Therefore, in the tth auction for country i supplying a batch of good j to country

n costs wid
j
ni=z

j
n;i;t.

Due to perfect competition, country i o¤ers marginal cost pricing, hence the price country

i o¤ers in the tth auction is:

P jn;i;t =
wid

j
ni

Zjn;i;t
(1)

Denote the distribution of P jn;i;t given Q
j
n by G

j
ni(�j�) which is the distribution of the price

that is o¤ered by country i to country n in the tth auction of good j. Note that Gjni(pjq) �
6Note that cost of producing one batch of good j in country i for destination n is wi=z

j
n;i;t and for one

unit of good j it is wi�
j=zjn;i;t.

7This speci�cation of iceberg trade costs is also more general than the speci�cation in Eaton and Kortum
(2002) model. In Eaton and Kortum (2002), they have djni(q) = dni for all _j and for any given Qjn = q,
i.e., iceberg trade costs only depend on the destination and the source. Given a particular destination and
source it is the same for every good. In our case, it will not only depend on the destination and the source
but also be good speci�c and depend on the level of total demand in that destination.
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Pr
�
P jn;i;t � pjQjn = q

�
= Pr

�
wid

j
ni

Zjn;i;t
� pjQjn = q

�
. Hence,

Gjni(pjq) � 1� FZjnijQjn(
wid

j
ni

p
jq) (2)

Consumers in country n buy good j from the lowest-cost supplier in the tth auction, so

the price they end up paying in the tth auction is:

P jn;t = min
i

�
P jn;i;t

	
(3)

where i = 1; 2; :::; N .

For notational convenience de�ne Ajn = �jQjn. Let Q
j
ni denote the quantity of good j

supplied by country i to country n. Similarly, de�ne Ajni = �
jQjni. Note that depending on

its productivity draw in each auction, each country can now be the lowest cost supplier for

certain auctions, which means Ajni, hence, Q
j
ni can now be positive for multiple sellers: A

j
ni

can also be interpreted as how many auctions out of a total of Ajn auctions country i actually

wins, i.e., for how many auctions country i turns out to be the lowest cost supplier for good

j. Hence, we can write the following expression for Ajni:

Ajni = �
jQjni =

�jQjnX
t=1

1
�
P jn;i;t � P

j
n;s;t; s 6= i

�
(4)

where 1
�
P jn;i;t � P

j
n;s;t; s 6= i

�
is basically the indicator that country i is the winner in the

tth auction of good j where s = 1; :::; N .

The total expenditure Xj
n of country n on good j can be written as:

Xj
n =

�jQjnX
t=1

P jn;t (5)

Basically, the total expenditure of country n on good j is the sum of the winning prices,
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i.e., sum of prices that country n pays in each auction t for good j. The expenditure Xj
ni of

country n spent on good j coming from country i can be expressed as:

Xj
ni =

�jQjnX
t=1

P jn;i;t1
�
P jn;i;t � P

j
n;s;t; s 6= i

�
(6)

Notice that country n�s spending Xj
ni on good j coming from country i is equal to the sum

of the prices o¤ered by country i for the particular auctions of good j that country i is the

winner. GivenQjn, denote the distribution of the random variable P
j
n;i;t1

�
P jn;i;t � P

j
n;s;t; s 6= i

�
by

Hj
ni(pjq) � Pr

�
P jn;i;t1

�
P jn;i;t � P

j
n;s;t; s 6= i

�
� pjQjn = q

�
(7)

Note that Hj
ni(pjq) does not depend on t, hence there is no t subscript. This follows from

Assumption A1(ii). We will use this distribution in the identi�cation section.

For identi�cation purposes, which is the topic of the next section; we also make the fol-

lowing assumption, Assumption A2. We use Assumption A2 in the identi�cation of Gjni(�j�),

the distribution of the o¤ered price P jn;i;t given Q
j
n, and in the identi�cation of d

j
ni, iceberg

trade costs.

Now, let zjni(q) be the lower bound and z
j
ni(q) be the upper bound of the support of

FZjnijQ
j
n
(�jq) for any given n, i, j, and for all q, i.e., FZjnijQjn(z

j
ni(q)jq) = 0 and FZjnijQjn(z

j
ni(q)jq) =

1.

Assumption A2 :

(i) For any given n and j, we have zjni(q) = 0 for all q and for all i.

(ii) For any given n and j, we have zjni(q) = z
j
nn(q) <1 for all q and for all i.

(iii) For any given j, we have djnn(q) = 1 for all q and for all n.

Assumption A2(i) basically states that for any given destination n and any given good j, the

lower bound of the productivity distribution is zero for all countries and for any level of total
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demand q in that destination. Assumption A2(ii) says that for a given good j and for any

destination n, the upper bound of the productivity distribution is the same irrespective of

the source country and the level of total demand q in that destination. Assumption A2(iii)

is related to the usual iceberg trade cost assumption, in which the iceberg trade costs are

assumed to be 1 when the country buys from itself. This is true for any good j and for any

level of total demand q in that destination. We use Assumption A2(i) to identify Gjni(�j�), the

distribution of the o¤ered price P jn;i;t given Q
j
n and use Assumption A2(ii)-A2(iii) to identify

the iceberg trade costs, djni.

Lastly, before moving to the identi�cation section, following Eaton and Kortum (2002)

we introduce the labor market and since the empirical implementation of this model will be

to the manufacturing goods, specify how manufactures �t into the entire economy. In our

case since labor is the only factor of production, manufacturing labor income in country i is

equal to the total manufacturing income. Total manufacturing income is:

wiLi =
NX
n=1

�niXn (8)

where Li is manufacturing workers, Xn is the total spending on manufactures by country n,

and �ni is the share of country n�s manufacturing spending on goods from country i, i.e.,

�ni = Xni=Xn where Xni is the manufacturing spending of country n on goods from country

i. Denote total income in country n by Yn and � is the share of total income spent on

manufactures hence

Xn = �Yn (9)

Yn consists of income generated in manufacturing Y Mn = wnLn and income generated in

nonmanufacturing Y On . As in Eaton and Kortum (2002) we assume nonmanufacturing output

can be traded costlessly and use it as numeraire.

We consider the mobile labor case in which labor is mobile between manufacturing and

nonmanufacturing sectors. The wage wn is pinned down by the productivity in the nonman-
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ufacturing sector and total income Yn is exogenous. Combining (8) and (9) gives

wiLi =
NX
n=1

�ni�Yn (10)

and for all i (10) determines manufacturing employment Li.

3 Nonparametric Identi�cation

In this section we investigate whether we can recover uniquely the unobserved produc-

tivity distribution FZjni(�) and iceberg trade costs d
j
ni from the observables for each n, i and

j. The observables in our data are the bilateral trade quantities and expenditures between

countries
�
Qjni; X

j
ni

	J
j=1

for each n and i. We also observe wi for each i. In this section, for

any good j, we take the joint distribution FQjni;(Qjns)s 6=i;Xj
ni;(X

j
ns)s 6=i;Q

j
n
(�; :::; �) of the observables

as known. We will discuss how to estimate such a distribution from the observables in our

data in the estimation section.

Identi�cation is achieved in four steps: First, we identify the distribution Hj
ni(�j�) of the

random variable P jn;i;t1
�
P jn;i;t � P

j
n;s;t; s 6= i

�
given Qjn. This random variable can be inter-

preted as the expenditure of country n on good j coming from country i in the tth auction,

which will be zero when country i is not the winner and will be equal to price P jn;i;t o¤ered by

country i when country i is the winner. We do not observe either P jn;i;t1
�
P jn;i;t � P

j
n;s;t; s 6= i

�
�s

or P jn;i;t�s. We do, however, observe Xj
ni�s which are basically the sum of independent

P jn;i;t1
�
P jn;i;t � P

j
n;s;t; s 6= i

�
�s over t. We will use this relation to identify Hj

ni(�j�). Once

we have the distribution Hj
ni(�j�) of P

j
n;i;t1

�
P jn;i;t � P

j
n;s;t; s 6= i

�
given Qjn, in the second step

we identify the distribution Gjni(�j�) of the random variable P jn;i;t given Q
j
n. Identi�cation

of the distribution Gjni(�j�) of P
j
n;i;t given Q

j
n follows from the identi�cation of competing

risks models. In the third step, for any given Qjn = q, we identify djni as a function of q

for each n, i and j. Finally, we establish the identi�cation of the productivity distribution

FZjnijQ
j
n
(�j�) for each n, i, and j. After identifying the distribution FZjnijQjn(�j�) for each n, i,
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and j, identi�cation of FZjni(�) is trivial since FQjn(�) is known from the observables.

3.1 Identi�cation of Hj
ni(�j�)

For notational convenience letRjn;i;t = P
j
n;i;t1

�
P jn;i;t � P

j
n;s;t; s 6= i

�
. Hence,Xj

ni =
�jQjnP
t=1

Rjn;i;t

and Rjn;i;t � Hj
ni(�j�) for any t given Qjn. Note that across t, R

j
n;i;t�s are independent given

Qjn. This follows from Assumption A1(i), i.e., the independence of Z
j
n;i;t�s across t given Q

j
n.

Using de�nition of the characteristic functions, note that we can write

'Xj
nijQ

j
n
(ujq) = E[eiuX

j
nijQjn = q] = E

24eiu �jqPt=1Rjn;i;t jQjn = q
35 (11)

= E

24�jqY
t=1

eiuR
j
n;i;tjQjn = q

35 = h'RjnijQjn(ujq)i�jq (12)

where 'RjnijQjn(�jq) is the characteristic function of R
j
n;i;t given Q

j
n = q. The fourth equality

above follows from the fact that Rjn;i;t�s are independent across t given Q
j
n. Using (12), for

any n, i, and j we can write

'RjnijQ
j
n
(ujq) =

h
'Xj

nijQ
j
n
(ujq)

i1=�jq
(13)

for any q. We can write 'Xj
nijQ

j
n
(ujq) as 'Xj

nijQ
j
n
(ujq) = rXj

nijQ
j
n
(ujq)e

i�
X
j
ni
jQjn

(ujq)
where

rXj
nijQ

j
n
(ujq) is the modulus and �Xj

nijQ
j
n
(ujq) is the argument of 'Xj

nijQ
j
n
(ujq). Since 'Xj

nijQ
j
n
(0jq) =

1 for any q, we have rXj
nijQ

j
n
(0jq) = 1 and �Xj

nijQ
j
n
(0jq) = 0 for any q. There are �jq solutions

for
h
'Xj

nijQ
j
n
(ujq)

i1=�jq
given by

h
'Xj

nijQ
j
n
(ujq)

i1=�jq
=
h
rXj

nijQ
j
n
(ujq)

i1=�jq
e
i

 �
X
j
ni
jQjn

(ujq)+2k�

�jq

!
(14)

where for any q, k is any integer such that 0 � k � �jq�1. Note that for any q, only the one

with k = 0, i.e.,
h
rXj

nijQ
j
n
(ujq)

i1=�jq
e
i

 �
X
j
ni
jQjn

(ujq)

�jq

!
satis�es the condition 'RjnijQjn(0jq) = 1 for

14



any q since �Xj
nijQ

j
n
(0jq) = 0 for any q. Therefore, 'RjnijQjn(ujq) =

h
rXj

nijQ
j
n
(ujq)

i1=�jq
e
i

 �
X
j
ni
jQjn

(ujq)

�jq

!
.

Hence, for any given good j, 'RjnijQjn(�jq) is identi�ed for any n and i and for any q. Charac-

teristic function uniquely determines the distribution, thus we establish the following lemma.

Lemma 1: For any j, 'RjnijQjn(�jq) is identi�ed for all n and i and for any q. Hence, for

any j, Hj
ni(�jq) is identi�ed for any n and i and for any q

Note that identi�cation ofHj
ni(�jQjn) is achieved using only trade quantities and expenditures.

3.2 Identi�cation of Gjni(�j�)

Using the de�nition of Hj
ni(�j�) and further decomposing the probablility on the RHS

below, we have

Hj
ni(pjq) � Pr

�
P jn;i;t1

�
P jn;i;t � P

j
n;s;t; s 6= i

�
� pjQjn = q

�
= Pr

�
P jn;i;t1

�
P jn;i;t � P

j
n;s;t; s 6= i

�
� p and P jn;i;t � P

j
n;s;t; s 6= ijQjn = q

�
+Pr

�
P jn;i;t1

�
P jn;i;t � P

j
n;s;t; s 6= i

�
� p and (P jn;i;t > P

j
n;s;t, for some s 6= i)jQjn = q

�
= Pr

�
P jn;i;t � p and P

j
n;i;t � P

j
n;s;t; s 6= ijQjn = q

�
(15)

+Pr
�
P jn;i;t > P

j
n;s;t, for some s 6= ijQjn = q

�
(16)

where the last equality follows from the fact that 1
�
P jn;i;t � P

j
n;s;t; s 6= i

�
= 0 when P jn;i;t >

P jn;s;t, for some s 6= i. In (15) note that the second term on the RHS is equal to 1 �

Pr
�
P jn;i;t � P

j
n;s;t; s 6= ijQjn = q

�
. The probability Pr

�
P jn;i;t � P

j
n;s;t; s 6= ijQjn = q

�
that coun-

try i is the lowest cost supplier for any unit t of a given good j for a given Qjn = q can be

written as

Pr
�
P jn;i;t � P

j
n;s;t; s 6= ijQjn = q

�
=
E
�
AjnijQjn = q

�
�jq

(17)

15



and notice that everything on the RHS of (17) can be observed from the data.8 Recall

that by Lemma 1, for any j, Hj
ni(�jq) can be obtained from the observables for any n

and i and for any q. Now that we can obtain Pr
�
P jn;i;t > P

j
n;s;t, for some s 6= ijQjn = q

�
,

the probability Pr
�
P jn;i;t � p and P

j
n;i;t � P

j
n;s;t; s 6= ijQjn = q

�
in (15), which is the proba-

bility that the price P jn;i;t country i o¤ers to country n for tth unit of good j is the low-

est and P jn;i;t being less than some given p for a given Q
j
n, can also be obtained. Denote

Pr
�
P jn;i;t � p and P

j
n;i;t � P

j
n;s;t; s 6= ijQjn = q

�
by eHj

ni(pjq).

From the literature on competing risks models, it is known that the class of functionseHj
ni(�jq), i = 1; 2; :::; N uniquely determine the distribution functions Gjni(�jq), i = 1; 2; :::; N ,

for P jn;i;t for any given Q
j
n = q. The next lemma establishes the identi�cation of G

j
ni(�j�). In

the Appendix we provide the proof which follows Rao (1992) .

Lemma 2: The distribution Gjni(�jq) is identi�ed by

Gjni(pjq) = 1� exp

8<:�
pZ
0

"
1�

NX
s=1

eHj
ns(�jq)

#�1
d eHj

ni(�jq)

9=; (18)

for any given j and for all n and i and for all p and q where s = 1; :::; N .

3.3 Identi�cation of djni

Using (2) we can write

FZjnijQ
j
n
(zjq) = 1�Gjni(

wid
j
ni

z
jq) (19)

8This follows from the fact that Ajni=
P�jQj

n
t=1 1(P jn;i;t � P jn;s;t; s 6= i).We can write

E[AjnijQjn = q] = E
hP�jq

t=1 1(P
j
n;i;t � P

j
n;s;t; s 6= i)jQjn = q

i
=
P�jq

t=1E
h
1(P jn;i;t � P

j
n;s;t; s 6= i)jQjn = q

i
=P�jq

t=1 Pr
h
P jn;i;t � P

j
n;s;t; s 6= ijQjn = q

i
= �jqPr

h
P jn;i;t � P

j
n;s;t; s 6= ijQjn = q

i
. The last equality follows

from the fact that for a given level of total demand Qjn, for any unit t of good j, the probability that
country i is the winner is the same since Zjn;i;t�s are identically distributed across t given Q

j
n by Assumption

A1(iii).
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for all n and i and for any given j and for all z and q. For a given n, take i = n, then we

have

FZjnnjQjn(zjq) = 1�G
j
nn(
wn
z
jq) (20)

which follows from the fact that djnn = 1 for any j and for any level of q. Let p
j
ni(q) be the

lower bound of the support of P jn;i;t given Q
j
n for a given q level of Q

j
n. By Lemma 2, G

j
ni(�jq)

is identi�ed, hence the lower bound pjni(q) is known for all n and i and for any given j and

for all q. Therefore, pjnn(q) is known. Hence, z
j
nn(q) is identi�ed for all n and q for a given j

by the following equation:

zjnn(q) =
wn
pj
nn
(q)

(21)

Since by Assumption A2, zjni(q) = z
j
nn(q), for a given j and n, z

j
ni(q) is also identi�ed for all

i and q using (21). Note that since now both pjni(q) and z
j
ni(q) are known d

j
ni as a function of

q, djni(q), for any given j, for all n and i and for all q is identi�ed by the following equation:

djni =
pj
ni
(q)zjni(q)

wi

=
wn p

j
ni
(q)

wi pjnn(q)

3.4 Identi�cation of FZjnijQjn(�j�)

Once we identify djni(q), for any given j, for all n and i and for all q, identi�cation of

FZjnijQ
j
n
(�j�) is trivial. Using (19) we have

FZjnijQ
j
n
(zjq) = 1�Gjni(

wid
j
ni(q)

z
jq) (22)

Since Gjni(�jq) and d
j
ni(q) are both identi�ed, now, FZjnijQjn(�jq) is identi�ed for all n and i

and for any given j and for all q Hence, FZjni(�) is identi�ed for all n and i and for any given

j since FQjn(�) is known from the observables. The next proposition states this result and

concludes this section.
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Proposition 1: For all n and i and for any given j, FZjni(�) is identi�ed.

4 Nonparametric Estimation

To be completed...

5 Conclusion

This paper establishes the nonparametric identi�cation and estimation of productivity

distributions and trade costs in an Eaton and Kortum (2002) type Ricardian trade model.

This enables us to check the validity of the common distributional assumptions on produc-

tivity distributions in the literature and to assess how the results of the current literature

will be a¤ected if these distributional assumptions are relaxed. We can replicate the coun-

terfactuals in the current literature such as what the welfare gains are from moving to a

zero-gravity world with no trade costs or what the welfare gains are due to raising trade

costs to their autarky levels and see how much of the results change. Moreover, the produc-

tivity distributions we recover are sector speci�c which provides important insights about

sectoral productivities. Similarly, our methodology enables us to obtain the trade costs non-

parametrically. Trade costs are never fully observed in the data yet they are very important

for welfare analysis. In addition to being destination-source country speci�c, trade costs we

recover are also sector speci�c which enables us to understand the heterogeneity in trade

costs across sectors. [To be completed ]
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APPENDIX

Proof of Lemma 2

Recall that eHj
ni(pjq) = Pr

�
P jn;i;t � p and P

j
n;i;t � P

j
n;s;t; s 6= ijQjn = q

�
where s = 1; :::; N .

Since P jn;s;t�s are independent across s by Assumption A1(ii), eHj
ni(pjq) can be written as

eHj
ni(pjq) =

pZ
0

Y
s 6=i

s=1;:;N

�
1�Gjns(�jq)

�
dGjni(�jq) (23)

=

pZ
0

0BB@
NQ
s=1

[1�Gjns(�jq)]

1�Gjni(�jq)

1CCA dGjni(�jq)
= �

pZ
0

"
NY
s=1

�
1�Gjns(�jq)

�#
d ln

�
1�Gjni(�jq)

�
(24)

where the last equality follows from the fact that [1=(1�Gjni(�jq))]dG
j
ni(�jq) = �d ln

�
1�Gjni(�jq)

�
.

Now, let Y = min
s=1;::;N

fP jn;s;tg. Note that we can write Pr[Y � �jQjn = q] = Pr[P
j
n;1;t � �

and P jn;1;t � P jn;s;t; s 6= 1jQjn = q] + ::: + Pr[P jn;i;t � � and P jn;i;t � P jn;s;t; s 6= ijQjn =

q] + ::: + Pr[P jn;N;t � � and P
j
n;N;t � P jn;s;t; s 6= N jQjn = q]. This follows from the fact that

the probability that the minimum price is less than or equal to some � can be rewritten as

the sum of the individual probabilities of each country being the winner and winning with a

price less than or equal to �. Recall that these probabilities are basically eHj
ns(�jq)�s where

s = 1; ::; N . Hence, we can write

Pr[Y � �jQjn = q] =
NX
s=1

eHj
ns(�jq) (25)

Pr[Y � �jQjn = q] can also be written in terms of Gjns(�jq)�s such that Pr[Y � �jQjn = q] =

1� Pr[Y > �jQjn = q] = 1�
NQ
s=1

Pr[P jn;s;t > �jQjn = q] = 1�
�
NQ
s=1

[1�Gjns(�jq)]
�
. Combining
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this with (25), we obtain

�
NQ
s=1

[1�Gjns(�jq)]
�
= 1�

NX
s=1

eHj
ns(�jq) (26)

Putting (26) into (24) we get

eHj
ni(pjq) = �

pZ
�1

"
1�

NX
s=1

eHj
ns(�jq)

#
d ln

�
1�Gjni(�jq)

�

Now, note that d eHj
ni(pjq) = �[1�

NP
s=1

eHj
ns(pjq)]d ln[1�G

j
ni(pjq)]. Thus, d ln[1�G

j
ni(pjq)] =

�[1�
NP
s=1

eHns(pjq)]�1d eHj
ni(pjq). Solving for G

j
ni(pjq) we obtain (18), i.e.,

Gjni(pjq) = 1� exp

8<:�
pZ
0

"
1�

NX
s=1

eHj
ns(�jq)

#�1
d eHj

ni(�jq)

9=;
in Lemma 2. �
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