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Roadmap

- Today, we will cover Eaton and Kortum (2002).

- The Eaton-Kortum model extends DFS1977 by allowing for

- arbitrarily many countries

- arbitrary trade costs

- The Eaton-Kortum model provides a Ricardian foundation for the gravity equation

Ricardian specialization −→ Trade Value ∝
Exporter’s GDP× Importer’s GDP

Distance
β

2 / 22



Environment

- The global economy consist of N ≥ 2 countries

- We use i, j, n ∈ {1, .., N} to index countries

- There is a continuum of homogeneous goods ω ∈ [0, 1]

- Each good ω which is sourced from the chepast supplier.

- Labor is the only factor of production:

- country i is populated by Li workers

- wi denotes the wage rate in country i

- Perfect competition + constant returns to scale.
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Demand

CES Utility Function

- The representative consumer in country i has a CES utility function:

Ui (q) =
[∫

ω
qi (ω)

σ−1
σ dω

] σ
σ−1

- σ is the elasticity of substitution across goods.

- The Cobb-Douglas utility function in DFS1977 is a special case of the CES utility function,

where σ → 1.
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Demand

CES Utility Function

- Utility maximization−→ expenditure on good ω equals

pi(ω)qi(ω) =
pi(ω)1−σ∫

ω′ pi(ω′)1−σdω
Yi

- pi(ω) is the price of good ω in country i.

- Yi = wiLi is total income in country i.
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Supply

- The price of good ω in country i if sourced from country n

pni(ω) = τni an (ω) wn

- τni is the iceberg trade cost

- an(ω) is the unit labor cost of producing ω in country n

- Country i buys good ω from the cheapest supplier:

pi(ω) = min {p1i(ω), ..., pNi(ω)}
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Technology

- Let zn(ω) ≡ 1/an(ω) denote productivity.

- Let Fn(.) denote the distribution of country n’s productivity:

Fn(z) ≡ Pr {zn(ω) ≤ z}

- EK2002 assume Fn(z) is Frechet:

Fn(z) = exp
(
−Tnz−θ

)
- Why Frechet? If ideas arrive with a Poisson distribution, and the technology of producing

goods is determined by the best “idea,” then the limiting distribution is Frechet, where Tn

reflects the country n’s stock of ideas.
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The Frechet Distribution

NONHOMOTHETICITY AND BILATERAL TRADE 1075

I normalize dii = 1 for all i and assume the triangle inequality, dni ≤ dnkdki

for all i, k, and n. With perfect competition, the price of good jτ faced by
consumers in country n is

pn(jτ)= min{pni(jτ) : i = 1" # # # "N}#

Following EK, I employ a probabilistic representation of technologies to de-
rive the distribution of prices. For any z ≥ 0, the measure of the set of goods
jτ ∈ [0"1] such that zi(jτ) ≤ z is equal to the cumulative distribution function
of a Fréchet random variable,

Fiτ(z)= exp(−Tiz
−θτ)"(3)

where Ti > 0 for all countries i = 1" # # # "N , and θτ > 1 for all types τ = 1" # # # "S.
These distributions are treated as independent across countries and types.

Figure 1 shows four densities of Fréchet distributions. Given θτ , the country-
specific parameter Ti determines the level of the distribution: a larger Ti in-
creases the measure of goods with large, efficient technologies zi(jτ). Thus,
the assumption that Ti does not depend on type τ, made just for parsimony,
implies that a country that is generally efficient at making goods of one type is
also efficient at making goods of other types.

Parameters θτ are common to all countries but may differ across types. These
parameters govern the spread of the distribution: the larger the θτ , the smaller
the variability in labor efficiencies across goods and countries. In Figure 1, the

FIGURE 1.—Examples of Fréchet distributions.
Source: Fieler (2011, Econometrica)
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Equilibrium Expenditure Shares

- The probability that pni(ω) ≤ p is given by

Gni(p) ≡ Pr (pni(ω) ≤ p)

=

{
wn

zn(ω)
τni ≤ p

}
= 1 − exp

{
−Φni pθ

}
where Φni ≡ Tn (wnτni)

−θ
.

- Note: The above probability is the same for all goods ω
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Equilibrium Expenditure Shares

- The probability that good ω is supplied at a price lower than p in country i

Gi(p) = Pr {pi(ω) ≤ p}

= 1 −
N

∏
n=1

(1 − Gni(p)) = 1 − exp
{
−Φi pθ

}
where Φi is defined as

Φi =
N

∑
n=1

Φni, Φni ≡ Tn (wnτni)
−θ
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Equilibrium Expenditure Shares

- The probability that country n is the lowest cost supplier of good ω to country i is

πni ≡ Pr
{

pni(ω) ≤ min
j ̸=n

pji(ω)

}
=
∫ ∞

0
Pr
{

min
j ̸=n

pji(ω) ≥ p
}

dGni(p)

=
∫ ∞

0
∏
j ̸=n

(
1 − Gji(p)

)
dGni(p)

- Substituting Gni(p) = 1 − exp
(
−Φni pθ

)
in the last line, yields:

πni =
Φni

Φi
=

Tn (τniwn)
−θ

∑N
j=1 Tj

(
τjiwj

)−θ

- Because (a) all goods receive i.i.d. draws and (b) there are a continuum of varieties, by the law

of large numbers, this probability will be equal to the fraction of goods sourced from origin n.
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Equilibrium Expenditure Shares

- Claim: The distribution of realized (R) prices for goods purchased from origin n is independent

of country n’s characteristics!

- Proof: Define the distribution of realized prices from origin n as

GRni(p) ≡
{

pni(ω) ≤ p | pni(ω) ≤ min
j ̸=n

pji(ω)

}
- We can easily verify that GRni(p) is independent of n:

GRni(p) =

∫ p
0 ∏j ̸=n

(
1 − Gji( p̃)

)
dGni( p̃)

πni
= Gi(p)

- Implication: the fraction of goods sourced from origin n is equal to the fraction of income spent

on goods from n:
λni ∼ πni −→ Xni = λniYi
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Equilibrium Price Index

- The CES utility implies that the price index in country i is

Pi =

(∫
ω

pi(ω)1−σdω

) 1
1−σ

=

(∫ ∞

0
p1−σdGi(p)

) 1
1−σ

- Noting that (a) Gi(p) = 1 − exp
(
−Φi pθ

)
, and (b) Φi = ∑N

n=1 Tn (wnτni)
−θ

, the above

expressions yields

Pi = C

(
N

∑
n=1

Tn (wnτni)
−θ

)−1
θ

,

where C ≡ Γ
(

θ+1−σ
θ

) 1
1−σ

(reminder: Γ(t) =
∫ ∞

0 xt−1e−xdx).
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General Equilibrium solution algorithm

For any given vector of exogenous parameters and variables {τin, Ti, Li, θ}i,n, equilibrium is a vector

wage, {wi}i , such that labor markets clear in all countries. Namely,

N

∑
n=1

λin(w1, ..., wN)× En (wn)︸ ︷︷ ︸
country n’s demand for i’s labor services

= wiLi , ∀i

where the expenditure shares (λin) and total national expenditure (En) are given by
λin(w1, ..., wN) =

Ti(τinwi)
−θ

∑N
j=1 Tj(τjnwj)

−θ (∀i, j)

En(wn) = wnLn (∀i, balance budegt)
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General Equilibrium—defined in terms of Y

For any given vector of exogenous parameters and variables {τin, Ti, Li, θ}i,n, equilibrium is a vector

of GDP levels, {Yi}i , such that labor markets clear in all countries. Namely,

N

∑
n=1

λin(Y1, ..., YN)× En (Yn)︸ ︷︷ ︸
country n’s demand for i’s labor services

= Yi , ∀i

where the expenditure shares (λin) and total national expenditure (En) are given by
λin(Y1, ..., YN) =

TiLθ
i (τinYi)

−θ

∑N
j=1 TjLθ

j (τjnYj)
−θ (∀i, j)

En(Yn) = Yn (∀i, balance budegt)
15 / 22



An Overview of the Eaton-Kortum Model

- The Eaton-Kortum model belongs to the quantitative class of models reviewed earlier:

χ̃i ∼ TiLθ
i , ϵ ∼ σ − 1

- The indirect utility or welfare of the representative consumer in country i is

Wi =
Yi

Pi
, Pi =

[
N

∑
n=1

∫
ω∈Ωni

pni (ω)1−σ dω

] 1
1−σ
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encapsulates non-country-specific constants
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Eaton-Kortum vs. Armington

- The Eaoton-Kortum model predicts similar ex post gains from trade (up-to a choice of trade

elasticity) as the Armington model:

GTi ≡
Wi − W(autarky)

i

Wi
∼ gains from trade

- It also predict the same ex ante welfare impacts in response to a trade cost shock {τ̂in}i,n:

Ŵi =
Ŷi

P̂i
, P̂i =

[
∑
n

λni τ̂−θ
ni Ŷ−θ

n

]− 1
θ

where Ŷi can be calculated with data on baseline expenditure shares, {λin}i,n, and GDP levels,

{Yi}i , via the following system:

ŶiYi =
N

∑
n=1

[
λin τ̂−θ

in Ŷ−θ
i

∑N
j=1 λjn τ̂−θ

jn Ŷ−θ
j

ŶnYn

]
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in Ŷ−θ
i

∑N
j=1 λjn τ̂−θ

jn Ŷ−θ
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Other Elements of Eaton & Kortum (2003)

- The Eaton-Kortum model satisfies the common macro-level representation covered earlier−→
the same quantitative techniques apply

- Other elements of Eaton & Kortum (2002)

- roundabout production (a special case of input-output extension covered later)

- non-traded sector (a special case of the multi-sector extension covered later)

- two approaches to estimating the trade elasticity, θ, which we will review later.
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Additional Material



Algorithm for Calculating The Equilibrium Wages

Alvarez & Lucas (2007) rewrite the excess demand function as

fi(w) =
1
wi

[
N

∑
n=1

Ti (τinwi)
−θ

∑N
j=1 Tj

(
τjnwj

)wnLn − wiLn

]
,

and show that it satisfies the following properties forw ≫ 0

1. fi(.) is continuous.

2. fi(.) is homogeneous of degree zero: fi(αw) = fi(w)

3. ∑N
i=1 Yi fi(w) = 0 (Walras’ law)

4. There exists a b > 0 such that fi(w) > −b, (∀i).

5. Let w̄ be a vector of GDP where w̄l = 0 and w̄n > 0 for all n ̸= l. Then,
limw→w̄ maxi fi(w) = ∞
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Algorithm for Calculating The Equilibrium Wages

- Alvarez & Lucas (2007) also show that fi(.) satisfies the gross substitute property:

∂ fi(w)

∂wk
> 0 ∀k ̸= i

- The above property sates that if the wage in other countries rises, the demand for goods from

country i increases.

- fi(.) satisfies the gross substitute property−→ unique equilibrium.
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Algorithm for Calculating The Equilibrium Wages

- To compute the equilibrium wages, define the following mapping:

Mi(w) = wi

[
1 + λ

fi(w)

Li

]
- If we start with a vector of wages that satisfy ∑i wiLi = 1, then ∑i Mi(w)Li = 1.

- Starting with an initial guessw0
, and updating according towm = Mi(wm−1), yields the

unique equilibrium wage: w∗ = Mi(w∗).

return
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