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Basic Ricardian Model

Dornbusch, Fisher, Samuelson (1979)

•Ricardian model with 2 countries, 1 factor of production, and a continuum of goods

•Countries differ in relative productivities for producing different goods

•Open to trade ᵼcountries to specialize in the goods they have comparative advantages in

Difficulty: How to extend to a multi-country framework?



Comparative Advantage in Ricardian Models

Let country Ὥproduce good Ὧwith unit labor cost ὥ,  i.e. ώ ὰȟȟȾὥ

With N goods and 2 countries, can order goods by relative comparative advantage

ὥȾὥ ὥȾὥ Ễ ὥȾὥ

Similarly with ςgoods and J countries, can order countries by relative comparative advantage

ὥȾὥ ὥȾὥ Ễ ὥȾὥ

In both cases, there will be a cutoff in the chains that determines patterns of production

•In first chain, country 1 will specialize in goods to left of cutoff, country 2 in goods to right

•In second chain, countries to left of cutoff will produce good 1, countries to right good 2
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Comparative Advantage in Multi-dimensional Ricardian Models

Difficulty: How to construct such chains with N goods and J countries?  Potential Solutions:

•Jones (1961): Look at environments in which each country produces only one good

•Wilson (1980): No need to predict pattern of trade, can determine comparative statics such as 

changes in prices and welfare without it.

•Costinot (2009): Restrict attention to environments in which unit labor costs are log-submodular 

in good characteristics and country characteristics, so comparative advantage chains can be 

constructed

•Eaton-Kortum (2002): Assume productivities are drawn from a Frechet distribution.  Like Wilson, 

doesn’t predict pattern of trade, but comparative statics much simpler and better suited for 

empirical work.



Eaton and Kortum (2002)

Basic Framework (notational change to be consistent with paper)

•Continuum of goods Ὦɴ πȟρ

•Ὥȟὲ ρȟςȟȣȟὔcountries

•Country unit input costs: ὧ

•Good specific productivity in country Ὥ: ᾀὮᵼcost of producing good Ὦin country Ὥis ὧȾᾀὮ



Eaton and Kortum (2002)

Basic Framework (notational change to be consistent with paper)

•Continuum of goods Ὦɴ πȟρ

•Ὥȟὲ ρȟςȟȣȟὔcountries

•Country unit input costs: ὧ

•Good specific productivity in country Ὥ: ᾀὮᵼcost of producing good Ὦin country Ὥis ὧȾᾀὮ

•Iceburg trade costs: Ὠ ρfor Ὥ ὲ (Ὠ ρ)

•Perfect competition ᵼprice charged by firms in country Ὥto consumers in country ὲfor good Ὦ

ὴ Ὦ
ὧ

ᾀὮ
Ὠ



Consumers and Prices

Consumers have CES preferences over goods

Ὗ ὗ Ὦ ὨὮ

Total expenditures of country ὲare ὢ

ὴ Ὦὗ ὮὨὮὢ



Consumers and Prices

Consumers have CES preferences over goods

Ὗ ὗ Ὦ ὨὮ

Total expenditures of country ὲare ὢ

ὴ Ὦὗ ὮὨὮὢ

The price of good Ὦin country ὲis the minimum price across producers in all countries

ὴ Ὦ ÍÉÎὴ Ὦȟὴ Ὦȟȣȟὴ Ὦ

ÍÉÎ
ὧ

ᾀ Ὦ
Ὠ ȟ

ὧ

ᾀ Ὦ
Ὠ ȟȣȟ

ὧ

ᾀ Ὦ
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Frechet Productivity Distribution

Assume productivity in country Ὥfollows a Frechet Ὕȟ— distribution

Ὂᾀ ὖὤ ᾀ Ὡ

•Ὕ πgoverns the location of the productivity distribution for country Ὥ.

•Higher Ὕᵼhigher productivity draw more likely for any good Ὦ

•— πgoverns variation in the productivity distribution (common across countries)

•Higher —ᵼ less variability across goods (governs degree of comparative advantage)

•sd ÌÏÇᾀ “Ⱦ—φ;  Geometric Mean ὩɹȾὝ
Ⱦ

(ʴ Ȣυχχ, Euler’s constant)



Key Property of Frechet Productivity Distribution

Why the Frechet distribution?

•The Frechet distribution is an Extreme Value (type II) distribution and is max stable

•Suppose ὤȟὤȟȣȟὤ follow Frechet Ὕȟ— distributions.  Define ὤ ÍÁØὤȟὤȟȣȟὤ , then

Ὂ ᾀ Ὡ В Ὡ В

So therefore ὤ Fͯrechet В Ὕȟ—
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Why the Frechet distribution?

•The Frechet distribution is an Extreme Value (type II) distribution and is max stable
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•This makes the Frechet distribution great for studying environments with perfect competition as it 

makes it easy to characterize the productivity of the maximal productivity producers

•This is similar to how the Pareto distribution is great for studying extensive margins, since the 

(left) truncated Pareto distribution is still a Pareto distribution



Density of Frechet Distribution

ὨὊᾀ

ᾀ
Ὕ ρ

— ρ

— ρȢυ

— ς



Density of Frechet Distribution

ὨὊᾀ

ᾀ

Ὕ ς

— ς

Ὕ ρ

Ὕ ςȾσ



LogLog Plot of CCDF of Frechet Distribution

ρ Ὂᾀ

ᾀ

— ςȟὝ ρ

Right tail obeys a power law:  ὖὤ ᾀ ρ Ὡ Ὕᾀ for large ᾀ



Distribution of Prices

Distribution of prices offered by firms in country Ὥgoverned by productivity distribution

•Define Ὃ ὴ as the proportion of prices offered by country Ὥto country ὲthat are less than ὴ

•Recall ὴ Ὦ Ὠ , therefore

Ὃ ὴ 0Òὖ ὴ 0Òὤ
ὧ

ὴ
Ὠ ρ ὊὧὨ Ⱦὴ ρ Ὡ



Distribution of Prices

Distribution of prices offered by firms in country Ὥgoverned by productivity distribution

•Define Ὃ ὴ as the proportion of prices offered by country Ὥto country ὲthat are less than ὴ

•Recall ὴ Ὦ Ὠ , therefore

Ὃ ὴ 0Òὖ ὴ 0Òὤ
ὧ

ὴ
Ὠ ρ ὊὧὨ Ⱦὴ ρ Ὡ

Lowest price in country ὲwill be ὴ such that ὴ ὴ Ὥᶅ(with equality for one Ὥ).

•Let Ὃ ὴ be share of (minimal) prices offered in country ὲthat are less than ὴ

Ὃ ὴ ρ ρ Ὃ ὴ ρ Ὡ ρ Ὡ В



Distribution of Prices

Can write the proportion of prices less than ὴin country ὲas

Ὃ ὴ ρ Ὡ ȟ ×ÈÅÒÅɮ ὝὧὨ

ɮ is a country specific price parameter

•Ὕ indexes how productive country Ὥis (on average)

•ὧis how costly the inputs are in country Ὥ

•Ὠ is how expensive (iceberg costs) it is to ship output from country Ὥto country ὲ



Distribution of Prices

Can write the proportion of prices less than ὴin country ὲas

Ὃ ὴ ρ Ὡ ȟ ×ÈÅÒÅɮ ὝὧὨ

ɮ is a country specific price parameter

•Only reason ɮ differs across countries is due to differences in iceberg costs (Ὠ )

•Note that model can handle autarky easily:  Ὠ Њ Ὥᶅ ὲᵼ ɮ Ὕὧ



Location of Lowest Cost Producers

The probability that country Ὥis the lowest cost producer of good Ὦto country ὲ, “ , is

“ 0Òὖ ὴ

Ȣ

Ὠ0Òὖ ὴ

Ȣ

ρ Ὃ ὴ ὨὋ ὴ

ὝὧὨ

ɮ

ὝὧὨ

В ὝὧὨ



Connection between Origin and Price Distribution

Note that0Òὖ Ӷὴ 0Òὖ Ӷὴὖ ὖ (i.e. distribution of prices in ὲdoesn’t change 

conditional on knowing the lowest cost producer for country ὲ).  

To see this note Bayes rule, therefore

0Òὖ Ӷὴὖ ὖ
0Òὖ Ӷὴ0Òὖ ὖȿὖ Ӷὴ

0Òὖ ὖ

So therefore 0Òὖ Ӷὴ 0Òὖ Ӷὴὖ ὖ is the same as writing

Ὃ Ӷὴ
ρ

“

Ӷ

ρ Ὃ ὴ ὨὋ ὴ

And the RHS simplifies to

ρ

“
ὝὧὨ

ρ

ɮ
Ὡ

Ӷ
ρ

“

ὝὧὨ

ɮ
Ὡ Ӷ ρ ρ Ὡ Ӷ Ὃ Ӷὴ



CES Price Index

The CES Price index can be derived as

ὴ ὴ Ὦ ὨὮ ὴ ὨὋ ὴ

ὴ ɮ Ὡ —ὴ Ὠὴ

Which, for „ ρ —, can simplify to (requires a change of variables in integral to ὼḳὴɮ)

ὴ ɜ
— ρ „

—
ɮ ɮ

Where ɜὸis the Gamma function

ɜὸ ὼ Ὡ Ὠὼ



Aggregate Bilateral Trade Flows

Model doesn’t pin down which specific goods are traded

Can compute fraction of country ὲ’s expenditure on goods from country Ὥ

•Recall distribution of prices are independent of origin of lowest cost producer

•Therefore average expenditure per good does not depend on origin of good

ὢ

ὢ
“

ὝὧὨ

В ὝὧὨ



Deriving Aggregate Trade Flows

Note that country Ὥ’s total production is

ὗ ὢ
ὝὧὨ

В ὝὧὨ
ὢ

Still have

ὢ
ὝὧὨ

ɮ
ὢ

Therefore

ὢ

Ὠ
ὴ

ὢ

В
Ὠ
ὴ

ὢ

ὗ



Gravity in Trade Flows

Taking log of previous equation yields

ÌÏÇὢ ÌÏÇ
Ὠ

ὴ
ὢ —ÌÏÇὴ —ÌÏÇὨ ÌÏÇὢ ÌÏÇὗ

•Generates a gravity equation similar to the Armington framework

•Can run a gravity regression and use that to pin down —if had distance data



Closing the Model

Previous discussion takes input costs as given, but they should be affected by trade

Suppose that production uses a Cobb-Douglas aggregate of labor and intermediate inputs:

ώ Ὦ
ρ

Ὠ
ᾀὮ ὰ Ὦ ή Ὦ

Where ή Ὦis a CES aggregate of intermediate goods, ή Ὦ , used in the production of Ὦ

ή Ὦ ή Ὦ ὨὮ



Closing the Model

Previous discussion takes input costs as given, but they should be affected by trade

Suppose that production uses a Cobb-Douglas aggregate of labor and intermediate inputs:

ώ Ὦ
ρ

Ὠ
ᾀὮ ὰ Ὦ ή Ὦ

Where ή Ὦis a CES aggregate of intermediate goods, ή Ὦ , used in the production of Ὦ

ή Ὦ ή Ὦ ὨὮ

This implies that the cost of an input bundle in country Ὥwill be equal to

ὧ ύ ὴ

Where ύ is wages and ὴ is the same CES price index derived earlier



Real Wage vs Domestic Share of Consumption

ὧ ύ ὴ

Where ύ is wages and ὴ is the same CES price index derived earlier.  Combining the above with

ὴ ɮ ᵼ ɮ ὴ 

“
ὢ

ὢ

ὝὧὨ

ɮ
ᵼ “

Ὕὧ

ɮ

Yields the following expression that can be used to deliver the relative wage

“
Ὕ ύ ὴ

ὴ 
ᵼ
ύ

ὴ


Ὕ

“



Real Wage vs Domestic Share of Consumption

ὧ ύ ὴ

Where ύ is wages and ὴ is the same CES price index derived earlier.  Combining the above with

ὴ ɮ ᵼ ɮ ὴ 

“
ὢ

ὢ

ὝὧὨ

ɮ
ᵼ “

Ὕὧ

ɮ

Yields the following expression that can be used to deliver the relative wage

“
Ὕ ύ ὴ

ὴ 
ᵼ
ύ

ὴ


Ὕ

“

Note that if the real wage is higher, welfare will be higher.  Can compare real wage to autarky real 

wage by noting that “ ρ.  Conditional on observed “ , welfare gains higher if —ȟᴽ



Equilibrium Prices

Plugging in input cost to price level yields:

ὴ ɮ  ὝὧὨ  Ὕ ύ ὴ Ὠ

Which, given ύ, generally needs to be solved numerically for the ὴ’s.  We can also write

ὢ

ὢ
“ Ὕ

Ὠ ύ ὴ

ὴ



Labor Market Equilibrium

Labor income is equal to labor’s share of value of output

ύὒ ὗ  ὢ  “ ὢ

Total expenditures in country ὲare

ὢ
ρ 


ύὒ ύὒ

ρ


ύὒ

Wages therefore satisfy

ύὒ “ ύὒ



Solving Equilibrium

The equilibrium is pinned down by the following sets of equations

ύὒ “ ύὒȟ Ὥ ρȟςȟȣȟὔ

“ Ὕ
Ὠ ύ ὴ

ὴ
ȟ Ὥȟὲ ρȟςȟȣȟὔ

ὴ  Ὕ Ὠ ύ ὴ ȟ ὲ ρȟςȟȢȢȟὔ

In general, this system of equations needs to be solved numerically



Special Case: Free Trade

Under free trade Ὠ ρᶅ Ὥȟὲ.

Therefore good prices are equalized across countries, ὴ ὴ Ὥᶅȟὲ, which means

“ Ὕ ύ ὴ

And therefore

ύὒ

ύὒ

“В ύ ὒ

“В ύ ὒ

Ὕ ύ ὴ

Ὕ ύ ὴ

Ὕ ύ

Ὕ ύ

Rearranging gives

ύ

ύ

ὝȾὒ

ὝȾὒ



Special Case: Free Trade

Price is same for all countries and determined by

ὴ  Ὕ ύ ὴ  Ὕ ύ ὴ

Rearranging and substituting in relative wages gives

ὴ  Ὕ ύ  Ὕ ύ
ὝȾὒ

ὝȾὒ

Solving for relative wages yields

ύ

ὴ
 Ὕ Ὕ ὒȾὒ



Special Case: Free Trade ð Real Wage Discussion

Note that real wages equal Real GDP per capita as GDP is ύὒ.  From our formula we have

ύ

ὴ
 Ὕ Ὕ ὒȾὒ

Therefore country ὲ’s GDP per capita increases under free trade if:

•Its average productivity increases Ὕ ,ᴻ both because the demand for country ὲ’s labor 

increases and goods become cheaper

•Other countries average productivity increases Ὕ ȟᴻὭ Ὦas goods become cheaper.  Note this 

impact scales with the size of the labor force for the foreign country.



Special Case: Autarky

In autarky Ὠ Њ ὲᶅ Ὥ, while Ὠ ρ.  Therefore “ ρand the third equation becomes

ὴ Ὕ ύ ὴ

Which rearranges to give the autarky real wage

ύ

ὴ
 Ὕ



Special Case: Autarky

In autarky Ὠ Њ ὲᶅ Ὥ, while Ὠ ρ.  Therefore “ ρand the third equation becomes

ὴ Ὕ ύ ὴ

Which rearranges to give the autarky real wage

ύ

ὴ
 Ὕ

Note every country is better off under free trade as

ύ

ὴ
 Ὕ Ὕ ὒȾὒ  Ὕ ὝȾὝ ὒȾὒ



Counterfactuals and Model Parameters

Need to estimate parameters of model in order to perform counterfactuals

•First need an estimate of —

•Several ways to estimate, depending on data availability (see paper).  Will present the default.

•Then, given —, can estimate Ὕ(technology) and Ὠ (geography)

•Can use parameter estimates to perform counterfactuals such as gains from moving from 

autarky to implied trade costs, or additional gains from moving to a frictionless world/further 

reducing trade costs.



Estimating Theta: Pricing Data

Can express country ὲ’s import share from Ὥrelative to country Ὥ’s domestic consumption as

ὢ Ⱦὢ

ὢȾὢ

ὴὨ

ὴ

Which provides a relationship between normalized trade share and prices

•Use data on normalized import shares from 19 OECD countries in 1990

•Could use distance as a proxy for Ὠ

•Pricing data on 100 products across the 19 OECD countries



Estimating the Model’s Gravity Equation: Pricing Data

EK(2002)



Estimating Theta: Pricing Data

Can express country ὲ’s import share from Ὥrelative to country Ὥ’s domestic consumption as

ὢ Ⱦὢ

ὢȾὢ

ὴὨ

ὴ

Which provides a relationship between normalized trade share and prices

•Use data on normalized import shares from 19 OECD countries in 1990

•Could use distance as a proxy for Ὠ , but distance potentially confounds —and Ὠ

•Pricing data on 50 products across the 19 OECD countries: use to estimate ὴὨ Ⱦὴ



Estimating Theta: Pricing Data

Compute logged relative prices for each country pair and good

ὶ Ὦ ÌÏÇὴ Ὦ ÌÏÇὴὮ

Estimate

ὴ

ὴ
-ÅÁÎὶ Ὦ



Estimating Theta: Pricing Data

Compute logged relative prices for each country pair and good

ὶ Ὦ ÌÏÇὴ Ὦ ÌÏÇὴὮ

Estimate

ὴ

ὴ
-ÅÁÎὶ Ὦ

To estimate distance, note in model ὶ Ὦ Ὠ Ὦᶅ, as otherwise ὲcould import good Ὦfrom Ὥand 

have ὶ Ὦ Ὠ

Estimate Ὠ as the (second) highest value of ὶ across Ὦ, so

Ὀ ḧÌÏÇ
ὴὨ

ὴ

ςÎÄÍÁØὶ Ὦ

В ὶ ὮȾυπ



╓▪░Estimate Ranges

EK(2002)



Estimating Theta: Pricing Data

Estimate the following regression:

ÌÏÇ
ὢ Ⱦὢ

ὢȾὢ
—Ὀ

Import shares from bilateral trade data, noting ὢ ὢ В ὢ

Yields an estimate of — ψȢςψ



Trade Shares vs╓▪░Estimates

EK(2002)



Estimating the Model’s Gravity Equation

Recall “ Ὕ .  Note that we can normalize imports by domestic sales to get

ὢ

ὢ

Ὕ

Ὕ

ύ

ύ

ὴ

ὴ
Ὠ

And we also have from  combining and that

ὴ

ὴ

ύ

ύ

Ὕ

Ὕ

ὢȾὢ

ὢȾὢ



Estimating the Model’s Gravity Equation

Combining the previous two equations and taking logs yields

ÌÏÇ
ὢ

ὢ
—Ὠ

ρ


ÌÏÇ
Ὕ

Ὕ
—ÌÏÇ

ύ

ύ

Where ÌÏÇὢ ḧÌÏÇὢ ρ ȾÌÏÇὢȾὢ .

Note if we define Ὓḧ ÌÏÇὝ —ÌÏÇύ, then the gravity equation becomes

ÌÏÇ
ὢ

ὢ
—ÌÏÇὨ Ὓ Ὓ

Where Ὓ is country Ὥ’s “competitiveness,” or technology adjusted for labor costs



Estimating the Model’s Gravity Equation

ÌÏÇ
ὢ

ὢ
—ÌÏÇὨ Ὓ Ὓ

•Can compute ÌÏÇfrom bilateral trade data (with  πȢςρ, the average labor share in sample)

•Ὓand Ὓ are estimated with country fixed effects

•Still have problem with distance, estimate following gravity literature

ÌÏÇὨ Ὠ ὦ ὰ Ὡ ά 

•Where Ὠ , Ὧ ρȟȣȟφ, is a distance range; ὦis a shared border; ὰis a shared language; Ὡ is if 

both are in a shared trading area (Ὤ ρᵼEuropean Community, Ὤ ςᵼEuropean Free Trade 

Area); ά is a destination effect, and  is the error term



Bilateral Gravity Equation Estimates

EK(2002)



Bilateral Gravity Equation Estimates

EK(2002)



Estimating Technology and Distance

To estimate technology parameters, note that

Ὓḧ
ρ


ÌÏÇὝ —ÌÏÇύ

•Use estimated  πȢςρfrom average labor share, estimate — ψȢςρfrom before, and then wage 

data (adjusted for education) for ύ.

•Then Ὕ is given by the estimate of Ὓfrom the gravity regression.

•For trade costs (geography effects), plug in errors from gravity regression into Ὠ regression

ÌÏÇὨ Ὠ ὦ ὰ Ὡ ά 



Technology Parameter Estimates

EK(2002)



Geographic Barrier Estimates (effect on ▀▪░)

EK(2002)



Geographic Barrier Estimates (effect on ▀▪░)

EK(2002)



Counterfactuals

Suppose countries have income ὣand share is spent on the manufacturing (tradable) sector.

Consider two cases for labor market. Both change equations for (manufacturing) wages slightly

•Manufacturing labor supply is fixed ᵼManufacturing labor income changes only with wages

•Labor supply is fully mobile ᵼas wages change, manufacturing labor supply changes

Need a measure to evaluate welfare using real GDP ὣȾὴ (non-manufacturing is a numeraire):

ÌÏÇὙὋὈὖ

ÌÏÇὙὋὈὖ

ÌÏÇὣ

ÌÏÇὣ
ÌÏÇ

ὴ

ὴ

ύ ύ

ύ

ύὒ

ὣ
ÌÏÇ

ὴ

ὴ

Note with mobile labor the income effect disappears



Counterfactuals

Base parameters are as follows:

Two counterfactuals

•Welfare losses from moving to autarky Ὠ Њȟᶅὲ Ὥfrom current trade (Ὠ as estimated)

•Welfare gains from moving to a frictionless world Ὠ ρ or doubling trade 



Welfare Losses from Moving to Autarky

EK(2002)



Welfare Gains from Reducing Trade Costs

EK(2002)


