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Technology, Geography, and Trade
By Jonathan Eaton and Samuel Kortum,Econometrica,2002.

Y.S. Cao B.C.Liang Z.K. Ding R.Y. Ye X.K. Shang

School of Economics
Fudan University

Quantitative Economics, Spring 2024

CLDYS (FDU) TGT(2002) Spring 2024 1 / 64



.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

Putting Ricardo to Work
Jonathan Eaton and Samuel Kortum,Journal of Economic Perspectives,2012.

basic model:two countries with two goods
two countries with more goods(countable)
a chain of comparative advantage[stairway]

图: Two countries with n discrete goods
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Putting Ricardo to Work
Jonathan Eaton and Samuel Kortum,Journal of Economic Perspectives,2012.

two countries with more goods(countless)
Dornbusch,Fisher,and Samuelson(1977)
A continuum of goods from 0 to 1:the set of goods correspond to all
the points on an interval between 0 and 1.
a chain of comparative advantage[ramp]

图: Two countries with a continuum of goods
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Putting Ricardo to Work
Jonathan Eaton and Samuel Kortum,Journal of Economic Perspectives,2012.

Many countries with many goods(countless)
Problem: In this setting, chains no longer work.
–Where DFS stops and EK starts
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Distinguished Professor of Economics, Pennsylvania State University
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1 About Authors:Samuel Kortum

图: Samuel Kortum

James Burrows Moffatt Professor of Economics, Yale University,
2015-present
Director, Cowles Foundation for Research in Economics, July 2023-present
Fellow, CESifo Research Network, 2017-present
Member of the Board, NBER, 2018-present
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2 The Model

zi(j) : country i’s efficiency in producing good j∈ [0, 1]
ci : input cost in country i

ci
zi(j) : the cost of a unit of good j in country i

Geographic barriers: Samuelson’s standard and convenient ”iceberg”
assumption–delivering a unit from country i to country n requires
producing dni units in i, which satisfies

dni ≤ dnkdki(triangle inequation), dii = 1.
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2 The Model

Delivering a unit of good j produced in country i to country n costs:

pni(j) =
(

ci
zi(j)

)
dni (1)

perfect competition assumption

pn(j) = min {pni(j); i = 1, . . . ,N} (2)

where N is the number of countries

U =

[∫ 1

0
Q(j)(σ−1)/σdj

]σ/(σ−1)

(3)

the elasticity of substitution is δ > 0
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2.1 Technology

A probabilistic representation of technologies Fi(z) = Pr[Zi ≤ z]
We assume that country i’s efficiency distribution is Fréchet(the Type II
extreme value distribution) Go

Fi(z) = e−Tiz−θ (4)

where Ti > 0 and θ > 1
Ti :reflects country i’s state of technology(absolute advantage)
θ : regulates heterogeneity across goods in countries’relative
efficiencies(comparative advantage)
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2.2 Prices

Distribution of prices Gni(p) = Pr[Pni ≤ p] = 1− Fi(cidni/p)

Gni(p) = 1− e−[Ti(cidni)
−θ]pθ (5)

The distribution for what country n actually buys Go

Gn(p) = 1−
N∏

i=1

[1− Gni(p)]

Gn(p) = 1− e−Φnpθ (6)

the price parameter Go

Φn =

N∑
i=1

Ti (cidni)
−θ (7)
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2.2 Prices

Three useful properties of the price distributions:
(a)The probability that country i provides a good at the lowest price in
country n Go

πni =
Ti (cidni)

−θ

Φn
(8)

(b)The price of a good that country n actually buys from any country i
also has the distribution Gn(p) Go

(c)The exact price index for the CES objective function,assuming
δ < 1 + θ Go

πn = γΦ
−1/θ
n (9)

γ =

[
Γ

(
θ + 1− σ

θ

)]1/(1−σ)
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2.3 Trade Flows

To link the model to data on trade shares , we focus on the fraction of
goods that country n buys from country i:

Xni
Xn

= πni =
Ti(cidni)−θ

Φn
=

Ti(cidni)−θ∑N
k=1 Tk(ckdnk)−θ

(10)

Xn is country n’s total spending Xni is spent on goods from i

Note that πni, till now, has three implications:
the probability that country i provides a good at the lowest price
the fraction of goods that country n buys form country i
the proportion of country i in the price parameter Φn

*In Section:The Gravity Equation, we will discuss how equation (10)
relates to the existing literature on bilateral trade.
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2.4 Equilibrium
1. Production

Before: taking ci as given
Now: to conduct later counterfactual experiment, adjustment of input
costs to a new equilibrium is crucial

Then, to close this adjusted model, we will decompose the input bundle
into labor + intermediates.

And finally, how wages are defined.
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2.4 Equilibrium
1. Production

Assume: Production combines labor and intermediate inputs, with labor
having a constant share β.
The cost of an input bundle in country i is thus:

ci = wβ
i p1−β

i (14)

Then, through equation (7) (9) (10) (14), we deliver an expression relating
the real wage to the state of technology parameter Ti and share of
purchases from home πi: Go

wi
pi

= γ−1/β

(
Ti
πii

)1/βθ

(15)
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2.4 Equilibrium
2. Price Levels

To see how price levels are mutually determined, substitute (14) into (7),
applying (9):

pn = γ

[ N∑
i=1

Ti
(
dniwβ

i p1−β
i
)−θ
]−1/θ

(16)

which is the price parameter of country n.

Similarly, expanding equation (10) using (14):

Xni
Xn

= πni = Ti

(
γdniwβ

i p1−β
i

pn

)−θ

(17)

where pi is obtained from the equation above.

Till now, we have made preparations for the equilibrium.
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2.4 Equilibrium
3. Working Market Equilibrium

To build the model, we now divide the society into manufacturing sector
and non-manufacturing sector.

* Note that in this section Xi means spending on manufactures rather
than the whole goods market.

First, we have

wiLi = β

N∑
n=1

πniXn (18)

where β is the fraction of labor as before.
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2.4 Equilibrium
3. Working Market Equilibrium

With cost minimization, we expands Xn Go

Xn =
1− β

β
wnLn + αYn (19)

where Yn is aggregate final expenditures , with α the fraction spent on
manufactures.

CLDYS (FDU) TGT(2002) Spring 2024 18 / 64



.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

2.4 Equilibrium
3. Working Market Equilibrium

To close the model, we consider two polar cases.

1) When labor is mobile between manu and non-manu:
See wn and Yn as exogenous, combine (18)(19):

wiLi =
N∑

n=1

πni
[
(1− β)wnLn + αβYn

]
(20)

In this case, given wn and Yn, we can use (16) (17) to find pn and πni ,
which can determine manufacturing employment Li in (20).
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2.4 Equilibrium
3. Working Market Equilibrium

2) When labor is immobile:
The number of manufacturing workers in each country is fixed at Ln.
Non-manufacturing income YO

n is exogenous.
Combine (18) (19):

wiLi =
N∑

n=1

πni
[
(1− β + αβ)wnLn + αβYO

n

]
(21)

In this case, given Ln and YO
n , we can use (16) (17) (21) to find pn, πni

and wn.
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2.4 Equilibrium
4. Application: Zero-Gravity and Autarky

In this section, we will consider two special cases and see the gains from
trade tentatively.

Zero-Gravity
dni = 1, from (7) (8) (14) we get:

wi
wN

=

(
Ti/Li

TN/LN

)1/(1+θβ)

(22)

which means:
·When labor is mobile the relative amounts of manufacturing labor in
each country are determined by Ti/w1+θβ

i .
·When labor is immobile the expression gives relative wages, which
depend on the state of technology in per worker terms.
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2.4 Equilibrium
4. Application: Zero-Gravity and Autarky

Suppose manufacturing is the only activity so that α = 1 and Yi = wiLi.
From (16) and (22), measure welfare by Real GDP per worker:

Wi = γ−1/βT1/(1+θβ)
i

[ N∑
k=1

T1/(1+θβ)
k (Lk/Li)

θβ/(1+θβ)

]1/θβ
(23)

Autarky
See the world as a whole country , referring back to (15) setting πii = 1:

Wi = γ−1/βT1/θβ
i (24)

Comparison
Compare W in (23) and (24), there are gains from trade for everyone.
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2.5 The Gravity Equation
The exporter’s total sales Qi =

∑N
m=1 Xmi = Tic−θ

i
∑N

m=1
d−θ

mi Xm
Φm

Solving forTic−θ
i , and substituting it into(10), incorporating(9), we get

Xni =

(
dni
pn

)−θ
Xn∑N

m=1

(
dmi
pm

)−θ
Xm

Qi Go (11)

traditional Armington case
ai:the weight on goods from country i in CES preferences

Xni
Xn

=
aδ−1

i (cidni)−(δ−1)∑N
k=1 aδ−1

k (ckdnk)−(δ−1)

monopolistic competition case
mi:the number of goods produced by country i

Xni
Xn

=
mi(cidni)−(δ−1)∑N

k=1 mk(ckdnk)−(δ−1)
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2.5 The Gravity Equation

图: Comparison
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3.1 Estimates with Source Effects
Normalizing (17) by the importer’s home sales delivers

Xni
Xnn

=
Ti
Tn

(
Wi
Wn

)−θβ ( Pi
Pn

)−θ(1−β)

d−θ
ni (25)

We can use equation (17) as it applies to home sales, for both country i
and country n, to obtain

Pi
Pn

=
Wi
Wn

(
Ti
Tn

)−1/(θβ)
( Xi

Xii
Xn
Xnn

)−1/(θβ)

Plugging this expression for the relative price of intermediates into (25)
and rearranging gives, in logarithms (setting β = 0.21):

ln
(

X′
ni

X′nn

)
= −θ ln(dni) +

1

β
ln
(

Ti
Tn

)
− θ ln

(
Wi
Wn

)
(26)
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3.1 Estimates with Source Effects

where ln(X′
ni) ≡ ln(Xni)− [(1− β)/β] ln(Xi/Xii). By defining

Si ≡
1

β
ln(Ti)− θ ln(Wi) (27)

This equation simplifies to

ln
(

X′
ni

X′nn

)
= −θ ln(dni) + Si − Sn (28)

Equation (28) forms the basis of our estimation.
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3.1 Estimates with Source Effects

We use proxies for geographic barriers suggested by the gravity literature.

ln(dni) = dk + b + l + eh + mn + δni (29)

Imposing this specification of geographic barriers, equation (28) becomes

ln
(

X′
ni

X′nn

)
= −Si + Sn − θmn − θdk − θb − θen − θl + θ2ni + θ1ni (30)
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3.1 Estimates with Source Effects
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3.2 Estimates with Wage Data

Based on Kortum (1997) and Eaton and Kortum (1996), we relate
technology to national stocks of R&D and to human capital as measured
by years of schooling. We can translate equation(27) into

Si ≡
1

β
ln(Ti)− θ ln(Wi)

Si = α0 + αR ln(Ri)− αH(
1

Hi
)− θ ln(Wi) + τi (31)
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3.2 Estimates with Wage Data
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3.2 Estimates with Wage Data
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3.3 Estimates using Price Data

According to equation (12),

Xni/Xn
Xii/Xi

=

(
pidni
pn

)−θ

(32)

we measure ln(pidni/pn) by the term Dni defined as

Dni =
max(2j[rni(j)])∑50

j=1[rni(j)]/50
(33)

with data on bilateral trade in manufactures among 19 OECD countries in
1990, the implied θ is 8.28.
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3.3 Estimates using Price Data

A potential objection is the errors-in-variables problem with our Dni
measure discussed in Section 3. We address this problem by using the
observable geography terms in (29) as instruments for Dni.

ln(dni) = dk + b + l + eh + mn + δni

ln
(

X′
ni

X′nn

)
= −θ ln(dni) + Si − Sn

ln
(

X′
ni

X′nn

)
= Si − Sn − θmn − θdk − θb − θl − θen + θ2ni + θ1ni (34)

Doing so, we obtain a 2SLS estimate of θ = 12.86 (with a standard error
of 1.64).
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3.4 States of Technology and Geographic Barriers

Following equation (27), we strip the estimates of Si in Table III down to
Ti using data on wages (adjusted for education) and an estimate of θ:

Si ≡
1

β
ln(Ti)− θ ln(Wi)

Ti =
(

expŜi Wθ
i

)β
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3.4 States of Technology and Geographic Barriers

Consider equation (29):

ln(dni) = dk + b + l + eh + mn + δni
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4.1 Logic

Construct the model theoretically
Estimate the parameters so that to quantify the model

Counterfactual analysis
Preparation: create baselines, define criteria
Explore counterfactuals: trade gains, foreign tech, and tariffs
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4.2 Preparation

Create a baseline world
actual manufacturing employment Ln, GDP Yn, and price level pn and
pαn
calculated wages wn

Define criteria: Welfare

Wn =
Yn
Pαn

Go (35)

ln W′
n

Wn
= ln Y′

n
Yn

− α ln p′n
pn

≈ (
w′

n − wn
wn

)
wnLn
Yn

− α ln p′n
pn

(36)

CLDYS (FDU) TGT(2002) Spring 2024 39 / 64



.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

4.3 The gains from trade
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4.4 The benefits of foreign technology

Increase Ti(the state of technology) by 20 percent for the US and
Germany respectively, what will happen in this world?
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4.4 The benefits of foreign technology
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4.5 Eliminating tariffs

Incorporate tariffs

dni = (1 + tni)d∗ni (37)

TRn =
∑
i̸=n

tni
1 + tni

Xni (38)

Create a baseline world
5 percent tariff on all imports
What happens if:

All tariffs removed
US removes its tariffs on its own
Eliminating tariffs within European Community
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5 Conclusion

Counterfactuals
Trade gains, foreign technology, tariffs......
Comparative advantages and geographic barriers
”Comparative advantage creates potential gains from trade. The
extent to which these gains are realized, however, is attenuated by the
resistance imposed bygeographic barriers.”
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6 Extensions

Bertrand Competition: Bernard, Eaton, Jensen, and Kortum (2003)
Non-homothetic preferences: Fieler (2011)
Multisectors:Costinot, Donaldson, and Komunjer (2012); Caliendo L
, Parro F . Estimates of the Trade and Welfare Effects of NAFTA[J].
NBER Working Papers, 2012, 82(1):1-44.
Country-specific Assumptions
盖庆恩、方聪龙、程名望、朱喜：《贸易成本、劳动力市场扭曲与中
国的劳动生产率》，《管理世界》，2019 年第 3 期，第 64∼80 页。
Factor Endowment Differences
Heckscher-Ohlin Model
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Appendix I:The Frechet distribution
Research, Patenting, and Technological Change,By Samuel Kortum,Econometrica,1997.

If the stationary search distribution is Pareto, then the distribution of the
technological frontier is Frechet (type 2 extreme value) and average
efficiency is

AK = c1Kλ(1+γ) + ϵ(K).

If the stationary search distribution is exponential, then the distribution of
the technological frontier is Gumbel (type 1 extreme value) and average
efficiency is

AK = c0 + c1 ln K + ϵ(K).

If the stationary search distribution is uniform, then the distribution of the
technological frontier is Weibull (type 3 extreme value) and average
efficiency is

AK = c0 − c1K−(1+γ) + ϵ(K).
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Appendix I:The Frechet distribution
Research, Patenting, and Technological Change,By Samuel Kortum,Econometrica,1997.

Only the Pareto case is consistent with the trend of constant productivity
growth associated with constant growth in research and with the standard
econometric equation used to quantify the impact of research on
productivity growth (Griliches (1979)).

Fi(z) = e−Tiz−θ

The expection and variation of the Frechet Distribution can be written as:

E[ln(Zi)] =
γ + logi(Ti)

θ

D[ln(Zi)] =
π2

6θ2
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Appendix I:The Frechet distribution
Research, Patenting, and Technological Change,By Samuel Kortum,Econometrica,1997.

Fi(z) = e−Tiz−θ
,E[ln(Zi)] =

γ+logi(Ti)
θ ,D[ln(Zi)] =

π2

6θ2
.

图: Different Frechet Distribution Given
θ = 3

图: Different Frechet Distribution Given
Ti = 1

Back
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Appendix II:Dixit-Stigliz Framework
Monopolistic Competition and Optimal Product Diversity, AER,1997.

Consumer’s Problem:

max
[ci]

N
=0,y

U
(
[ci]

N
=0 , y

)
≡ u(C, y)

s.t.
∫ N

0
picidi + y ≤ m

where C ≡
(∫ N

0
c

ϵ−1
ϵ

i di
)ϵ/(ϵ−1)

m: income of the consumer;
[ci]

N
=0:consumption bundle;

y: other goods, which are provided at a fixed price.
C: CES utility function of the consumer.
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Appendix II:Dixit-Stigliz Framework
Monopolistic Competition and Optimal Product Diversity, AER,1997.

Since the goods y are provided at the fixed price, the consumer only needs
to solve the following cost-minimization subquestion:

p(C) = min
[ci]

N
=0

∫ N

0
picidi

s.t.
(∫ N

0
c

ϵ−1
ϵ

i di
)ϵ/(ϵ−1)

≥ C
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Appendix II:Dixit-Stigliz Framework
Monopolistic Competition and Optimal Product Diversity, AER,1997.

Using Lagrangian method to solve this subproblem:

L =

∫ N

0
pici di − λ

[(∫ N

0
c

ϵ−1
ϵ

i di
) ϵ

ϵ−1

− C
]

Taking the derivative with respect to ci:

∂L
∂ci

= pi − λ

(∫ N

0
c

ϵ−1
ϵ

i di
) 1

ϵ−1

c−
1
ϵ

i = 0

Taking the derivative with respect to λ:

∂L
∂λ

=

(∫ N

0
c

ϵ−1
ϵ

i di
) ϵ

ϵ−1

− C = 0 ⇒
(∫ N

0
c

ϵ−1
ϵ

i di
) 1

ϵ−1

= C 1
ϵ

Therefore,
∂L
∂ci

= pi − λC 1
ϵ c−

1
ϵ

i = 0 ⇒ pi = λC 1
ϵ c

1
ϵ
i . (39)
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Appendix II:Dixit-Stigliz Framework
Monopolistic Competition and Optimal Product Diversity, AER,1997.

Solving for λ: taking integration of both sides of (39)∫ N

0
p1−ϵ

i di =
∫ N

0
(λC 1

ϵ c
1
ϵ
i )

1−ϵdi = λ1−ϵ

where we can define the ideal price index P:

λ = [

∫ N

0
p1−ϵ

i ]
1

1−ϵ = P.

Taking the price index P back to (39) and it gives

ci = C(pi
P )−ϵ.
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Appendix II:Dixit-Stigliz Framework
Monopolistic Competition and Optimal Product Diversity, AER,1997.

The the cost of bundle can be rewritten as:∫ N

0
picidi = C

P−ϵ

∫ N

0
p1−ϵ

i di = CP.

Therefore, we can show the connection between price index, welfare and
expenditure:

C =
m − y

P . Back
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Appendix III: The price parameter Φn

Gn(p) = Pr (Pn ≤ p)
= 1−

∏
i

Pr (Pni ≥ p)

= 1−
∏

i
[1− Gni(p)]

= 1−
∏

i
[1− Gni(p)]

= 1−
∏

i
Fi

(
cidni

p

)
= 1−

∏
i

e−Ti(cidni)
−θpθ

Back

Therefore, we define the price parameter Φn = −Ti (cidni)
−θ Back
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Appendix III: The price distribution πni

πni = Pr
(

Pni = p ≤ min
s ̸=i

Pns

)
=

∫ ∞

0
[1− G−i

n (p)]dGi
n(p)

=

∫ ∞

0
[1− (1− e−Φ−i

n pθ
)]d{1− e−[Ti(cidni]−θpθ]}

=

∫ ∞

0
e−Φ−i

n pθTi (cidni)
−θ θpθ−1e−Ti(cidni)

−θpθdp

=

(
Ti (cidni)

−θ

Φn

)∫ ∞

0
θΦne−Φnpθpθ−1dp

=

(
Ti (cidni)

−θ

Φn

)∫ ∞

0
dGn(p)dp =

Ti (cidni)
−θ

Φn
. Back
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Appendix III: The conditional price distribution Gnp

Given that πni ≡ probability that for any particular good country i is the
least cost supplier in n, then conditional distribution of the price charged
by i in n for the goods that i actually sells in n is

1

πni

∫ p

0
e−Φ−i

n qθdGni(q)

=
1

πni

∫ p

0
e−Φ−i

n qθ
θTi (cidni)

−θ qθ−1e−Ti(cidni)
−θpθdq

=
1

πni

(
Ti (cidni)

−θ

Φn

)∫ p

0
e−Φnqθ

θΦnqθ−1dq

=
1

πni
πniGn(p)

= Gn(p) Back
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Appendix III: The price index pn

The price index for a CES utility with elasticity of substitution σ < 1 + θ,
defined as

pn ≡
(∫ 1

0
pn(u)1−σdu

)1/(1−σ)

Then we can derive the equation as

p1−σ
n =

∫ 1

0
pn(u)1−σdu

=

∫ ∞

0
p1−σdGn(p)

=

∫ ∞

0
p1−σΦnθpθ−1e−Φnpθdp
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Appendix III: The price index pn

- Defining
x = Φnpθ

then p1−σ = (x/Φn)
1−σ
θ , dx = Φnθpθ−1, and

p1−σ
n =

∫ ∞

0
(x/Φn)

1−σ
θ e−xdx

= Φ
− 1−σ

θn

∫ ∞

0
x 1−σ

θ e−xdx

= Φ
− 1−σ

θn Γ

(
1− σ

θ
+ 1

)
Given γ =

[
Γ
(
1−σ
θ + 1

)]1/(1−σ) Then the price index pn can be
formulated as:

pn = γΦ
−1/θ
n . Back
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Appendix III: Gravity Equation

Let Yi = Qi =
∑

m Xmi be country i′s total sales, then

Yi = Qi =
∑

m

Ti (cidmi)
−θ Xn

Φm
= Tic−θ

i Ω−θ
i

where

Ω−θ
i ≡

∑
m

d−θ
mi Xm
Φm

Plugging the equation into (11) and it gives

Xni =
(

dθ
ni

Φn
)Xn

Ω−θ
i

Qi (40)
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Appendix III: Gravity Equation

Note that
pn = Φ

− 1
θn γ ⇒ Φn =

(
pn
γ

)−θ

Equation (40) can be rewritten as

Xni =
d−θ

ni(
pn
γ

)−θ
XnYi

1

Ω−θ
i

=

(
pnΩi
γ

)θ XnYi
dθni

which is in the form of standard gravity equation. Back
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Appendix III: Equilibrium–Production
Note that ci = (wi

pi
)βpi, real wage can be formulated accordingly:

(
wi
pi
)β =

ci
pi

=
ci

γ(Φn)
− 1

θ

=
ci
γ
(
∑

i
Ti(cidni)

−θ)
1
θ

Substituting (8) into the equation and it gives

(
wi
pi
)β =

ci
γ
(
Ti(cidii)−θ

πii
)
1
θ

=
1

γ
(
Ti
πii

)
1
θ

Therefore, (15) can be derived
wi
pi

= γ
− 1

β (
Ti
πii

)
1
β Back
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Appendix III: Equilibrium–Price Levels

(9) gives that
pn = γ(Φn)

− 1
θ

Plugging (7) into (9):

pn = γ(
∑

i
Ti(cidni)

−θ)−
1
θ

Plugging (14) into (7) and it gives (16)

pn = γ(
∑

i
Ti(wβ

i p1−β
i dni)

−θ)−
1
θ
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Appendix III: Equilibrium–Price Levels
(10) gives that

πni =
Xni
Xn

Substituting (7) into (10)

πni =
Ti(cidni)−θ

Φn

Plugging (9) and (14) in the equation above and it gives

πni =
Ti(wβ

i p1−β
i dni)−θ

(pn
γ )

−θ

Therefore, we can derive (17) as

Xni
Xn

= πni = Ti(
γdniwβ

i p1−β
i

pn
)−θ.
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Appendix III: Equilibrium–Working Market Equilibrium
Given Cobb-Douglas Production Function, the total cost C can be written
as:

C =
wnLn
β

=
Cintermediate

1− β
.

Therefore, the cost of intermediate goods can be formulated as

Cintermediate =
wnLn
β

(1− β).

The manufacture goods brought can be decomposed as intermediate
goods and final goods/expenditures, so the spending on manufactures can
be rewritten as (19):

Xn =
1− β

β
wnLn + αYn

where Yn is aggregate final expenditures , with α the fraction spent on
manufactures. Back
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