




the gravity relationship in the EK model the same as in the other models,

after a proper reinterpretation of the parameters.



Deriving the Gravity Equation

Step 1: Given CES utility function, the ideal price index in this economy

for σ < 1 + θ can be derived as follows:

p1−σn = E[Pn(j)
1−σ] =

Z ∞
0

p1−σdG(p)

=
Z ∞
0

p1−σΦnθp
θ−1e−Φnpθdp

=
Z ∞
0

Φnp
θ−σe−Φnpθdp

Using substitution:

Φnp
θ = u; dp =

p1−θ

θΦn
du; p = (

u

Φn
)
1
θ



we can integrate and obtainZ ∞
0
(
u

Φn
)
1−σ
θ e−udu

From the definition of the gamma function Γ

Γ(z) =
Z ∞
0

tz−1e−tdt

we get

(Φ
1/θ
n )1−σ

Z ∞
0

u
1−σ
θ e−udu = (Φ

1/θ
n )1−σΓ(

θ + 1− σ

θ
),

pn = (Φ
1/θ
n )

∙
Γ(
θ + 1− σ

θ
)
¸ 1
1−σ

≡ γΦ
1/θ
n



Step 2: Given

(1) : πni =
Xni

Xn
=

Ti(cidni)
−θ

Φn
=

Ti(cidni)
−θPN

i Ti(cidni)−θ
,

(2) : pn = γΦ
1/θ
n ,

from (1) and the definition of the value of exports of country i, Qi, we

can obtain

Qi =
X
n
Xni =

X
n

Xni

Xn
Xn = Tic

−θ
i

X
n

d−θni Xn

Φn
= Tic

−θ
i

X
n
(
γdni
pn

)−θXn

(3) : Tic
−θ
i =

QiPN
n (

γdni
pn
)−θXn



Using (1-3) above, we have

(4) : Φn =
pθn
γθ

(5) : Φn =
X
i

Ti(cidni)
−θ

Plugging in from (3-5) into (1), we obain the gravity equation that is

similar to the other models:

Xni

Xn
=

Ti(cidni)
−θP

i Ti(cidni)
−θ =

1P
n(

dni
pn
)−θXn

(dni)
−θ

pθn
Qi =

(dnipn
)−θP

n(
dni
pn
)−θXn

Qi.



Intuition

Xni = QiXn
(dnipn

)−θP
n(

dni
pn
)−θXn

Two adjustment margins:

- Intensive Margin (quantity margin)

- Extensive Margin (new goods margin)



Think about Ricardian Model with a Continuum and vary d21 (assume
d12 = 0)
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Compare with the Armington model, which in the Ricardian world could

be represented as

 

0=j  1=j  

2

2 )(
w

jz  

Goods produced 
only by country 1  
 

Goods produced 
only by country 2 
 

 
Only the Intensive Margin Varies 

)(1 jz  

21

1 )(
d

jz  

(NOTE: we are plotting the inverse of prices here.)



The Intensive and Extensive Margins of Trade

Xni = QiXn
(dnipn

)−θP
n(

dni
pn
)−θXn

, where pn =
∙
Γ(
θ + 1− σ

θ
)
¸ 1
1−σ

Φ
1/θ
n .

• Dispersion θ governs the sensitivity of the extensive margin to trans-

portation cost. Higher dispersion implies that it is more likely that a

given price falls way below the cutoff or way above the cutoff, resulting

in a lower sensitivity of trade patterns to the transportation cost.

• As in the Armington model, σ governs the sensitivity of the intensive
margin to transportation cost.



Comparison of Gravity in the 3 Models

Amington Model : Xni = XiXn

³
dni
Pn

´1−σ
PN
n (

dni
Pn
)1−σXn

,

Monopolistic Competition : Xni = XiXn

³
σ

σ−1
dni
Pn

´1−σ
PN
n (

σ
σ−1

dni
Pn
)1−σXn

,

Ricardian by Eaton-Kortum : Xni = QiXn
(dnipn

)−θPN
n=1(

dni
pn
)−θXn

.



Trade Flows and Price Differences

Using (1), divide Xni
Xn

by Xii
Xi

and substitute for Φn from (4) to obtain the

formula for the normalized import shares:

Xni/Xn

Xii/Xi
=

Φi

Φn
d−θni = (

pidni
pn

)−θ



Note

Xni/Xn

Xii/Xi
=

Φi

Φn
d−θni = (

pidni
pn

)−θ

i0s normalized share Xni/Xn
Xii/Xi

in n declines if:

- overall prices in market n fall relative to prices in market i, pi
pn
,

- geographic barrier are stronger dni

- force of comparative advantage weakens (dispersion falls)



Empirical Exploration of Trade-Price Relationship

Use normalized import shares to back out θ

Xni/Xn

Xii/Xi
=

Φi

Φn
d−θni = (

pidni
pn

)−θ



Xni/Xn

Xii/Xi
=

Φi

Φn
d−θni = (

pidni
pn

)−θ

Measure left-hand side using data on bilateral trade in manufactures among

19 OECD countries in 1990.

Measure right-hand side using United Nations price data:

- PPP retail price in each of 19 countries and 50 manufactured products

- For each country pair n, i and good j, calculate the logarithm of the

relative price rni(j) = ln pn(j)− ln pi(j).

- Calculate ln(pi/pn) as the negative of the mean over j



- Note rni(j) bounded above by ln(dni) — measure d by taking 2nd max

over j

Dni = max 2j{rni(j)}−
50X
j=1

[rni(j)]/50

Exp(Dni) tells us by how much higher the price level would be if all goods

in n were purchased from source i.

Obtain the estimate θ ∼= 8.





Estimation of the Model

Plug in ci = w
β
i p
1−β
i into Xni

Xn
=

Ti(cidni)
−θ

Φn
and use pn = γΦ

1/θ
n to get

expression for trade shares as function of wages and parameters of the

model:

Xni

Xn
= πni = Ti

⎛⎝γdniwβ
i p
1−β
i

pn

⎞⎠−θ .

Estimate the above with source effects (characteristics of trading partners

and distance between them)



Normalize by the importer’s home sales (divide by Xnn/Xn)

Xni

Xnn
=

Ti
Tn
(
wi

wn
)−θβ(

pi
pn
)−θ(1−β)d−θni .

and also use

pi
pn
=

wi

wn
(
Ti
Tn
)
− 1
θβ

Ã
Xi/Xii

Xn/Xnn

!
to substitute for prices.



Taking logs and rearranging obtain

ln
X
0
ni

X
0
nn
= −θ ln dni + Si − Sn

where

lnX
0
ni = lnXni −

1− β

β
ln(

Xi

Xii
),

Si =
1

β
lnTi − θ lnwi.



Left-hand side:

- use data on bilateral trade of 19 OECD countries, set β = .21 to match

average labor share in gross manufacturing production in the sample.



Right-hand side:

- Si captured as the coefficients on the source-country dummies

- proxies for dni (reflecting proximity, language and treaties) obtained by

plugging in instead:

ln dni = dkdummy(k)nj + bdummynj + ldummynj +

+ehdummynj +mndummynj + error

where: dk− distance bin, b− share a border, l− common language, eh−
common trading area, mn − overall destination effect.



Results

Estimates of Si matter...

Distance inhibits trade a lot

The EC and EFTA do not play a major role

Using our estimate for θ and data on wages can back out from Si tech-

nology Ti for each country...



Solving for General Equilibrium

Step 1: Substituting ci = w
β
i p
1−β
i into Φn =

PN
i Ti(cidni)

−θ and applying

pn = γΦ
−1θ
n , we get system of equations:

pn = γ[
NX
i

Ti(dniw
β
i p
1−β
i )−θ]−

1
θ .

Not enough...need wages.

Step 2: Plug ci = w
β
i p
1−β
i into Xni

Xn
= Ti(cidni)

−θ
Φn

and use pn = γΦ
1/θ
n to

get expression for trade shares as function of wages and parameters of the



model:

Xni

Xn
= πni = Ti

⎛⎝γdniwβ
i p
1−β
i

pn

⎞⎠−θ

Step 3: Assume aggregate final expenditures Yn consist of value-added in

manufacturing wnLn plus income generated in nonmanufacturing Y o
n .

Yn = wnLn + Y o
n

Assume nonmanufacturing output can be traded costlessly and use it as a

numeraire.

Step 4: Consider two cases: (1) labor is mobile across sectors - work-

ers can move freely between manufacturing and nonmanufacturing, (2)

labor is immobile across sectors - workers can not move freely between

manufacturing and nonmanufacturing sector.



Case 1: Labor is mobile

Wage wn given by productivity in nonmanufacturing and total income Yn

is treated as exogenous. Determine manufacturing employment Li from

wiLi =
NX
n
πni[(1− β)wnLn + αβYn],

where α is the fraction of income spent on manufacturing, and from pre-

vious 1− β is the labor share in production of manufactured goods.



Case 2. Labor is immobile

Number of workers in manufacturing is fixed at Ln. Nonmanufacturing

income Y o
n and labor endowment in manufacturing Ln are treated as ex-

ogenous. Use the following to solve for wages wi :

wiLi =
NX
n
πni[(1− β + αβ)wnLn + αβY o

n ].



General Equilibrium

pn = γ[
NX
i

Ti(dniw
β
i p
1−β
i )−θ]−

1
θ ,

πni = Ti

⎛⎝γdniwβ
i p
1−β
i

pn

⎞⎠−θ
and

wiLi =
NX
n
πni[(1− β)wnLn + αβYn]

or

wiLi =
NX
n
πni[(1− β + αβ)wnLn + αβY o

n ].



Counterfactual Experiments

Examine

the gains from trade

the benefits of foreign technology

elimination of tariffs

trade diversion in the EC

US unilateral tariff elimination

general multilateral tariff elimination



Interesting Implication

For smaller countries the share of manufacturing shrinks as geographic

barriers fall from their autarky level

Production shifts to larger countries as intermediate inputs are cheaper

there

As geographic barriers continue to fall, however, the forces of technology

take over and the fraction of the labor force in manufacturing grows, often

exceeding its autarky level




