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Introduction

@ Ricardian theories of trade (Lectures 1-4) :

e Specialization along comparative advantages

o Inter-industry trade between countries that are different in
terms of technologies (Ricardo) or resources (HOS)

o Gains from trade due to a better allocation of resources

e Limited empirical support (Lecture 5)

o Missing features in HOV can partially explain poor empirical
performances
o In any case, the R? of such regressions is small

e No (explicit) role for geography
o Hardly reconcilable with the gravity equation
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The gravity equation

@ Robust empirical model of bilateral trade in which size and
distance effects enter multiplicatively :

X,'J':GXS,'X/\/IJ'Xd,'j

@ Used as a workhorse for analyzing the determinants of bilateral
trade flows for 50 years since being introduced by Tinbergen
(1962)

o Rationalized in mainstream modeling frameworks under some
(widely used) parametric restrictions (See Lecture 10)
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Trade and the size of countries

Japanese exports in the EU Japan imports from the EU
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Correlation between the Japan-EU trade and the size of partners. The x-axis
measure the GDP of each EU members, in relative terms with respect to the
Greek one. The y-axis measure the size of Japanese exports in each coutnry
(left-hand side) a,d the volume of Japanese imports from each country (right-
hand side), again expressed in relative terms with respect to Greece. Data are
for 2006. Source : Head & Mayer (2014).
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Trade and distance

French exports French imports
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Correlation between the volume of trade and the distance between partners.
The x-axis is the distance from France, expressed in kilometers. The x-axis
measures the size of French exports (left-hand side) and the size of French
imports (right-hand side), both expressed in relative terms with respect ot the
destination country’'s GDP. Data are for 2006. Source : Head & Mayer (2014).
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Introduction

e Eaton & Kortum (ECTA,2002) : A neo-classical trade model in
which
o Comparative advantages arise randomly
e Technological advantages interact with geography to shape
comparative advantages
o Gravity equation arises structurally

@ Model is substantially used in quantitative exercises on
e the importance/evolution of Ricardian comparative advantages
e the gains from trade liberalization
e the volatility of trade and GDPs
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Road Map

@ Detailed presentation of the Eaton-Kortum model
@ Estimation of Eaton-Kortum

@ Numerical applications
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The Eaton-Kortum model

See analytical details in EatonKortumAnalytics.pdf
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Main features

Eaton & Kortum, 2002, “Technology, Geography and Trade”,
Econometrica 70(5) :1741-1779

@ Ricardian model of international trade (based on differences in
technology) that incorporates a role for geography (barriers to
trade)

o Model yields a gravity type equation relating bilateral trade
volumes to deviations from purchasing power parity,
technology and geographic barriers

@ Model can be estimated structurally
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Assumptions

e / countries (i = 1...1)
@ A continuum of goods j € [0, 1]
@ Aggregate consumption in country / :
1, e
U, = [/ Qi(_,)adj]
0
@ Goods produced with a bundle of inputs which price is
homogenous within countries ¢; (first taken as exogenous)
@ lceberg trade costs d,; > 1. Without loss of generality d;; = 1.

Cross-border arbitrage implies : d,; < d,«dy;
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Assumptions (ii)

e Country i's efficiency in producing good j : z())
= CIF price of good j produced in country i, when exported in

country n:
. Ci
Pni (J) = dpi
zi(j) ~
N~~~ Trade barrier
Unit cost

@ Perfect competition across suppliers

= Price actually paid in country n for good j :

pli) = min{pui(j); i = 1.1}

(Note that most results continue to hold with Bertrand
competition)
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Assumptions (jii)

@ Probabilistic representation of technologies : z;(j) is the
realization of a random variable Z; drawn from a
country-specific probability distribution :

Fi(z) = Pr[Z; < 2]

@ Productivity draws assumed independent across goods and
countries

@ F; assumed to be Fréchet (Type Il extreme value) :
Fi(z)=e i7"

with T; >0and 6 >0

Note : Fréchet can be shown to be the outcome of a process
of innovation and diffusion in which T; is a stock of ideas. See
Eaton & Kortum (IER, 1999)
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Interpretation

e T; “state of technology” or
absolute advantage : Bigger
T; means that country J is more
likely to draw a high efficiency
for any good j

/ @ O heterogeneity across goods or
// extent of comparative
/' advantages within the
continuum : Bigger 6 implies

Benchmark in red. Doubling of T; in less variability in productivity
blue / of 6 in green
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Price distribution

e Country i's distribution of prices in country n :
Gri(p) = PrlPai < p] =1 — e Tilidn) "
@ Country n's actual distribution of prices :

Gn(p) = Pr[P, < p]
= 1- H[l — Gi(p)]

_ 1 _ e*q)npe

where &, =", Ti(cid,i) ™0
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Price distribution

Ga(p)=1— e 0, =" Ti(cidw)™

Distribution of prices governed by
o States of technology around the world {T;},
@ Input costs around the world {¢;},

e Geographic barriers {d,;}
- If dpi = 1,Vn, i then &, = &, Vn (LOP)
- If dpi — 00, Vi then ®, = T,c % (Autarky)

Conclusion

= ©, interprets as the strength of competition that any firm will

encounter in country n
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Bilateral trade

@ Share of goods that n buys from i = Probability that /
provides the lowest price good in country n :

. Xni
Tni =

Xn
= Prlpui(j) < min{pns(j); s # i}]

= [ TIo- Gulo)dGuto)
0 SFEI
Ti(cidni)™
o,
@ orinlog:
InXp =In(Tic7) +1n (X,®-1) =0 Ind,;
n 0 (Tic7) +In (X,9,) =0 In

N———

Exporter FE Importer FE Gravity

= Gravity-type equation
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Bilateral trade (ii)

Interpretation of the gravity equation :

@ The coefficient on trade barriers relates to the distribution of
productivities

= The more heterogenous productivities across producers of a
commodity, the strongest the cost advantage of the lowest
cost supplier, the more likely he remains the lowest cost
supplier when trade costs increase

= Trade flows respond to geographic barriers at the extensive
margin : As a source becomes more expensive or remote, it
exports a narrower range of goods



The Eaton-Kortum model Empirical Evidence Quantitative applications Conclusion

Bilateral trade (iii)

@ Country i's normalized import share in country n :

5. Xni/Xn @i 4 (Pidni>9

X/ X ey

Pn

Always lower than one due to the triangle inequality (the
maximum value for p, is pidp;)
@ As overall prices in market n fall relative to prices in market i

(T pi/pn) or as n becomes more isolated from i (1 dy;), i's
normalized share in n declines

@ As the force of comparative advantages weakens (higher 6),
normalized import shares become more elastic

= Structural equation that provides insight into the value of
comparative advantages (6)
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General equilibrium solution

@ Suppose production is linear in labor (EK has intermediate
inputs) :
G =W

= Price levels as a function of wages :

1/
T (dniWi)al

where v = [I' (L”é_”)] 1/(-0)

Pn =7

= Trade shares as a function of wages and prices :

Xoi _ T (70’"""‘/")_9
Xn I Pn

Conclusion



The Eaton-Kortum model Empirical Evidence Quantitative applications Conclusion

General equilibrium solution

@ To close the model, one needs to solve for equilibrium wages
across countries

@ This is the trickier part of the exercise = Numerical solutions

@ There are several simplifying assumptions that help solve the
model : Exogenous labor supply, Wages determined in the
nonmanufacturing sector, Trade balance
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Extensions : Multiple sectors

@ Costinot, Donaldson & Komunjer (2012) reinterpret EK's
model in the context of a multi-country, multi-sector world

@ There are K industries in each country (k = 1...K). Within
each industry, a continuum of varieties is produced according
to the technology described above

e With multiple sectors, T; now has a sector dimension (but,
crucially, 8 remains common across all countries and
industries...) :

Fiz)=e T
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Extensions : Multiple sectors (ii)

e With multiple industries, the model predicts what are the
goods that a given country will specialize in

@ For any importer j and any pair of exporters, i, i’ # j, the
ranking of relative fundamental productivities indeed
determines the ranking of exports :

R A

@ Without intra-industry heterogeneity, this ranking states that
country i/’ has a comparative advantage over i in the high k
goods

@ This does not interpret in terms of trade patterns with more
than two countries, however
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Extensions : Multiple sectors (iii)

o With Fréchet, we further have :

21() ()
20) - T 2KG)

where < denotes the first-order stochastic dominance order

among distributions

@ Stochastic version of the previous ordering

Conclusion

@ Imply that country i’ is not expected to only produce the high

k goods but to produce and export relatively more of these

goods
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Extensions : Imperfect Competition

e Bernard, Eaton, Jensen & Kortum (2003) extend EK to allow
for imperfect competition between varieties

@ With imperfect competition, consumer prices are above
marginal costs

@ Model predicts a distribution of mark-ups in each market, that
is bounded above by the Dixit-Stiglitz constant mark-up

o Additional predictions on within-country heterogeneity in
prices, productivities, etc
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Empirical analysis

@ The model can be estimated to quantitatively assess the role
of Ricardian advantages in driving international trade

e Crucial parameters : those driving the distribution of
productivities (and comparative advantages), namely 6 and
{Ti}

@ Here, | am focusing on the estimation of #

@ Once those coefficients are estimated, it is possible to run
various counterfactuals
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EK Data

o Bilateral trade in manufactures among 19 OECD countries in
1990 (342 bilateral relationships Xp;)

@ Absorption of manufactures as a measure of X, (STAN,
OECD)
@ Proxy for trade barriers :
- Distance and other geographic barriers
- Retail price differentials measured at the product level (WB) :
Interpreted as a sample of p;(j), used to calculate relative
prices, which are theoretically bounded above by bilateral trade
costs : .
/npidni o max2i{rn(j)} _ D,

pn— mean{rui(j)}
rni() = In pa(j) — In p;(j) relative price of commodity j
= exp(D,;) price index in destination n that would prevail if
everything was purchased from j, relative to the actual price
index in n
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Estimating 6, EK Method 1

Normalized import shares and relative prices

1

s

5

log of normalized import share: In(Xni/ Xn) - In(Xil 1 X))

2
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price measure: Dni

Source : Eaton & Kortum, 2002. Unconditional correlation -0.4

@ Model : Xni/Xn _ (7”"""")79

Xii [ X; Pn
@ Estimated 6 (method-of-moments)
Xni/Xn
5, X In i
> > Indni —In Pi+In Py)
— Standard deviation in efficiency at given T= 15%

0= = 0=28.28




The Eaton-Kortum model Empirical Evidence Quantitative applications Conclusion

Estimating 6, SW Method (i)

@ Simonovska & Waugh (2011)

@ EK's estimate based on a method of moments is biased
upwards : Sample size of prices used to proxy trade costs is
small relative to the actual number of goods in the economy
— The max price differential observed is always lower than the
true cost — Systematic upward estimate

@ Develop a simulated method of moments to circumvent the
issue

@ Apply the method to disaggregate price and trade-flow data
for the year 2004
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Estimating 6, SW Method (ii)

e Starting point :

Xni Xn
Z” Zi In Xii;Xi
Yon2oilindni —InP;+1In Py

@ Denominator is not observed = EK use :

0 =

Conclusion

In dni(L) = max{In po(/)=Inp;(/)} and InP; = %Z Inpi(/)
/

leL

@ SW shows this systematically underestimates actual trade
barriers : i) With a finite sample of goods, 3 a positive
probability that the max log price difference is less than the
true log trade cost, ii) On the other hand, there is zero
probability that it is larger than the true log trade cost
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Estimating 6, SW Method (iii)

o With an expected maximal log price difference strictly less
than the true trade cost, the elasticity of trade estimated by
the method of moments is systematically overestimated :

E) >0

@ When the sample size becomes large, the measurement bias
disappears and 6 converges in probability to 6

= Since EK's estimator has desirable asymptotic properties, a
simulated method of moments is consistent (See details in
SW, 2011)

o Using the same data as EK, the SMM estimator is § = 3.93.
With more recent price data, 6 = 4.12
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Estimating 6, EK Method 2

@ First estimate the trade equation
o After integrating the general equilibrium properties :

W
In :—Olndni+gln?;—9|n;;=—9|ndni+5i—5n
nn

[ . 1-3 X;
where In X! = In X,;; — =5 In oo

@ Trade costs approximated by geographic barriers :
In d,;j = dx Dist+bx border+/x language+ex TradingArea+ FE,,+0,,

@ Error term consists of two components : §,; = 5%,- + 6,1"- with
62, = 52 affecting two-way trade (variance 02) and 62,
affecting one-way trade (variance o?)

o Estimated by GLS
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Quantitative applications

Estimating 6, EK Method 2 (ii)

uage
European Community
EFTA

310 (0.16)
366 011

United Kingdom
United States

(015)

(©14)

Total Sum of
Sum of squared residuals
Number of observations

Error Vi
Twoway (#07) 005
One-way (¢07) 016

Conclusion

@ Most competitive countries : Japan and the US. Least competitive countries :

Belgium and Greece

@ Most open countries : Japan, the US and Belgium
@ Distance inhibits trade while sharing a language increases trade
@ A quarter of the total residual variance is reciprocal
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Estimating 6, EK Method 2 (iii)

@ Use estimated exporter fixed effects to back out 6 :
5-—1|n T —0lnw;
) ﬁ 1 )

@ Measure relative wages from STAN, OECD

@ Relate technologies to R&D and human capital (years of
schooling)

~ 1
= S; = ag + ag In RDStock; — OHT — Olnw; + 7;
i
o Estimated by OLS and 2SLS (labor-market equilibrium implies
w; is increasing in T; — instruments using total workforce and
population density)
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Estimating 6, EK Method 2 (iv)

Ordinary Two-Stage
Least Squares Least Squares

est. se. est. se.
Constant 3.75 (1.89) 3.82 (1.92)
Research stock, In R, ag 1.04 (0.17) 1.09 (0.18)
Human capital, 1/H, —ay —18.0 (20.6) -22.7 (21.3)
Wage, Inw; —0 —2.84 (1.02) —3.60 (1.21)
Total Sum of squares 80.3 80.3
Sum of squared residuals 18.5 19.1
Number of observations 19 19

Notes: Estimated using 1990 data. The dependent variable is the estimate ; of source-country competitive-
ness shown in Table II. Standard errors are in parentheses.

Source : Eaton & Kortum, 2002

@ Accounting for the endogeneity of w; increases the estimated 6

Conclusion
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Estimating 6, EK Method 3

@ Estimate :
X!,
In X7l =0D,;+ 5 — S,
nn

o OLS estimate gives 0 = 2.44

@ 2SLS estimate using geographic trade barriers as instruments
gives 0§ = 12.86
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Estimating 6, CDK Method (i)

e Estimate 6 using observed measures for sectoral productivities

@ Use the additional sector dimension to simplify the trade
equation :

XkXEK, THTK dk.d,

X = —61n

In
k/ k k'
ni’ TI T d dn/’

(dif-in-dif strategy allows to control for wages, differences in
income and differences in expenditure shares across sectors)
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Estimating 6, CDK Method (ii)

o Note that the fundamental productivity
Zk= Tk 18 _ E[z¥(j)] is not observed. What is observed is
3K = E[z¥(j)|Q] the conditional mean based on the set of
varieties that are actually produced in country i

@ Since :

N
X
5
=]
=X

N
|
3
3
-

we however have a link between trade flows and observed
productivities :

vk yk' sk k! k gk’
| Xnani’ — 61 ZniZni’ ol dnidni’
i, O sk O g
ni 7 ni’ ni “ni’ ni “ni’

where XX = Xk /7k measures trade, corrected for the

openness of i to control for trade-driven selection
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Estimating 6, CDK Method (iii)

@ Use sectoral data on bilateral trade and import penetration
from STAN (21 countries, 13 industries)

Proxy productivities by relative producer prices from GGDC
productivity level database

Alternative proxies : TFP, real gross output per worker

Capture trade costs with an error term

Estimate :

In X[ =0+ 0F +0Inz +ef

(equivalent to the dif-in-dif equation)
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Estimating 6, CDK Method (iv)

Dependent variable

In)~(éf |n)N(ij? InXl.jf |n)N(,.jf |n)~(if,f |n)~(if,f
In 2,." 1.1237  6.5347 11.10° 6.7042 2,735 4.3412

(.099)  (.708)  (.981) (.874) (.239) (.521)
El.k proxy PP PP PP TFP dual Y/L TFP primal
Method OLS \% v v v v
ij FE Yes Yes Yes Yes Yes Yes
ik FE Yes Yes Yes Yes Yes Yes
# obs 5,652 5,576 5,676 5,676 5,353 4,357
R? .856 747 460 587 .825 .821

Sd Err in parentheses with ? denoting significance at the 1% level.

Instrument for observed productivities : R&D expenditures

Strong endogeneity bias
0 overestimated whenever trade-induced selection is not controlled for
Robust to other controls for productivities

Preferred specification implies 0 = 6.5
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Estimating 6, CP Method

e Caliendo & Parro (2014)
e Use a 'dif-in-dif-in-dif" method :

k ykyk k gk 4k
XniXinXn _ —1 n dpi iy
Xh XXk~ 0 " gk

hi~in

In

@ Assume that trade costs follow :

Conclusion

Indf = In(1+75)+ Inek
—_— =
tariffs iceberg
Inex; = vm+pn+0f +en
where u,’j,- = 1/}; captures symmetric bilateral costs (distance,

language, etc), X captures an importer sectoral fixed effect

(NTB), 0¥ is an exporter sectoral fixed effect (NTB) and . is

a random disturbance assumed orthogonal to tariffs
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Estimating 6, CP Method (ii)

= Estimated equation :

ni

Kk yok yk ~k ~k ~k
XaiXinXnn _ -1 In TniTihThn
kK wkwk — ok M2k ~k =k
XonXni Xin 0 TohThiTin

In + &k

k

in

where ¥ = (1+7) and &k = ¢

o Estimated sector-by-sector for 20 industries, the US as the

importer and 1993 trade and tariff data

k |k k., _k K
Eni T Ep —EintEnp —Ep

Conclusion

n



The Eaton-Kortum model Empirical Evidence Quantitative applications Conclusion

Estimating 6, CP Method (ii)

Source : Caliendo & Parro, 2014. Reported coefficients correspond to the
0 parameters of the model

@ Significant heterogeneity across sectors = Potentially bias aggregate
regression (Imbs & Mejean, 2015)
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Summary on 0

Table: Estimated 6 parameters

A

0
EK, Method of moments 8.28
EK, 2Stages GLS+OLS 2.84
EK, 2Stages GLS+2SLS 3.60
EK, OLS Trade Eq. 2.44
EK, 2SLS Trade Eq. 12.86
SW, SMM 412
CDK, IV 6.53
CP, (mean) 8.22

EK=Eaton & Kortum (2002), CDK=Costinot, Donaldson & Komunjer (2012)
SW=Simonovska & Waugh (2011), CP=Caliendo & Parro (2014)
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Counterfactuals

Once estimated, the model can be used to run counterfactuals
(See Lecture 11) :

@ What are the welfare gains from trade ? (Arkolakis et al, 2012)

@ What is the impact of multilateral/unilateral tariff
eliminations ? (Caliendo & Parro, 2015)

@ How much does trade spread the benefit of local
improvements in technology ?

@ How does specialization affect the volatility of GDPs? (Caselli
et al, 2015)
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Quantitative analysis

o Quantitative analyses require to enrich the structure

i. Multiple sectors :

ok
T ookt N 4 k ko] ek
U = JJe", Yaf=1 Q= QF ()
k=1 k=1 0
and {a¥} fitted to data on sectoral absorption
ii. Input-Output linkages :
B K P K
k i K i k' k
G =w HPi ) Z'Yf =1-9;
k'=1 k=1

and {7} and {’Y;(’k/} fitted to 10 tables
iii. Non tradable sectors :

dX. = 400 for some k
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Concluding remarks

@ A very elegant way of introducing Ricardo into a multi-country
(eventually multi-sector) model

@ Analytics strongly rely on some assumptions : Fréchet
distribution, Variance of productivities homogenous across
industries

e Estimation results quite sensitive to the estimation strategy —
Important consequences in terms of the welfare predictions of
the model
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Demand functions

@ Consumers solves :

1 N T
MaX{Qi()}epo,1 [fo Qi) - df}
st [y PiG)Qi()dj < R;

@ Solution of the maximization program is :

Qi) = <PIFSlJ)> B g:

with P; the ideal price index (R;/P; = Ui, VR;i):

P = [/01 Pi(f)l"dj} -

Conclusion
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Optimal Prices

o Firms’ profit :
7Ti(_]') = ; |:pni(j) Qm(]) - (J) dm in :| Z 7Tnl

@ Under perfect competition :

Ci

ni ] :7-an
Pni(j) #0)
and

Qin(j) = 0if pin(j) > pn(j)/Qn(j) otherwise
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Price distribution

e pni()) = %(D.)d,,,- is the realization of a random variable P,;
which cdf is :

Gni(p) = Pr[Pni < p]=Pr [Z,->
idni cidni\ "0
= 1—Fi<qdn’>—1—eT"< P )
p

@ pn(j) = min{pni(j); i = 1...1} is the realization of a random
variable P, = min{P,;; i = 1...I} which cdf is :

I
Gn(p) = Pr[Py < pl = 1= [ PrlPni > Pl
i=1

= 1—H[1— m ]_1_elelT(Clm)



Q>
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Price index

@ Cdf / pdf of consumption prices :
Fn(p) —1_ e—®np9 and fn(P) _ d),,@pe_le_d)"Pe
@ Define : y = g(p) = p°, then

Goly) = Folg (y)) and gn(y):f(gﬂy))]ag;—y(”':mﬂny

@ Thus the price index :

Pn

Il Il
r |
S— o—

= =
< T
- 3
m‘\ =
q -,
© |
q

[0}

&

e |

3

<

% Q
| I
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Fréchet distribution

@ Generalized extreme value distribution : A family of continuous
probability distributions usually used as an approximation to
model the maxima of long (finite) sequences of random
variables

o CDF :
F(xip,0,8) = exp{— [1 e <?‘)}_1£}

1 a location parameter, o > 0 the scale parameter, ¢ the
shape parameter
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Fréchet distribution

@ In particular :
e Gumbel or type | extreme value : £ =0

F(x;p,0,0) = exp{—exp {_xu} }, x€R

g

o Frechet of type Il extreme value : E = a1 >0

0, X< p
F(x;p,0,8) = exp{—[%]_a}, X > p
o Reversed Weibull or type Il extreme value : £ = —a~1 <0

L, X >

F(X;,u,a,f):{ exp{i [7X;M}a}, X<
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