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The article introduces the industry dimension into the Eaton-Kortum
model of trade. Industries are linked with each other by domestic and
international trade in intermediate goods. The model is parametrized
using data for eight industries in 1989. It is used to perform several
counterfactual simulations that are relevant to today’s policy debates.
First, the model is used to study the effects of the US–EU trade wars.
It is found that trade wars have a greater negative effect on countries
with large initial net export positions. It is also found that some trade
war scenarios are more beneficial to the US while others to the EU.
Second, the model is used to study the effects of trade barrier
reductions between the high-income and middle-income countries.
The results show that this trade liberalization tends to reinforce the
pattern of trade according to technological comparative advantages.
The results also show which industries should be targeted for barrier
reductions depending on policy goals. The third set of simulations
investigates spillovers from the technological growth in the US
machinery industry. The results show how geography, technology,
and industry links affect the propagation of this growth across
countries and industries.
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1. Introduction

This article extends the Eaton and Kortum (2002) model of trade by adding
the industry dimension. In addition to producing final goods, industries
supply each other with intermediate goods. This creates forward and
backward linkages between industries in the sense of Hirschman (1958).
These linkages mean that price changes in one industry affect costs of
production and output in other industries.
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The model makes industry the central unit of analysis, similar to the
traditional empirical trade literature. Other significant features of the model,
which come from using the Eaton and Kortum’s (EK) methodology, are
producer heterogeneity within industry, two-way trade, transportation
costs, and endogenous prices. As in the Ricardian model, countries have
different technologies and trade with each other to exploit their competitive
advantages. As in gravity model, distance between countries is an obstacle
to international trade and creates a wedge between goods prices in different
countries. Allowing for producer heterogeneity within industries makes two-
way trade a natural outcome of the model.

The model is estimated for 8 two-digit industries in 19 OECD
(Organization for Economic Co-Operation and Development) countries in
1989. The article suggests a two-step procedure for estimating industry-level
technology parameters, taking into account inter-industry trade in inter-
mediate goods. These parameters are measures of technology derived from
international competitiveness.

The model makes it possible to simulate changes in technology and trade
barriers and see the effects of these changes on prices, costs of production,
employment, specialization, and welfare. The model is used to perform
several counterfactual simulations that are interesting because they address
issues relevant to current policy debates. The simulation results demonstrate
how technology, trade costs, and industry linkages interact to determine the
complex pattern of trade and specialization.

In the first exercise, the model is used to simulate trade wars between the
European Union (EU) and the United States (US). It is found that the
employment changes resulting from a trade war are negatively correlated
with the initial net export position. For example, the EU is a net exporter of
textile products to the US So, a trade war in the textile industry would
reduce textile employment in the EU and increase it in the US.

There are also interesting cross-industry effects of trade wars due to the
forward and backward linkages between industries. For example, a trade
war in the metals industry would have significant negative effects on the
machinery industry, which uses intermediate goods made in the metals
industry. The results of the exercise are linked with several recent trade
disputes between the US and EU.

The second exercise looks at the effects of trade barrier reductions between
high-income and middle-income countries. It is found that following such
trade liberalizations employment tends to shift from less to more productive
countries, thus following technological comparative advantages. The results
suggest which industries should be targeted for barrier reductions, depending
on policy goals. These goals may include maximizing world manufacturing
employment, maximizing world welfare, or increasing manufacturing employ-
ment in the poorer countries while minimizing manufacturing employment
losses in the richer countries.
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The third exercise investigates the spillovers from the technological
growth in the US machinery industry. It describes the effects of this growth
on prices and employment in other US industries and other countries. It also
describes the effects on specialization and welfare. It shows which countries
and industries benefit the most from this technological growth and why.

The model of this article focuses on industry as the unit of observation
and analysis and has implications for specialization, which connects it to the
literature that studies the determinants of specialization.1 However, while
the traditional literature on specialization considers each industry having a
homogeneous technology, the model of this article allows for producer
heterogeneity within industries.

The model explicitly incorporates trade costs and uses them to explain
the home bias in consumption and cross-country price differentials.
Therefore, it is well suited to study the effects of changes in trade costs,
such as trade wars or trade liberalizations. By comparison, the traditional
computable models of trade are based on the Armington (1969) assumption
which uses demand-side parameters to explain the pattern of trade
(including the home bias) instead of trade costs.

The model also explicitly incorporates technological differences across
industries and countries. It is an extension of the Ricardian model, so
technology and technological comparative advantage play important roles
in the model. Therefore, the model is particularly suitable for a study of how
technological change is propagated around the world through trade.

Since the model makes inter-industry linkages as one of its main
components, it has connections to the literature on forward and backward
linkages and location of industry.2 The model allows simulation of
technological spillovers across industries and countries, which connects it to
the vast literature on that topic.3 Eaton and Kortum (2001) use their model to
study the effect of reducing trade barriers on the price of machinery. However,
they consider machinery industry in isolation and do not take into account
inter-industry trade, a fact that they discuss in the appendix to their paper.4

This article is organized as follows. Section 2 describes the model.
Section 3 explains the procedure for obtaining model parameters, including
the industry technology parameters. Section 4 describes the data. Section 5
discusses the estimated distance and technology parameters. Section 6
explains the simulations and presents their results. Section 7 concludes.

2. Model

There are N countries and J industries. The focus on the empirical
application of this model is on the manufacturing industries. The first J71
industries produce manufacturing products, while the last industry produces
nonmanufactures. Subscripts i and n refer to countries while subscripts j and
m refer to industries.
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As in the Ricardian and EK models, labor is the only factor of
production. Labor is mobile across industries, but not across countries. The
industry cost function is

cij ¼ w
bj
i r

1�bj
ij ð1Þ

where wi is the wage, rij is the price of the intermediate goods, and bj is the
share of labor. It is assumed that industries mix intermediate inputs in a
Cobb–Douglas fashion, so the price of inputs rij is a Cobb–Douglas
function of industry prices:

rij ¼
YJ
m¼1

p
Zjm
im ¼

YJ�1
m¼1

p
Zjm
im ð2Þ

where Zjm is the share of industry m goods in the input of industry j, such
that

PJ
m¼1 Zjm ¼ 1, 8j. The second equality in equation (2) holds because

following Eaton and Kortum (2002) we assume that (at least some of)
nonmanufacturing output can be traded costlessly and use it as the
numeraire: piJ : 1. Note that industries that make manufacturing goods can
use nonmanufacturing intermediate goods.5

Intra-industry production, trade, and prices are modeled using the
framework of Eaton and Kortum (2002). Each industry j 5 J has a
continuum of goods indexed by l 2 0; 1½ � and produced with its own
productivity znj(l). These productivities are the result of the R&D process
and probabilistic, drawn independently from the Fréchet distribution
with parameters Tij 4 0 and y 4 1. The cumulative distribution function
(CDF) of this distribution is Fij(z) ¼ e7T

ij
z7y.6 Consumers have constant

elasticity of substitution (CES) preferences over the continuum of goods
within an industry with the elasticity of substitution s 4 0.

The price of each good l of industry j produced in country i and delivered
to country n is pnij(l) ¼ cij dnij/zij(l), where dnij is the Samuelson’s (‘iceberg’)
transportation cost.7 The distribution of prices pnij is described by the
following CDF: Gnij pð Þ ¼ 1� Fij cijdnij=p

� �
¼ 1� e�Tij cijdnijð Þ�ypy .

Country n consumers buy from the lowest-cost supplier, so the price of good
l in country n is pnj(l) ¼ min {pnij(l),i ¼ 1, . . . ,N}. The distribution of pnj is
Gnj pð Þ ¼ 1�

QN
i¼1 1� Gnij pð Þ
� �

¼ 1� e�Fnjp
y
, where Fnj ¼

PN
i¼1 Tij ðcijdnijÞ�y

summarizes technology, input costs, and transport costs around the world.
The exact price index for the within-industry CES objective function is

pnj ¼ gF�1=ynj , where g � � yþ 1� sð Þ=yð Þ1= 1�sð Þ is a constant.8 This price
index can also be written as

pnj ¼ g
XN
i¼1

Tij dnijcij
� ��y" #�1=y

ð3Þ

Parameter Tij represents industry-level productivity and, therefore,
determines the comparative advantage across industries. For example,
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country n has a comparative advantage in industry j if Tnj/Tnm 4 Tij/Tim.
9

Parameter y determines the comparative advantage across goods within an
industry. Lower value of y means more dispersion of productivities among
producers, leading to stronger forces of within-industry comparative
advantage.

The EK framework makes it possible to derive expressions for the
industry-level bilateral trade volumes. The probability that a producer from
country i has the lowest price in country n for good l is
pnij � Pr pnij lð Þ � min pnsj lð Þ; s 6¼ i

� �� �
¼
R1
0

Q
s 6¼i 1� Gnsj pð Þ
� �

dGnij pð Þ ¼ Tij

gcijdnij=pnj
� ��y

. Since there is a continuum of goods on the interval [0,1], this
probability is also the fraction of industry j goods that country n buys from
i. It is also the fraction of n ’s expenditure spent on industry j goods from i :
Xnij/Xnj, where Xnij is the spending of country n on industry j goods
produced in country i and Xnj is the total spending in country n on industry j
goods.10 Therefore,

pnij �
Xnij

Xnj
¼ Tij

gdnijcij
pnj

� 	�y
ð4Þ

The market clearing equation is obtained as follows. We have
wiLij ¼ bjQij ¼ bj

PN
n¼1 Xnij ¼ bj

PN
n¼1 pnijXnj ¼ bj

PN
n¼1 pnij Znj þ Ynj

� �
,where

Znj is the spending on intermediate goods and Y nj is the spending on final goods
made by industry j. Following EK, it is assumed that each country spends a
constant proportion of its income on goods from each industry, aj ¼ Ynj/Yn. We
also have

Znj ¼
X
m

Znmj ¼
X
m

ZmjMnm ¼
X
m

Zmj 1� bmð Þ
bm

wnLnm

where Znmj is the spending by industry m on intermediate goods made by
industry j and Mnm is the amount that industry m spends on all intermediate
inputs. Therefore, the market clearing equation is

wiLij ¼ bj
XN
n¼1

pnij
XJ�1
m¼1

Zmj 1� bmð Þ
bm

wnLnm

 !
þ ajYn

 !
ð5Þ

where the consumption of manufactures by the nonmanufacturing industry
is treated as final rather than intermediate consumption.

The model is given by equations (1)–(5). In the model, bj, Zmj, g, y, anj, wi,
dnij, Tij, and Yn are the parameters, and pnj, cnj, pnij, and Lnj are the
endogenous variables.

The first step to solving the model is solving for the production costs
using equations (1)–(3). Solving for costs requires solving a system of
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N 6 (J7 1) equations. For example, in our case, there are 19 countries and
8 manufacturing industries, so there will be 19 6 8 ¼ 152 equations with
152 unknowns.11 Once costs are solved for, pnij can be calculated
from equation (4) and industry employments Lij can be solved from
equation (5).

Combining equations (1)–(3), we obtain the equation for costs:

cij ¼ w
bj
i

YJ�1
m¼1

g�y
XN
n¼1

Tnm dinmcnmð Þ�y
" #�Zjm 1�bjð Þ

y

ð6Þ

Taking logs of this equation we obtain

log cij ¼ bj logwi þ 1� bj
� �

log g�
1� bj

y

XJ�1
m¼1

Zjm log
XN
n¼1

Tnmd
�y
inmc

�y
nm

 !

ð7Þ

Either equation (6) or (7) can be solved numerically, but equation (7) is
easier to solve.

3. Obtaining model parameters

The parameters are obtained as follows. Labor shares bj are obtained from
output and value added data. Industry shares Zim are obtained from input–
output tables. Demand parameters aj are calculated from production and
trade data, as explained in Section 3.2. Wages wi and country incomes
(GDPs – gross domestic production) Yn are taken directly from data. The
data sources are described in Section 4.

Parameter y is taken from EK, where it is estimated to be 8.28.12 Trade
costs dnij and technology parameters Tij are estimated using the methodol-
ogy described in Section 3.1. The estimated values are discussed in Section 5.

3.1. Technology and trade costs

The methodology for estimating Tij and dnij is similar to EK, but modified to
account for multiple industries. Specifically, the price of inputs rij is now an
index of industry prices pij and cannot be substituted out in the manner used
by EK.

From equation (4):

pnij
pnnj
¼ Xnij

Xnnj
¼ Tij

Tnj
d�ynij

cij
cnj

� 	�y
ð8Þ
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Let’s define Sij � Tijc
�y
ij as a measure of international competitiveness of

industry j of country i. Taking logs of equations (8) and using the definition
of Sij we get

log
Xnij

Xnnj
¼ �y log dnij þ logSij � logSnj ð9Þ

As in EK, trade costs are proxied by

log dnij ¼ dkj þ bj þ lj þ fj þmnj þ dnij ð10Þ

where dkj (k ¼ 1, . . . ,6) is the effect of distance lying in the k th interval, bj is
the effect of common border, lj is the effect of common language, fj is the
effect of belonging to the same free trade area, mnj is the overall destination
effect, and dnij is the sum of geographic barriers that are due to all other
factors. Note that all trade costs are industry-specific. Also note that by
definition log diij : 0.

As in EK, equations (9) and (10) are combined to obtain the estimating
equation for Sij and trade costs:

log
Xnij

Xnnj
¼ �ydkj � ybj � ylj � yfj þDexp

ij þD
imp
nj � ydnij ð11Þ

where Dexp
ij ¼ logSij is the exporter dummy and D

imp
nj ¼ �ymnj � logSnj is

the importer dummy. The overall destination effect is calculated as
mnj ¼ � 1=yð ÞðDexp

nj þDimp
nj Þ. When estimating (11) the following normal-

ization is used: Dexp
us;j ¼ Dimp

us;j ¼ 0. Consequently, the estimation produces the
relative competitiveness measures Sij/Sus,j.

Taking logs of the definition of the (relative) competitiveness measure Sij

we have

log
Sij

Sus;j
¼ log

Tij

Tus;j
� y log

cij
cus;j

ð12Þ

Note that to get technology parameters Tij from Sij, it is necessary to
strip both wages and prices from Sij (unlike the EK where only wages needed
to be stripped). From equation (4), we have

Xiij

Xij
¼ Tij

gcij
pij

� 	�y

from which we get

log
Xiij=Xij

Xus;us;j=Xus;j
¼ log

Tij

Tus;j
� y log

cij
cus;j
þ y log

pij
pus;j

ð13Þ
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Subtracting equation (12) from equation (13), we obtain the expression
for industry prices. We then combine that expression with equation (2) to
get the expression for input prices:

log
rij
rus;j
¼ 1

y

XJ�1
m¼1

Zjm log
Xiim=Xim

Xus;us;m=Xus;m
� log

Sim

Sus;m

� 	

Finally, combining equations (12) and (1) with the above equation and
rearranging, we get the expression for the technology parameters:

log
Tij

Tus;j
¼ log

Sij

Sus;j
þ ybj log

wi

wus
þ 1� bj
� �XJ�1

m¼1
Zjm

log
Xiim=Xim

Xus;us;m=Xus;m
� log

Sim

Sus;m

� 	
ð14Þ

This suggests a two-step procedure for estimating the technology
parameters. First, the gravity equation (11) is estimated to obtain exporter
dummies Sij/Sus,j. Then these estimates are used to calculate technology
parameters Tij/Tus,j according to equation (14).

3.2. Demand share parameters

The demand share parameters am are calculated from the production and
trade data as follows. By definition, Znm þ Ynm ¼ Xnm. In addition,
Xnm ¼ Qnm7EXnm þ IMnm and Znm ¼

P
j pnmMnjm ¼

P
j rnjMnjZjm ¼P

j Zjm 1� bj
� �

Qnj. Therefore, anm are calculated as

anm ¼
1

Yn
Qnm � EXnm þ IMnm �

XJ�1
j¼1

Zjm 1� bj
� �

Qnj

 !
ð15Þ

Then, am are calculated as the averages of anm across the countries in the
dataset.

4. Data

To estimate the model, I use data for 8 two-digit manufacturing industries
(that can be seen in Table 1) in 19 OECD countries (that can be seen in
Table 4).13 I use data from 1989 because this is the year for which most
observations are available.

Bilateral trade data needed to estimate equation (11) is from Feenstra
(1997, 2000). Industry output and labor compensation are from the
UNIDO’s INDSTAT database. Imports from home Xiij are calculated as
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output minus exports, and spending Xij is calculated as output minus
exports plus imports. Labor’s share in output, bj, is calculated as the average
of the labor shares of the countries in our dataset. Parameters aj and bj are
presented in Table 1.

Distance measures used on the right-hand side of equation (11) are
obtained as follows. The distance (in miles) between the economic centers of
countries is taken from Stewart (1999). This distance is the great circle
distance between the population weighted average of the latitude and
longitude of major cities. The distance is divided into six intervals, as in EK:
[0,375), [375,750), [750,1500), [1500,3000), [3000,6000), and [6000,max-
imum). The free trade agreements accounted for by the f variable include
EC/EU, EFTA, EEA, FTA, NFTA, CER, (European Community,
European Free Trade Association, European Economic Area, Free Trade
Association, Closer Economic Relations Trade Agreement) and the free-
trade agreement between Turkey and EFTA.14

The data for industry shares Zjm is obtained from the OECD input–
output tables. These tables exist only for some of the countries in the dataset
and only for select years. I use the input–output tables for Australia,
Canada, France, Germany, Japan, United Kingdom (UK), and the US for
1990.15 The values of Zjm used in the model and shown in Table 2 are the
averages of Zjm’s of these countries (they are very similar).16

5. Estimated trade costs and technology parameters

The trade costs dni and technology parameters Tij are estimated following
the methodology described in Section 3.1. The average estimated trade costs
(averaged across country pairs and industries) is 2.27.17 The average (across
country pairs) trade costs in each industry are listed in Table 3. The smallest
average trade costs are in the machinery and textile industries and the largest
are in the wood and food industries.

The estimated technology parameters are presented in Table 4.
Technology parameters are measured relative to the US. The US has the

Table 1. Values of parameters aj and bj.

Industry aj aj

Food 0.161 0.103
Textile 0.043 0.207
Wood 0.029 0.182
Paper 0.037 0.178
Chemicals 0.114 0.114
Nonmetals 0.034 0.185
Metals 0.011 0.125
Machinery 0.249 0.187

Note: aj is the demand share of industry j in income, bj is the labor share in industry j.
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highest technology parameter in food, wood, paper, and chemicals
industries. Italy has the highest technology parameter in the textile industry
while Japan has the highest technology parameter in nonmetals, metals, and
machinery. Developing countries (Mexico, Turkey) typically have the lowest
technology parameters.

The quality of the model can be checked by simulating the model as
described in Section 2 using the estimated parameter values, and then
comparing the predicted industry employments with the actual ones. They
turn out to be very close with the correlation equal to 0.98.

6. Counterfactual simulations

The model will now be used to perform several counterfactual experiments
that are interesting because of their policy relevance. The first set of
experiments will simulate trade wars between the US and EU. The second
set will simulate the reduction of the trade barriers between the high-income
and middle-income countries. The third set of experiments will simulate the
spillover of the technological growth in the US Machinery industry to other
industries and countries.

In all of these experiments the focus will be on the effects on
employments (industry and total manufacturing), specialization, welfare,
as well as goods prices and costs of production. Specialization will be
measured by the proportion of industry employment in total manufacturing
employment. Since the model assumes full employment and fixed labor
forces in each country, the workers who lose their jobs in manufacturing
move to the nonmanufacturing sector. While there is no unemployment in
the model, the number of manufacturing jobs is an interesting variable to
track given the importance that policy-makers often place on it. The welfare

Table 3. Estimated trade costs.

Trade cost

Food1 2.45
Textile1 2.02
Wood1 2.57
Paper1 2.44
Chemicals1 2.21
Nonmetals1 2.38
Metals1 2.04
Machinery1 2.01
Average2 2.27
Maximum2 6.62
Minimum2 1.00
Standard deviation2 0.77

Note: 1 Average for all country pairs. 2 Of all country pairs and industries.
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will be measured by the real income Wn ¼ Yn=
Q

j p
aj
nj. Changes in variables

will be measured with respect to their baseline 1989 values.

6.1. US–EU trade wars

The volume of trade between the US and EU is very high. However, these
two entities often threaten to go to a trade war with each other when they
perceive an unfairness in trade arrangements or competition. In 1999, the
US imposed punitive tariffs on a range of European food products because
of a dispute over banana exports by American companies to Europe. This
dispute was resolved in 2001. In another incident, the imposition by the US
of high tariffs on steel imports (to protect its steel industry in a time of
recession) in 2002 resulted in reciprocal tariffs by the EU. That dispute was
resolved in 2003.

There are several ongoing disputes between the US and EU that threaten
to deteriorate into trade wars. For example, there are challenges by the EU
against the US in the World Trade Organization (WTO) about the US
dumping calculations and tax breaks for large corporations.

These disputes and threats of trade wars almost always focus on one
particular industry. No one is really talking about an all-out trade war
between the US and the EU. However, since all industries are linked with
each other, a trade war in one industry will affect all industries. The model
described in this article makes it possible to simulate a trade war between the
EU and the US that is limited to one industry. The results will tell us about
the effects of such a trade war on industry employments, prices, costs of
production, and welfare in the US, EU, and the rest of the world.

In 1989, the EU included Austria, France, Germany, Greece, Italy,
Portugal, Spain, and the UK. A trade war will be simulated by increasing
the trade costs between the US and EU in an industry to the point where
trade becomes prohibitively expensive, while keeping all other trade costs
constant.

Table 5 summarizes the effects of trade wars in different industries on
total manufacturing employment. The name of the industry in which there is
a trade war is at the top of the column. The last column refers to the all-out
trade war in all industries.

Countries with higher initial net export positions in industry j vis-à -vis
their trade war ‘enemy’ experience greater declines in industry j and total
manufacturing employment as a result of a trade war in industry j. For
example, an EU country that was initially a net exporter of industry j to the
US would experience a decline in its industry j and total manufacturing
employments as a result of a trade war in industry j. The correlation between
the initial net export position and change in industry employments is around
70.9 for a typical industry.
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Let’s consider a trade war in the textile industry. We can see from Table
5 that this trade war would result in a loss of more than 150,000
manufacturing jobs in the EU, mostly in Italy and Spain. The US, on the
other hand, would stand to gain over 116,000 manufacturing jobs from this
trade war. This makes sense since initially, the EU was a net exporter of
textiles to the US. The rest of the world also gains manufacturing jobs.
Korea, with its high technology of producing Textile products, would be
able to gain 44,000 manufacturing jobs.

However, this trade war, as all other trade wars, would cause lower
welfare in all countries because of higher goods prices. Even so, welfare
losses from the trade war in textiles would be relatively small (50.04%)
because production would be able to move easily between countries. The
industry in which a trade war between the EU and US would cause the
highest decline in welfare is the machinery industry (0.2–0.5%, depending on
a country) because only few countries in the world have the technology to
produce machinery cheaply.

The welfare losses from any of the trade wars considered here would also
be significantly smaller than the welfare losses from complete autarky. The
model predicts the losses from complete autarky (when trade is shut down in
all industries) to vary between 0.66% and 14%, depending on a country
(these magnitudes are similar to the welfare losses of 0.2%–10.3% estimated
in Eaton and Kortum (2002)).

Returning to Table 5, we can see that a trade war in the food industry
would also hurt the EU manufacturing employment while benefiting the US
manufacturing employment. Again, this makes sense since most EU
countries were initially net exporters of food to the US The rest of the
world would gain little from this trade war. Interestingly, in the recent
‘banana’ dispute, the EU quickly agreed to the US demands once the US
sanctions against the EU’s (mainly food) products were in place. The final
deal was hailed as a victory for the US Clearly, the EU felt that a trade war
in the food industry was not in its interest.

If there ever were a trade war in the machinery industry, the US
would lose many more manufacturing jobs than the EU. However, the
total change of manufacturing employment in the EU due to this trade
war is not the complete story. We can see that the UK and Germany
would lose many manufacturing jobs while Spain and France would gain
nearly as many manufacturing jobs. Spain and France would at least
partially substitute disappeared US imports with increased domestic
production. The country which stands to gain the most from this trade
war is Japan, which would be able to export machinery with less
competition to both the US and EU.

So far, we have focused on changes in total manufacturing employments.
However, changes in total manufacturing employments mask the underlying
changes in industry employments. Lets focus on a trade war in the metals
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industry. It is a good approximation to the recent trade war in the steel
industry since the steel industry is a major component of the metals industry.

Metals industry has strong forward linkages to the machinery industry.
Therefore, one of the results of a trade war in the metals industry is the
higher cost of production in the machinery industry. Because the US
depends so much on the imported steel, it suffers one of the highest increases
of the costs of production in the machinery industry (second only to the
UK).

In the US metals industry, higher costs of production are offset by the
increased domestic demand for domestic metal products. So, the US metals
industry actually gains almost 18,000 jobs as a result of a trade war in that
industry. In the machinery industry, on the other hand, higher costs of
production are not offset by higher demand and, therefore, the industry
loses about 11,000 jobs (see Table 6). Thus, the main employment result for
the US of a trade war in the metals industry is the redistribution of
employment from the machinery industry to the metals industry. The net
effect on total manufacturing employment is relatively small. These
simulation results explain why the US firms that produce machinery were
such vocal opponents of the higher US tariffs on steel.

Table 7 shows the changes in specialization, measured by the percent
changes in the employment shares of each industry in total manufacturing
employment, that occur as a result of this trade war. The US increases its
specialization in metals (share increases by 1.5%) at the expense of the
machinery industry (share falls by 0.16%). Canada and Mexico increase
their sales of metals to the US to pick up the slack from the EU, so their
specialization in metals also increases. The EU countries decrease their
specialization in metals. For example, the share of the metals industry in
Spain declines by 4.3%.18

6.2. Reducing trade barriers between the high-income and middle-income
countries

There has been much political debate about the trade barriers between richer
and poorer countries. Poorer countries often accuse richer countries of
having high trade barriers for products in which poorer countries specialize,
for example textiles. Richer countries, on the other hand, often accuse
poorer countries of having high trade barriers on products in which poorer
countries face tough competition from richer countries, for example
machinery.

The model of this article makes it possible to simulate industry-specific
reductions of the trade barriers between richer and poorer countries. To
perform this simulation, the countries in the dataset will be divided into two
groups. One group will include Greece, Korea, Mexico, Portugal, and
Turkey. In 1989, the per capita GDP of these countries was less than 1/3 of
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the US’s. They also specialized in labor-intensive industries, such as Textiles.
We will call these countries the middle-income countries. The other
countries will be called the high-income countries.

The simulation will study the effects of lowering the trade barriers
between the high-income and middle-income countries, while keeping the
trade barriers within each group of countries constant. The simulation will
reduce the trade barriers by 10% since Anderson and van Wincoop (2004)
estimate that policy-related trade barriers constitute about 10–15% of all
international trade costs.19 It will be assumed that all trade barriers removed
during the simulation are tariffs. Since NTBs (non-tarrif barriers) generally
result in greater welfare losses than tariffs, this assumption means that the
welfare increases reported in Table 9 are likely the lower bounds of the
welfare gains that are possible with this trade liberalization. The revenue loss
resulting from the removal of tariffs previously rebated to consumers is
taken into account when calculating welfare changes reported in Table 9.

Tables 8 and 9 summarize the changes in the total manufacturing
employment and welfare in each country that occur when the trade costs
between the high-income and middle-income countries are reduced by 10%
in a particular industry. The name of the industry in which the costs are
reduced is at the top of each column in these tables. The last columns refer
to the simultaneous 10% reduction of the trade barriers in all industries.
Middle-income countries are highlighted in bold.

We can see that employment effects vary depending on which industry
has the trade barrier reduction. The most dramatic employment implica-
tions occur when trade barriers are reduced in the textile industry. This
happens for two reasons. First, the textile industry is a large industry
(second-largest for the average country, after machinery). It is also the most
labor-intensive industry. Second, the textile industry has the smallest
technology gap between high-income and middle-income countries. There-
fore, middle-income countries have the technological comparative advan-
tage in the textile industry. For these reasons, when trade barriers between
high-income and middle-income countries are lowered, textile production
moves from high-income to middle-income countries, resulting in large
employment changes.

Almost half a million manufacturing jobs are added in the middle-
income countries while about 175,000 manufacturing jobs are lost in the
high-income countries. Korea, with its high productivity in textiles (relative
to other middle-income countries), gains most of the manufacturing jobs. As
a percentage of labor force, Portugal gains almost as much as Korea, 8.5%.
All high-income countries lose manufacturing jobs. The US loses the most
manufacturing jobs in absolute terms, about 75,000.

Interestingly, Mexico loses manufacturing jobs when trade costs are
reduced in the textile industry. This is because Mexico already had easy
access to a big market (US) before the reduction of the trade barriers.
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Therefore, the reduction mostly benefits other developing countries, which
can now compete with Mexico on more equal terms. In addition, Mexican
technology parameter in the textile industry is the lowest of all countries in
the dataset. As a result, Mexico loses textile and total manufacturing jobs.

Significant employment changes also occur when trade barriers are
reduced in the machinery industry. Korea and Portugal (which have higher
technology than the other middle-income countries) gain manufacturing
employment while the rest of the middle-income countries and most of the
high-income countries lose manufacturing employment. Korea gains the
most manufacturing jobs in absolute terms, but Portugal gains almost as
much in relative terms.

Table 9 shows that a reduction of the trade barriers in the machinery
industry results in the greatest increase in welfare, largely because the
machinery industry has the strongest forward linkages. The increase in
welfare is especially noticeable in the middle-income countries, where
machinery prices fall significantly when the trade barriers in that industry
are reduced.

In five out of eight industries, the middle-income countries gain jobs
while the high-income countries lose jobs when the trade barriers between
them are lowered. In these five industries, the world as a whole gains jobs. In
two industries, wood and paper, the high-income countries gain and the
middle-income countries lose jobs. In one industry, food, both high- and
middle-income countries lose as a group. The world loses manufacturing
jobs when trade barriers are reduced in the wood, paper, and food industries
and gains manufacturing jobs when trade barriers are reduced in other
industries.

Why does the world gain manufacturing jobs when trade barriers are
reduced in some industries and loses manufacturing jobs when trade barriers
are reduced in other industries? When trade barriers in an industry are
lowered, world production in that industry concentrates in countries where
the cost of production is low. The cost of production is determined by the
exogenous wage and productivity. If production ends up moving from
countries with low productivity to countries with high productivity, world
employment in that industry falls. In this case, the high-productivity
countries probably have high wages, but their advantage in productivity
more than offsets their disadvantage in wages. If production ends up moving
from countries with high productivity to countries with low productivity,
world employment in that industry rises. In this case, the low-productivity
countries have very low wages that more than offset these countries’
disadvantage in productivity.

Welfare, of course, always increases when trade barriers are reduced,
though the welfare gains are much smaller than the gains from completely
free trade. The model predicts the gains from completely free trade (in all
industries and between all countries) to be between 16% and 31%,
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depending on a country. These magnitudes are comparable to the welfare
gains from free trade of 16.1%–24.1% reported by Eaton and Kortum
(2002).

Which industry is the best target for reducing trade barriers if the goal is
to increase world manufacturing employment? Table 8 shows that the textile
industry is the best target in this case. If the goal is to increase
manufacturing employment in the middle-income countries while maintain-
ing manufacturing employment in the high-income countries as much as
possible, then the metals industry is the best target for reducing trade
barriers (and machinery is the worst). If the goal is to increase welfare, then
the best target for trade barrier reduction is by far the machinery industry.

6.3. Technology spillovers

Technology spillovers have been the focus of many studies in recent years (see
Keller 2001 a for summary). Capital goods and intermediate goods have been
identified as the channels that can transmit the positive effects of the new
technology across industries and countries. Themodel developed in this article
makes it possible to simulate this transmission. Since capital goods are treated
as intermediate goods in the model, both channels are combined into one.

This section will look at the effects of higher technology in the US
machinery industry, since this industry is an important provider of
intermediate and capital goods and the US is a key producer of machinery.
The results will show how technology interacts with geography and inter-
industry linkages to affect specialization, employment, and welfare.

The technology spillovers from the US machinery industry considered in
this section operate through the trade and inter-industry linkages, and not
through direct knowledge diffusion. In other words, it is not that the
improvement of the technology parameter T in the US machinery industry
leads to an improvement in the T parameter for other countries and
industries.

The machinery industry has strong forward linkages to all other
industries as shown in Table 4. The machinery industry also has a strong
backward linkage to the metals industry. We are interested in the effect of
the improvement in machinery technology on prices, costs of production,
and employment in other industries and other countries. For example, will
more efficient technology in the US machinery industry have a greater effect
on the other US industries or on the machinery industry in the other
countries?

During the simulation, parameter T in the US machinery industry is
increased from 1 to 1.5. This increase corresponds to the increase in the
average productivity draw from 1 to 1.05 (given by T1/y), a 5% increase. By
comparison, the average productivity draw in Germany’s machinery
industry (relative to the US) is 0.9.
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Tables 10–12 show the effects of this change on the costs of production,
goods prices, employment, specialization, and welfare. As a result of this
increase in technology, the costs of production and goods prices fall in all
industries and countries. The largest declines are, of course, in the US
machinery industry itself. Other industries in the US benefit from access to
cheaper domestic intermediate machinery goods and, therefore, face lower
production costs. Other countries also benefit from access to cheaper
intermediate machinery goods, but the degree to which they benefit depends
on their proximity to the US. Canadian and Mexican machinery industries
benefit the most, while the Japanese machinery industry, which is far away
from the US and is itself quite productive, benefits the least. The
technological improvement in the US machinery industry benefits the
machinery industry in the nearby countries because the machinery industry
uses a large amount of inputs that are classified as coming from the same
industry.

Goods prices also fall around the world. Machinery prices fall the most.
Prices of all goods in the US and the nearby countries fall significantly.
Prices of non-machinery products in countries far from the US fall the least.

The relatively modest improvement in the US machinery technology has
significant effects on employment. The employment in the US machinery
industry grows dramatically: it increases by more than 1.5 million or nearly
20%. Other US industries, benefiting from cheaper intermediate goods, are
able to hire more workers as well. The largest beneficiary is the metals
industry, which is also helped by the higher demand for its products by the
machinery industry.20

The employment in the Mexican metals industry also increases. Its
proximity to the US and its low wages mean that the Mexican metals
industry is in a good position to buy new machinery from the US and supply
the US machinery industry with intermediate goods. The metals industry in
Canada benefits from its proximity to the US as well, but suffers because of
its high wages. As a result, Canada increases its specialization in metals, but
the employment in its metals industry (in absolute terms) declines.

Manufacturing employment in all other countries falls. The machinery
industries in Japan, Germany, and Korea (being the major suppliers of
machinery in the world) are hurt the most in absolute terms, even though in
percentage terms, Canadian and Mexican machinery industries lose the
most.

These changes in employment lead to changes in specialization. The US
increases its specialization in machinery and metals industries while
decreasing its specialization in all other industries. Mexico and Canada
decrease their specialization in machinery and increase their specialization in
all other industries, including the metals industry. All other countries
decrease their specialization in metals and machinery and increase their
specialization in all other industries.
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The world manufacturing employment falls in this simulation because
production moves from less productive countries to the US, which is one of
the most productive countries in the sample. On the other hand, if we were
to simulate a technological improvement in the Mexican machinery industry
(which is one of the least productive in the sample), the world
manufacturing employment would have grown.

Table 12 presents the summary of the country-wide effects on employ-
ment and welfare. The US benefits the most from the technological change
in its machinery industry, ending up with higher manufacturing employment
and lower prices. For other countries, this technological change is a mixed
blessing. On one hand, goods prices decline, but on the other hand,
manufacturing employment declines as well. While I do not want to assign
relative weights to price declines and manufacturing employment losses, I
can compare changes across countries. Korea, for example, seems to fare
badly. It loses 8% of its manufacturing employment while benefitting from
only 0.4% welfare increase. Mexico, by comparison, loses a slightly smaller
percentage of its manufacturing employment while benefitting from greater
price declines.

Table 12. Summary of changes.

Total manufacturing employment

Absolute change Percent change (%)
Percent change
in welfare (%)

Australia 750,069 74.617 0.485
Austria 721,785 73.836 0.184
Canada 7235,000 710.485 1.279
Finland 718,127 73.791 0.264
France 7137,961 74.089 0.229
Germany 7335,187 75.444 0.228
Greece 74,919 71.552 0.237
Italy 7107,063 73.654 0.186
Japan 7827,501 76.235 0.102
Korea 7298,126 77.923 0.399
Mexico 7138,967 77.528 1.469
New Zealand 77,434 73.493 0.443
Norway 711,775 74.093 0.356
Portugal 712,416 72.055 0.241
Spain 767,921 73.032 0.221
Sweden 753,963 75.676 0.368
Turkey 731,942 72.059 0.280
United Kingdom 7230,160 75.185 0.365
United States 2,045,721 9.178 1.952

Note: The technology parameter in the US machinery industry is increased by 50%.
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7. Conclusion

This article extends the EK model of trade to include multiple interlinked
industries. It estimates the model using data for 8 two-digit industries of 19
OECD countries in 1989. In particular, it estimates industry-level
technology parameters and trade costs. It then uses the model to perform
several counterfactual experiments with policy implications.

First, the model is used to study various US–EU trade war scenarios. It
is found that the employment effects of a trade war tend to be negatively
correlated with the initial net export position. In addition, a trade war in an
industry may have significant effects on other industries, depending on the
forward and backward linkages. As a result, trade wars in some industries,
such as machinery, hurt the US economy more than they do the EU
economy, while trade wars in other industries, such as food, do the opposite.
These results help explain the outcomes of several recent US–EU trade
disputes, such as the banana and steel disputes.

Second, the model is used to investigate the effects of reducing trade
barriers between high-income and middle-income countries. It is found that
following trade liberalization employment tends to shift from less to more
productive countries, thus following technological comparative advantages.
The results show that different policy goals call for different industries to be
targeted for barrier reductions. For example, if the goal is to increase
employment in the middle-income countries while maintaining it in the high-
income countries, then the metals industry is the best target. On the other
hand, if the goal is to increase welfare everywhere then the machinery
industry is the best target.

Third, the model is used to study the spillovers from the technological
progress in the machinery industry of the US. The results show which
countries and industries are in a good position to benefit from this
progress and which ones are actually hurt by it. Nearby countries and
complementary industries benefit the most, while direct competitors
suffer.

All of the simulation results demonstrate how technology, trade costs,
and industry linkages interact to determine the complex pattern of trade and
specialization. For example, when technology in the US machinery industry
expands, the Mexican metals industry grows because it is able to cheaply
buy US machinery and because it is able to cheaply supply intermediate
goods to the growing US machinery industry. Metals industries in other
countries shrink because the declines in their domestic machinery industries
outweigh their ability to supply metal products to the US.

The simulation results also show that the effects of trade costs vary
across industries. For example a trade war between the US and EU in the
textile industry benefits the US and hurts the EU, while causing only small
welfare losses the world as a whole. A trade war in the machinery industry,
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on the other hand, hurts the US more than the EU and causes large welfare
losses for the world as a whole.
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Notes

1. See for example Leamer (1984). Most of this literature focuses on factor
endowment differences as the determinants of specialization, whereas this
article focuses on the differences of technology.

2. A recent example is Midelfart-Knarvik, Overman and Venables (2000).
3. Keller (2001) provides a summary.
4. Other models that extend Eaton and Kortum (2002) to multiple industries

include Chor (2010) who studies the effects of distance, factor endowments,
productivity, and institutions on welfare, Costinot, Donaldson and Komunjer
(2010) who quantify the importance of Ricardian comparative advantage for
trade and welfare, Caliendo and Parro (2010), who evaluate the trade and
welfare effects of NAFTA, and Shikher (2005) who studies the effects of
technology, factor endowments, transport costs, and preferences on trade.

5. The assumption of tradability of the nonmanufacturing output means that the
wages wn in each country are given by the productivity in nonmanufacturing
and the (numeraire) price of the nonmanufacturing good deflated by the price
of the bundle of intermediates used in producing this good.

6. Kortum (1997) and Eaton and Kortum (1999) provide microfoundations for
this approach. Parameter Tij governs the mean of the distribution, while
parameter y, which is common to all countries and industries, governs the
variance. The support of the Fréchet distribution is (0,?).

7. To receive [dollar]1 of product in country n requires sending dnij � 1 dollars of
product from country i. By definition, domestic transport costs are set to one:
dnnj : 1. Trade barriers result in dnij 4 1. Note that trade costs are not
restricted to be symmetric (dnij can be different from dinj). Waugh (2007) studies
the effects of the asymmetry of trade costs.

8. It follows from Pnj ¼ ½
R 1
0 pnjðlÞ1�sdl�1= 1�sð Þ ¼ ½

R1
0 p1�snj dGnj pð Þ�1= 1�sð Þ ¼

E½P1�s
nj �

1= 1�sð Þ ¼ gF�1=ynj . The last equality follows from a known statistical
result (see Eaton and Kortum 2002).

9. Note that parameter T is not the same as total factor productivity (TFP). T is
an exogenous parameter of the Fréchet distribution. TFP, on the other hand, is
endogenous and represents the average productivity of the firms actually
operating in an industry.

10. This is true because conditional on the fact that country i actually supplies a
particular good, the distribution of the price of this good is the same regardless
of the source i.

11. This system of equations is easily solved using numerical methods in Matlab.
12. They also obtain a second estimate of 3.6, but 8.28 is their preferred estimate

since y ¼ 3.6 results in unreasonably high trade costs.
13. I have decided not to include Ireland, Netherlands, and Denmark because in

these countries, in several industries, exports exceed output. This problem
occurs because these countries are entrepôts. See Feenstra (2000) for discussion.
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Also, I have decided not to use ISIC industry ‘Other’ because of many
irregularities in its data in many countries. The countries in the dataset
accounted for about 85% of the world manufacturing trade in 1989.

14. For some pairs of countries, the volumes of bilateral trade were missing in 1989.
Therefore, dnij, which are part of the distance measure, could not be estimated
for some {n,i,j}. There are 19 6 19 6 8 ¼ 2888 observations of dnij possible in
our data, of which 105 or 3.6% are missing. Most were proxied by estimates
from neighboring years. Six observations that could not be proxied in this
manner were proxied by the estimates of dni for total manufacturing.

15. The table for Australia was for 1989.
16. In the data, in addition to intermediate and final goods, there are also

investment goods. Since there is no investment in the model, investment goods
are treated as intermediate goods.

17. Anderson and van Wincoop (2004) roughly estimate the average international
trade cost between OECD countries to be around 1.7 (excluding local
distribution margins, see pp. 692–693). This is lower than the (non-weighted)
average trade cost of 2.27 estimated in this article. However, Mexico, Turkey,
and Korea, which are included in the dataset of this paper, are relatively new to
OECD. They are not included in most of the previous studies of OECD trade
costs. They also have high trade costs. If these three countries are excluded from
the dataset, the (non-weighted) average trade cost for the remaining OECD
countries is 1.78, which is much closer to the number reported by Anderson and
van Wincoop (2004).

18. Perhaps one may have expected a trade war between the US and EU to have
greater effects. However, it is necessary to remember that the vast majority of
domestic output is consumed domestically. In addition, a trade war between the
US and EU does not affect the trade within the EU or trade with third
countries.

19. Unfortunately, there is no data on absolute policy-related trade barriers (tariffs
and NTBs) for all the industries and countries in the dataset, which would have
been preferable.

20. These results are obtained under the assumption that the US wage does not
change. This assumption may have resulted in overly high predictions for
employment changes.
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