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ABSTRACT

This dissertation studies the e�ects of technology, factor endowments, tastes, and trans-

port costs on international trade and specialization. The analysis is performed using two

methods: estimation and simulation, both using data from OECD countries. First, the

e�ects of technology and factor endowments on specialization, measured by industry shares

in GDP, are jointly estimated. The methodology allows for variable capital utilization and

sector-speci�c capital. Capital utilization is calculated from the electricity consumption,

and the e�ciency of electricity consumption is calculated for each industry and country.

The results show that ignoring variable capital utilization leads to approximately 30-40%

overestimation of the e�ects of technology on specialization. It is also found that once vari-

able capital utilization is accounted for, di�erent assumptions about mobility of capital have

little e�ect on the technology coe�cients. Second, a computable model of trade is developed

in order to account for the volume, composition, and pattern of international trade. The

model incorporates technological, factor endowment, and transport cost di�erences at the

industry level. An important feature of the model is that it relies on within-industry het-

erogeneity of producers in order to explain intra-industry trade. The model is parametrized

and evaluated. It is found that the model accurately predicts trade 
ows and sizes of intra-

v



industry trade. It is also found that the e�ects of capital on specialization predicted by

the model are close to those obtained by the regression analysis. The model is then used

to identify the e�ects of main determinants of trade on the volume and composition of

trade. The results show that, given current trade barriers, within-industry heterogeneity

accounts for 93% of the volume of trade, industry-level comparative advantage accounts for

5%, while factor-endowment di�erences have a negligible e�ect on the volume of trade. A

labor-only version of the model is used to study the consequences of trade wars and trade

liberalization. It is found that targeting di�erent industries with these policies produces

very di�erent results with respect to employment and welfare.
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Chapter 1

Introduction

The size of merchandise trade, measured by the ratio of merchandise trade to merchandise

value added, has increased in most countries over the past century. It has nearly tripled

in the United States, growing from 13.2% in 1913 to 35.8% in 1990 (Feenstra and Hanson,

2001).

The study of international trade is one of the oldest branches of economics. In the next

few pages, we brie
y review the existing theories of international trade with the particular

emphasis on their use in computable models. We also discuss the contribution of this

dissertation to the study of international trade.

The staples of international trade theory are the Ricardian and Heckscher-Ohlin expla-

nations of trade. The former emphasizes productivity di�erences while the latter focuses

on factor endowment di�erences across countries in order to explain the pattern of trade.

The neoclassical trade model that incorporates Ricardian and Heckscher-Ohlin theories was

developed in the 1950s, 60s, and 70s.

Unfortunately, the neoclassical trade model is not computable. Since the number of



2

goods traded between countries is very large, empirical studies in international trade are

done on the industry, rather than product, level. However, partial or complete special-

ization predicted by the neoclassical trade model cannot be reconciled with industry-level

data, because trade in similar goods, called intra-industry trade, is a large component of

international trade.

Specialization, of course, is necessary for trade, but it occurs on the product, rather than

industry, level. Unfortunately, modeling of trade 
ows of individual goods is not feasible.

The inability of Ricardian and Heckscher-Ohlin models to explain industry-level volumes

of trade has not stopped trade economists from performing econometric studies that evaluate

various aspects and predictions of these models. These studies typically use industry-level

data and focus on trade patterns and specialization, rather than the volume of trade.

The classic Ricardian model, which has two countries, was evaluated several times in the

1950s and 60s with generally positive results. More recent empirical studies have focused

on the Heckscher-Ohlin model. Di�erent aspects of this model have been tested numerous

times, often with inconclusive results. A good summary of this literature is in Leamer and

Levinsohn (1995).

A major recent innovation in this area of research is the development of empirical

methodologies that combine technological (Ricardian) and factor endowment (Heckscher-

Ohlin) explanations of trade (Tre
er, 1995; Harrigan, 1997). It was found that while factor

endowment di�erences across countries matter, they cannot explain the pattern of trade

and specialization by themselves. The di�erences of technologies are important and cannot

be ignored.

In one such study, Harrigan (1997) has developed methodology in which the e�ects
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of technology and factor endowments on specialization are estimated jointly. Harrigan

found that both technology and factor endowments a�ect specialization, supporting the

generalized Ricardian and Heckscher-Ohlin theories.

In Chapter 2, we improve on Harrigan's methodology. We point out that several as-

sumptions implicitly made in Harrigan's methodology are more appropriate for the long

run than for the short run. However, the 20-year dataset he used to estimate the model is

a short-span dataset and is dominated by business cycles.

We modify Harrigan's methodology to make it suitable for estimation with short-span

high-frequency data. We adjust capital stock for changes in capital utilization when cal-

culating total factor productivity. We show that not taking into account variable capital

utilization overestimates the e�ects of technology, measured by TFP, on specialization,

measured by industry shares in GDP, by about 30%.

As we already mentioned, the neoclassical trade model, when applied to industry- or

country-level data, cannot explain trade volumes or intra-industry trade. In explaining the

volume of trade, the most successful model until now has been the gravity model. The

gravity model is extremely simple (it is just one equation), yet is able to explain the volume

of trade quite well (a typical R2 is about 0.8). The success of the gravity equation shows

that trade barriers are important in determining trade volumes.1

In order to reconcile the neoclassical model with data, all computable general equilibrium

(CGE) models of trade of the last 40 years have used the Armington (1969) assumption

1However, the rest of the gravity equation, that says that trade is directly proportional to trading coun-
tries' GDPs, needs a structural foundation to be useful in economic modeling and analysis. Harrigan (2003)
surveys the attempts at giving a structural interpretation to the gravity equation. For example, the gravity
equation can be derived from the Armington assumption about demand. The monopolistic competition
model can be used to provide foundation for the production side.
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about demand. Under this assumption, each good can only be produced in one country, and

consumers di�erentiate goods based on their country of origin. The Armington assumption

allows CGEmodels to account for trade volumes and intra-industry trade. The Global Trade

Analysis Project (GTAP) is an example of a such a model. The Armington assumption has

many shortcomings, which we discuss in Appendix B.

While trade advantage in the Ricardian and Heckscher-Ohlin models is due to technology

or factor endowments, in the models of trade that include imperfect competition it is due

to scale and monopoly power (Krugman, 1980; Helpman and Krugman, 1985). However,

the models with imperfect competition do not explain how this advantage is assigned across

countries. Therefore, when implemented in a computable setting, these models assume that

countries produce disjoint sets of goods, with demand following the Armington assumption.2

The monopolistic competition models can compactly describe the world with many

producers.3 Examples of CGE models that include monopolistic competition are the Brown-

Deardor�-Stern (BDS) model (Brown and Stern, 1989; Brown, Deardor� and Stern, 2001)

and the model developed in Smith and Venables (1988).4

A very signi�cant extension of the Ricardian framework was made in the Dornbusch-

Fischer-Samuelson (DFS) (1977) model of trade with a continuum of goods. This was the

�rst attempt to describe trade with many goods using just a few parameters. The DFS

model also allowed for easy incorporation of transport costs. However, the applicability

of this model to data is limited without the speci�cation of the technology distribution

2Helpman (1989, p. 163) says that 'the right approach clearly would be to have a model that endogenously
generates a size distribution...". However, such a model does not exist.

3The number of producers is �nite and can be endogenized by assuming zero pro�ts (as in the BDS
model).

4In monopolistic competition models, if a producer exports a good, it exports it everywhere. This is a
result of the use of Armington assumption, not the imperfect competition per se.
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over the continuum of goods. Without it, the model cannot be extended to more than two

countries, nor can it be simulated.

A model of producer heterogeneity that describes the distribution of productivities

across the continuum of goods was created, in a series of papers, by Eaton and Kortum

(2001a; 2002; 2005). They have developed a framework that models the innovation activity

and connects it to producer-level productivity di�erences, which are in turn connected to

trade 
ows. The resulting model is compact and computable. It can include many coun-

tries and does not require the Armington assumption in order to explain two-way trade in

similar goods. The model can explain the volume of trade between countries, has a role

for transport costs and, under certain simplifying assumptions, collapses to the standard

gravity model (Eaton and Kortum, 2002).

The Eaton-Kortum (EK) model is also able to explain the newly discovered trade-

related facts about producers. These stylized facts came out of several studies that use

producer-level data from a variety of countries.5 These studies have shown that even within

a narrowly de�ned industry, producers have very di�erent productivities. They have also

shown that most producers do not export, but sell only domestically. Those that do export,

tend to be more productive than those that do not export.(Bernard et al., 2003)

The EK model, however, does not have some of the features that we have come to expect

from commonly used neoclassical and computable models of trade. The EK framework does

not model industries. The focus of the EKmodel is on the producer and the country, whereas

the focus of most trade models is on the industry. Therefore, the EK model does not allow

5See, for example, Bernard and Jensen (1995), Bernard and Jensen (1999), Aw, Chung and Roberts
(1998), Clerides, Lach and Tybout (1998), Bernard, Eaton, Jensen and Kortum (2003), and Eaton, Kortum
and Kramarz (2004).
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the study of specialization in the traditional sense, i.e. specialization in industries.

The EK model has only one factor, labor, whereas most trade models have at least two:

capital and labor. As the result, the EK model has no role for factor endowment di�erences

across countries in determining the pattern of trade. Finally, the EK model does not include

taste di�erences across countries. However, the framework of Eaton and Kortum can be

combined with the traditional trade framework to create a compact computable model of

trade.

We take this step in this dissertation. The resulting model, described in Chapter 3,

does not have the shortcomings of other computable models of trade. Most importantly,

the model does not require the Armington assumption in order to explain the two-way trade

in similar goods. Instead, the intra-industry trade derives naturally from within-industry

heterogeneity of producers.

Our parametrization method di�ers from the method employed by Eaton and Kortum

in that we use only domestic data to �t the model. This gives us the ability to evaluate the

model by comparing trade 
ows predicted by the model to the actual ones. We �nd that

the ratio of the sum of squared errors to the actual sum of squares is 0.007 (compare to

0.2 for a typical gravity equation). The predicted Grubel-Lloyd intra-industry trade index,

which measures the prevalence of intra-industry trade, is within 0.46% of the actual.

The model can be used to study both specialization and the volume of trade. Therefore,

we use two approaches to study specialization in this dissertation: the regression approach,

used in Chapter 2, and the simulation approach, used in Chapter 4. We make comparisons

between results provided by these two approaches.

We �nd that average e�ects of capital stock on specialization predicted by simulation
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are close to those obtained by regression. We also �nd that in most industries, the signs and

magnitudes of these e�ects are very di�erent across countries. Therefore, average e�ects

that are estimated by the regression analysis are not particularly meaningful. We further

�nd that the e�ects of technology on specialization are far more predictable than the e�ects

of capital stock.

Since our model includes all the major determinants of trade, it allows us to perform

the accounting for trade exercise in Chapter 4. We determine how much each of the deter-

minants of trade, namely technology, factor endowments, tastes, trade costs, and within-

industry heterogeneity, contribute to the volume of trade, size of intra-industry trade, and

the pattern of trade.

The intent of this investigation is similar to that of growth accounting. While growth

accounting aims to determine how much each component of growth contributes to total

growth, we want to �nd out how much each component of trade contributes to the volume

and composition of trade.

We �nd that within-industry heterogeneity is responsible for 93% of the volume trade.

Di�erences in relative e�ciencies across industries, which give rise to industry-level com-

parative advantage, are responsible for 5%. Thus, productivity di�erences on product and

industry levels together account for 98% of the volume of trade. Factor endowment di�er-

ences have virtually no e�ect on the volume of trade, while taste di�erences across countries

actually decrease trade by about 6%.

Similarly, we are able to determine the e�ects of comparative advantage, factor endow-

ments, and other determinants of trade on the size of inter-industry trade. We �nd that

di�erences of trade costs are responsible for 78% of inter-industry trade. Comparative ad-
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vantage is responsible for 12%, taste di�erences, 8%, and factor endowment di�erences, the

remaining 3%.

In addition to accounting for the volume and composition of trade, we also examine

how determinants of trade in
uence the pattern of trade or net exports. We �nd that

removing industry-level comparative advantage has a major e�ect on the pattern of trade,

causing nearly a half of all trade 
ows to reverse direction. On the other hand, removing

within-industry heterogeneity or di�erences of factor endowments has a much smaller e�ect.

Finally, our model can be used to simulate various trade policies. In Chapter 4 we use a

simpler version of our model to study the e�ects of trade wars between the U.S. and E.U.,

and trade liberalization between rich and poor countries. We �nd that e�ects of trade wars

and trade liberalizations on employment and welfare vary signi�cantly depending on the

industry that is targeted.

While the basic version of our model has exogenous capital, in Section 3.5 we extend the

model to include endogenous capital stock and international capital markets. In Appendix

D we use this extended model to simulate the e�ects of a modest technological improvement

in the U.S. machinery industry.



Chapter 2

Estimating the neoclassical model

We study how specialization, measured by industry shares in GDP, is a�ected by technology

and factor endowments. By allowing variable capital utilization and sector-speci�c capital,

our methodology permits estimation using short-span high-frequency data, which is the

only kind of data currently available for industry-level studies in international economics.1

We show that if we were to assume constant capital utilization, the e�ects of technology on

specialization would be signi�cantly overestimated.

Over the years, several theories have appeared that explain specialization.2 The Ricar-

dian theory emphasizes the importance of technological di�erences when technology is not

transferable between countries. The Heckscher-Ohlin theory, on the other hand, assumes

the same technology in all countries and emphasizes factor endowment di�erences when

factors are not transferable between countries.

1Short-span high-frequency data is data which is dominated by business cycles. An example is annual
data over 10 or 20 years.

2Product mixes produced by countries can be classi�ed along two dimensions. One is vertical where
countries produce similar goods but of di�erent quality. Another is horizontal where countries produce very
di�erent products. This paper, as most other studies in international economics, addresses the horizontal
di�erentiation.
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Both of these theories have been evaluated empirically. The classic Ricardian theory,

which has two countries, had been evaluated several times in the 1950s and 60s with gen-

erally positive results. Di�erent aspects of the Heckscher-Ohlin model have been tested

numerous times, with inconclusive results. This literature is summarized in Leamer and

Levinsohn (1995).

The fact that the tests of the Heckscher-Ohlin model produced mixed results has led

some researchers to believe that Ricardian technological di�erences have to be incorporated

into the Heckscher-Ohlin model. In an in
uential 1995 paper, Tre
er allowed sector-neutral

di�erences of technology in the context of the Heckscher-Ohlin model.

The assumption of sector-neutral di�erences of technology, however, was very restric-

tive. In a series of papers, James Harrigan (1996a, 1996b) had shown that technological

di�erences between countries are not sector-neutral but sector-speci�c. Then, in his 1997

paper, he developed methodology in which specialization was determined jointly by the

factor endowment di�erences and sector-speci�c technological di�erences. In that study

specialization was measured by industry shares in GDP. Harrigan used a neoclassical model

with a translog revenue function which resulted in a convenient representation of the in-

dustry shares. He estimated the model using data for 7 manufacturing sectors of 10 OECD

countries for 1970-90.

Harrigan asked the following question: are di�erences of factor endowments and technol-

ogy both signi�cant in determining specialization? He found that both technology and factor

endowments a�ect specialization, supporting the generalized Ricardian and Heckscher-Ohlin

theories. The estimated e�ect of technological di�erences, measured by TFP, was generally

large and positive, in accordance with theory. In other words, countries tended to specialize
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in industries in which they had a technological advantage. Factor endowment di�erences

were also important in determining specialization. Harrigan's study is a major contribution

to the understanding of specialization.

In this paper we build on his results. We modify the empirical methodology to make it

suitable for estimation with short-span high-frequency data. Several assumptions implicitly

made in Harrigan's methodology are more appropriate for the long run than for the short

run. However, the 20-year dataset he used to estimate the model is a short-span dataset

and is dominated by business cycles. For example, Harrigan's methodology assumes that

capital utilization is constant, which is reasonable in the long run, but not in the short run.

His methodology also assumes that capital is freely and instantaneously mobile between

industries which is, again, a long-run assumption.

We start by replicating Harrigan's (1997) results using our dataset of 8 industries in

23 countries over 21 years. Using these results as the reference point, we correct the TFP

measure for capital utilization and reestimate the model. As explained in the next section,

we expect the e�ect of technology on specialization to decrease once the TFP has been

corrected. We will also seek to answer the following questions: (i) Will the technology

coe�cients still be signi�cant after the TFP has been corrected? (ii) What will be the

magnitude of the corrected coe�cients? (iii) What will happen to the technology and

factor endowment coe�cients if we assume that capital is a speci�c factor? (iv) Will both

technology and factor endowments still have a signi�cant e�ect on the specialization of

countries?
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2.1 Variable capital utilization

In order to estimate the e�ect of technology on industry share, a measure of technology

is needed. Technological di�erences are usually measured by the Solow residual, which is

obtained by subtracting di�erences in inputs from di�erences in output. Inputs should be

measured by the quantity of factor services provided in production.

Very often, however, a measure of factor services is not available and a measure of factor

stock is used instead. This is particularly true for capital. Using capital stock to proxy for

capital services assumes that capital services are a constant proportion of capital stock or,

equivalently, that capital utilization is constant. This may be a good approximation in the

long run, but a poor one in the short run.

Recent research has shown that there is signi�cant variation of the capital utilization

rate during business cycles. In fact, recent literature has documented that behavior and

statistical properties of the Solow residual change signi�cantly when variable capital uti-

lization is accounted for. The volatility of the Solow residual �A, its relative volatility

�A
�Y
, and the correlation between the Solow residual and output �AY are all signi�cantly

reduced when variable capital utilization is accounted for (Burnside, Eichenbaum and Re-

belo, 1995a; Burnside, Eichenbaum and Rebelo, 1995b; Baxter and Farr, 2001a).

Harrigan's model is that of a long-run equilibrium, but was estimated with short-span

(20 years) high-frequency (annual) data. Both the Total Factor Productivity and industry

share 
uctuate over the business cycles which dominate the short-run data. We suspect

that if the variable capital utilization is not taken into account, the e�ect of technology on

industry share is overestimated.
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Our suspicion is supported by the �nding that technology shocks are only weakly corre-

lated across industries (Baxter and Farr, 2001a). If the technology shocks were synchronized

across industries, then the industry shares would not change over the business cycle. We

expect the e�ect of technological di�erences on industry share to decrease signi�cantly when

variable capital utilization is introduced into the model.

We calculate capital utilization from the consumption of electricity following Burnside

et al. (1995a) and Baxter and Farr (2001b). In the process of calculating capital utilization

we calculate a parameter that measures the e�ciency of electricity consumption in each

country and industry.3

2.2 Methodology

In this section we develop our estimation methodology. In Section 3.1 we assume that

capital is freely and instantaneously mobile between industries, while in Section 3.2 we

assume that it is speci�c to each industry and, therefore, immobile.

2.2.1 Small-country model with domestically mobile capital

We use a simple small-country model with trade. Factors are mobile between industries

but immobile between countries. Countries trade with each other because of di�erences

in their technologies and/or factor endowments. These di�erences determine comparative

advantage. We assume constant returns to scale and free trade. Capital utilization can

vary.

3Variable capital utilization in the context of the Heckscher-Ohlin model has been studied by Svensson
(1982) and Betancourt, Clague and Panagariya (1985). In their models, only country-wide capital utilization
could change.
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We start with the economy-wide revenue function:

Y = R (Ap; v); (2.1)

where Y is the value added, A is the vector of total factor productivities, p is the vector of

prices, and v is the vector of factor endowments.

Using Hotelling's lemma, the revenue share of product i can be obtained by logarithmic

di�erentiation of the revenue function:

Si =
@ lnR (Ap; v)

@ ln pi
, (2.2)

where Si �
Yi
Y
is the share of industry i.

Following Kohli (1978) and Harrigan (1997), we approximate the economy-wide revenue

function by the translog function:

lnR (Ap; v) = a00 +
X
i

a0i lnAipi +
1

2

X
i

X
k

aik lnAipi lnAkpk

+
X
j

b0j ln vj +
1

2

X
j

X
m

bjm ln vj ln vm

+
X
i

X
j

cji lnAipi ln vj , (2.3)
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where i; k = 1; :::; N are industries, and j;m = 1; :::;M are factors.4

Symmetry requires that aik = aki and bjm = bmj .
5 Linear homogeneity in p and v

requires that
P
i
a0i = 1;

P
k

aki = 0;
P
j
b0j = 1;

P
j
bjm = 0;

P
i
cji = 0; and

P
j
cji = 0

(Christensen, Jorgenson and Lau, 1973; Woodland, 1982).

We take the derivative of the revenue function with respect to price and impose linear

homogeneity on the resulting share equation.6 Finally, since we are going to estimate the

share equation using a panel of countries over a 20-year period, we add time and country

subscripts:

Sict = a0i +
NX
k=2

aki ln
pkt
p1t

+
NX
k=2

aki ln
Akct
A1ct

+
MX
j=2

cji ln
vjct
v1ct

. (2.4)

The relative goods prices that enter the share equation are not observed by us. The

prices of traded goods are the same in all countries while the prices of nontraded goods

are not. In addition, the technologies of many sectors, such as government and service

sectors, are not observable in this study. Following Harrigan (1997), we treat the sum of

nontraded goods' prices and unobserved technologies as a random variable with country

�xed e�ects �ic, time �xed e�ects �it, and a random component eict with constant variance

�2i . Since prices of traded goods are the same in all countries, we can treat their sum as a

4The translog functional form ln f (x) = a00 +
Xn

i=1
a0i lnxi +

1

2

Xn

i=1

Xn

j=1
aij lnxi lnxj can be used

to provide second-order approximation to any function of x. It is also convenient because it results in simple
share equations (Woodland, 1982).

5The revenue function is twice continuously di�erentiable so the Hessian must be symmetric.
6The linear homogeneity in prices, TFP, and factors is imposed as follows. Prices and TFP are normalized

by sector 1. Factors are normalized by factor 1 (in our case, labor). As explained later on in this section,
we end up not imposing linear homogeneity restrictions on TFP because we do not observe TFPs of all
industries in the economy.
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time �xed e�ect �it �
XN1

k=2
aki ln (pkt=p1t) where the summation is over all traded goods.

Our estimating equation is then

Sict = �ic + 
it +

N1X
k=1

aki lnAkct +
MX
j=2

cji ln
vjct
v1ct

+ eict, (2.5)

where 
it � a0i + �it + �it. There are no linear homogeneity restrictions on the technology

coe�cients because the summation is over only some of the industries.

The coe�cients aki and cji have the following interpretation. An increase of the in-

dependent variable by the factor of X raises output share by a lnX percentage points

where a is the value of the appropriate coe�cient. For example, if aki = 2 and technology

Akct doubles, then the industry share Sict increases by 1.4 percentage points. Since the

translog revenue function is simply a second order approximation to any revenue function,

the coe�cients aki and cji have no economic interpretation. They simply tell us how much

and in what direction relative technology, capital utilization, and factor endowments a�ect

industry shares.

We estimate (2:5) as a system of 8 seemingly unrelated regressions (SUR) with 28

restrictions given by symmetry requirements.7 Each equation represents a two-way �xed

e�ects error component model, estimated by a within estimator, as described in Baltagi

(2001).

7All restrictions that we imposed on the revenue function (2:3) are satis�ed in our estimation. Symmetry
restrictions are imposed during the SUR estimation. Linear homogeneity restrictions are imposed in the
estimating equation.
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2.2.2 Model with capital as a speci�c factor

In the previous section we assumed that capital can move between industries freely and

instantaneously. This is an extreme assumption about capital mobility. In reality, there

could be costs and delays associated with moving capital between industries. In this section,

we make another extreme assumption about capital, one that is the direct opposite of what

we assumed in the previous section. In this section we assume that capital is speci�c to

each industry and cannot move between industries. For example, capital can consist of

heterogeneous goods that are not substitutable.

We make this assumption because we want to see how the e�ects of technology and factor

endowments on specialization change depending on the assumption about capital mobility.

We also want to check that accounting for variable capital utilization is important regardless

of the assumption about capital mobility. Finally, we use the two extreme assumptions

about capital mobility because they are easy to model in this static setting.8

If capital is the speci�c factor, our estimating equation becomes

Sict = �ic + 
it +

N1X
k=1

aki lnAkct +

N1X
k=1

dki lnKkct +
MX
j=3

cji ln
vjct
v1ct

+ eict. (2.6)

Note that the last summation excludes physical capital, which is the factor number two.

8See the conclusion for further thoughts on making this model dynamic and modeling capital adjustment
costs explicitly.
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2.2.3 Measuring capital utilization and technology

In order to estimate equations (2:5) and (2:6) we need to measure the total factor pro-

ductivity. To compare total factor productivities across countries we use the multilateral

translog productivity index derived by Caves, Christensen and Diewert (1982) and �rst used

by Christensen, Cummings and Jorgenson (1981). In each industry, the relative TFP of

country c at time t with respect to the reference point is given by

lnAct � lnA1 = lnYct � lnY1 � b�ct �lnSKct � lnSK�� b�1 �lnSK � lnSK1��
� (1� b�ct) �lnSLct � lnSL�� (1� b�1) �lnSL � lnSL1�,

where b�ct = 1=2 (�ct + �), � is capital share, SK is capital services, SL is labor services, a

bar indicates the average over all countries and years, and subscript 1 denotes the reference

point. The choice of the reference point is inconsequential. In this paper we follow Harrigan

(1997) and choose the TFP of the United States in 1988 as the reference point.

In order to calculate relative technology we need measures of capital and labor services.

We measure capital services by ZictKjct where Zict is the capital utilization rate and K is

the capital stock. We describe the measurement of the capital utilization rate in the next

section. We measure labor services by total hours worked: SL;ict = HictLict, where H is the

number of hours worked by an average worker and L is the number of workers employed.

We obtain Hict from data.

Following Baxter and Farr (2001b) and Burnside et al. (1995b), we assume that energy
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consumption is proportional to the capital services used:

Eict = �icZictKict, (2.7)

where Eict is energy consumption and �ic is a country- and industry-speci�c parameter

that measures the e�ciency of electricity consumption. To calculate �ic we assume that the

di�erences of electricity consumption across industries and countries are due to di�erent

e�ciencies. On the other hand, we assume that the variation of electricity consumption in

time is due to changing utilization of capital Zict.

In other words, we assume that �ic is constant over time. Of course, in the long run

�ic may decline as industries become more energy-e�cient due to stricter environmental

regulations and appearance of new energy-saving technologies. However, the 20 years in-

cluded in our study (1975-95) is a short enough period of time that we felt we could assume

constant �ic. To be sure that our assumption is justi�ed, we calculated �ic separately for

1975-85 and 1986-95. We found no signi�cant decline of �ic in any country and industry

between the two time periods.

The e�ciency parameter �ic is calculated as follows. From (2:7) we have

Zict =
Eict

�icKict
. (2.8)

The average utilization rate is
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Zic �
P
t Zict
T

=
1

�ic

P
t (Eict=Kict)

T
,

where T is the number of periods. From the equation above we obtain the expression for

�ic:

�ic =

P
t (Eict=Kict)

TZic
. (2.9)

We assume that over the 20-year span of our dataset the average utilization rates Zic are

the same in all countries. To calculate �ic we use the values of the U.S. average utilization

rates Zi;US .

Knowing �ic we obtain the capital utilization rate from (2:8).

2.3 Results

We start by calculating capital utilization rates and total factor productivities in Section

2.3.1. Then, in Section 2.3.2, we estimate the share equation (2:5) that assumes that

capital is mobile between industries. We estimate it �rst using the unadjusted and then the

capital utilization-adjusted measure of technology. In Section 2.3.3 we estimate the share

equation (2:6) which assumes that capital is a speci�c factor. Again, we �rst estimate this

equation using the capital utilization-adjusted measure of technology and then using the

unadjusted measure of technology. In Section 2.4 we use the estimated model with variable
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capital utilization and mobile capital to explain the specialization of several countries in

the sample.

2.3.1 Calculating total factor productivities and capital utilization rates

First, we calculate �ic using (2:9). This parameter may be of interest in itself so we present

its values in Table 8. In each industry we ranked countries by their value of �ic. Countries

with higher e�ciency of electricity consumption (lower �ic) are ranked higher.

European countries generally ranked high while developing countries and non-European

developed countries ranked low. United States and Canada ranked low in all industries.

France had the highest average rank and Norway had the lowest. We believe that the

average rank of a country is in
uenced, among other things, by how strict the environmental

regulations are and how cheap the energy is in that country. Environmental regulations are

generally very strict in West European countries. They are weaker in North American and

developing countries. The low rank of Norway is most likely explained by the availability

of oil and gas on its territory.

There is some variation of rankings across industries. Figure 1 shows the rankings as a

bar graph grouped by country. Countries are sorted by their average rank with countries

on the left having a lower rank. We can see that despite some heterogeneity of rankings,

countries with the higher average ranks tend to have higher ranks in all industries.

Having calculated �ic, we calculate the capital utilization rates and total factor pro-

ductivities. Relative TFPs adjusted for variable capital utilization, for 1975 and 1990, are

shown in Table 9. There are clearly signi�cant di�erences of relative TFPs across countries

and industries. The vast majority of countries have lower productivity than the United
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States in all industries. The two notable exceptions are Japan and Germany. In 1995

Japan had higher TFP than the U.S. in 6 out of 8 industries. In the same year, Germany

had higher TFP than the United States in 5 out of 8 industries.

Less developed countries, of course, have lower TFP than the more developed countries.

Most countries have narrowed the TFP gap with the United States between 1975 and 1990.

Comparing the TFP in Korea in 1975 and 1990 we see the evidence of the enormous TFP

gains made by that country. These gains, of course, are well documented in the literature.

Another country with large TFP gains between 1975 and 1990 is Ireland. However, not all

countries have had the same degree of success increasing their TFP. In 1975 Mexico had

higher TFP than Korea in most industries, but in 1990 the situation was reversed.

Figures 2 through 4 show the unadjusted and adjusted TFPs in levels and di�erences,

as well as some properties of the TFPs for several industries in the dataset.9 We included

these �gures to show what happens to Total Factor Productivity when it is adjusted for

capital utilization. Consistent with existing literature, the variance of the TFP, measured

either in levels or di�erences, and its correlation with output decrease when variable capital

utilization is accounted for.10

Figure 2 shows that the TFP in the Metals industry of the United States did not fall

during the recessions of the early 1980s and early 1990s as much as the unadjusted TFP

9Though our industry classi�cations are slightly di�erent, the TFP properties in our data and in Baxter
and Farr (2001a) are similar. Baxter and Farr (BF) report 17% reduction (when variable capital utilization
is accounted for using electricity consumption) of the standard deviation of the TFP growth in the U.S.
Metals industry compared with 20% in our data. They report 26% reduction of the standard deviation of
the TFP growth in the U.S. Wood industry compared with 25% in our data. BF report the correlation
of unadjusted TFP growth with output growth of 0.86 in the Wood and 0.93 in the Metals industry. The
correlation in our data is slightly higher: 0.94 in the Wood industry and 0.97 in the Metals industry. After
the adjustment, the correlation in the Wood industry is 0.59 in BF and 0.77 in our data while in the Metals
industry it is 0.78 in BF and 0.79 in our data.
10This occurs in many but not all industries and countries.
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would have us believe. This is because the �rms have decreased capital utilization during

this period. Capital utilization increased during the 1990s and the adjusted TFP did not

increase as much as the unadjusted TFP during that time.

In Figure 3 we can see that capital utilization has increased in the U.S. Wood industry

between 1975 and late 1980s/early 1990s.11 We can also see that adjusted TFP is not as

volatile as the unadjusted TFP. The same phenomena are observed, albeit to a lesser degree,

in Figure 4, which shows Total Factor Productivity for the Machinery industry in Turkey.

2.3.2 Results obtained under the assumption of domestically mobile cap-

ital

We start by replicating the results of Harrigan (1997) using our data. The estimating

equation is (2:5) and the measure of productivity does not take variable utilization into

account. We then estimate the same equation using the capital utilization-adjusted measure

of productivity and compare the results.

Using the unadjusted measure of productivity

The total factor productivity in this case is calculated using the capital stock instead of

capital services:

11The capital utilization has also increased in many other industries and countries during that period. An
alternative explanation for this increase would be an increase of parameter � over time. We use U.S. Federal
Reserve Bank data as evidence for the rising utilization rates. According to their data, the average capacity
utilization rate in U.S. Wood industry in 1975-85 was 76.5% while in 1985-1995 it was 81.5%. We also do
not think it is likely that industries actually become less energy-e�cient over time.
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lnAct � lnA1 = lnYct � lnY1 � b�ct �lnKct � lnK
�
� b�1 �lnK � lnK1

�
� (1� b�ct) �lnSLct � lnSL�� (1� b�1) �lnSL � lnSL1�.

The results of estimation are reported in Table 10. The eight columns correspond to

the eight estimated equations. Own-TFP coe�cients are printed in bold to make the tables

easier to read. Standard errors are given in parentheses.

Our own-TFP estimates are very similar to those obtained by Harrigan. One di�erence

is in the Food industry where his estimate is negative while ours is positive. In addition,

Harrigan's estimate of the own-TFP coe�cient in the Paper industry was positive, but not

statistically di�erent from zero. In our results, all own-TFP coe�cients are positive and

statistically signi�cant, as predicted by theory. With the exception of the Food and Paper

industries, however, the signs and magnitudes of our own-technology coe�cients are very

close to Harrigan's.12

Using the capital utilization-adjusted measure of productivity

We now estimate (2:5) using the utilization-corrected measure of TFP. We compare the

estimated own-TFP coe�cients, reported in Table 11, with those obtained in the previous

section using the uncorrected measure of TFP.

As we expected, the own-TFP coe�cients in this case are smaller than those of the

12There are some di�erences in the estimated e�ects of factor endowments. Highly educated workers
have a uniformly negative e�ect in Harrigan's estimation while having a uniformly positive e�ect in ours.
Medium and low-educated workers sometimes match signs but not values. Also, in Harrigan's estimation
land has a positive e�ect in two industries while having negative e�ect in all industries in our estimation.
The coe�cients on capital are not comparable because Harrigan has two types of capital while we have one.
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previous section. Table 16 summarizes the di�erences between own-TFP coe�cients. The

coe�cients obtained using the utilization-adjusted measure of the TFP are on average

29% smaller than those obtained using the unadjusted measure of the TFP. This is the

main �nding of our paper: ignoring variable capital utilization overestimates the e�ects of

technology on specialization.

As can be seen in Table 11, all own-TFP coe�cients are again positive and statistically

signi�cant, as predicted by theory. The own-TFP terms are in the range between 0.28 and

2.41. To make these numbers meaningful, consider the share of the average industry of the

dataset, 2.7%, reported in Table 5. For this average industry an own-TFP coe�cient of 1.5

means that if relative TFP doubled, the industry share would increase by about 40%.13

Most factor endowment coe�cients are statistically signi�cant, giving support to the

Heckscher-Ohlin explanation of specialization. Physical capital coe�cients are signi�cant

at 95% in six industries and at 90% in the remaining two industries. They are positive in

the Metals and Machinery industries and negative in all other industries. Capital stock has

the largest positive e�ect in the Machinery industry and the largest negative e�ect in the

Textile industry.

Low-educated workers have a statistically signi�cant e�ect on industry share in four

industries and in all four the e�ect is positive. The largest e�ects are in the Food and

Metals industries. Medium-educated workers have a statistically signi�cant e�ect in �ve

industries and this e�ect is positive in four industries and negative in the Paper industry.

Highly educated workers have a statistically signi�cant e�ect in six out of eight industries.

In all of those six industries the e�ect is positive. These highly educated workers have the

13It would increase by 1:5 (ln 2) = 1:05 percentage points, from 2.7 to 3.75%.
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largest e�ect on the shares of the Machinery industry.

Arable land has a statistically signi�cant e�ect on industry share in all but one industry.

The e�ect of arable land on the industry share is always negative. The largest negative e�ect

is found in the Machinery industry.

Tables 12 and 13 report the estimated country and time �xed e�ects, respectively. The

country �xed e�ect captures the cross-country variation of nontraded goods prices and

unobserved technologies. The time �xed e�ect captures the variation of goods prices (both

traded and nontraded) and unobserved technologies across time. The time �xed e�ect

exhibits a downward trend in all industries. Thus, the model explains the general decline

in the share of manufactures over the period by the decline in their relative price as well as

changes of productivity in other sectors, such as services.

We conclude that allowing for variable capital utilization reduced own-technology coef-

�cients by between 1/4 and 1/3. Despite the reduction, though, both technology and factor

endowments still have a signi�cant e�ect on specialization of countries.

In Section 2.4 we use the estimated model to account for several examples of special-

ization observed in our dataset. We use the estimated model to compare and analyze the

changes of specialization in Korea and Turkey. We also consider what it would take for

Portugal to have as signi�cant Machinery industry as Germany's.

2.3.3 Results obtained under the assumption that capital is a speci�c

factor

Now lets assume that capital is immobile between industries. In other words, the cost of

moving capital goods between industries is in�nitely large. For example, capital goods used
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in di�erent industries may not be substitutable. In this case, the estimating equation is

(2:6).

We �rst estimate this equation using the unadjusted measure of TFP. Looking at the

results presented in Table 14, we can see that introducing the immobile capital, by itself,

increases the TFP coe�cients and reduces the factor endowment coe�cients. All own-TFP

and own-industry capital coe�cients are positive and statistically signi�cant.

We then estimate equation (2:6) using the utilization-adjusted measure of TFP. The

results are reported in Table 15. We can see that, again, there is signi�cant reduction of own-

TFP coe�cients when utilization-adjusted measure is used. In this case, own-technology

coe�cients are reduced, on average, by between 1/3 and 1/2. Thus, our main �nding - that

ignoring variable capital utilization overestimates the e�ects of technology on specialization

- is con�rmed in the case of immobile capital.

As Table 16 shows, the reduction of own-TFP coe�cients that occurs when we account

for variable capital utilization is greater in the case of immobile capital. The average reduc-

tion in this case is about 41%. In fact, the own-TFP coe�cients obtained with utilization

adjusted measure of TFP are approximately the same whether we assume that capital is

mobile or a speci�c factor.14 Thus, the assumption we make about mobility of capital does

not seem to make much of a di�erence on technology coe�cients once the variable capital

utilization has been accounted for.

14Some factor endowment coe�cients change if capital is assumed to be a speci�c factor. Comparing
Tables 11 and 15 we notice that slightly fewer factor endowment coe�cients are statistically signi�cant (In
Table 11 about 3/4 of factor endowment coe�cients are statistically signi�cant, in Table 15 about 2/3 are
signi�cant). Several factor endowment coe�cients change signs. Thus it seems that when one factor is �xed
for each industry, other factors become less important.
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2.3.4 E�ects of ignoring variable capital utilization

We have hypothesized that if technology is measured using the capital stock instead of

capital services, the e�ect of technology on industry share will be overestimated. Thus,

we have predicted that our estimates of own-TFP coe�cients will be smaller than those of

Harrigan (1997).

Table 16 summarizes the own-TFP coe�cients estimated in this paper. It can be seen

that estimates obtained using the capital utilization-adjusted measures of productivity are

indeed smaller than those obtained using the unadjusted measure. If the assumption of

domestically mobile capital is correct and if variable capital utilization is not taken into

account, the e�ect of TFP on industry share is overestimated, on average, by about 29%.

Depending on the industry, the own-TFP coe�cient can be overestimated by as much as

36%. If capital is the speci�c factor and the variable capital utilization is ignored, the

own-TFP is overestimated, on average, by about 41%. Thus, the �nding that ignoring

variable capital utilization overestimates the e�ect of TFP on industry share is robust to

the assumption about mobility of capital.

2.4 Explaining the observed pattern of specialization using

the estimated model

In this section we use the estimated model with variable capital utilization and mobile

capital to explain the observed pattern of specialization for several countries in our dataset.

In Section 2.4.1 we consider what it would take for Portugal to have the same Machinery

industry share as Germany. In Section 2.4.2 we look at how di�erent rates of technology and
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factor accumulation in Korea and Turkey have resulted in di�erent patterns of specialization

in these two countries.

2.4.1 Production of machinery in Portugal and Germany

Lets take a look at two European countries, Portugal and Germany. Germany is a world

leader of machinery production. Machinery industry constituted almost 14% of its GDP in

1995. In Portugal, the Machinery industry is much smaller, even relative to the size of the

economy. It constituted 3.9% of the GDP in 1995. It is Portugal's second-largest industry

after Chemicals and only slightly ahead of its third largest industry, Textiles.

What explains this di�erence of specialization between these two countries? In other

words, what would it take for Portugal to have as great of a Machinery industry as Ger-

many? How much would the Machinery industry in Portugal grow if Portugal managed to

have Germany's amount of capital stock per worker? Germany's TFP? Germany's level of

educational attainment?

Table 17 provides the answers to these questions. Portugal's capital stock per worker in

1995 was 3.11 times smaller than Germany's. If Portugal were able to accumulate as much

capital stock per worker as Germany, its Machinery industry would grow by 3.6 percentage

points, essentially doubling in size.

Turning our attention to technology, we see that Portugal's TFP in the Machinery

industry was 3.15 times lower than Germany's in 1995. If Portugal were able to obtain

Germany's level of technology, its Machinery industry would grow by another 2.8 percentage

points. Having both German TFP and German level of capital stock per worker would give

Portugal a Machinery industry that is 10.3% of its GDP. It would be 2.5 times larger than
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its current Machinery industry. Finally, increasing the level of education of its workers to

that of Germany would increase Portuguese Machinery industry by another 1 percentage

point.

Thus we have accounted for most of the di�erence between Portuguese and German

Machinery industry shares.15 Physical capital and TFP di�erences were the biggest reasons

why Portuguese Machinery industry was so much smaller than Germany's in 1995, relative

to the size to the economy. Having the same TFP and physical and human capital as

Germany would give Portugal a machinery industry that is almost 3 times larger than its

current size.

We have explained the di�erence of the Machinery industry shares in Portugal and

Germany using the model with variable capital utilization and mobile capital. Would our

conclusions be di�erent if we did not take variable capital utilization into account? If we use

capital stock instead of capital services to measure TFP, we get a larger own-TFP coe�cient

and a smaller capital stock coe�cient in the Machinery industry.16 Table 18 shows how the

model with constant capital utilization explains the di�erence of shares. Comparing Tables

17 and 18 we can see that if we do not take variable capital utilization into account we would

conclude that the TFP gap is the biggest reason for the di�erence of Machinery industry

shares in Portugal and Germany. However, once we adjust for utilization, the accumulation

of capital becomes the biggest reason for the share di�erence. Thus, accounting for variable

capital utilization makes an important change in the explanation of why Portugal has a less

prominent Machinery industry than Germany.

15The remaining 2.5 percentage points are accounted by the di�erences of available arable land per worker,
TFPs of other industries, and country �xed e�ects.
16Compare Tables 10 and 11.
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2.4.2 Changes of specialization in Korea and Turkey

To see how our model explains the changes in the observed pattern of specialization over

time, we look at two countries in our dataset, Korea and Turkey. Both countries had

experienced technological progress and accumulated factors of production between 1975 and

1995. However, the technological progress and factor accumulation did not occur equally

in the two countries. We will see how the factor and technology accumulation in the two

countries had a�ected their specialization patterns.

Table 19 summarizes the changes of factor endowments in Korea and Turkey between

1975 and 1995. Both countries had seen near doubling of their labor forces over the 20

years. The available arable land per worker had shrunk by a half in Korea while it had

decreased by a little less than a half in Turkey.

Turkey had more physical capital per worker than Korea in 1975. Over the following

twenty years, however, Korea had accumulated huge amounts of additional capital while

Turkey had accumulated little. Korea's capital per worker had increased 8-fold between

1975 and 1995 while Turkey's had increased only 1.4-fold, meaning that Korea's capital

accumulation rate was 5.8 times higher than Turkey's. As the result, Korea had three times

more capital per worker than Turkey in 1995.

Both countries had made gains in educating their workers. However, Turkey had a much

less educated labor force than Korea in 1975. In fact, most of its workers had no formal

education in 1975. So while both countries had increased the average education level of their

workers over these twenty years, the patterns of educational attainment were di�erent.

Between 1975 and 1995 the bulk of the Turkish labor force had moved from having no

education to having at most the primary school education. At the same time, the bulk of
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the Korean labor force had moved from having at most the primary school education to

having the secondary school education. The proportion of the Korean labor force with at

most the primary school education had decreased by a half, from 39 to 18%. Turkey had a

slightly greater gain of university-educated workers, perhaps because it had a much lower

starting point: less than 2% of its labor force had higher education in 1975.17

Finally, Korea had been more successful than Turkey in increasing its total factor pro-

ductivity. In 1975 the productivity in its industries was around 20%. By 1995, that number

had increased to about 60-80%. Turkey had higher productivity than Korea in 1975, but

by 1995 Korea was more productive than Turkey in all industries.18

Lets take a look now at the changes of specialization that occurred in the two countries

between 1975 and 1995. We will focus on the four largest industries in these two countries:

Machinery, Chemicals, Textile, and Food.

Both countries had undergone changes of specialization between 1975 and 1995, but the

changes were not the same in the two countries. Korea had become much more specialized in

the Machinery industry. In fact, while in 1975 its Machinery industry was relatively small,

by 1995 Korea had become one of the world's leading machinery-producing countries. At

the same time, the shares of its Textile and Food industries had declined.

Turkey did not see as dramatic a change of specialization as Korea. Its Chemical in-

dustry had increased its share the most, remaining the largest industry in the country. Its

machinery industry also grew, but not nearly as much as Korea's. Its Textile and Food

industries had increased their share as well.

176.9% of Korea's labor force had higher education in 1975.
18We can also compare Turkey to Ireland. Both countries had similar levels of TFP in 1975. However,

by 1995 Ireland had productivity just slightly less than that of the US. Turkey, however, had increased its
productivity only a little during the same period.
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Korea's Machinery industry went from being 4.5% of GDP in 1975 to about 20% in

1995. At the same time, Turkey's Machinery industry had increases from 2.3% to 4.4%

of GDP. Korea's Chemical industry had increased by 1.6 percentage points while Turkey's

increased by 2.7 percentage points. Korea's Textile and Food industries had declined by

1.5 and 1 percentage points, respectively, while Turkey's Textile and Food industries had

grown by 1.8 and 0.6 percentage points.

Thus, between 1975 and 1995 Korea had become much more specialized in the Machinery

industry at the expense of Textile and Food industries. Turkey had seen some growth,

relative to the size of the economy, in all of the industries we consider here.

Let us see how the di�erences of technology and factor accumulation in the two countries

over the twenty years had translated into changes of specialization. We will start with

the Machinery industry. We want to explain why Korea's Machinery industry share had

increased by 18 percentage points while Turkey's had increased by only 2.1. In other words,

we want to explain why the gap between Korea's and Turkey's Machinery industry shares

had increased from 2 to 16 percentage points between 1975 and 1995.

Table 20a shows how the di�erences in the accumulation of technology and factors by the

two countries had contributed to the changes of their Machinery industry shares. We can see

that faster accumulation of capital was the biggest reason why the share of the Machinery

industry had increased so much more in Korea. Because its capital accumulation rate was

5.8 times higher, Korea's Machinery industry grew by 5.54 percentage points more than

Turkey's.

The second biggest reason for Korea's increased specialization in Machinery was its

much faster accumulation of technology. Having 3 times higher growth rate of technology
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gave Korea a 3-percentage-point boost to its Machinery industry share. Faster increase

of the population density and education, particularly at the lower end of the education

ladder, had helped Korea gain another 1.7-percentage-point advantage over Turkey in the

Machinery industry.

We note that in this section, as in the previous section, accounting for variable capital

utilization makes a di�erence. If we had not accounted for variable capital utilization,

we would have concluded that capital and technology accumulation had an equal role in

determining the di�erence between Korea's and Turkey's Machinery industry shares.19 Once

we account for variable capital utilization, however, we conclude that capital accumulation

played a greater role.

To summarize, while both countries had accumulated human capital over the twenty

years, Korea had accumulated physical capital and technology much faster than Turkey.

This had increased Korea's comparative advantage in the Machinery industry. If, for exam-

ple, Turkey had accumulated capital at the same pace as Korea, its Machinery share would

have been almost 10% of its GDP. If Turkey had also acquired new technology (TFP) at the

same pace as Korea, its Machinery share would have been almost 14% of its GDP, making

Turkey one of the world's leading producers of machinery and equipment.

The pattern of factor accumulation that gave Turkey a disadvantage in the Machinery

industry, helped it in other industries. At the same time, the features that have helped

Korea to achieve its prominence in the Machinery industry were less important, or even

disadvantageous, in other industries.

19We would have found that both the technology and capital contribute about 4.5 percentage points each
to the share gap.
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Capital stock, which is a friend of the Machinery industry, is an enemy of the Chemicals

industry and an even bigger enemy of the Food and Textile industries.20 The technology

(TFP) accumulation is less important in the Chemicals industry than in the Machinery

industry. It is even less important in the Food and Textile industries. Educational attain-

ment, which is very important in the Machinery industry, is much less important in the

other industries. For example, low-educated workers, which were an enemy of the Machin-

ery industry, are a friend of Chemicals, Food, and Textile industries. Medium-educated

workers are also a big friend of the Food and Textile industries. Finally, the availability of

arable land per worker, or population density, is much less of an enemy of the Chemical

and Textile industries than it was of the Machinery industry. Land becomes statistically

insigni�cant in the Food industry.

In line with their pattern of factor accumulation, both Korea and Turkey saw the shares

of their Chemical industries increase, but this increase was greater in Turkey. Shares of the

Food and Textile industries had increased in Turkey but declined in Korea. The Textile

industry's share had declined in Korea by 1.5 percentage points (or by 1/3), while it had

doubled in Turkey (increased by 1.8 percentage points). Table 20b shows how the di�erences

in the accumulation of technology and factors by the two countries had contributed to the

changes of their Textile industry shares.

To summarize, both countries had undergone some structural transformation in their

economies between 1975 and 1995. This transformation was much more pronounced in

Korea, where massive accumulation of technology, physical and human capital, and increase

20We use the term 'friend' in the sense similar to that in which Jones and Scheinkman (1977) used it,
except that we consider industry share instead of output. Here, a factor is a friend of a particular industry
if its increase leads to an increase of the industry share. A factor is an enemy of an industry if its increase
leads to the decrease of the industry share.
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in the population density had favored Machinery and to some extent Chemicals and Metals

industries at the expense of Textile and Food industries.

The changes of specialization we describe and explain here were very much felt by the

people living in these two countries. For example, the number of people employed in the

Textile industry in Turkey had increased by 150,000 between 1975 and 1995, while about

the same number of people had lost their jobs in that industry in Korea. During the same

twenty years, the employment in the Machinery industry in Korea had skyrocketed: it

increased by almost 1,000,000, a more than a 4-fold increase.21

21We can tell another story of two countries: the United States and the United Kingdom. Both countries
saw the shares of many industries decrease, particularly the Machinery industry. However, the U.K. saw a
much larger decrease than the U.S. Why? Over the twenty years, the time �xed e�ects (which we can think of
as representing declining prices of manufacturing output or the increasing productivity of the service sector)
had declined. At the same time, not enough happened in these countries to compensate for this decline.
There was some increase of the capital stock, educational attainment, technology, and population density,
but not enough. Thus, these countries had lost some of their comparative advantage to, for example, Korea.
While the U.S. had compensated, to some extent, the declining �xed e�ects by accumulating factors, little
had happened in the U.K. to compensate. For example, educational attainment and population density had
increased very little in the U.K during the 20-year period. As the result, between 1975 and 1995 the U.K.
Machinery industry had decreased from 14 to 7.5% of GDP, losing 1.5 million or nearly a half of all jobs in
that industry. At the same time, the U.S. Machinery industry had added 330,000 new jobs.



Chapter 3

Computable model of international

trade

In this chapter, we develop a model of international trade with roles for technology, factor

endowments, and distance. The model can be quanti�ed in its structural form and is able

to account for observed patterns and volumes of trade.

Because we feel that no single explanation of trade would be su�cient to account for

major features of the data, we focus on how best to �t together existing explanations.

The genealogy of our model includes the Eaton-Kortum, Ricardian, and Heckscher-Ohlin

models of trade, and Hirchman's notion of forward and backward linkages. An extension

incorporates the Solow model of endogenous capital accumulation. In adopting this eclectic

approach, we follow others.1

1Dixit and Norman (1980), Helpman (1981), and Ethier (1982b) combine theories of imperfect com-
petition with the Heckscher-Ohlin model; Tre
er (1995) allows sector-neutral technological di�erences in
the Heckscher-Ohlin model; Davis (1995) develops a theoretical model that combines the Heckscher-Ohlin
model with the Ricardian model to explain intra-industry trade; Harrigan (1997) combines the e�ects of
non-sector-neutral technological di�erences and factor endowment di�erences.

37
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Our model has neoclassical features, such as constant returns to scale in production,

multiple industries, perfectly competitive markets for goods and services, and several fac-

tors that are mobile between industries (Harrigan, 2003). Trade includes both �nal and

intermediate goods. Industries supply each other with intermediate goods, creating back-

ward and forward linkages between themselves. In the basic model, country capital stocks

are �xed. Model extensions include endogenous capital stocks and international capital

markets.

Countries have several reasons to trade in our framework. First, since industries have

di�erent factor intensities and countries have di�erent relative factor endowment, the stan-

dard Heckscher-Ohlin motive applies. Second, as in Harrigan (1997), countries have di�er-

ent relative e�ciencies across industries, giving them incentives to trade in order to exploit

comparative advantage. Third, countries have di�erent tastes. Fourth, within-industry

heterogeneity, driven by productivity di�erences across goods, gives rise to intra-industry

trade. Finally, trade is a�ected by geography and trade barriers.2

Our model takes into account the fact that a large portion of intermediate goods con-

sumed by an industry comes from other industries. As evidenced in Table 4, even with a

coarse two-digit industry classi�cation, only 20-50% of intermediate goods comes from own

industry. This is why we model inter-industry trade, both domestic and international, in

intermediate goods. In the terminology of Hirschman (1958), these are forward and back-

ward linkages between industries. For example, higher demand for machinery products also

2Compared with traditional CGE models, such as the GTAP project described in Hertel (1997), our
speci�cation is much more compact and based on more realistic assumptions about trade. Traditional CGE
models use the Armington approach to explain trade, thus modeling products from di�erent countries as
di�erent goods. More importantly, our model is based on more realistic assumptions about reasons for trade
- di�erences of technology, factor endowments, and distance.
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increases demand for the intermediate goods made by the metals industry.

Despite seeming complexity, the model is compact and easily quanti�ed. We parametrize

it using 1989 data on 8 two-digit industries in 19 OECD countries, including Mexico and

Turkey. We employ only domestic data to parametrize the model, with the exception of

transport costs, which are estimated from a gravity equation.3

Since the model if �tted using only domestic data, we can evaluate it by comparing 2,736

trade 
ows predicted by the model to the actual trade 
ows. In doing so, we �nd that the

ratio of the sum of squared errors to the actual sums of squares is 0.007. By comparison, this

number for a typical gravity model is about 0.2. The predicted Grubel-Lloyd intra-industry

trade index, which measures the prevalence of intra-industry trade, is within 0.46% of the

actual.

In Section 4.2, we evaluate the model further by comparing the e�ects of capital stock on

industry shares predicted by the model to those obtained by traditional regression analysis.

We �nd that, with the exception of one industry, the results are very similar.

This chapter is structured as follows. The next section discusses intra-industry trade.

Section 3.2 describes the model. Section 3.3 describes parameterization of the model, while

Section 3.4 tests its �t. Appendix A describes data sources. Appendix C explains our

notation by placing it in the context of a standard input-output table.

3Our approach is similar to that of real business cycle literature. We parametrize the model and test its
�t. We then use simulations to answer questions in which we are interested.
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3.1 Intra-industry trade

Industries have long been the focus of analysis in international trade. They are usually

characterized by a particular level of technology, set of factor intensities, and demand func-

tion. On the other hand, it has been found that individual products within an industry

can be produced with very di�erent e�ciencies.4 Our model combines these frameworks

by creating two levels of heterogeneity within countries: one at the industry level, and the

other at the product level within industry.

Within each industry, producers manufacture di�erent goods, and the production pro-

cesses for each good have di�erent productivities. However, all producers within an industry

draw from the same technology curve, have the same factor intensities, face the same de-

mand shares for intermediate and �nal goods, and are subject to the same transport costs.

In addition, all producers in all industries within a country face the same factor prices.

We model technological di�erences on the product level following Eaton and Kortum

(2002). By allowing product-level heterogeneity of productivities, the Eaton-Kortum (EK)

model incorporates two-way trade of similar goods without requiring the Armington as-

sumption. The EK model also allows for easy incorporation of asymmetric transport costs.

This ability is crucial because transport cost have been shown to have a major in
uence on

the pattern of international trade.5,6

4See, for example, Bernard and Jensen (1995), Bernard and Jensen (1999), Aw et al. (1998), Clerides
et al. (1998), Bernard et al. (2003), and Eaton et al. (2004).

5For extensions of the Eaton-Kortum model see Bernard et al. (2003), who extend it to the Bertrand
competition, and Eaton et al. (2004), who extend it to the Cournot competition. A good summary of Eaton
and Kortum's ideas is found in Eaton and Kortum (2001a). Alvarez and Lucas (2004) prove the existence of
equilibrium and derive the conditions for its uniqueness for a particular version of the Eaton-Kortum model.

6Trade costs are reviewed in Anderson and Wincoop (2004).
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3.2 Model

There areN countries and J industries. Subscripts i and n refer to countries while subscripts

j and m refer to industries. The industry cost function is

cij = r
�j
i w

�j
i �

1��j��j
ij , (3.1)

where r is return to capital, w is wage, and � is price of intermediate inputs. We assume

that industries mix intermediate inputs in a Cobb-Douglas fashion, so that the price of

inputs �ij is the Cobb-Douglas function of industry prices:

�ij =

JY
m=1

p
�jm
im , (3.2)

where �jm is the share of industrym goods in the input of industry j, such that
PJ
m=1 �jm =

1, 8j.

Intra-industry production, trade, and prices are modeled following Eaton and Kortum

(2002). In each industry, there is a continuum of goods, each produced with its own produc-

tivity. Productivities are assigned probabilistically, drawn from the Frechet distribution.7

Consumers have CES preferences over these goods.8 Eaton and Kortum (2002) show how

prices are determined given technology parameters, transport costs, and costs of produc-

7Kortum (1997) and Eaton and Kortum (1999) provide microfoundations for this approach.
8The elasticity parameter gets absorbed into parameter 
 that enters equations for prices and costs as

a constant and has no e�ect on results. Since we never report the actual values of prices or costs, we can
ignore it in this paper.
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tion. The reader is referred to their paper for derivation. We add industry dimension to

their price index equation. The price index in industry j is:

pnj =

"
NX
i=1

Tij (dnijcij)
��
#�1=�

, (3.3)

where Tij and � are technology parameters and dnij is the Samuelson's (`iceberg') trans-

portation cost of delivering goods of industry j from country i to country n.

Parameter T represents inter-level productivity and, therefore, determines compara-

tive advantage across industries. Country n has a comparative advantage in industry j if

Tnj=Tnm > Tij=Tim.
9 Parameter � determines the strength of product-level comparative ad-

vantage. Within industries, lower value of � means more dispersion of productivities among

producers, leading to stronger forces of comparative advantage. Parameter dnij measures

transport costs. It represents the amount of good j that needs to be sent from country i

so that 1 unit of this good arrives to country n. Free trade means that d = 1 while trade

barriers result in d > 1.

Plugging (3.2) and (3.3) into (3.1), we get

cij = r
�j
i w

�j
i

JY
m=1

"
NX
n=1

Tnm (dinmcnm)
��
#��jm(1��j��j)�

. (3.4)

Eaton and Kortum (2002) show how trade is determined given technology parameters,

9Parameter T is not the same as total factor productivity (TFP). Parameter T determines the mean of
the Frechet distribution and is exogenous in our model. TFP, on the other hand, is endogenous. An analytic
relationship between T and TFP is impossible to derive, but we can calculate TFPs given the parameters
of the model (see Section 3.2.1).
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distance, costs and prices. Adding industry dimension to their import share equation, it

becomes:

�nij �
Xnij
Xnj

= Tij

�
dnijcij
pnj

���
, (3.5)

where Xnij is the spending of country n on industry j goods produced in country i, Xnj

is the total spending in country n on industry j goods, and �nij is country i's share in the

amount that country n spends on goods of industry j.

Industry output Qij is determined as follows. We have

Qij =
NX
n=1

Xnij =

NX
n=1

�nijXnj =

NX
n=1

�nij (Znj + Ynj) , (3.6)

where Znj are Ynj are amounts spent by country n on industry j's intermediate and �nal

goods, respectively. Spending on �nal goods Ynj consists of consumption Cnj and investment

Bnj .

Total spending on intermediate goods made by industry j, Znj is

X
m

Znmj =
X
m

pnjMnmj =
X
m

�mj�nmMnm =
X
m

�mj (1� �m � �m)
�m

wnLnm;

where Znmj is the amount spent by industry m on intermediate goods from industry j, and

M is the quantity of intermediate goods.10

Consumer preferences are two-tier: Cobb-Douglas across industries and, as we men-

10Appendix A explains this part in greater detail.
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tioned, CES across goods within each industry. Because preferences across industries are

Cobb-Douglas, each country spends a constant proportion of its total consumption on goods

from each industry. We also assume a �xed savings rate, so that consumption spending on

each industry is also a constant proportion of country income: Cnj =  njV An, where V An

is total income (GDP) in country n.11 We allow for di�erent tastes across countries by

letting  nj be country-speci�c.

We measure capital K in real units (i.e. number of machines). Capital can be freely

and instantaneously moved across industries within a country, subject to the constraintX
j
Kij = Ki. The country capital stock Ki is �xed. Rental rate ri is determined by the

market. In Section 3.5 we develope an extension in which we model the evolution of capital

stock Ki over time.

Capital good is composite, made up of goods from all industries. We assume that it is

a Cobb-Douglas combination. We also assume, for simplicity, that industry shares in this

composite good are the same regardless of where the capital is used.12 Price of the capital

good in country i is then:

pki =
Y
m

p
�Im
im , (3.7)

where �Im is the �xed share of industry m's goods in the composite capital good.
13

Total investment spending in country i is given by its income and exogenous savings

11Consumption C includes private consumption and government consumption.
12This assumption is supported by data, which shows that �Im is very similar across industries and

countries.
13Superscript 'I' stands for 'investment'.
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rate si: Bi = siV Ai. The portion of total investment spending that goes toward goods from

industry j is Bij = �IjBi.

Plugging the expressions for intermediate, consumption, and investment spending into

(3.6), we obtain the output equation:

Qij =
NX
n=1

�nij

  
JX

m=1

�mj (1� �m � �m)
�m

wnLnm

!
+ �IjsnV An +  njV An

!
. (3.8)

Industry factor employments are given by

Kij =
�jQij
ri

and Lij =
�jQij

wi
. (3.9)

Factor markets clear:

JX
j=1

Kij = Ki and

JX
j=1

Lij = Li, (3.10)

where Li and Ki are given.

Due to data limitations, we only model manufacturing industries. We normalize the price

index in nonmanufacturing sector to 1 and take nonmanufacturing income as exogenous.14

Consumption by nonmanufacturing sector of manufacturing intermediate goods is classi�ed

14This means that other sectors are not in
uenced by manufacturing and vice versa. For example, a
technological improvement in the Machinery industry has no e�ect on costs of production or income in
nonmanufacturing sectors (e.g. agriculture, mining, services).
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as �nal consumption. Country income V Ai is the sum of manufacturing income V AMi and

nonmanufacturing income V AOi :

V Ai = V AMi + V AOi = wiLi + riKi + V A
O
i . (3.11)

3.2.1 Solving the model

The model is given by equations (3.3)-(3.5) and (3.7)-(3.11). Model parameters are �j , �j ,

�jm, �
I
m, �,  nj , sn, dnij , Tnj , Ln, Kn, and V A

O
n . We solve for all other variables including

all prices, industry factor employments, and trade.

We measure the extent of intra-industry trade by the Grubel-Lloyd index:

IITnij =
2min (Tradenij ; T radeinj)

Tradenij + Tradeinj
.

This index varies between 0 (no intra-industry trade) to 1 (all intra-industry trade).

3.3 Parametrizing the model

Model parameters are obtained by three methodologies. Some parameters are taken from

data or literature. Transport costs dnij are estimated from a gravity equation. The rest

of the parameters are obtained by �tting a subset of model equations to domestic data.

Because these equations rely solely on domestic data, we can examine model performance

by comparing trade 
ows predicted by the model to the actual ones. We do this in Section

3.4.
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To obtain most parameters, we use data on 8 two-digit manufacturing industries (listed

in Table 1) in 19 OECD countries (listed in Table 22). We use data from 1989 because

this is the year for which most observations are available. Data sources are described in

Appendix A.

Section 3.3.1 describes parameters which are taken from data or literature. Estimation of

transport costs is discussed in Section 3.3.2. Methodology and results for �tted parameters

are in Section 3.3.3. For convenience, we summarize parameters in Table 21.

3.3.1 Parameters taken from data and literature

Factor and intermediate input shares are shown in Table 23. Intermediate inputs constitute

by far the largest part of output, with shares around 0.7-0.8. Labor shares are around

0.1-0.2 and capital shares are between 0.05-0.1.

To present factor shares in a more familiar form, the last column of Table 23 shows im-

plicit capital shares in value added, calculated as �j=
�
�j + �j

�
. These shares vary between

0.22 and 0.415 for di�erent industries. Textile and Wood are the two most labor-intensive

industries while Chemicals and Metals are the two most capital-intensive industries.

Industry shares for intermediate and investment goods are shown in Table 24. Uses

of own intermediate goods are bolded. Own intermediate goods always constitute the

largest share of all manufacturing inputs, but never make up more than a half of all inputs.

Share of manufacturing inputs varies between 0.27 in the Food industry to 0.96 in the

Chemicals industry. Food, Nonmetals, and Wood industries have the largest shares of

nonmanufacturing inputs, mostly likely agricultural and natural resource products.

The last column of Table 24 shows industry shares in the capital good. Output of the
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Machinery industry constitutes by far the largest share in the capital good, 66%. Output

of the nonmanufacturing sector, speci�cally the construction industry, constitutes 31% of

the capital good. Wood industry contributes 1.1%, most likely in the form of furniture.

3.3.2 Transport costs

We follow EK's methodology for estimating transport costs. From (3.5):

�nij
�nnj

=
Xnij
Xnnj

=
Tij
Tnj

d��nij

�
cij
cnj

���
. (3.12)

We de�ne

Sij � Tijc
��
ij , (3.13)

a measure of international competitiveness of industry j of country i. Taking logs of both

sides of (3.12) and using the de�nition of Sij we get a gravity-like equation:

log
Xnij
Xnnj

= �� log dnij + logSij � logSnj . (3.14)

Following EK, we proxy transport costs by

log dnij = dphyskj + bj + lj + fj +mnj + �nij , (3.15)

where dphyskj (k = 1; :::; 6) is the e�ect of physical distance lying in the kth interval, b is the

e�ect of common border, l is the e�ect of common language, f is the e�ect of belonging to
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the same free trade area, mn is the overall destination e�ect, and �ni is the sum of transport

costs that are due to all other factors. Note that all transport costs are industry-speci�c.

Also note that by de�nition log diij � 0.

Combining (3.14) and (3.15), we obtain the estimating equation:

log
Xnij
Xnnj

= ��dphyskj � �bj � �lj � �fj +Dexp
ij +Dimp

nj � ��nij , (3.16)

where Dexp
ij = logSij is the exporter dummy and D

imp
nj = ��mnj � logSnj is the importer

dummy. The overall destination e�ect is calculated as mnj = � (1=�)
�
Dexp
nj +D

imp
nj

�
.

The average (across country pairs and industries) estimated transport cost is 2.27. This

transport cost includes all costs necessary to move goods between countries, such as freight,

insurance, tari�s, non-tari� barriers (NTBs), translation of documents, and theft in transit.

The minimum transport cost in any industry is around 1 and the maximum is 6.62. Average

transport costs for each industry are listed in Table 25. Machinery and Textile products are

cheapest to move between countries while Wood and Food products are the most expensive.

We present the estimated country-speci�c import barriers mn in Table 26. Import bar-

riers in each industry are measured relative to the United States, so that comparisons across

industries are not possible. Total transport costs dnij , on the other hand, are measured in

absolute terms.

Rankings of countries according to their import barriers in each industry are shown

in Table 27. United States is the most open country in all industries except the Textile

industry. Turkey and Greece are the most closed countries. The last line on Table 26 shows

the average import barrier of all countries other than the U.S. We can see that relative to
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other countries, U.S. tends to be less open in Textile and Metals industries and more open

in Wood, Food, and Machinery industries.

3.3.3 Technology and other �tted parameters

We obtain technology parameters by �tting a subset of our model to data. We take output,

spending, wages, world interest rate, estimated transport costs, and all calibrated parame-

ters as given and solve for technology parameters, costs, and rates of return. Note that we

only use domestic data in this procedure. This allows us to evaluate our model in Section

3.4 by comparing trade 
ows predicted by the model to actual.

To parametrize the model, we assume a long-run equilibrium condition that the rates

of return normalized by prices of capital are equalized across countries. We use three

equations, including the cost equation (3.4):

cij = r
�j
i w

�j
i

JY
m=1

"
NX
n=1

Tnm (dinmcnm)
��
#��jm(1��j��j)�

, (3.17)

the output equation:

Qij =
NX
n=1

�nijXnj , (3.18)

which is a simpli�ed version of (3.8), and the rate of return equation:

ri = rwpki , (3.19)

where rw is the world interest rate.
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Variables �nij , pnj , and p
k
n are calculated using (3.5), (3.3), and (3.7), and the price

index of nonmanufacturing sector is normalized to one. Output, spending, and wage data

that we use here to �t the model are described in ??. We set the world interest rate rw to

20%.15

Note that Eaton and Kortum (2002) use a di�erent procedure to �nd T 's. They calculate

them using the competitiveness measure (3.13), estimated as exporter �xed e�ect in the

gravity equation, and data on wages. We cannot use a similar procedure because data on

rates of return is not available.16,17 Instead, we use a subset of our model to simultaneously

solve for the rates of return and technology parameters. Our methodology also allows us to

�nd the technology parameter of the nontraded sector. We do not do it in this paper, but

describe the procedure in Appendix E.

Having solved for the rates of return ri, we calculate industry employment and capital

stocks using (3.9) and total factor stocks using (3.10). To calculate savings rates, we assume

that the economy is in a steady state, so that total savings are just enough to as replenish

the depreciated capital stock:

si =
�pkiKi

V Ai
, (3.20)

where � is the depreciation rate and V Ai is the actual GDP.
18 We set the depreciation rate

15The results are insensitive to the value of the world interest rate.

16If data on rates of return were available, technology parameters could be calculated as log
Tij
Tus;j

=

log
Sij
Sus;j

+ ��j log
ri
rus

+ ��j log
wi
wus

+
�
1� �j � �j

�XJ

m=1
�jm

�
log

Xiim=Xim
Xus;us;m=Xus;m

� log Sim
Sus;m

�
. This

expression is derived in Shikher (2004b).
17Competitiveness measures Sij that are calculated using calibrated values of Tij and cij may be di�erent

from those that are estimated in the gravity equation.
18We assume that net foreign investment is zero.
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to 10%. We calculate income in nonmanufacturing, V AOi , as the di�erence between V Ai

and manufacturing income V AMi = riK
M
i + wiL

M
i .

Taste parameters  nj are calculated as follows. The amount spent on investment goods

from industry j is Bij = �IjBi. The amount spent on intermediate goods from industry j is

Zij =

JX
m=1

�mj (1� �m � �m)Qim. (3.21)

The amount spent on �nal goods from industry j is then Yij = Xij � Zij and the amount

spent on consumption goods from industry j is Cij = Yij � Bij . The proportion of total

country income spent on consumption goods from industry j is  ij = Cij=V Ai. As we

mentioned before, we allow for heterogeneity of tastes across countries by letting  be

country-speci�c.

Calibrated industry technology parameters relative to the United States are shown in

Table 28. Rankings of countries according to their technology parameters in each industry

are shown in Table 29. United States has the highest technology parameter in Food, Wood,

Paper, and Chemicals industries. Italy has the highest technology parameter in Textile

industry while Japan has the highest technology parameter in Nonmetals, Metals, and

Machinery. Developing countries are generally at the bottom of the rankings.

Capital-labor ratios in manufacturing, with respect to the United States', are shown in

the last column of Table 28. Rankings are shown in the last column of Table 29. U.S.,

Japan, France, and Germany have the highest capital-labor ratios while Turkey, Mexico,

Portugal, and Greece have the lowest.
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3.4 Evaluating the model

In Section 3.3.3, the model was �tted to domestic data. In this section, we evaluate the

model by checking how well it can predict trade 
ows and prevalence of intra-industry

trade. We also evaluate the model by using it to perform counterfactual simulations and

comparing its predictions with results from other empirical studies.

We start by looking at how well the model can predict trade 
ows. We can use several

statistics to summarize the �t of the 19*18*8=2,736 trade 
ows generated by the model.

One is the ratio of predicted to actual sum of squares, which is equal to 1.07.19 Another

is the ratio of error sum of squares to the actual sum of squares, which is equal to 0.007.

Both of these measures tell us that the model �t is good.

We can also look at percent deviations of predicted from actual trade 
ows. Of 2,736

trade 
ows, 41% are within 5% of the actual, 68% are within 10%, 80% are within 15%,

88% are within 20%, and 96% are within 30%. The average percent deviation is 8.66%.

Figure 5 shows the histogram of these percent deviations. The distribution of deviations

is positively skewed and the predicted trade 
ows are positively biased. So, the model tends

to predict trade 
ows that are greater than actual. One possible explanation can be that we

only model a selection of countries, so the total trade predicted by the model is allocated

among fewer countries. Or, this could be a shortcoming of the model, perhaps related to

our approach to modeling international investment. Yet another reason could be our choice

of value for parameter �. More investigation is required to understand this result.

Figure 6 shows the percent deviations of the predicted from actual trade 
ows by in-

19This measure is called the R2 in regression. However, here it is not constrained to be between zero and
one.
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dustry. In all industries, the majority of predicted trade 
ows fall within 10-15% of actual.

Table 30 shows the average and median prediction errors by industry. The average errors

vary between 4.6% in Food and Nonmetals industries to 13.95% in the Metals industry.

Again, we can see that the model tends to predict more trade than actual.

An important feature of our model is the presence of both inter-industry and intra-

industry trade. Therefore, an important test for this model is whether it can correctly

predict the prevalence intra-industry trade. To measure intra-industry trade we use the

Grubel-Lloyd (GL) IIT index. In each industry, we calculate the GL index for each pair of

countries. This results in the industry-level bilateral GL index. Averaging all bilateral GL

indices with an industry, we arrive at the industry GL index. Averaging all bilateral GL

indices across all industries we arrive at the world GL index.

The predicted and actual industry and world GL indices are shown in Table 31. We can

see that the model predicts the size of intra-industry trade quite accurately. The predicted

world GL index is within 0.55% of the actual while predicted industry-level IIT indices are

within 0.05-6.5% of the actual.20

How well does the model predict trade 
ows and intra-industry trade for each country?

Table 32 shows that the model does about as well for individual countries as it does for

individual industries. Importantly, it shows that the model predicts trade for poor countries,

such as Turkey, Mexico, and Greece, as well as it does for rich countries.

In addition to comparing predicted trade with actual, there is another manner in which

20Since parameter � determines intra-industry comparative advantage, higher � would lead to lower intra-
industry trade. In this paper, for the lack of better information, we assume that � is the same in all industries.
The deviations of the predicted GL index from the actual may be telling us something about the di�erences
of industry �'s. For example, higher than actual GL index in the Textile industry may signal that the � in
the Textile industry is greater than 8.28.
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we test our model. We conduct an experiment in which capital-labor ratio in a country is

increased and its e�ect on specialization, measured by industry shares, is recorded. We then

compare these results to those obtained by applying regression methodology of Harrigan

(1997) to our dataset. This procedure is described in detail in Section 4.2. The e�ects

predicted by the model are close to those estimated by regression, providing further support

for our model.

3.5 Extension of the model with endogenous capital stocks

and international capital markets

The model can be easily extended to a dynamic setting in which capital stocks vary over

time, thus creating a link between trade and growth. We model capital accumulation given

the exogenous savings rate, as in the Solow model.21;22 Since we model individual industries,

we are able to endogenously determine the price of capital good separately from the prices

of consumption goods, as shown in Section 3.2.23 Our model makes the distinction between

capital stock and �nancial capital that is used to buy the capital stock. The amount of

savings and the quantity of investment are linked to each other by the price of capital,

which is determined through trade.

The evolution of capital stock in country i is described by the following equation:

21The static version of the model, developed in the previous sections, can be thought of as the short-run
version of this dynamic model.
22In a steady state, equation (3.23) is compatible with Ramsey-type consumer optimization framework

where s varies according to the rate of time preference (and elasticity of intertemporal substitution) provided
that there is no technological or population growth.
23Eaton and Kortum (2001b) estimate machinery prices across countries, but consider machinery industry

in isolation. They do not take inter-industry trade into account, a fact that they discuss in the appendix to
their paper.
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Kit = (1� �)Ki;t�1 + Iit, (3.22)

where � is the depreciation rate, and Iit is total physical investment (i.e. number of machines

bought). The value of investment is Bit � pkitIit.

Without international capital markets, domestic investment can only be �nanced by

domestic savings. Given the exogenous savings rate si, domestic investment is Bit = siV Ait.

The quantity of capital good that can be bought with this amount is Iit = siV Ait=p
k
it. This

quantity is higher when price of capital is lower or when country income is higher. The

steady-state capital stock is given by

Ki =
siV Ai

�pki
. (3.23)

We also attempt to create a bridge between trade and open-economy macro models by

incorporating a simple model of international investment. Admittedly, our representation

of international capital markets is simple. We assume, for example, that savings can be

freely moved between countries, an assumption that is likely to result in overestimated

international capital 
ows. However, the goal at this point is not to model capital markets

as realistically as possible, but simply to demonstrate how they can be integrated into the

model.24

24Some of the more prominent examples of the previous (mostly theoretical) literature that considered cap-
ital accumulation and international investment with relation to international trade are: Findlay (1984) and
Smith (1984), who discuss growth and capital accumulation in the context of the Ricardian and Heckscher-
Ohlin models; Grossman and Helpman (1995), who discuss trade in the context of a model with market
imperfections and endogenous growth; and Baxter (1995), who analyzes international trade in the context
of a business cycle.
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With international capital markets, owners of capital in each country n can sell their

machines domestically for the price pknt, then take the proceeds and buy machines in country

i for pkit per machine. When they do that, instead of receiving rnt, they receive rit. Com-

petition ensures that the (instantaneous) rate of return, adjusted for the price of capital,

rnt=p
k
nt, is the same in all countries. We call this number the world interest rate r

w.25

Investment is now endogenous and can be negative.26 The di�erence between domestic

investment and domestic savings, BFnt � Bnt � sntV Ant, is the net capital in
ow into

country n in period t. The negative of net capital in
ow is the current account: CAnt =

�BFnt. The total world savings are still given by
X

n
sntV Ant. Country income V Ant now

includes return on savings invested in foreign countries.

25This formulation assumes that there is a good that can be traded freely between countries.
26Negative investment represents a sale of capital goods on domestic markets. These capital goods are

bought either by consumers for �nal consumption or producers for intermediate consumption.



Chapter 4

Trade, specialization, and trade

policy

Having developed and evaluated the computable model of trade in Chapter 3, we proceed to

use the model to perform several investigations of trade and specialization. The approach

we use is simulation. In this section, we only use the static version of the model in which

country capital stocks are �xed.

We begin by studying the e�ects of di�erent determinants of trade on the volume and

pattern of trade. We then proceed to study the e�ects of technology and factor endow-

ments on specialization. We compare the results from simulation studies to the regression

results we obtained in Chapter 2. Finally, we use the model to study the e�ects of several

policy actions. We study the e�ects of trade wars between the U.S. and E.U. and trade

liberalization between rich and poor countries.
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4.1 Accounting for international trade

Trade in our model is determined by factor endowments, industry- and product-level com-

parative advantage, geography, and tastes. Thus, our model combines the determinants of

trade found in
uential in previous literature.

We have the ability to �nd out how much each of these determinants of trade contributes

to the volume of trade and prevalence of intra-industry trade. This exercise is similar to

the growth accounting exercise, where structure is imposed on data and the contribution of

each component is calculated.

To �nd the contribution of each determinant of trade, we remove them one-by-one and

note the e�ects on the volume of trade and size of intra-industry trade, measured by the GL

index. At the conclusion of this section, we will consider how much the pattern of trade, as

measured by net exports, changes when individual determinants of trade are removed.

To remove factor endowment di�erences, we set capital-labor ratios equal in all countries.

We want to determine what would happen to trade if all countries had the same capital

stocks. We take capital stock, technology, and other parameters and solve for all prices,

including wages and rates of return, as well as trade and industry factor employments.

To remove comparative advantage on the industry level, we set relative technologies to

be equal in all countries. In other words, we set Tnewnj = �nTus;j , where �n is an average of

current relative technology parameters. To remove comparative advantage on the product

level, we increase �.1

1In practice, we can increase � twelve times, to 100. For higher values of �, a numerical solution is not
obtainable. Increasing parameter � also a�ects the mean of the Frechet distribution, in turn a�ecting the
industry-level comparative advantage. To compensate, we adjust Tnj 's so that the means remain constant,
resulting in a much greater 'spread' of Tnj 's. However, this adjustment has virtually no e�ect on the results.
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We �nd that the volume of trade depends little on the strength of industry-level tech-

nological and factor endowment advantages. Shutting down industry-level comparative

advantage causes a 5% reduction in the volume of trade, shutting down factor endowment

di�erences has virtually no e�ect on the volume of trade, and shutting down both causes

a 4% decrease in the volume of trade. Our results indicate that lower inter-industry trade

is compensated, to some extent, by higher intra-industry trade. Removing taste di�erences

by setting equal taste parameters in all countries actually increases the volume of trade by

6%.

On the other hand, the volume of trade is very sensitive to the strength of the product-

level comparative advantage. Increasing � to 100 reduces the volume of trade to about 7%

of its current level. Both inter-industry and intra-industry portions of trade decline, but the

remaining trade is all inter-industry (world average GL index is 0.03). Countries become

much more self-su�cient. Trade virtually disappears in some industries, such as Food. The

least reduction of trade occurs in the Machinery and Textile industries, likely because the

strength of the industry-level comparative advantage is greater in those industries. But

even in the Machinery industry, the remaining trade is only 10% of its current level.2

The intuition for this result is that trade is driven by outstanding producers. In any

country, the average producer does not export.3 Only producers that are signi�cantly more

e�cient than the average are able to overcome the trade costs and be competitive in foreign

markets. By increasing �, we make all producers average or mediocre. Therefore, given the

2Starting with � = 100, a moderate reduction of trade barriers leads to only a small increase of trade
volume. Setting distance e�ects 20% closer to one (d = 1 mean free trade) brings the volume of trade only
4% closer to its current level. The GL index remains at 0.03 during this experiment. Numerical solutions
for lower trade barriers in this case could not obtained.

3Producer-level literature is referenced in Section 2.
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current levels of trade barriers, trade virtually disappears.

Table 33a summarizes the accounting for the volume of trade. Within-industry hetero-

geneity, driven by product-level comparative advantage, accounts for 93% of the volume of

trade. Di�erent relative e�ciencies across industries, which create industry-level compara-

tive advantage, accounts for 6% of the volume of trade. Di�erences of factor endowments

across countries have virtually no e�ect on trade (they decrease trade by 1.3%). Di�erences

of tastes across countries decrease trade by 6%.

With regard to sizes of inter- and intra-industry trade, removing product-level hetero-

geneity, as we already noted, removes all intra-industry trade and decreases GL index to

0.03. To account for inter-industry trade, we �rst shut down factor endowment di�erences,

which increases the GL index by 2.5%. Shutting down industry-level comparative advantage

increases inter-industry trade by 13%. Shutting both down increases GL index 15%, from

0.46 to 0.53. The e�ects of the two sources of industry-level advantage are approximately

additive, i.e. removal of one has approximately the same e�ect regardless of whether the

other one has been removed.

To account for the remainder of inter-industry trade, we have to remember that there

are two other industry-level determinants of trade: geography and tastes. Geography works

through intermediate goods and industry linkages. In the presence of geographic barriers

(i.e. trade costs), being close to countries that are productive is an advantage because of

access to cheaper intermediate goods. Since this advantage depends on the presence of

trade barriers, we can turn it o� by removing all trade barriers, i.e. setting all distance

parameters to one. Location will then have no e�ect, since prices will be the same in

all countries. Setting all distance parameters to one increases the GL index from 0.53 to
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0.9. Removing taste di�erences raises the GL index to 0.95. Table 33b summarizes the

accounting for inter- and intra-industry trade.

We now turn our attention to the pattern of trade, represented by net exports. We �nd

that removing industry-level comparative advantage has dramatic e�ects on the pattern of

trade. Nearly a half (75 out of 152) of observed net exports change signs, meaning that

trade 
ows reverse. Tables 34a and 34b reveal the changes of exports and imports that

occur when industry-level comparative advantage is removed. Removing factor endowment

di�erences also has an e�ect on the pattern of trade, albeit a much smaller one (trade


ows reverse in 14 out of 152 cases). The e�ect of shutting down product-level comparative

advantage on the pattern of trade seems to be moderate. Trade becomes mostly one-way

and many trade 
ows shut down. Most of the remaining trade 
ows follow the original

pattern.

The results of this section demonstrate the separate roles of key determinants of trade.

Industry-level comparative advantage and factor endowment di�erences are mostly respon-

sible for the pattern of trade. Within-industry heterogeneity drives the volume of trade. In

addition, industry-level comparative advantage and factor endowment di�erences account

for only a small portion of inter-industry trade. Geography-dependent sources of advantage

account for most of it.

We also conclude that factor endowment di�erences have a weaker e�ect on volumes

and patterns of trade than do technological di�erences. Factor endowment, speci�cally

capital endowment, di�erences have a negligible e�ect on the volume of trade and only

a small e�ect on the pattern of trade. Of course, these results are obtained using only

manufacturing sector data. They may change when other factors and other sectors are
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included in the model. For example, including natural resource endowments and mining

and agriculture sectors may a�ect the results.

4.2 Technology, factor endowments, and specialization

Specialization is one of the key topics in international trade. It has been addressed in

numerous works. Most of the previous studies analyzed how factor endowments and, to a

lesser extent, technology a�ect specialization.4 In this section, we use our model to address

the same question and compare our results with results of previous studies. Similarity

of results provides further validation of our model. Moreover, compared with previous

studies, we are able to provide additional insights into the e�ects of technology and factor

endowments on specialization.5

A recent empirical study that combines technological and factor endowment explana-

tions of specialization is Harrigan (1997). Harrigan estimates the e�ects of technology,

measured by industry TFP, and factor endowments on specialization, measured by industry

shares. Harrigan uses a reduced-form estimating equation derived from the translog revenue

function. In Chapter 2, we modify the methodology of Harrigan by using a utilization-

adjusted measure of capital stock and a wider set of countries and industries.

Here, we have an opportunity to use a structural model to address the same question.

We want to determine the e�ect of capital stock and technology on specialization. The

model we developed in Chapter 3 shares many features with the model we used in Chapter

4Good reviews of the latest works in this area are Leamer and Levinsohn (1995) and Harrigan (2003).
5Note that only under certain assumptions (not satis�ed in our model) is the pattern of trade (net

exports) that we talked about in the previous section is the same as specialization in production, which is
the focus of this section.
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2, such as constant returns to scale and factors that are mobile across industries and �xed

for a country. Our computable model has two factors, capital and labor, which allows us to

study the e�ect of capital-labor ratio on specialization. Since we have industry- and country-

speci�c measures of technology, we can also study the e�ect of technology on specialization.

Of course, the measure of technology used in our computable model is di�erent from the

measure used in the regression framework of Chapter 2. In Chapter 2 we use TFP, which

is exogenous, whereas in the computable model we use the technology parameter T (TFP

is endogenous in that model).

There is another di�erence between the models. In the computable model, we only model

manufacturing sector and can change only manufacturing capital stock. In the regression

analysis, we assume that capital is mobile across sectors and study the e�ects of country

capital stock on specialization. However, if we assume that a �xed portion of country capital

stock goes into manufacturing sector, then changing country capital stock is the same as

changing manufacturing capital stock.

To �nd the e�ects of capital stock on specialization we will increase manufacturing capi-

tal stock in one country while holding capital stocks of other countries constant and simulate

the model. After each simulation, we will note the changes in country n's specialization

brought about by the increase of country n's capital stock. We will measure specialization

by industry shares, just as we did in Chapter 2. We will repeat this for every country in

our sample, which means that we will run 19 simulations.

We will use a similar procedure to measure the e�ect of technology. Holding all other

technology parameters constant, we will raise the technology parameter in industry j of

country n and measure the resulting changes in specialization in country n. We will repeat
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this for each industry and each country in the sample (19*8=152 simulations total).

The coe�cients estimated in Chapter 2's methodology are semielasticities of industry

shares with respect to capital (or technology). To obtain a comparable number, we will

divide changes of industry shares by the percent change of capital (or technology) that we

simulated. We then average the result across countries:

�j =
1

N

X
n

�nj =
1

N

X
n

100 (Snj1 � Snj0)
log (Kn1=Kn0)

,

where Snj = V Anj=V An is the share of industry j in GDP. Note that we calculate coef-

�cients by subtracting the initial values for the same country, so they are comparable to

within-country estimates of Chapter 2.6

The simulated values of �j are presented on the second row of Table 35. The coe�cient

of -1.173 in the Food industry means that if total capital stock increases by 10%, the share

of the Food industry will decrease by 0.1173 percentage points.

The estimated coe�cients from Chapter 2 are reproduced for convenience on the �rst

row of Table 35. The coe�cients obtained from simulation and regression are close for most

industries. Without the Machinery industry, the correlation between them is 0.81. The

coe�cients are also plotted against each other in Figures 7a and 7b. Given that they are

obtained using such di�erent methodologies, it is remarkable that the signs and magnitudes

of coe�cients are so similar. The similarity provides cross-validation of our regression and

6We simulate increases of 10, 20, 30, and 40% with no noticeable di�erences in the results. We report the
averages over these experiments. Elasticities, which we report in addition to semielasticities, are measured

as "n =
1

N

X
n

log (Snj1=Snj0)

log (Kn1=Kn0)
.
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simulation approaches.

The Machinery industry is an obvious outlier. In regression, capital stock has a highly

positive e�ect on the Machinery industry, whereas in simulation, the e�ect is only slightly

positive. One possible explanation is that Machinery industry is more sensitive than other

industries to the state of overall domestic infrastructure. Therefore, it is more sensitive

to the country stock of capital (which includes infrastructure) than to stock of capital in

manufacturing. Further investigation is required to understand the disparity.

When using simulation rather then regression to obtain the coe�cients, we have the

advantage of being able to look at the coe�cients for each country individually. When

looking at country-speci�c coe�cients, shown on Table 36, we see that there is a good deal

of variability in the e�ects of capital stock across countries.

Only in two industries, Wood and Metals, the signs of the coe�cients are the same for

all countries. In Paper, Nonmetals, and Machinery industries, half of coe�cients is positive

while the other half is negative.7 The magnitude of the e�ects can be very di�erent as well,

even in industries where the direction of the e�ect is the same in all countries. For example,

the e�ect of higher capital stock on the share of the Metals industry is three times higher

in Norway than it is in Japan.

This variability makes the usefulness of average coe�cients questionable. While the

average e�ect of capital stock on industry shares in the Food industry is -1.2, it varies

between -2.1 and 0.2 for individual countries. In the Machinery industry, the average

coe�cient is 0.1 while for individual countries it varies between -1.5 and 1.3. It does not

7Notably, these industries are in the middle of capital intensity rankings: they are neither strongly
capital-intensive nor strongly labor-intensive.
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seem that we can pin down the e�ects of capital stock on specialization that would be

applicable to all, or even most, countries. The size and, for many industries, direction of

the e�ect are country-speci�c and probably depend on other factors, such as technology

and geography.8,9

Since it is di�cult to get an intuitive feel for semielasticities, we also report elasticities

of industry shares with respect to capital in Table 37. To gauge the e�ects of technology

on specialization we will focus exclusively on elasticities. Remember that our measure of

industry technology is di�erent from Harrigan's. Therefore, magnitudes of technology e�ects

on specialization are not comparable. However, the e�ects should be similar qualitatively.

Share elasticities with respect to technology are presented in Table 38. Elasticities with

respect to own technology are bolded for convenience. All of them are positive while all

cross-industry elasticities are negative. These results echo the estimation results of Chapter

2, where all own-TFP e�ects were positive while most of cross-industry e�ects were negative.

Share elasticities with respect to own technology parameters vary between 0.214 for

the Food industry and 0.691 for the Metals industry. Most cross-industry elasticities are

an order of magnitude less than own-industry elasticities. The exception is the Machinery

industry. Its technology parameter has a strong negative e�ect on the shares of other

industries, with the largest e�ect on the Textile industry. A ten-percent increase of the

Machinery industry technology parameter in an average country would result in Machinery

8This variability would show up as a low R2 in a regression. In Harrigan's methodology, most of the
variation of the shares is explained by the �xed e�ects, so it is di�cult to tell how well the model would
explain the data in the absence of the �xed e�ects.

9Even though there is variation across countries in the elasticities of specialization with respect to capital,
we have calculated the correlation between average (across countries) elasticities and capital shares. This
correlation is 0.55 for capital share in output and 0.59 for capital share in value added. This number can
be interpreted as evidence of the Rybczynski e�ect (see Ethier (1982a); we can not refer to the Rybczynski
theorem since goods prices are not held constant in our model).
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share increasing by 3.95% and Textile share decreasing by 3.31%. This result is interesting

because there is nothing in the model or parameter values to make this connection obvious.

The magnitudes and signs of elasticities are quite similar across countries (see Tables 38a-

38d). Own-industry elasticities are always positive. With a few exception, cross-industry

elasticities are negative. Thus, the e�ect of technology parameters on specialization is much

more predictable than the e�ect of capital stock.

4.3 Trade wars and trade liberalization

In this section, we use a simpler version of the model to simulate several policy actions.

We study the e�ects of trade wars between the United States and the European Union in

various industries. We �nd that trade wars in some industries hurt E.U. more than the

U.S., while trade wars in other industries hit the U.S. economy harder.

We also study the e�ects of trade liberalization between rich and poor countries. We �nd

that depending on policy goals, di�erent industries should be targeted for lower trade barri-

ers. The examples of policy goals are increasing world employment, increasing employment

in the poor countries while maintaining employment in the rich countries, or increasing the

world welfare.

The model used in this section includes labor as the only factor of production. In

addition, labor is mobile between manufacturing and other sectors of the economy. This

allows us to study the e�ects of the policy actions on overall manufacturing employment.
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4.3.1 U.S.-E.U. trade wars

The trade volumes between the United States and European Union are very high. However,

these two entities often threaten to go to trade war with each other when they perceive an

unfairness in trade arrangements or competition. In 1999, United States imposed punitive

tari�s on a range of European food products because of a dispute over banana exports by

American companies to Europe. This dispute was solved in 2001. In another incident, the

imposition by the U.S. of high tari�s on steel imports (to protect its steel industry in a time

of recession) in 2002 resulted in reciprocal tari�s by the European Union. That dispute was

solved in 2003.

There are several ongoing disputes between the U.S. and E.U. that threaten to deterio-

rate into trade wars. There is a dispute over genetically-modi�ed organisms/foods (GMOs)

that U.S. alleges face unfair restrictions in European markets. There are also challenges

by the European Union against the Unites States in the WTO about the U.S. 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 United States and the

European Union. However, since all industries are linked with each other, even a trade war

in one industry will have e�ects on all industries. Our model allows us to simulate a trade

war between the European Union and the United States that is limited to one industry. We

will focus on the e�ects of such a trade war on employment, prices, costs of production, and

welfare in the U.S., E.U., and the rest of the world. In 1989, the E.U. included Austria,

France, Germany, Greece, Italy, Portugal, Spain, and the United Kingdom. We will simulate

a trade war by increasing trade barriers in an industry to the point where trade becomes
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prohibitively expensive.10

Table 39 summarizes the e�ects of trade wars in di�erent industries on total manufac-

turing employment while Table 40 summarizes the e�ects on welfare. The name of the

industry in which there is a trade war is at the top of the column. The last column refers to

an all-out trade war in all industries. Lets consider, for example, a trade war in the Textile

industry. We can see from Table 39 that this trade war would result in a loss of more than

150,000 jobs in the European Union, mostly in Italy and Spain. United States, on the other

hand, stands to gain over 116,000 jobs from this trade war. The rest of the world also gains

jobs. Korea, with its high technology of producing Textile products, is able to gain 44,000

jobs.

However, this trade war, as all other trade wars, causes lower welfare in all countries

because of higher goods prices. However, welfare losses from the trade war in Textiles are

relatively small because production is able to move easily between countries. The industry

in which a trade war between E.U. and U.S. causes the highest declines in welfare is the

Machinery industry because only few countries in the world have the technology to produce

Machinery cheaply.

Returning to Table 39, we can see that a trade war in the Food industry also hurts the

E.U. manufacturing employment while bene�ting the U.S. employment. The rest of the

world gains little from this trade war. The trade war in the Food industry mainly transfers

manufacturing employment from the E.U. to the U.S. Interestingly, in the 'banana' dispute,

the European Union had quickly agreed to U.S. demands once U.S. sanctions against E.U.'s

10In the simulation, we increase trade costs 20-fold, though most trade disappears when trade costs are
increased 4-fold.
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(mainly food) products were in place. The �nal deal was hailed as a victory for the U.S.

Clearly, the European Union 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 U.S. would lose many more

jobs than the European Union. However, the total change of employment in the European

Union due to this trade war is misleading. We can see that in fact the United Kingdom

and Germany stand to lose a lot of jobs while Spain and France stand to gain nearly as

many jobs. Spain and France at least partially substitute disappeared U.S. 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 U.S.

and the European Union.

So far, we have focused on changes in total manufacturing employment. However,

changes in total manufacturing employment mask the underlying changes in industry em-

ployments. Lets focus on the trade war in the Metals 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 the trade war in the Metals industry is higher costs of production in the

Machinery industry, as we can see in Table 41. The percentage increase of the costs of

production in the Machinery industry is about a half of the increase in the Metals industry.

Because the United States depends so much on the imported steel, it su�ers one of the

highest increases of the costs of production in the Machinery industry (second only to the

U.K.).
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In the U.S. Metals industry, higher costs of production are o�set by the increased domes-

tic demand for domestic metal products. As the results, the U.S. Metals industry actually

gains almost 18,000 jobs as the result of the trade war in the Metals industry. In the Ma-

chinery industry, on the other hand, higher costs of production are not o�set by higher

demand and, therefore, the industry looses about 11,000 jobs (see Table 42). Therefore the

main employment result for the U.S. of this trade war is the redistribution of employment

from the Machinery industry to the Metals industry. The net e�ect on total manufacturing

employment is relatively small. These simulation results explain why the U.S. �rms that

produce machinery were such vocal opponents of the higher U.S. tari�s on steel.

4.3.2 Reducing trade barriers between rich and poor countries

There has been much political debate about trade barriers between rich and poor countries.

Poor countries often accuse richer countries of having high trade barriers for products in

which poor countries specialize, for example Textiles. Rich countries, on the other hand,

often accuse poor countries of having high trade barriers on products in which poor countries

face tough competition from rich countries, for example Machinery.

Our model allows us to simulate industry-speci�c reductions of trade barriers between

rich and poor countries. We will be able to see the e�ects on employment, specialization,

prices, and welfare. The implications for employment, welfare, etc. will, of course, be

di�erent depending on which industry the reduction takes place in. For example, a reduction

of trade barriers in one industry may increase employment in poor countries while reduction

in another industry may decrease it.

The poor countries in our dataset are Greece, Korea, Mexico, Portugal, and Turkey.
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All other countries are rich. Only trade barriers between rich and poor countries will be

reduced. Trade barriers between rich countries and between poor countries themselves will

remain at their present level.

Unfortunately, we do not have absolute measures of policy-related trade barriers (tari�s

and NTBs). We can only estimate import barriers relative to the U.S. import barriers.

However, we do have absolute measures of total trade barriers between countries, dnij . An-

derson and Wincoop (2004) estimate that policy-related trade barriers (tari�s and NTBs)

constitute about 10-15% of all international trade costs. Therefore, we will simulate re-

moval of policy-related trade barriers by reducing trade costs by 10%. We realize that the

proportion of policy-related trade barriers in total trade costs varies across industries and

countries. However, in the absence of data, we will use the 10% approximation.

Tables 43, 44, and 45 summarize what happens to total manufacturing employment and

welfare when trade costs between rich and poor 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 refers to the simultaneous 10% reduction of trade

barriers in all industries. Poor countries are highlighted in bold. At the bottom of Table

44 there is a summary of employment implications for all rich and all poor countries.

We can see that employment e�ects vary depending on which industry trade barriers

are reduced in. The most dramatic employment implications occur when trade barriers are

reduced in the Textile industry. Almost 1/2 million jobs are added in poor countries while

about 175 thousand jobs are lost in rich countries. Korea, with its high productivity in

Textiles, gains most of the jobs. As a percentage of labor force, Portugal gains almost as

much as Korea, 8.5%. All rich countries lose jobs. United States looses the most jobs in
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absolute terms, about 75,000.

Interestingly, Mexico looses jobs when trade costs are reduced in the Textile industry.

This is because Mexico already had easy access to a big market (United States) before

the reduction of trade barriers. Therefore, the reduction mostly bene�ts other developing

countries, who 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 our dataset.

As the result, Mexico looses Textile and total manufacturing jobs (see Tables 46 and 47 for

details).

Signi�cant employment changes also occur when trade barriers are reduced in the Ma-

chinery industry. Korea and Portugal (which have higher technology than other poor coun-

tries) gain employment while other poor countries and most of the rich countries loose.

Korea gains the most jobs in absolute terms, but Portugal gains almost as much in relative

terms. Table 45 shows that reduction of trade barriers in the Machinery industry results

in the greatest increase in welfare, particularly in the poor countries. This is because Ma-

chinery prices fall signi�cantly in the poor countries when trade barriers in that industry

are reduced.

Tables 47 and 48 show price declines that occur when trade barriers are reduced in

the Textile and Machinery industries, respectively. Comparing price declines in the target

industry (the industry in which barrier reduction took place) as well other industries, we can

see that price declines in the poor countries are several times greater when the Machinery

industry is the target industry. In the rich countries, on the other hand, price declines

are greater in the target industry when the target industry is Textile. However, because

of Machinery industry's strong forward linkages, reducing trade barriers in the Machinery
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industry causes greater price declines in all other industries, which is why targeting the

Machinery industry has the greatest potential for increasing welfare.

In �ve out of 8 industries, poor countries gain jobs and rich countries loose jobs when

trade barriers between them are lowered. In these �ve industries, world as a whole gains

manufacturing jobs. In two industries, Wood and Paper, rich countries gain and poor

countries loose jobs. In one industry, Food, both rich and poor countries loose as a group.

The world looses manufacturing jobs when trade barriers are reduced in the Wood, Paper,

and Food industries. Welfare, of course, always increases when trade barriers are reduced.

Which industry is the best target for reducing trade barriers if the goal is to increase

world employment? Table 44 shows that the Textile industry is the best target in this case.

If the goal is to increase employment in the poor countries while maintaining employment

in the rich 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 (that

is to reduce goods prices), then the best target for trade barrier reduction is by far the

Machinery industry.



Chapter 5

Conclusion

We study trade and specialization using two approaches: simulation and estimation. For

the estimation approach, we improve the methodology developed by Harrigan (1997). This

methodology makes it possible to combine technology and factor endowments in the es-

timating equation, thus combining the Ricardian and Heckscher-Ohlin explanations for

specialization. Our innovation allows us to correctly estimate this equation using the short-

span high-frequency data, which is the only data currently available.

Previous literature has established that factor utilization is not constant in the short run.

Therefore, to correctly calculate total factor productivity in the short run, factor services

must be used as measures of inputs into the production process. If factor stocks are used

instead of factor services, the resulting TFP measure is more volatile and more correlated

with output than the actual TFP. In this case, the e�ects of Total Factor Productivity on

specialization are overestimated.

Following Burnside et al. (1995a) and Baxter and Farr (2001b), we use consumption of

electricity to calculate capital utilization rates. We then use capital and labor services to
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calculate Total Factor Productivities. For comparison, we also calculate TFPs using capital

stock. We �nd that if variable capital utilization is not accounted for, the e�ect of TFP

on specialization is overestimated. This results shows the importance of short-run e�ects

when using short-run data.

We use two alternative assumptions about capital mobility. We assume that capital

is either freely and instantaneously mobile between industries or that it is speci�c to each

industry and cannot move between them. These are two extreme assumptions about capital

mobility.

We �nd that the e�ect of TFP on industry share is overestimated if variable capital

utilization is not taken into account, regardless of the assumption about capital mobility.

The overestimation is greater if we assume that capital is not mobile. We also �nd that

once the variable capital utilization has been accounted for, the assumption about mobility

of capital has little e�ect on the technology coe�cients.

We show how our model explains the pattern of specialization by providing detailed

examples for several countries in our dataset. We use the estimated model to explain why

the share of the machinery industry is smaller in Portugal than Germany. We consider why

the changes of specialization experienced by Korea and Turkey between 1975 and 1995 were

so di�erent. We show that accounting for variable capital utilization signi�cantly a�ects

our explanation of these facts.

We then study trade and specialization using a simulation approach. We develop a

new computable model of trade that improves, in several aspects, on previously available

models. Our model incorporates all the major determinants of trade: technology, factor

endowments, tastes, and trade costs. The model is compact and does not require the
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Armington assumption to explain intra-industry trade.

We parametrize the model and test its �t. We �nd that the model accurately predicts

trade 
ows and prevalence of intra-industry trade. We then use the model to perform several

investigations.

In the �rst investigation, we use the model to analyze the e�ects of comparative ad-

vantage, factor endowments, tastes, geography, and within-industry heterogeneity on the

volume and composition of trade. Our results show the separate roles of these key determi-

nants of trade. We �nd that the volume of trade is determined mostly by within-industry

heterogeneity, inter-industry trade is driven largely by geographic advantages, while the

pattern of net exports is a�ected the most by industry-level comparative advantage.

Speci�cally, 93% of the volume of trade is due to within-industry heterogeneity while

5% is due to industry-level comparative advantage. We �nd that 78% of inter-industry

trade is due to geographic advantages, 12% due to industry comparative advantage, 8%

due to taste di�erences, and 3% due to factor endowment di�erences. We also �nd that

eliminating industry comparative advantage has the most dramatic e�ect on the pattern

of net exports with nearly a half of trade 
ows actually reversing. Eliminating factor

endowment di�erences has a much smaller e�ect.

In the second investigation, we study the e�ects of factor endowments and technology on

specialization, a topic addressed in several recent empirical studies. We �nd that, barring

one outlier industry, average e�ects of capital stock on industry shares predicted by simu-

lation are similar to those we previously obtained by regression. This similarity provides

support to both of our methodologies. However, we �nd that the signs and magnitudes of

these e�ects vary signi�cantly across countries. Therefore, we conclude that average e�ects
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of capital on specialization have limited usefulness in economic analysis.

We �nd the e�ects of technology to be more predictable. Higher technology in an

industry always increases that industry's share while almost always decreasing shares of

other industries.

Our results suggest that the e�ects of capital endowments on trade and specialization in

the manufacturing sector are weaker and more ambiguous than e�ects of industry technology

levels. The e�ects of capital endowment di�erences on the volumes of trade are negligible

and their e�ects on the patterns of trade are small.

We also use our model to simulate the e�ects of several policy actions. We study the

e�ects of trade wars between United States and European Union. We �nd that trade wars

in some industries are more detrimental to the U.S. than E.U., while trade wars in other

industries have the opposite result. We also study the e�ects of trade liberalization between

rich and poor countries and �nd that the choice of industries to target for trade liberalization

depends on the policy goal that can be, for example, welfare maximization or employment

maximization.

While our basic model has exogenous country capital stocks, we develop two exten-

sions where capital stocks are endogenous. One extension incorporates endogenous capital

accumulation, given the exogenous savings rate. This extension links international trade

with economic growth. Another extension introduces international capital markets into the

model, creating a bridge between our model and open-economy macro models.
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Appendix A

Data

To perform the estimation we construct our own dataset. We use data for eight 2-digit

industries of OECD countries. The countries were chosen because of availability of data.

The industries are described in Table 1.

A.1 Data for estimation

The time period analyzed is 1975-1995, though the length of time series varies across coun-

tries and industries. Each industry has 404 observations. The list of countries included in

the study is presented in Table 2.

The industry-level value added, investment, and employment are obtained from the

Industrial Statistics Database of the United Nations Industrial Development Organization

(UNIDO). Country-wide value added (GDP) is from the International Financial Statistics

(IFS) database of the International Monetary Fund.

Industry capital stock is calculated from the investment time series using the perpetual

inventory method with geometric depreciation. Industry-level electricity consumption is
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from the World Basic Energy Statistics database of the International Energy Agency. The

average industry-level U.S. utilization rates, which we use to proxy for zic, are from the

U.S. Federal Reserve Bank. Labor hours are from the International Labor Organization.

Capital and labor shares obtained from industrial surveys are notoriously unreliable

(Shikher, 2004a). Capital shares produced by these surveys are much higher than the gen-

erally accepted value of slightly less than 0.3. For example, the capital share in U.S. manu-

facturing, calculated using UNIDO or Annual Survey of Manufactures' data, approaches .7.

Shikher (2004a) used a variety of data to produce more accurate values of capital and labor

shares in U.S. and Brazilian manufacturing industries. In that study, the average capital

share in U.S. manufacturing is 0.26. In this paper we use the average of U.S. and Brazilian

shares from Shikher (2004a) to proxy for the capital and labor shares of countries.

The country-wide factor endowments that we use in this study are physical capital, total

labor force, human capital, and stock of arable land. Country capital stock is calculated

from the investment time series using the perpetual inventory method with geometric de-

preciation. The investment time series are from the IFS. Country capital stock includes all

forms of capital, both public and private. Labor force and stock of arable land are from the

World Development Indicators database of the World Bank. Human capital is measured by

educational attainment rates obtained from the International Data on Educational Attain-

ment accompanying Barro and Lee (2000).

Industry income shares are shown in Tables 3 and 4 for years 1975 and 1995, respectively.

Table 5 shows the average shares of industries in the dataset. Machinery is the largest

industry in many countries, but not all. For example, Chemicals is the largest industry

in Turkey in both 1975 and 1995. The newly industrialized countries, such as Korea,
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Ireland, Turkey, and Mexico, had seen their Machinery industry grow over the twenty-year

period. For example, in 1975 Food was the largest industry in Mexico, but in 1995 it was

Machinery. In another example, Korea had seen its Machinery industry grow from 4.5% of

GDP in 1975 to 20.5% of GDP in 1995. At the same time, the Machinery industry had

decreased in importance in the 'old' industrial powers such as United States, Germany, and

Japan.

The share of the Textile industry had declined in all countries, except Turkey, as Tex-

tile manufacturing had moved to less developed countries. This decline was particularly

noticeable in Ireland, U.K., Greece, and Korea. Food industry had increased its share in

some countries over the twenty years. It had become the largest industry in Australia, New

Zealand, and Greece by 1995.

Country endowments are shown in Tables 6 and 7. The United States has the largest

labor force of all the countries in the sample, 97.8 million. Ireland has the smallest, 1.2

million. Turkey, Mexico, Portugal, and Greece have several times less capital per worker

than the more developed countries in the sample. Korea had seen an eight-fold increase

of its capital stock per worker between 1975 and 1995, while seeing an almost two-fold

increase of its labor force. In Section 2.4.2 we compare the pattern of technology and factor

accumulation in Korea and Turkey and use the estimated model to explain the changes of

specialization that occurred in these countries.

There are signi�cant di�erences of educational attainment among countries in the dataset.

Less developed countries tend to have the bulk of their labor forces having at most primary

school education. More developed countries tend to have the bulk of their labor forces

having secondary or higher education. There had been progress in educational attainment
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in all countries between 1975 and 1995.

A.2 Data for simulation

We use data for 19 OECD countries, listed in Table 22.1 We use data from 1989 because

this is the year for which most observations are available.

Labor shares in output are from the UNIDO. We use average labor shares of the countries

in our sample. Capital shares in output are obtained using ratios of capital to labor shares

from the dataset described in Shikher (2004a). We multiply our labor shares by these ratios

to obtain capital shares. We do not use value added data from UNIDO to obtain capital

shares.2

Data for industry shares �jm and �
I
m were obtained from the OECD input-output tables.

OECD maintains separate tables for intermediate and investment goods. These tables exist

only for some of the countries in our dataset and only for select years. We used input-output

tables for Australia, Canada, France, Germany, Japan, U.K., and the U.S. for 1990.3 Input-

output tables for these countries result in very similar shares �jm. We use average shares

across these countries.

Input-output tables for investment goods have data on consumption of investment goods

for each industry separately. However, we found that industry shares in investment goods

are very similar across industries that use them. This means that the composition of capital

1We 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. Also, we have decided not to use ISIC industry 'Other' because of many irregularities
in its data in many countries.

2Using value added data from UNIDO results in improbably high capital shares. See Shikher (2004a) for
more detail.

3The table for Australia was for 1989.
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goods used by di�erent industries is similar. We assume that the capital good is the same

in all industries and use the average, across industries, shares for investment goods.

Bilateral trade data needed to estimate equation (3.16) are from Feenstra (1997) and

Feenstra (2000). Imports from home Xiij are calculated as output minus exports, and

spending Xij is calculated as output minus exports plus imports. Industry output and

labor compensation are from the UNIDO's statistical database.

Distance measures used on the right-hand-side of equation (3.16) are obtained as follows.

We use distance (in miles) between economic centers of countries from Stewart (1999).

This distance is the great circle distance between the population weighted average of the

latitude and longitude of major cities. Following EK, we divide distance into 6 intervals:

[0,375), [375,750), [750,1500), [1500,3000), [3000,6000), and [6000,maximum). We consider

the following free trade agreements for the f variable: EC/EU, EFTA, EEA, FTA, NFTA,

CER, and a free-trade agreement between Turkey and EFTA.

For some pairs of countries, trade values are missing for 1989. Therefore, we could

not estimate �nij for some n; i; and j, which are part of our distance measure. There

are 19*18*8 =2,736 observations of �nij possible in our data, of which 105 or 3.8% are

missing. We proxied most missing observations by estimates from neighboring years. Six

observations that could not be proxied in this manner were proxied by estimates of �ni for

total manufacturing.



Appendix B

Armington assumption

Until now, all computable models of trade have used the Armington (1969) assumption

about preferences in order to explain intra-industry trade. The use of this assumption was

dictated by necessity since no other framework was able to explain intra-industry trade.

It may be better to think of the Armington assumption as a modeling trick rather than

a true representation of consumer behavior. It is hard to think that consumers have the

knowledge of, and pay much attention to the origin of the good they are consuming. The

only exceptions, perhaps, are wine, cheese, and fashion.

The use of the Armington assumption, however, carries with it several di�culties. First,

the elasticities of substitution between domestic and imported goods are hard to pinpoint.

Their standard estimates are generally considered too small. These elasticities are key

parameters, and model predictions are very sensitive to their values (see McDaniel and

Balistreri (2003) for the latest review of the literature).

Second, the use of the Armington assumption results in large models. This is because

goods that come from di�erent countries are treated as di�erent goods. Their prices, there-
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fore, have to be calculated separately, requiring a large number of equations.

Third, the Armington assumption implies that each country has monopoly power over

its products because these products are not produced by any other country. This means

that if the Armington assumption is used in a large-country framework (with endogenous

prices), the optimal tari� is not zero. In simulations of trade liberalizations, signi�cant

worsening of the terms of trade will generally dominate other e�ects. Therefore, these

simulations will predict lower welfare from trade liberalization (Brown, 1987).

If, instead, the Armington assumption is used in a small-country framework, it creates

a contradiction pointed out by Panagariya and Duttagupta (2001). On one hand, the small

country framework assumes that goods prices are set on world markets and cannot be

in
uenced by any single country. On the other hand, the Armington assumption gives each

country the monopoly power over its products, since these products are not produced by

any other country. In small-country models, the terms-of-trade e�ect is completely absent.

Therefore, simulations of trade liberalizations usually predict welfare increases.

CGE models that use the Armington assumption also make counterfactual predictions

about implications of economic growth on trade. However, this occurs because of the

assumption that industries are homogeneous, not because of the Armington assumption.

These traditional CGE models predict that with economic growth, a country will export

more of the same good (intensive margin), thus lowering the price for this good and wors-

ening its terms of trade. This prediction is counterfactual. The traditional CGE models do

not allow for a possibility that with economic growth, a country may also export a greater

variety of goods (extensive margin) (Hummels and Klenow, 2002).

Using the Eaton-Kortum framework solves all of these problems. It results in a compact
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model where goods are not di�erentiated by their origin.1 There is no need to estimate the

elasticities of substitution between goods of di�erent origins. In the EK model, a country

does not have a monopoly over its products. With economic growth, a country will sell

more of the same good (intensive margin), but also a greater variety of goods (extensive

margin).

1Of course, a particular origin may be associated with a particular level of product quality or features,
but the di�erentiation is on quality, not the origin.



Appendix C

Model notation

With many variables and indices, our notation may seem complicated. But in fact, it is

easily understood in the context of a national input-output table. Therefore, to explain our

notation, we consider a hypothetical input-output table of country n.

In an input-output table, rows represent sources of goods while columns represent uses

of goods. In this section, m will represent the source industry (row) and j will represent

the use industry (column). The table below shows our notation within a hypothetical

input-output table that includes J industries.

At the intersection of each row m and column j is Znjm = pnmMnjm, spending by

industry j on goods from industry m (note the similarity of this notation to the trade

notation: goods move from right to left, in this case from m to j). Mnjm is the quantity of

good m used as input in industry j and pnm is the price of industry m goods in country n.

In each row, Znm =
X

j
Znjm is total spending on intermediate goods made by industry

m, Ynm is spending on �nal goods made by industry m, and Xnm = Ynm+Znm is the total

spending on industry m goods. Final spending Ynm is the sum of consumption (private
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and government) and investment.1 Total output of industry m in country n is Qnm =

Xnm + EXnm � IMnm, where EX are exports and IM are imports.

Ind1(j = 1) ... IndJ Total Y EX IM Output

Ind1(m = 1) Zn21 = pn1Mn21 Zn1 Yn1 EXn1 IMn1 Qn1

Ind2

...

IndJ

Total �n2Mn2 Zn Yn EXn IMn Qn

Salaries wnLn2 wnLn

Return rnKn2 rnKn

Income V An2 V An

Output Qn2 Qn

In each column j of the input-output table, �njMnj =
X

m
Znjm =

X
m
pnmMnjm is

total amount spent by industry j on purchases of intermediate goods. In that expression, �nj

is the price of intermediate inputs used in industry j andMnj is the quantity of intermediate

inputs used in industry j. The share of industry m goods in all intermediate goods used by

industry j is �jm = pnmMnjm=�njMnj .

There are two factors, capital and labor. Therefore, factor payments in industry j

consist of payments to labor, wnLnj , and capital, rnKnj . Income or value added is V Anj =

wnLnj + rnKnj . Output is equal to the sum of value added and intermediate inputs used:

1If international movement of �nancial capital is allowed, �nal spending Ynm includes spending by
foreigners.
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Qnj = V Anj + �njMnj . Capital share in output of industry j is �j = rnKnj=Qnj and labor

share is �j = wnLnj=Qnj . Share of intermediate goods is then 1� �j � �j = �njMnj=Qnj .

Note that each column and each row of the input-output table add up to total output. Of

course, Qnj = Qnm for j = m.



Appendix D

Technology and endogenous capital

In Section 3.5, we created an extension of the model that included endogenous capital stock

and international capital markets. In this section, we use that model to study how trade and

investment transmit bene�ts (positive or negative) of technological progress across coun-

tries. In particular, we examine the e�ects of technological progress in the U.S. Machinery

industry. In this analysis, we are interested in the e�ect of endogenous capital accumulation

on outcome. Therefore, we use equations (3.3)-(3.7) as well as the capital accumulation and

steady state equations (3.22) and (3.23).

We consider two scenarios. In the �rst, there is no international investment, and trade is

the only connection between countries. In the second scenario, we allow for the international

movement of capital to see how it a�ects the results. We seek to answer the following

questions.

How does technological progress in the Machinery industry of the United States, a major

capital-producing country, a�ect prices and incomes around the world? Does the presence

or absence of international capital markets make any di�erence? The U.S. is likely to be
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better o� with higher technology parameter in its Machinery industry because it becomes

more competitive internationally and is able to buy more capital with the same savings.

Other countries bene�t from access to cheaper capital goods, but hurt by greater com-

petition from the United States. Which e�ect would prevail for them? In the absence of

international capital markets, other countries are able to buy more capital. With interna-

tional capital markets, however, some of their savings are invested into the U.S. where the

rate of return is higher. What is the net e�ect on their capital stock? Finally, is world

better o� after the technological improvement in the U.S.? Does presence of international

investment make any di�erence? Keep in mind that because of our assumption of free

international movement of savings, we probably overestimate the e�ect of moving to open

capital market on the impact of higher technology.

We simulate a 20% increase of the technology parameter in the U.S. Machinery industry.

This is a modest increase. For example, as shown on Table 28, the technology parameter

in the German Machinery industry is 1/2 of the U.S.'s and the technology parameter in

the U.K. is 1/5 of the U.S.'s. Increasing the technology parameter in the U.S. Machinery

industry by 20% makes it nearly equal to the Japanese, which is presently about 22.8%

higher than the U.S.'s.

Tables 49a-j show the e�ects, expressed as percent changes, on prices, incomes, factor

stocks, and measured productivity.1 They show the impact (�rst-period) and steady state

e�ects for the two scenarios: one with and the other without international investment.

Manufacturing consumption price levels fall in all countries. The greatest decline is

1Manufacturing consumption price level is calculated as pn =
Q
j p

 j= 
M
j

nj , where  Mj is the portion of
country income spent on manufacturing goods. This price level is used to calculate real wages, country
income, and consumption.
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not in the U.S., but in Canada. The second largest is in the U.S. and third largest is in

Mexico. Table 49c shows that prices in industries other then Machinery actually rise in

the U.S. This is because factors shift from those industries to the Machinery industry and

U.S. imports more of those goods. Canada and Mexico, being close to the U.S., are able

to bene�t the most from price declines in U.S. Machinery goods while also enjoying higher

domestic production and lower imports of other goods.

United States and its two neighbors enjoy even lower prices when international invest-

ment is possible while other countries see smaller price declines. This is because with

international capital markets, U.S. capital does not shift as much from other industries into

Machinery. Instead, it comes from other countries. Labor, however, is not internationally

mobile, so it has to shift across industries. With international investment, prices still rise

in other industries (not shown), but less than they do without international investment.

Real manufacturing value added rises in the U.S. by 2.5-3.5%. In all other countries, it

falls by less than 1%. This e�ect is more pronounced with international capital markets as

savings move from other countries into the United States. Real wages are similarly a�ected.

Without international investment, all countries accumulate additional capital because

the price of the capital good falls. However, in the U.S., the increased demand for capital

stock outpaces supply, and the interest rate rises by about 1.5% in the steady state. Interest

rates in all other countries fall. Interestingly, interest rates in Canada and Mexico initially

rise and then fall. They rise because availability of cheaper intermediate inputs from the

U.S. increases demand for capital in those countries. Eventually, with higher income, they

are able to accumulate additional capital and their interest rates fall.

With international investment, all countries invest in the United States where produc-
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tivity has increased. The capital stock in the U.S. increases by 3.8% versus 1.65% in the

absence of international investment. All other countries, except Mexico, loose capital stock.

The world interest rate increases initially, but then decreases as additional capital is accu-

mulated. It settles just 0.02% above its starting value.

Foreign investment into the U.S. in the steady state constitutes about 2% of total U.S.

investment. Japan, being a large economy and facing the lowest interest rate in the absence

of international investment, is the largest investor into the U.S., with 43% of total foreign

investment.2 Germany is the second-largest with 15%, while U.K. and France each have

8-9%.

What happens to the total factor productivity (TFP)? Table 49i shows TFP changes for

the case of no international investment.3 It shows that total factor productivity rises in all

industries in the Unites States, with the largest increase being in the Machinery industry.

TFP also rises in Machinery industries of Canada and Mexico. Total factor productivities

fall in other countries.

Table 49j shows the world-wide e�ects of the technological change in the U.S. Machinery

industry. Without international investment, world capital stock rises by about 0.8% in the

steady state. World real manufacturing income rises by about 0.7%. Presence of interna-

tional capital markets results in a more e�cient allocation of resources across countries.

Therefore, international capital markets have a positive e�ect on world capital stock and

world income, though the e�ect is not large. Real world income rises 0.03 percentage points

2Japan has the lowest interest rate in the absence of international investment, as shown on Table 19f. Its
interest rate declines by 0.93% in the steady state of the basic model.

3TFP is calcualted as logAnj = log (V Anj=pnj) � (�=(�+ �)) logKnj � (�= (�+ �)) logLnj . In that
expression, V Anj=pnj measures the real value added in industry j of country n. Remember that Knj is
measured in real terms.
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more with international investment than without it.

In conclusion, we can answer the questions we posed in the beginning of this section.

Technological progress in U.S. Machinery industry increases world income and capital stock.

However, there is a redistribution of income from other countries to the United States. In

fact, other countries su�er a loss of real income.4 For them, the availability of cheaper

capital is outweighed by the increased competitiveness of the United States on the world

markets. Presence of international capital markets has a positive e�ect on world income, but

also increases the redistribution of income: other countries are worse o� with international

investment than without it.

The e�ect on the world capital stock is positive. Without international investment, all

countries are able to accumulate additional capital stock. With international investment,

world capital stock grows even more, but for all countries except United States and Mexico,

the e�ect of capital out
ows is greater than the e�ect of cheaper capital. As the result,

they lose capital stock.

4This result is driven by the presence of nontraded goods with a �xed price.
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Technology in the nontraded sector

How can we estimate the technology parameter in the nontraded sector? In Eaton and

Kortum (2002), technology parameters are calculated from estimated exporter dummies,

which requires goods to be traded. In this paper, we calibrate technology parameters using

the model and data on output and spending. Goods still have to be traded, though. If they

are not, output is equal spending and calibration is impossible. So, how can we calibrate

the technology parameters for goods that are not traded? We can do it by exploiting

inter-industry linkages.

Remember that the price index of the nontraded sector in the baseline economy is

normalized to one. The cost equation (3.17), applied to the nontraded sector S ('services')

is

ciS = r�i w
�
i

JY
m=1

�
T
1=�
im cim

��Sm
, (E.1)
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while the equation for prices (3.3) is

piS = 
T
�1=�
iS ciS (E.2)

or

ciS =
1



T 1=�: (E.3)

Adding equations (E.1) and (E.3) to the baseline model allows us to estimate the technology

parameter in the nontraded sector.1

For simulation, output and factor stock equations for the nontraded sector are:

QiS =

 
JX

m=1

�mS (1� �m � �m)
�m

wiLim

!
+BiS +  iSV Ai (E.4)

and

KiS =
�SQiS
ri

and LiS =
�SQiS
wi

. (E.5)

1This method allows us to estimate technology parameter for only one nontraded industry (which is why
we use the word 'sector'). Also note that during simulations the price index of nontraded goods may change
and be di�erent from one. The normalization is only in the baseline economy.



ISIC Name Description
31 Food Food, beverage, and tobacco
32 Textile Textiles, wearing apparel, leather products,

footwear (except rubber of plastic)
33 Wood Wood products including furniture
34 Paper Paper, paper products, printing, and publishing
35 Chemicals Industrial chemicals, products of petroleum and coal, rubber,

plastics
36 Nonmetals Pottery, china, glass, other nonmetallic mineral products

(except petroleum and coal)
37 Metals Iron, steel, other metals
38 Machinery Fabricated metal products, machinery, transport equipment

Available
Years

Australia 1975-1990
Austria 1979-1994
Belgium 1975-1992
Canada 1975-1990
Denmark 1975-1991
Finland 1975-1998
France 1975-1998
Germany 1975-1992
Greece 1975-1992
Ireland 1975-1991
Italy 1975-1994
Japan 1975-1998
Korea 1975-1998
Mexico 1980-1991
Netherlands 1975-1993
New Zealand 1975-1990
Norway 1975-1998
Portugal 1981-1995
Spain 1975-1998
Sweden 1975-1987
Turkey 1975-1997
United Kingdom 1975-1998
United States 1975-1995

Table 2  Availability of industry-level data

Table 1  Description of industries
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1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985
Food 3.82 3.81 3.78 3.85 3.66 3.54 3.53 3.58 3.53 3.49 3.40
Textile 2.31 2.37 2.24 2.23 2.15 2.00 2.04 1.92 1.85 1.86 1.81
Wood 1.05 1.08 1.08 1.09 1.09 1.03 0.92 0.84 0.86 0.83 0.79
Paper 2.11 2.01 1.99 2.03 2.06 1.98 1.91 1.84 1.86 1.96 1.90
Chemicals 3.56 3.59 3.50 3.53 3.68 3.49 3.59 3.39 3.45 3.57 3.51
Nonmetals 1.21 1.21 1.22 1.22 1.22 1.19 1.18 1.10 1.08 1.06 1.02
Metals 1.73 1.65 1.63 1.62 1.71 1.62 1.44 1.32 1.29 1.35 1.29
Machinery 7.99 8.18 8.15 8.19 7.99 7.55 7.43 7.35 7.26 7.38 7.39
Average 2.97 2.99 2.95 2.97 2.95 2.80 2.75 2.67 2.65 2.69 2.64

1986 1987 1988 1989 1990 1991 1992 1993 1994 1995
Food 3.32 3.33 3.32 3.26 3.25 3.38 2.98 2.88 2.71 2.75
Textile 1.78 1.80 1.72 1.60 1.58 1.57 1.72 1.76 1.89 1.89
Wood 0.75 0.77 0.73 0.73 0.74 0.68 0.72 0.75 0.81 0.78
Paper 1.84 1.93 1.79 1.82 1.74 1.61 1.69 1.88 1.95 2.30
Chemicals 3.63 3.56 3.68 3.65 3.57 3.50 3.44 3.46 3.51 3.75
Nonmetals 1.03 1.06 1.09 1.06 1.05 1.04 1.02 1.07 1.07 1.06
Metals 1.18 1.18 1.35 1.35 1.14 0.96 1.01 0.92 1.09 1.16
Machinery 7.04 7.22 6.90 7.16 7.18 7.04 6.96 6.68 6.97 7.39
Average 2.57 2.61 2.57 2.58 2.53 2.47 2.44 2.43 2.50 2.64

Food 3.444 1.06 9.88
Textile 1.917 0.20 6.74
Wood 0.872 0.02 2.82
Paper 1.908 0.25 6.18
Chemicals 3.55 0.45 7.60
Nonmetals 1.112 0.29 2.43
Metals 1.357 0.18 3.44
Machinery 7.433 0.98 20.45
Average 2.70

Industry

Table 5  Average industry shares, 1975-1995, percent of GDP

Max. Share
Average 

Share Min. Share



1975 1995 1975 1995 1975 1995
Australia 6.041 9.079 59,638 71,963 6.99 5.30
Austria 3.253 3.655 45,307 87,954 0.46 0.39
Belgium 3.774 4.126 52,482 90,799 0.26 0.18
Canada 10.281 15.550 61,288 64,927 4.28 2.92
Denmark 2.544 2.916 49,883 78,703 1.04 0.80
Finland 2.304 2.588 48,760 79,216 1.15 0.98
France 22.705 25.744 54,340 83,641 0.76 0.71
Germany 29.070 32.300 52,349 99,227 0.33 0.29
Greece 3.584 4.405 20,966 35,025 0.81 0.55
Ireland 1.189 1.418 25,318 50,482 1.04 0.94
Italy 21.815 24.907 37,045 67,335 0.43 0.33
Japan 55.219 66.093 41,799 134,962 0.08 0.06
Korea 13.314 21.617 4,557 36,809 0.15 0.08
Mexico 18.113 35.808 12,424 14,624 1.23 0.72
Netherlands 5.210 7.120 52,648 75,297 0.15 0.12
New Zealand 1.205 1.735 48,430 48,833 2.08 0.91
Norway 1.766 2.215 66,428 111,200 0.45 0.45
Portugal 4.041 4.904 13,525 31,864 0.61 0.47
Spain 12.920 16.601 26,223 51,583 1.22 0.92
Sweden 3.969 4.682 61,985 73,834 0.76 0.59
Turkey 17.356 27.991 7,630 10,662 1.44 0.88
United Kingdom 26.256 29.111 31,003 49,686 0.26 0.20
United States 97.780 132.622 59,205 72,080 1.91 1.40

Table 6  Country endowments, part I

   Capital Stock
   Labor Force

Arable Land

   (millions) (hectares)
per Worker   per Worker

   (1994 USD)



1975 1995 1975 1995 1975 1995 1975 1995
Australia 3.6 2.1 28.7 25.1 47 48.6 20.8 24.2
Austria 3.5 1.1 47.3 31.6 45.6 55.7 3.6 11.7
Belgium 2.9 4.6 60.1 48.8 30.3 30.5 6.7 16.1
Canada 1.8 1.6 30.7 20.3 36.6 29.4 30.9 48.7
Denmark 1.7 0.8 37.6 34.1 44.9 47 15.8 18.9
Finland 0.9 0.4 62 31.3 29.9 49.6 7.2 18.7
France 0.9 0.5 67.2 47.6 26.8 37.3 5.2 14.5
Germany 0.6 4 47.1 27.5 46.8 53.5 5.5 15
Greece 14.4 5.5 67.8 52.2 12.9 31.8 5 10.5
Ireland 3.5 3 62.4 35.4 28.4 45.2 5.7 16.4
Italy 6.6 13.5 70.6 42.5 18.6 32.4 4.3 11.5
Japan 0.8 0 53.8 31.2 38.1 46.8 7.3 22
Korea 25.2 8.7 39.2 18.2 28.7 51.9 6.9 21.1
Mexico 34.4 15 54 47.9 8.3 26.7 3.3 10.3
Netherlands 2.3 2.7 44.4 32 44.3 46.3 9.1 19
New Zealand 1 0 21.8 34.2 57.1 26.6 20.1 39.2
Norway 1.8 1 54.3 11.6 34.8 66.7 9.1 20.8
Portugal 38.7 14.3 49.3 61.4 9.6 14.7 2.4 9.6
Spain 13.6 4 73.9 55.5 8.2 28.6 4.3 11.9
Sweden 1.4 2.1 52 18.1 34.3 58.8 12.3 21
Turkey 59 30.6 31.9 47.2 7.3 15.7 1.8 6.5
United Kingdom 2.4 2.9 55.6 41.4 31 39.9 11 15.8
United States 1.4 0.6 30.7 8.2 42.6 44.6 25.3 46.5

(% of total) (% of total) (% of total) (% of total)
School School Education

Table 7  Country endowments, part II

Educational Attainment of Workers
Secondary Higher

No School
Primary
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  Food Textile Wood Paper Chem. Nonmet. Metals Mach.
Australia 1975 56.7% 81.5% 96.9% 71.2% 60.5% 70.3% 67.1% 65.6%

1990 58.5% 89.9% 90.5% 83.6% 74.2% 86.8% 81.7% 74.2%
Austria 1975 44.2% 44.6% 54.1% 42.1% 34.9% 47.7% 35.8% 43.4%

1990 59.5% 65.6% 80.9% 66.1% 48.4% 72.3% 70.2% 62.5%
Belgium 1975 64.8% 56.4% 86.7% 52.5% 43.4% 41.8% 66.2% 54.3%

1990 60.7% 64.8% 93.1% 63.6% 45.6% 60.8% 70.3% 72.6%
Canada 1975 73.5% 82.1% 90.6% 74.9% 52.4% 84.2% 62.9% 80.7%

1990 80.5% 99.3% 91.0% 80.0% 60.8% 101.1% 67.6% 85.1%
Denmark 1975 64.7% 71.7% 61.5% 76.5% 58.3% 63.4% 51.4% 70.1%

1990 53.9% 80.1% 92.2% 63.8% 84.0% 74.9% 65.7% 67.9%
Finland 1975 40.4% 57.3% 44.6% 52.5% 45.1% 49.7% 51.4% 52.2%

1990 54.5% 76.7% 99.2% 72.9% 67.0% 85.3% 72.7% 86.4%
France 1975 61.6% 63.0% 76.8% 63.5% 50.0% 51.9% 43.8% 50.7%

1990 47.7% 93.5% 76.6% 77.7% 65.6% 78.6% 65.0% 69.6%
Germany 1975 87.9% 77.1% 85.3% 61.3% 60.9% 73.4% 65.1% 61.3%

1990 97.7% 107.4% 108.2% 95.7% 113.6% 106.2% 93.9% 103.0%
Greece 1975 28.5% 41.5% 30.7% 34.3% 30.6% 32.7% 45.2% 26.2%

1990 32.2% 44.7% 46.3% 47.4% 41.1% 41.2% 59.0% 33.4%
Ireland 1975 42.4% 46.2% 46.5% 39.7% 41.7% 48.7% 44.4% 44.0%

1990 79.3% 59.3% 83.9% 100.4% 98.8% 90.4% 48.4% 97.1%
Italy 1975 48.4% 59.3% 55.6% 59.5% 39.4% 47.4% 49.2% 52.9%

1990 48.5% 83.9% 94.1% 95.1% 49.3% 73.7% 60.8% 70.9%
Japan 1975 56.0% 67.9% 64.5% 59.5% 42.9% 62.3% 47.1% 57.6%

1990 61.7% 97.9% 108.2% 113.2% 103.1% 105.8% 107.3% 103.6%
Korea 1975 27.0% 21.0% 18.7% 16.7% 25.0% 22.8% 23.1% 15.0%

1990 56.8% 46.6% 58.6% 60.9% 51.7% 62.3% 66.0% 49.8%
Mexico 1975 59.9% 40.6% 56.4% 51.2% 45.7% 48.4% 54.3% 63.6%

1990 86.4% 36.0% 39.5% 33.3% 40.5% 50.0% 57.3% 56.2%
Netherlands 1975 50.6% 60.3% 81.2% 58.9% 42.8% 59.9% 47.6% 64.5%

1990 55.0% 80.2% 78.0% 75.5% 54.0% 68.2% 70.7% 63.1%
New Zealand 1975 28.3% 50.2% 67.9% 38.3% 26.9% 50.0% 40.9% 42.2%

1990 31.2% 49.0% 54.2% 60.5% 29.7% 65.2% 36.3% 43.3%
Norway 1975 42.8% 61.0% 82.9% 45.6% 35.2% 56.2% 65.3% 61.7%

1990 42.9% 72.9% 75.9% 61.6% 49.5% 66.4% 66.8% 63.9%
Portugal 1975 26.1% 27.1% 29.1% 27.7% 23.7% 23.1% 19.5% 27.4%

1990 28.8% 28.8% 26.8% 33.7% 22.2% 31.3% 33.5% 27.8%
Spain 1975 32.9% 54.0% 42.3% 39.8% 43.6% 38.6% 46.7% 35.4%

1990 63.5% 78.3% 79.3% 88.0% 79.8% 86.9% 79.0% 79.5%
Sweden 1975 66.5% 83.9% 84.6% 79.8% 50.2% 68.0% 56.4% 73.4%

1987 55.5% 75.5% 78.9% 75.9% 65.7% 73.5% 62.0% 66.7%
Turkey 1975 54.4% 36.6% 39.7% 33.0% 71.8% 28.1% 40.0% 33.1%

1990 50.5% 41.5% 41.5% 52.7% 86.3% 55.6% 34.8% 45.2%
United Kingdom 1975 43.6% 47.1% 69.7% 49.3% 41.4% 54.4% 39.5% 44.0%

1990 59.5% 85.2% 94.8% 100.2% 78.6% 89.5% 69.9% 79.8%
United States 1975 81.4% 85.0% 89.4% 93.8% 76.3% 85.2% 79.4% 89.1%

1990 101.8% 100.0% 95.8% 101.0% 93.5% 94.2% 93.5% 96.4%
* Relative to the U.S. of 1988

Table 9  Relative total factor productivity, 1975 and 1990



 

Figure 2  TFP of the Metals Industry in the United States 
 
 
 

1975 1980 1985 1990 1995
-0.6

-0.5

-0.4

-0.3

-0.2

-0.1

0

0.1

Unadjusted
Adjusted

 

Figure 2a 
Unadjusted and Adjusted TFP (in 
levels) of the Metals Industry in the 
United States 
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Figure 2b 
Unadjusted and Adjusted TFP (in 
differences) of the Metals Industry in 
the United States 

 
 
 

Selected Properties of Unadjusted and Adjusted Measures of TFP 
 
 Unadjusted Adjusted 

2
TFPσ  0.026 0.016 

,TFP Yρ  0.83 0.58  

 Unadjusted Adjusted 
2
TFPσ∆  0.015 0.010 

,TFP Yρ∆ ∆  0.97 0.79  



 

Figure 3  TFP of the Wood Industry in the United States 
 
 
 

1975 1980 1985 1990 1995
-0.4

-0.3

-0.2

-0.1

0

0.1

0.2

0.3

Unadjusted
Adjusted

Figure 3a 
Unadjusted and Adjusted TFP (in 
levels) of the Wood Industry in the 
United States 
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Figure 3b 
Unadjusted and Adjusted TFP (in 
differences) of the Wood Industry in the 
United States 

 
 
 
 

Selected Properties of Unadjusted and Adjusted Measures of TFP 
 
 Unadjusted Adjusted 

2
TFPσ  0.018 0.006 

,TFP Yρ  0.96 0.89  

 Unadjusted Adjusted 
2
TFPσ∆  0.0053 0.0032 

,TFP Yρ∆ ∆  0.94 0.77  



 

Figure 4  TFP of the Machinery Industry in Turkey 
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Figure 4a 
Unadjusted and Adjusted TFP (in 
levels) of the Machinery Industry in 
Turkey 
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Figure 4b 
Unadjusted and Adjusted TFP (in 
differences) of the Machinery Industry 
in Turkey 

 
 
 
 

Selected Properties of Unadjusted and Adjusted Measures of TFP 
 
 Unadjusted Adjusted 

2
TFPσ  0.095 0.081 

,TFP Yρ  0.93 0.82  

 Unadjusted Adjusted 
2
TFPσ∆  0.031 0.029 

,TFP Yρ∆ ∆  0.98 0.93  
 



Food Textile Wood Paper Chem. Nonmet. Metals Mach.
TFP Food 1.778 -0.105 0.038 -0.211 -0.234 -0.135 -0.123 -0.614

(0.09)† (0.08) (0.05) (0.06)† (0.06)† (0.05)† (0.06)† (0.12)†
        

TFP Textile -0.105 0.421 -0.110 -0.085 -0.228 -0.007 -0.056 -0.564
(0.08) (0.01)† (0.07) (0.08) (0.07)† (0.06) (0.07) (0.15)†

        
TFP Wood 0.038 -0.110 0.723 -0.002 -0.077 0.071 0.016 -0.373

(0.05) (0.07) (0.07)† (0.06) (0.04)†† (0.04)†† (0.04) (0.09)†
        

TFP Paper -0.211 -0.085 -0.002 0.394 -0.238 0.034 0.058 -0.789
(0.06)† (0.08) (0.06) (0.07)† (0.05)† (0.05) (0.05) (0.11)†

        
TFP Chemicals -0.234 -0.228 -0.077 -0.238 2.035 -0.149 -0.202 0.367

(0.06)† (0.07)† (0.04)†† (0.05)† (0.10)† (0.03)† (0.06)† (0.14)†
        

TFP Nonmetals -0.135 -0.007 0.071 0.034 -0.149 0.408 -0.010 -0.432
(0.05)† (0.06) (0.04)†† (0.05) (0.03)† (0.05)† (0.04) (0.08)†

        
TFP Metals -0.123 -0.056 0.016 0.058 -0.202 -0.010 0.592 -0.251

(0.06)† (0.07) (0.04) (0.05) (0.06)† (0.04) (0.03)† (0.12)†
        

TFP Machinery -0.614 -0.564 -0.373 -0.789 0.367 -0.432 -0.251 3.479
(0.12)† (0.15)† (0.09)† (0.11)† (0.14)† (0.08)† (0.12)† (0.12)†

        
Capital -0.907 -1.370 -0.070 -0.119 -0.503 -0.001 0.297 2.671

(0.11)† (0.12)† (0.07) (0.10) (0.22)† (0.07) (0.12)† (0.46)†
        

Low-ed. workers1 0.358 0.274 0.150 0.016 0.049 0.029 0.280 -0.516
(0.07)† (0.07)† (0.04)† (0.06) (0.13) (0.04) (0.07)† (0.28)††

        
Mid-ed. workers2 0.468 0.372 -0.091 -0.327 0.004 0.163 0.451 -0.010

(0.09)† (0.10)† (0.06) (0.08)† (0.18) (0.06)† (0.10)† (0.38)
        

High-ed. workers3 0.745 0.579 0.292 0.251 0.178 0.131 0.088 1.592
(0.11)† (0.12)† (0.07)† (0.10)† (0.22) (0.07)† (0.12) (0.47)†

        
Arable land -0.527 -1.610 -0.713 -1.081 -3.055 -1.270 -1.139 -9.195

(0.22)† (0.24)† (0.14)† (0.19)† (0.44)† (0.13)† (0.24)† (0.92)†
        

† means that the estimate is significant at 95% level
†† means that the estimate is significant at 90% level
Standard errors in parentheses
1 Those having primary education
2 Those having secondary education
3 Those having higher education

Table 10 - Estimates, constant capital utilization and mobile capital



Food Textile Wood Paper Chem. Nonmet. Metals Mach.
TFP Food 1.237 -0.032 -0.028 -0.122 -0.059 -0.054 0.045 -0.601

(0.09)† (0.07) (0.05) (0.06)† (0.06) (0.04) (0.06) (0.11)†
        

TFP Textile -0.032 0.340 0.002 0.121 -0.174 0.146 -0.065 -0.986
(0.07) (0.02)† (0.06) (0.08) (0.06)† (0.05)† (0.07) (0.12)†

        
TFP Wood -0.028 0.002 0.613 -0.028 -0.093 0.049 -0.149 -0.075

(0.05) (0.06) (0.06)† (0.05) (0.04)† (0.04) (0.04)† (0.08)
        

TFP Paper -0.122 0.121 -0.028 0.283 -0.230 -0.047 0.162 -0.557
(0.06)† (0.08) (0.05) (0.04)† (0.05)† (0.04) (0.05)† (0.10)†

        
TFP Chemicals -0.059 -0.174 -0.093 -0.230 1.678 -0.117 -0.334 0.017

(0.06) (0.06)† (0.04)† (0.05)† (0.09)† (0.03)† (0.05)† (0.13)
        

TFP Nonmetals -0.054 0.146 0.049 -0.047 -0.117 0.312 0.121 -0.531
(0.04) (0.05)† (0.04) (0.04) (0.03)† (0.05)† (0.03)† (0.06)†

        
TFP Metals 0.045 -0.065 -0.149 0.162 -0.334 0.121 0.513 -0.268

(0.06) (0.07) (0.04)† (0.05)† (0.05)† (0.03)† (0.06)† (0.10)†
        

TFP Machinery -0.601 -0.986 -0.075 -0.557 0.017 -0.531 -0.268 2.409
(0.11)† (0.12)† (0.08) (0.10)† (0.13) (0.06)† (0.10)† (0.17)†

        
Capital -1.097 -1.257 -0.286 -0.318 -0.394 -0.149 0.270 3.158

(0.13)† (0.13)† (0.07)† (0.10)† (0.23)†† (0.07)† (0.14)†† (0.51)†
        

Low-ed. workers 0.349 0.165 0.167 -0.026 0.216 0.046 0.234 -0.398
(0.07)† (0.07)† (0.04)† (0.06) (0.14) (0.04) (0.08)† (0.29)

        
Mid-ed. workers 0.357 0.368 -0.083 -0.150 -0.022 0.178 0.284 -0.107

(0.10)† (0.10)† (0.06) (0.08)†† (0.18) (0.05)† (0.11)† (0.40)
        

High-ed. workers 0.655 0.669 0.251 0.092 0.605 0.127 0.060 1.700
(0.12)† (0.12)† (0.07)† (0.09) (0.22)† (0.06)† (0.13) (0.49)†

        
Arable land -0.202 -1.701 -0.608 -1.132 -3.007 -1.198 -1.056 -9.521

(0.24) (0.24)† (0.14)† (0.19)† (0.45)† (0.13)† (0.26)† (0.96)†
        

† means that the estimate is significant at 95% level
†† means that the estimate is significant at 90% level
Standard errors in parentheses

Table 11 - Estimates, variable capital utilization and mobile capital



Food Textile Wood Paper Chemicals Nonmetals Metals Machinery
Australia 1.04 1.88 0.90 0.57 2.51 1.67 1.86 9.35
Austria 0.84 -1.15 -0.18 -2.19 -4.21 -0.75 -0.95 -11.15
Belgium 1.24 -2.32 -1.11 -3.32 -5.72 -1.85 -1.36 -20.04
Canada 0.35 0.98 0.89 1.27 1.50 0.84 1.05 3.36
Denmark 1.43 -1.52 -0.38 -1.59 -3.09 -0.32 -1.45 -7.51
Finland 1.02 -0.22 0.81 2.27 -1.95 -0.10 -0.60 -4.67
France 0.98 -0.51 -0.43 -1.76 -1.63 -0.44 -0.67 -5.33
Germany 0.69 -2.30 -0.74 -2.74 -1.92 -1.36 -0.79 -6.10
Greece 0.11 -0.05 -0.80 -2.83 -3.58 -0.31 -0.95 -7.14
Ireland 6.26 0.18 -0.46 -1.33 -0.71 0.85 -1.24 -3.68
Italy -0.49 -1.05 -1.04 -3.27 -4.33 -1.02 -1.05 -11.96
Japan -0.21 -4.75 -1.74 -3.81 -8.55 -3.08 -2.30 -24.93
Korea 0.12 -1.43 -1.67 -4.07 -5.38 -2.01 -0.92 -14.52
Mexico -1.61 -1.89 -1.01 -2.69 -4.02 -0.26 -0.13 -5.91
Netherlands 0.72 -4.70 -1.82 -3.59 -7.28 -2.93 -3.22 -25.31
New Zealand 2.92 0.26 0.61 0.12 -1.05 0.19 -0.38 -2.24
Norway 0.70 -2.34 -0.36 -1.83 -5.14 -1.62 -1.53 -17.16
Portugal 0.64 1.18 -0.22 -2.09 -3.82 0.31 -0.75 -6.55
Spain 0.87 0.08 -0.14 -1.84 -1.63 0.44 -0.02 -2.19
Sweden 0.02 -1.97 0.34 0.24 -3.61 -0.89 -0.66 -6.12
Turkey -0.15 0.38 -0.76 -2.39 -0.86 0.70 1.44 1.80
United Kingdom 0.69 -3.00 -1.30 -2.21 -4.76 -1.66 -1.59 -12.66
United States 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Table 12 - Estimated country fixed effects, variable capital utilization rate and mobile capital



Food Textile Wood Paper Chemicals Nonmetals Metals Machinery
1975 10.89 12.72 3.46 7.38 8.14 2.18 -2.38 -20.70
1976 10.91 12.75 3.47 7.33 8.14 2.15 -2.46 -21.02
1977 10.90 12.60 3.45 7.26 8.01 2.11 -2.54 -21.57
1978 10.92 12.56 3.42 7.24 7.93 2.05 -2.63 -22.09
1979 10.80 12.47 3.42 7.25 7.99 1.99 -2.66 -22.66
1980 10.82 12.37 3.38 7.21 7.85 1.94 -2.74 -23.28
1981 10.95 12.33 3.33 7.23 7.96 1.98 -2.74 -23.30
1982 11.02 12.19 3.27 7.20 7.85 1.93 -2.83 -23.31
1983 11.00 12.09 3.28 7.22 7.76 1.91 -2.84 -23.51
1984 10.95 12.07 3.27 7.30 7.84 1.90 -2.80 -23.38
1985 10.88 11.96 3.23 7.21 7.68 1.85 -2.86 -23.48
1986 10.67 11.78 3.16 7.07 7.61 1.71 -3.05 -24.13
1987 10.61 11.73 3.12 7.02 7.42 1.62 -3.21 -24.67
1988 10.50 11.62 3.11 6.98 7.48 1.57 -3.23 -25.08
1989 10.52 11.57 3.13 6.99 7.43 1.56 -3.27 -25.34
1990 10.44 11.53 3.09 6.91 7.24 1.49 -3.43 -26.02
1991 10.54 11.47 3.05 6.88 6.93 1.48 -3.50 -26.89
1992 10.51 11.43 3.01 6.81 6.72 1.45 -3.65 -27.83
1993 10.58 11.45 3.03 6.90 6.82 1.48 -3.64 -27.94
1994 10.45 11.43 3.09 6.90 6.78 1.41 -3.68 -28.18
1995 10.34 11.38 3.03 6.94 6.86 1.39 -3.73 -28.34

Table 13 - Estimated time fixed effects, variable capital utilization rate and mobile goods



Food Textile Wood Paper Chemicals Nonmetals Metals Machinery
TFP Food 1.840 0.047 0.045 -0.305 -0.415 -0.165 -0.015 -0.926

(0.09)† (0.07) (0.05) (0.06)† (0.05)† (0.04)† (0.05) (0.11)†
        

TFP Textile 0.047 0.513 -0.170 -0.181 -0.385 -0.233 -0.018 -0.813
(0.07) (0.02)† (0.06)† (0.07)† (0.06)† (0.05)† (0.06) (0.13)†

        
TFP Wood 0.045 -0.170 0.756 0.049 -0.279 0.081 -0.122 -0.277

(0.05) (0.06)† (0.07)† (0.06) (0.04)† (0.04)† (0.04)† (0.09)†
        

TFP Paper -0.305 -0.181 0.049 0.492 -0.454 0.029 -0.099 -0.611
(0.06)† (0.07)† (0.06) (0.02)† (0.05)† (0.04) (0.05)† (0.10)†

        
TFP Chemicals -0.415 -0.385 -0.279 -0.454 2.456 -0.168 -0.127 -0.121

(0.05)† (0.06)† (0.04)† (0.05)† (0.08)† (0.03)† (0.05)† (0.12)
        

TFP Nonmetals -0.165 -0.233 0.081 0.029 -0.168 0.441 0.000 -0.527
(0.04)† (0.05)† (0.04)† (0.04) (0.03)† (0.01)† (0.03) (0.06)†

        
TFP Metals -0.015 -0.018 -0.122 -0.099 -0.127 0.000 0.679 -0.620

(0.05) (0.06) (0.04)† (0.05)† (0.05)† (0.03) (0.01)† (0.10)†
        

TFP Machinery -0.926 -0.813 -0.277 -0.611 -0.121 -0.527 -0.620 3.836
(0.11)† (0.13)† (0.09)† (0.10)† (0.12) (0.06)† (0.10)† (0.15)†

        
K(i) Food 0.675 -1.362 0.036 -0.053 -1.558 -0.567 0.149 -1.412

(0.20)† (0.22)† (0.14) (0.18) (0.31)† (0.11)† (0.17) (0.69)†
        

K(i) Textile 0.175 1.067 0.088 0.097 -0.191 0.015 -0.078 -0.484
(0.12) (0.14)† (0.09) (0.11) (0.19) (0.07) (0.11) (0.42)

        
K(i) Wood 0.304 -0.056 0.270 0.226 -0.078 0.001 -0.274 -0.033

(0.09)† (0.10) (0.06)† (0.08)† (0.15) (0.05) (0.08)† (0.32)
        

K(i) Paper -1.180 -0.698 -0.365 0.191 -0.951 -0.282 -0.598 -1.666
(0.14)† (0.15)† (0.09)† (0.04)† (0.21)† (0.07)† (0.12)† (0.47)†

        
K(i) Chemicals -0.219 -0.006 -0.094 -0.088 1.764 0.062 0.135 0.805

(0.09)† (0.10) (0.06) (0.08) (0.14)† (0.05) (0.08)†† (0.31)†
        

K(i) Nonmetals -0.295 0.373 -0.071 -0.380 0.102 0.599 0.333 -0.465
(0.14)† (0.15)† (0.09) (0.12)† (0.21) (0.08)† (0.12)† (0.46)

        
K(i) Metals 0.324 0.296 -0.081 -0.002 0.297 0.159 0.615 0.188

(0.06)† (0.07)† (0.05)†† (0.06) (0.10)† (0.04)† (0.06)† (0.22)
        

K(i) Machinery 0.191 -0.031 0.325 0.498 0.956 0.157 0.378 5.669
(0.12) (0.13) (0.08)† (0.11)† (0.19)† (0.07)† (0.11)† (0.41)†

        

Table 14 - Estimates, constant capital utilization and immobile capital



Food Textile Wood Paper Chemicals Nonmetals Metals Machinery
Low-ed. workers 0.254 0.174 0.122 0.031 0.464 -0.011 0.203 -0.283

(0.07)† (0.08)† (0.05)† (0.06) (0.11)† (0.04) (0.06)† (0.25)
        

Mid-ed. workers -0.175 -0.085 -0.216 -0.357 -0.309 -0.219 -0.303 -0.966
(0.13) (0.14) (0.09)† (0.11)† (0.20) (0.07)† (0.11)† (0.44)†

        
High-ed. workers 0.523 0.284 0.192 0.115 0.500 0.089 0.111 1.660

(0.11)† (0.13)† (0.08)† (0.10) (0.18)† (0.06) (0.10) (0.39)†
        

Arable land 0.048 -0.178 -0.294 -0.487 0.251 -0.547 0.152 -1.548
(0.27) (0.30) (0.19) (0.24)† (0.42) (0.15)† (0.23) (0.93)††

† means that the estimate is significant at 95% level
†† means that the estimate is significant at 90% level
Standard errors in parentheses



Food Textile Wood Paper Chemicals Nonmetals Metals Machinery
TFP Food 1.253 0.062 -0.020 -0.168 -0.110 -0.050 -0.047 -0.897

(0.05)† (0.07) (0.05) (0.06)† (0.06)†† (0.03) (0.05) (0.11)†
        

TFP Textile 0.062 0.310 -0.104 -0.051 -0.211 -0.039 -0.062 -0.905
(0.07) (0.01)† (0.06)†† (0.07) (0.06)† (0.05) (0.06) (0.12)†

        
TFP Wood -0.020 -0.104 0.591 0.059 -0.218 0.018 -0.149 -0.053

(0.05) (0.06)†† (0.06)† (0.05) (0.04)† (0.03) (0.04)† (0.08)
        

TFP Paper -0.168 -0.051 0.059 0.334 -0.353 -0.174 0.088 -0.515
(0.06)† (0.07) (0.05) (0.04)† (0.05)† (0.04)† (0.05)†† (0.10)†

        
TFP Chemicals -0.110 -0.211 -0.218 -0.353 1.651 -0.110 -0.373 -0.319

(0.06)†† (0.06)† (0.04)† (0.05)† (0.09)† (0.03)† (0.05)† (0.12)†
        

TFP Nonmetals -0.050 -0.039 0.018 -0.174 -0.110 0.297 0.134 -0.489
(0.03) (0.05) (0.03) (0.04)† (0.03)† (0.06)† (0.03)† (0.06)†

        
TFP Metals -0.047 -0.062 -0.149 0.088 -0.373 0.134 0.499 -0.381

(0.05) (0.06) (0.04)† (0.05)†† (0.05)† (0.03)† (0.07)† (0.09)†
        

TFP Machinery -0.897 -0.905 -0.053 -0.515 -0.319 -0.489 -0.381 2.384
(0.11)† (0.12)† (0.08) (0.10)† (0.12)† (0.06)† (0.09)† (0.19)†

        
K(i) Food 0.323 -1.198 0.218 0.379 -2.149 -0.562 -0.084 -1.932

(0.09)† (0.22)† (0.14) (0.17)† (0.36)† (0.10)† (0.20) (0.72)†
        

K(i) Textile -0.017 0.728 0.157 0.291 -0.094 0.088 -0.461 -0.040
(0.13) (0.14)† (0.09)†† (0.11)† (0.23) (0.06) (0.13)† (0.45)

        
K(i) Wood 0.169 -0.142 0.112 0.207 0.272 -0.031 -0.053 -0.042

(0.10)†† (0.10) (0.02)† (0.08)† (0.17) (0.05) (0.09) (0.34)
        

K(i) Paper -1.248 -0.684 -0.326 0.411 -0.687 -0.284 -0.982 -1.534
(0.15)† (0.15)† (0.10)† (0.08)† (0.25)† (0.07)† (0.14)† (0.50)†

        
K(i) Chemicals -0.015 0.067 -0.012 -0.046 1.024 0.204 0.193 0.913

(0.10) (0.10) (0.06) (0.08) (0.16)† (0.05)† (0.09)† (0.32)†
        

K(i) Nonmetals -0.116 0.572 -0.215 -0.565 -0.033 0.412 0.671 -0.161
(0.15) (0.15)† (0.09)† (0.12)† (0.25) (0.07)† (0.14)† (0.49)

        
K(i) Metals 0.325 0.298 -0.040 0.116 0.382 0.150 0.197 0.412

(0.07)† (0.07)† (0.04) (0.06)† (0.12)† (0.03)† (0.06)† (0.23)††
        

K(i) Machinery 0.301 0.063 0.179 0.280 1.329 0.109 0.975 5.461
(0.13)† (0.13) (0.08)† (0.11)† (0.22)† (0.06)†† (0.12)† (0.44)†

        

Table 15 - Estimates, variable capital utilization and immobile capital



Food Textile Wood Paper Chemicals Nonmetals Metals Machinery
Low-ed. workers 0.302 0.086 0.134 -0.098 0.561 0.053 0.273 -0.309

(0.08)† (0.08) (0.05)† (0.06) (0.13)† (0.04) (0.07)† (0.27)
        

Mid-ed. workers -0.343 -0.237 -0.187 -0.327 -0.185 -0.122 -0.477 -0.976
(0.14)† (0.14)†† (0.09)† (0.11)† (0.23) (0.06)†† (0.13)† (0.46)†

        
High-ed. workers 0.537 0.378 0.142 -0.109 0.779 0.103 0.145 1.747

(0.12)† (0.13)† (0.08)†† (0.10) (0.21)† (0.06)†† (0.12) (0.41)†
        

Arable land 0.536 -0.278 -0.243 -0.442 -0.128 -0.414 0.463 -1.444
(0.29)†† (0.30) (0.19) (0.24)†† (0.49) (0.14)† (0.27)†† (0.99)

† means that the estimate is significant at 95% level
†† means that the estimate is significant at 90% level
Standard errors in parentheses



Capital mobility:
Capital utilization: Constant Variable % change1 Constant Variable % change1

Food 1.78 1.24 35.87% 1.84 1.25 38.19%
Textile 0.42 0.34 21.52% 0.51 0.31 48.78%
Wood 0.72 0.61 16.56% 0.76 0.59 25.04%
Paper 0.39 0.28 33.84% 0.49 0.33 39.02%

Chemicals 2.04 1.68 18.96% 2.46 1.66 38.71%
Nonmetals 0.41 0.31 28.02% 0.44 0.30 37.84%

Metals 0.59 0.51 14.63% 0.68 0.50 29.73%
Machinery 3.48 2.41 36.33% 3.84 2.38 46.99%

Value-weighted 29.21% 41.19%
average

Mobile Immobile

Table 16 - Summary of estimated own-TFP coefficients



Relative
factor Contrib.

stock(1) to share(2) Share
Portugal 3.9
TFP 3.15 2.8
Capital per worker 3.11 3.6
Low-educated 0.45 0.3
Medium-educated 3.64 -0.1
Highly educated 1.56 0.8
Total TFP and factors 7.3
All other 2.5
Germany 13.7

Relative
factor Contrib.

stock(1) to share(2) Share
Portugal 3.9
TFP 3.15 4.0
Capital per worker 3.11 3.0
Low-educated 0.45 0.4
Medium-educated 3.64 0.0
Highly educated 1.56 0.7
Total TFP and factors 8.1
All other differences 1.6
Germany 13.7
(1)Germany(95)/Portugal(95)
(2)Contribution of the relative factor stock to the difference of shares

Table 18  Using the model with constant capital utilization

Tables 17-18  Explaining the difference of the Machinery industry shares in 1995
between Portugal and Germany, using the estimated model

Table 17  Using the model with variable capital utilization



Relative
1995 Change 1975 1995 Change accum. rate(1)

Machinery share 20.5% 15.9% 2.3% 4.4% 2.1%
Machinery TFP 81 5.4 33 51 1.5 3.49
Textile share 4.6% 4.6% 1.9% 3.7% 1.8%
Textile TFP 65 3.1 37 48 1.3 2.35
Capital per worker $36,809 8.1 $7,630 $10,662 1.4 5.78
Low-educated 18.20 0.5 31.90 47.20 1.5 0.31
Medium-educated 51.90 1.8 7.30 15.70 2.2 0.84
Highly educated 21.10 3.1 1.80 6.50 3.6 0.85
Land per worker 0.08 0.5 1.44 0.88 0.6 0.87

Relative   Contrib.
accum. rate to share(2) Share

1975 share difference 2.2
TFP 3.49 3.03
Capital per worker 5.78 5.54
Low-educated 0.31 0.46
Medium-educated 0.84 0.02
Highly educated 0.85 -0.28
Land per worker 0.87 1.30
Total due to accumulation 10.1
All other 3.8
1995 share difference 16.1

Relative   Contrib.
accum. rate to share(2) Share

1975 share difference 4.2
TFP 2.35 0.29
Capital per worker 5.78 -2.21
Low-educated 0.31 -0.19
Medium-educated 0.84 -0.06
Highly educated 0.85 -0.11
Land per worker 0.87 0.23
Total due to accumulation -2.1
All other -1.2
1995 share difference 0.9

(1)[Korea(95)/Korea(75)]/[Turkey(95)/Turkey(75)]
(2)Contribution of the relative accumulation rate of this factor to the difference of shares

Tables 19-20  Explaining the evolution of the Machinery and Textile industries' shares
between 1975 and 1995 in Korea and Turkey, using the estimated model

0.15

Table 20a  Machinery industry in Korea vs Turkey

Table 20b  Textile industry in Korea vs Turkey

$4,557
39.20
28.70
6.90

15
6.1%

21

Table 19  Industry shares, technology, and factors in Korea and Turkey

Korea Turkey
1975

4.5%



Name How obtained

production data and Shikher (2004a)
production data

input-output tables
input-output tables
8.28, Eaton and Kortum (2002)
estimated, trade and output data
fitted, output and spending data
fitted, output and spending data

fitted, output and spending data
fitted, output and spending data

fitted, output and spending data
fitted, output and spending data

Table 21  List of model parameters



Table 22  List of countries in the dataset

Country Name
Australia
Austria
Canada
Finland
France
Germany (West)
Greece
Italy
Japan
Korea
Mexico
New Zealand
Norway
Portugal
Spain
Sweden
Turkey
United Kingdom
United States

Industry Capital Labor Inputs
Food 0.062 0.103 0.835
Textile 0.058 0.201 0.741
Wood 0.064 0.182 0.755
Paper 0.081 0.185 0.733
Chemicals 0.082 0.115 0.803
Nonmet. 0.106 0.185 0.709
Metals 0.086 0.133 0.781
Machinery 0.071 0.186 0.743 0.28

Cap. in VA

Table 23  Shares of factors and inputs

0.31
0.42
0.36
0.39

0.37
0.22
0.26
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Food Textile Wood Paper Chemicals Nonmet. Metals Machinery
Australia 1.28 1.51 1.92 1.43 1.45 1.62 1.29 1.51
Austria 2.20 1.41 2.31 1.57 1.74 1.73 1.81 1.62
Canada 1.25 1.28 1.26 1.07 1.42 1.42 1.05 1.38
Finland 2.59 1.74 2.02 1.46 1.77 2.00 1.62 1.80
France 1.34 1.22 1.70 1.35 1.29 1.38 1.37 1.40
Germany 1.48 1.09 1.43 1.13 1.20 1.24 1.24 1.21
Greece 1.72 1.80 2.73 2.18 2.37 1.93 1.88 2.61
Italy 1.39 1.10 1.40 1.33 1.35 1.30 1.50 1.41
Japan 1.50 1.22 1.55 1.37 1.18 1.19 1.16 1.29
Korea 1.64 0.96 1.82 1.44 1.28 1.49 1.18 1.38
Mexico 1.77 1.81 2.10 2.11 1.67 1.81 1.70 1.86
New Zeal. 1.27 1.59 2.04 1.48 1.52 1.91 1.34 1.88
Norway 1.76 1.73 2.33 1.81 1.58 2.01 1.41 1.90
Portugal 1.91 1.14 2.39 1.73 2.25 1.80 1.80 1.86
Spain 1.58 1.59 1.95 1.54 1.61 1.60 1.63 1.72
Sweden 1.87 1.30 1.80 1.30 1.48 1.54 1.41 1.36
Turkey 2.37 2.09 3.29 2.98 2.28 2.11 1.98 2.83
U.K. 1.36 1.19 1.59 1.20 1.26 1.35 1.28 1.27
U.S. 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Av. non-U 1.68 1.43 1.98 1.58 1.60 1.63 1.48 1.68

Food Textile Wood Paper Chemicals Nonmet. Metals Machinery
U.S. Korea U.S. U.S. U.S. U.S. U.S. U.S.
Canada U.S. Canada Canada Japan Japan Canada Germ.
N.Z. Germ. Italy Germ. Germ. Germ. Japan U.K.
Austral. Italy Germ. U.K. U.K. Italy Korea Japan
France Portugal Japan Sweden Korea U.K. Germ. Sweden
U.K. U.K. U.K. Italy France France U.K. Canada
Italy France France France Italy Canada Austral. Korea
Germ. Japan Sweden Japan Canada Korea N.Z. France
Japan Canada Korea Austral. Austral. Sweden France Italy
Spain Sweden Austral. Korea Sweden Spain Norway Austral.
Korea Austria Spain Finland N.Z. Austral. Sweden Austria
Greece Austral. Finland N.Z. Norway Austria Italy Spain
Norway N.Z. N.Z. Spain Spain Portugal Finland Finland
Mexico Spain Mexico Austria Mexico Mexico Spain Portugal
Sweden Norway Austria Portugal Austria N.Z. Mexico Mexico
Portugal Finland Norway Norway Finland Greece Portugal N.Z.
Austria Greece Portugal Mexico Portugal Finland Austria Norway
Turkey Mexico Greece Greece Turkey Norway Greece Greece
Finland Turkey Turkey Turkey Greece Turkey Turkey Turkey

Table 26  Estimated relative import barriers for 1989

Table 27  Country rankings according to their estimated relative import barriers



Food Textile Wood Paper Chem. Nonmet. Metals Mach. Capital
Australia 0.253 0.098 0.018 0.040 0.048 0.045 0.408 0.054 0.524
Austria 0.027 0.154 0.029 0.087 0.063 0.201 0.137 0.073 0.604
Canada 0.266 0.292 0.503 0.753 0.153 0.139 0.914 0.149 0.799
Finland 0.013 0.080 0.089 0.434 0.056 0.048 0.238 0.072 0.641
France 0.368 0.702 0.138 0.260 0.372 0.792 0.587 0.318 0.921
Germany 0.215 0.676 0.220 0.332 0.522 0.914 0.683 0.521 0.894
Greece 0.043 0.044 0.001 0.003 0.008 0.033 0.040 0.002 0.202
Italy 0.178 1.435 0.339 0.206 0.249 1.387 0.369 0.356 0.884
Japan 0.080 0.776 0.119 0.309 0.571 1.491 1.007 1.228 0.979
Korea 0.032 0.319 0.008 0.017 0.069 0.043 0.148 0.061 0.263
Mexico 0.010 0.009 0.001 0.001 0.017 0.010 0.022 0.003 0.121
New Zeal. 0.358 0.058 0.020 0.042 0.031 0.009 0.056 0.015 0.380
Norway 0.101 0.032 0.030 0.123 0.084 0.036 0.313 0.053 0.684
Portugal 0.018 0.028 0.004 0.011 0.006 0.024 0.011 0.004 0.171
Spain 0.117 0.140 0.026 0.058 0.080 0.211 0.193 0.048 0.428
Sweden 0.033 0.067 0.076 0.255 0.088 0.092 0.248 0.135 0.644
Turkey 0.014 0.019 0.000 0.000 0.007 0.015 0.027 0.001 0.090
U.K. 0.232 0.320 0.055 0.166 0.256 0.342 0.352 0.197 0.624
U.S. 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

Food Textile Wood Paper Chem. Nonmet. Metals Mach. Capital
U.S.        Italy        U.S.        U.S.        U.S.        Japan     Japan     Japan     U.S.
France    U.S.        Canada  Canada  Japan     Italy        U.S.        U.S.        Japan
N.Z.     Japan     Italy        Finland   Germ.     U.S.        Canada  Germ.     France
Canada  France    Germ.     Germ.     France    Germ.     Germ.     Italy        Germ.
Austral.   Germ.     France    Japan     U.K.        France    France    France    Italy
U.K.        U.K.        Japan     France    Italy        U.K.        Austral.   U.K.        Canada
Germ.     Korea     Finland   Sweden  Canada  Spain      Italy        Canada  Norway
Italy        Canada  Sweden  Italy        Sweden  Austria    U.K.        Sweden  Sweden
Spain      Austria    U.K.        U.K.        Norway   Canada  Norway   Austria    Finland
Norway   Spain      Norway   Norway   Spain      Sweden  Sweden  Finland   U.K.
Japan     Austral.   Austria    Austria    Korea     Finland   Finland   Korea     Austria
Greece   Finland   Spain      Spain      Austria    Austral.   Spain      Austral.   Austral.
Sweden  Sweden  N.Z.     N.Z.     Finland   Korea     Korea     Norway   Spain
Korea     N.Z.     Austral.   Austral.   Austral.   Norway   Austria    Spain      N.Z.
Austria    Greece   Korea     Korea     N.Z.     Greece   N.Z.     N.Z.     Korea
Portugal Norway   Portugal Portugal Mexico   Portugal Greece   Portugal Greece
Turkey    Portugal Greece   Greece   Greece   Turkey    Turkey    Mexico   Portugal
Finland   Turkey    Mexico   Mexico   Turkey    Mexico   Mexico   Greece   Mexico
Mexico   Mexico   Turkey    Turkey    Portugal N.Z.     Portugal Turkey    Turkey

Table 28  Technology parameters and capital-labor ratios, relative to the United States

Technology parameters

Technology parameters

Table 29  Country rankings according to their technology parameters and capital-labor ratios



Food Textile Wood Paper Chem. Nonmet. Metals Mach. World
Mean 4.60 12.24 6.81 7.49 8.27 4.60 13.95 11.11 8.66
Median 3.23 9.54 3.56 4.96 7.27 3.92 11.57 11.16 6.23

Food Textile Wood Paper Chem. Nonmet. Metals Mach. World
Model 0.487 0.4071 0.4245 0.3465 0.5508 0.4427 0.5489 0.4421 0.4562
Data 0.4886 0.3901 0.4247 0.3407 0.5408 0.4722 0.5503 0.4224 0.4541
Difference -0.32% 4.27% -0.05% 1.69% 1.84% -6.46% -0.26% 4.57% 0.46%

Figure 5  Histogram of the percent deviations of predicted from actual trade flows

Table 30  Average and median percent deviations

Table 31  Predicted and actual Grubel-Lloyd intra-industry trade indices

of predicted from actual trade flows by industry
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Mean Median Std. Dev. Model Data Difference
6.62 3.82 9.10 0.28 0.28 -1.17%

10.01 10.15 8.89 0.49 0.49 0.14%
5.63 4.26 6.87 0.46 0.45 2.11%

12.31 9.47 11.39 0.45 0.45 -0.71%
10.07 8.96 7.00 0.57 0.56 1.91%
14.13 12.63 8.64 0.55 0.53 4.43%
4.72 3.96 5.46 0.37 0.37 0.31%

11.90 11.28 10.48 0.49 0.48 3.53%
6.82 4.68 7.94 0.44 0.43 2.16%

10.15 5.09 12.19 0.46 0.45 3.37%
1.25 2.13 6.59 0.37 0.36 3.51%
9.37 5.13 9.71 0.31 0.32 -2.29%

12.06 7.72 13.88 0.46 0.46 -0.02%
10.12 6.47 11.06 0.45 0.44 2.72%
6.47 5.64 6.49 0.55 0.54 2.12%

12.14 11.06 9.23 0.50 0.48 3.07%
7.80 4.64 9.61 0.33 0.35 -5.70%
7.88 5.71 7.43 0.57 0.55 2.88%
4.53 3.55 7.39 0.56 0.55 2.10%

Japan
Korea
Mexico
New Zealand

United States

Spain
Sweden

% deviations of trade flows GL IIT index

Table 32  Country-level diagnostics

Australia
Austria
Canada

Greece
Italy

Finland

Turkey
United Kingdom

France
Germany

Norway
Portugal



Industry-level
Factor endowments 1.36%
Comparative advantage -5.09%
Tastes 6.08%

Product-level
Comparative advantage -93.40%

Change 
in GL 
index

% contri- 
bution to 

total

GL index 
value 

(balance)
Current value of GL index 0.46
Removing determinants of trade:
Industry-level

Factor endowments 0.01 3% 0.47
Comparative advantage 0.06 12% 0.53
Tastes 0.04 8% 0.57
Geography-related 0.39 78% 0.96

Total industry-level 0.50 100% 0.96
Product-level

Comparative advantage -0.43 N/A 0.03

Table 33b  Accounting for inter- and intra-industry trade

Percent change in 
the volume of trade

Table 33a  Accounting for volume of trade

Determinants of trade 
that are removed



Food Textile Wood Paper Chem. Nonmet. Metals Mach.
Australia -196% 53% 96% 72% 58% 58% -209% 28%
Austria 87% -8% 40% -52% 26% -46% -22% 7%
Canada -27% 6% -125% -161% 69% 70% -120% 58%
Finland 194% 93% -105% -248% 71% 129% -63% 35%
France -31% -25% 37% 29% -3% -18% 11% 18%
Germany 88% 23% 0% 22% -20% 1% 26% -12%
Greece -166% -129% 198% 124% 48% -80% -109% 187%
Italy 108% -114% -64% 66% 66% -95% 102% 10%
Japan 273% -11% 232% 149% 17% -76% -18% -94%
Korea -48% -192% 183% 187% -19% 115% -82% 11%
Mexico -62% -40% 205% 199% -136% -56% -142% 57%
New Zealand -298% -4% -105% -119% 20% 152% 22% 115%
Norway -81% 161% 32% -112% -25% 92% -122% 46%
Portugal -102% -68% -12% -75% 58% -59% 50% 87%
Spain -41% -39% 35% 5% -3% -58% -56% 50%
Sweden 147% 129% -45% -132% 40% 69% -33% -11%
Turkey -208% -140% 194% 380% -38% -60% -180% 227%
United Kingdom -7% 7% 124% 15% -38% 4% -6% 2%
United States -84% 78% -91% -7% -14% 24% 87% 7%

Food Textile Wood Paper Chem. Nonmet. Metals Mach.
Australia 177% -55% -125% -74% -55% -123% 155% -27%
Austria -49% 1% -18% 22% -15% 25% 14% -3%
Canada 28% -29% 68% 87% -44% -64% 98% -17%
Finland -144% -32% 61% 135% -49% -109% 37% -17%
France 51% -7% -41% -30% 6% -3% 15% -8%
Germany -79% -40% -10% -44% 20% -10% -19% 6%
Greece 98% 18% -153% -120% -21% 26% 64% -91%
Italy -50% 40% 56% -69% -48% 66% -60% -4%
Japan -265% -87% -207% -182% -24% 70% -35% 80%
Korea -74% -18% -237% -182% 8% -117% 40% -23%
Mexico 47% 24% -59% -138% 66% 31% 74% -17%
New Zealand 190% -1% 33% 48% -7% -173% 67% -69%
Norway 134% -22% -36% 21% 15% -75% -14% -22%
Portugal 56% -53% 1% 28% -36% 29% 31% -7%
Spain 55% 1% -32% -18% 8% 33% 72% -24%
Sweden -105% -22% 16% 57% -25% -44% -5% 0%
Turkey 115% 82% -185% -389% 25% 62% 147% -167%
United Kingdom 39% -23% -102% -42% 28% -21% 3% -2%
United States 69% -139% 28% -35% 31% -47% -80% -9%

Table 34b  Removing industry-level comparative advantages,

Table 34a  Removing industry-level comparative advantages,
percentage changes of exports

percentage changes of imports
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Food Textile Wood Paper Chem. Nonmet. Metals Mach.
Australia     -1.34 -0.77 -0.74 -0.60 0.52 -0.42 2.62 0.72
Austria       -1.59 -1.03 -0.72 0.27 1.57 -0.05 2.03 -0.47
Canada        -1.28 -0.67 -0.55 0.38 0.67 0.00 1.76 -0.31
Finland       -1.95 -0.41 -0.85 1.07 0.97 -0.26 1.59 -0.15
France        -1.12 -0.67 -0.28 -0.30 1.09 0.00 1.38 -0.10
Germany       -0.80 -0.49 -0.25 0.11 0.74 0.03 1.29 -0.63
Greece        -1.21 -1.58 -0.22 0.15 0.64 0.11 1.82 0.28
Italy         -0.75 -1.53 -0.20 -0.13 1.05 0.21 1.07 0.28
Japan         -0.52 -0.22 -0.11 -0.38 0.02 -0.19 0.78 0.62
Korea         -0.64 -1.14 -0.13 -0.17 0.09 -0.25 1.44 0.78
Mexico        -1.67 -0.64 -0.02 -0.04 0.82 -0.12 1.98 -0.32
New Zealand   0.24 -1.03 -0.74 -0.29 1.27 -0.10 1.09 -0.43
Norway        -2.08 -0.21 -0.74 -0.46 2.01 0.10 2.88 -1.49
Portugal      -1.08 -2.03 -0.41 0.81 1.04 0.45 0.72 0.51
Spain         -1.88 -0.69 -0.39 -0.12 0.62 -0.23 1.41 1.28
Sweden        -1.33 -0.26 -0.92 0.33 1.28 0.06 1.77 -0.93
Turkey        -1.30 0.46 -0.09 0.07 -0.68 -0.43 0.90 1.05
United Kingdom -1.23 -0.53 -0.33 -0.41 0.82 -0.29 1.33 0.63
United States -0.75 -0.22 -0.17 -0.55 -0.10 -0.02 0.87 0.93

Food Textile Wood Paper Chem. Nonmet. Metals Mach.
Av. elasticity -0.087 -0.083 -0.079 -0.004 0.052 -0.012 0.178 0.005
Std. dev. 0.033 0.035 0.025 0.033 0.045 0.033 0.050 0.021
Max 0.009 0.022 -0.031 0.070 0.156 0.054 0.250 0.052
Min -0.143 -0.126 -0.117 -0.051 -0.023 -0.061 0.064 -0.040

Table 36  Simulated capital stock coefficients, by industry

Table 37  Summary of elasticities of specialization with respect to capital



Food Textile Wood Paper Chem. Nonmet. Metals Mach.
Food 0.214 -0.039 -0.031 -0.015 -0.024 -0.022 -0.058 -0.047
Textile -0.041 0.681 -0.060 -0.059 -0.036 -0.063 -0.104 -0.099
Wood -0.011 -0.020 0.394 -0.014 -0.013 -0.012 -0.025 -0.022
Paper -0.025 -0.065 -0.038 0.445 -0.036 -0.044 -0.093 -0.076
Chemicals -0.044 -0.052 -0.059 -0.051 0.411 -0.054 -0.099 -0.084
Nonmetals -0.009 -0.023 -0.011 -0.014 -0.011 0.274 -0.016 -0.017
Metals -0.051 -0.111 -0.067 -0.089 -0.065 -0.053 0.691 -0.037
Machinery -0.147 -0.331 -0.205 -0.252 -0.183 -0.172 -0.096 0.395

Food Textile Wood Paper Chem. Nonmet. Metals Mach.
Food 0.113 0.047 0.034 0.027 0.034 0.023 0.067 0.048
Textile 0.040 0.226 0.060 0.059 0.036 0.059 0.085 0.093
Wood 0.007 0.015 0.202 0.015 0.010 0.009 0.020 0.018
Paper 0.024 0.071 0.044 0.221 0.038 0.044 0.087 0.075
Chemicals 0.015 0.028 0.024 0.027 0.183 0.022 0.037 0.030
Nonmetals 0.005 0.013 0.008 0.010 0.007 0.123 0.011 0.012
Metals 0.020 0.045 0.034 0.041 0.034 0.025 0.256 0.036
Machinery 0.037 0.111 0.086 0.108 0.066 0.061 0.087 0.156

Food Textile Wood Paper Chem. Nonmet. Metals Mach.
Food 0.057 -0.200 -0.154 -0.112 -0.151 -0.095 -0.314 -0.220
Textile -0.137 0.210 -0.184 -0.230 -0.117 -0.193 -0.276 -0.281
Wood -0.028 -0.051 0.108 -0.046 -0.029 -0.026 -0.065 -0.055
Paper -0.091 -0.291 -0.173 0.068 -0.145 -0.161 -0.350 -0.308
Chemicals -0.069 -0.097 -0.116 -0.091 0.112 -0.091 -0.163 -0.128
Nonmetals -0.021 -0.054 -0.028 -0.040 -0.025 0.054 -0.043 -0.046
Metals -0.091 -0.208 -0.162 -0.166 -0.167 -0.115 0.183 -0.141
Machinery -0.187 -0.527 -0.351 -0.475 -0.299 -0.266 -0.283 0.079

Food Textile Wood Paper Chem. Nonmet. Metals Mach.
Food 0.537 0.000 -0.006 0.012 0.000 -0.003 -0.011 -0.008
Textile -0.006 0.975 -0.005 -0.005 -0.002 -0.009 -0.018 -0.014
Wood -0.001 -0.002 0.915 0.003 -0.001 -0.001 -0.001 0.000
Paper -0.001 -0.003 0.003 0.793 -0.001 -0.004 -0.009 -0.007
Chemicals -0.015 -0.004 -0.013 -0.009 0.812 -0.014 -0.017 -0.017
Nonmetals -0.002 -0.004 -0.002 -0.002 -0.002 0.464 -0.002 -0.003
Metals -0.021 -0.041 -0.026 -0.027 -0.021 -0.020 1.108 0.004
Machinery -0.070 -0.169 -0.031 -0.088 -0.072 -0.064 0.043 0.725

Table 38d Maximum of elasticities

Table 38a  Elasticities of specialization with respect to technology parameters

Table 38b  Standard deviation of elasticities

Table 38c Minimum of elasticities

Source         
Effect

Source         
Effect

Source         
Effect

Source         
Effect
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 Food Textile Wood Paper Chem. Nonmet. Metals Mach.
Australia 0.002% 0.002% 0.003% 0.004% 0.003% 0.003% 0.006% 0.010%
Austria 0.003% 0.004% 0.007% 0.006% 0.006% 0.006% 0.043% 0.025%
Canada 0.005% 0.005% 0.008% 0.008% 0.007% 0.007% 0.032% 0.028%
Finland 0.003% 0.003% 0.004% 0.004% 0.004% 0.004% 0.012% 0.013%
France 0.005% 0.006% 0.013% 0.009% 0.010% 0.011% 0.117% 0.055%
Germany 0.004% 0.004% 0.010% 0.007% 0.008% 0.008% 0.079% 0.039%
Greece 0.004% 0.004% 0.009% 0.006% 0.007% 0.007% 0.065% 0.033%
Italy 0.004% 0.004% 0.009% 0.006% 0.007% 0.007% 0.063% 0.033%
Japan 0.001% 0.001% 0.001% 0.001% 0.001% 0.001% 0.003% 0.002%
Korea 0.002% 0.002% 0.003% 0.003% 0.002% 0.002% 0.006% 0.007%
Mexico 0.006% 0.006% 0.011% 0.009% 0.008% 0.008% 0.031% 0.030%
New Zeal. 0.002% 0.003% 0.004% 0.004% 0.004% 0.003% 0.010% 0.012%
Norway 0.003% 0.004% 0.005% 0.005% 0.005% 0.005% 0.022% 0.018%
Portugal 0.004% 0.004% 0.008% 0.006% 0.006% 0.007% 0.041% 0.027%
Spain 0.003% 0.004% 0.007% 0.005% 0.006% 0.006% 0.042% 0.025%
Sweden 0.003% 0.004% 0.005% 0.005% 0.005% 0.005% 0.019% 0.018%
Turkey 0.002% 0.002% 0.004% 0.004% 0.003% 0.003% 0.009% 0.011%
U.K. 0.008% 0.008% 0.022% 0.013% 0.016% 0.019% 0.220% 0.095%
U.S. 0.008% 0.008% 0.021% 0.013% 0.015% 0.017% 0.189% 0.085%

 Food Textile Wood Paper Chem. Nonmet. Metals Mach.
Australia 9 16 12 21 68 18 514 630
Austria -2 -4 -2 -8 -42 -19 -1,354 115
Canada 21 74 123 104 375 113 3,730 2,944
Finland 2 9 13 12 35 12 358 320
France -24 -82 -75 -114 -468 -139 -10,527 -1,776
Germany -22 -55 -60 -112 -575 -214 -11,889 -719
Greece 1 -6 -2 -3 -18 -5 -340 -10
Italy 2 -18 4 -10 -75 -35 -2,082 450
Japan 79 323 202 258 880 244 3,180 11,488
Korea 26 407 67 98 369 95 1,720 3,893
Mexico 31 49 33 72 286 148 5,603 2,029
New Zeal. 8 3 3 4 12 3 37 89
Norway 3 2 6 8 26 11 517 209
Portugal 1 -11 2 -7 -11 -7 -349 89
Spain -6 -26 -31 -47 -237 -117 -5,781 188
Sweden 5 5 21 16 71 24 861 886
Turkey 9 68 18 19 60 24 621 574
U.K. -57 -209 -125 -186 -746 -219 -7,113 -6,362
U.S. -39 -281 -184 -88 278 175 17,973 -10,902

Table 41  Percent changes of the costs of production due to the trade war

Table 42  Changes of employment due to the trade war

between the U.S. and E.U. in the Metals industry

between the U.S. and E.U. in the Metals industry
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 Food Textile Wood Paper Chem. Nonmet. Metals Mach.
Australia -0.002% -0.456% -0.018% -0.006% -0.005% -0.003% -0.002% -0.005%
Austria -0.002% -0.454% -0.017% -0.006% -0.005% -0.003% -0.002% -0.005%
Canada -0.002% -0.508% -0.020% -0.006% -0.005% -0.003% -0.002% -0.005%
Finland -0.003% -0.849% -0.034% -0.010% -0.008% -0.006% -0.003% -0.008%
France -0.001% -0.323% -0.014% -0.005% -0.004% -0.002% -0.002% -0.004%
Germany -0.001% -0.339% -0.015% -0.005% -0.004% -0.003% -0.002% -0.005%
Greece -0.005% -2.444% -0.072% -0.019% -0.019% -0.012% -0.005% -0.011%
Italy -0.001% -0.171% -0.010% -0.003% -0.003% -0.002% -0.001% -0.003%
Japan -0.001% -0.356% -0.015% -0.005% -0.004% -0.003% -0.002% -0.005%
Korea -0.002% -0.495% -0.019% -0.006% -0.005% -0.004% -0.002% -0.006%
Mexico -0.005% -2.135% -0.027% -0.015% -0.015% -0.011% -0.005% -0.010%
New Zeal. -0.001% -0.383% -0.016% -0.005% -0.004% -0.003% -0.002% -0.005%
Norway -0.004% -1.200% -0.045% -0.013% -0.009% -0.007% -0.003% -0.009%
Portugal -0.004% -1.726% -0.061% -0.016% -0.013% -0.009% -0.003% -0.007%
Spain -0.001% -0.256% -0.012% -0.004% -0.003% -0.002% -0.002% -0.004%
Sweden -0.003% -1.060% -0.040% -0.012% -0.009% -0.006% -0.003% -0.008%
Turkey -0.002% -0.659% -0.026% -0.008% -0.007% -0.005% -0.003% -0.007%
U.K. -0.002% -0.420% -0.019% -0.006% -0.005% -0.003% -0.002% -0.005%
U.S. -0.001% -0.363% -0.015% -0.005% -0.004% -0.003% -0.002% -0.005%

 Food Textile Wood Paper Chem. Nonmet. Metals Mach.
Australia -0.012% -0.019% -0.016% -0.018% -0.015% -0.015% -0.019% -0.126%
Austria -0.009% -0.036% -0.011% -0.015% -0.010% -0.010% -0.012% -0.085%
Canada -0.010% -0.021% -0.013% -0.014% -0.012% -0.013% -0.016% -0.103%
Finland -0.007% -0.041% -0.010% -0.011% -0.010% -0.010% -0.012% -0.070%
France -0.007% -0.027% -0.011% -0.012% -0.009% -0.010% -0.013% -0.060%
Germany -0.007% -0.054% -0.010% -0.012% -0.008% -0.011% -0.015% -0.056%
Greece -0.333% -0.226% -0.383% -0.398% -0.392% -0.418% -0.363% -4.841%
Italy -0.011% -0.018% -0.009% -0.011% -0.010% -0.011% -0.019% -0.054%
Japan -0.004% -0.013% -0.006% -0.005% -0.005% -0.005% -0.010% -0.030%
Korea -0.135% -0.126% -0.171% -0.197% -0.159% -0.172% -0.173% -1.682%
Mexico -0.277% -0.192% -0.085% -0.311% -0.290% -0.357% -0.328% -3.904%
New Zeal. -0.013% -0.019% -0.018% -0.019% -0.017% -0.017% -0.026% -0.146%
Norway -0.012% -0.059% -0.016% -0.017% -0.013% -0.017% -0.014% -0.131%
Portugal -0.282% -0.052% -0.390% -0.407% -0.311% -0.342% -0.141% -3.936%
Spain -0.011% -0.019% -0.020% -0.022% -0.015% -0.017% -0.019% -0.105%
Sweden -0.008% -0.071% -0.012% -0.012% -0.012% -0.015% -0.013% -0.071%
Turkey -0.293% -0.291% -0.391% -0.403% -0.357% -0.367% -0.403% -3.507%
U.K. -0.009% -0.032% -0.015% -0.014% -0.011% -0.012% -0.016% -0.082%
U.S. -0.008% -0.021% -0.010% -0.010% -0.010% -0.013% -0.020% -0.066%

Table 47  Percentage change of goods prices

Table 48  Percentage change of goods prices

when trade barriers are reduced in the Textile industry

when trade barriers are reduced in the Machinery industry



Impact S.S. Impact S.S. Impact S.S. Impact S.S.
Australia -0.48% -0.56% -0.44% -0.52% -0.50% -0.56% -0.47% -0.54%
Austria -0.39% -0.46% -0.32% -0.40% -0.36% -0.41% -0.31% -0.37%
Canada -0.81% -0.92% -0.86% -0.94% -0.88% -0.96% -0.93% -0.99%
Finland -0.38% -0.45% -0.32% -0.40% -0.38% -0.43% -0.33% -0.40%
France -0.39% -0.46% -0.32% -0.41% -0.36% -0.41% -0.31% -0.38%
Germany -0.43% -0.49% -0.35% -0.44% -0.38% -0.44% -0.34% -0.40%
Greece -0.31% -0.38% -0.24% -0.33% -0.35% -0.40% -0.30% -0.37%
Italy -0.35% -0.42% -0.27% -0.36% -0.33% -0.38% -0.28% -0.35%
Japan -0.48% -0.55% -0.40% -0.49% -0.41% -0.46% -0.35% -0.42%
Korea -0.44% -0.51% -0.39% -0.48% -0.45% -0.51% -0.42% -0.49%
Mexico -0.63% -0.74% -0.70% -0.79% -0.90% -0.99% -0.96% -1.03%
N.Z. -0.44% -0.51% -0.40% -0.48% -0.46% -0.52% -0.43% -0.50%
Norway -0.45% -0.52% -0.39% -0.48% -0.42% -0.47% -0.38% -0.44%
Portugal -0.34% -0.40% -0.27% -0.35% -0.35% -0.41% -0.31% -0.37%
Spain -0.33% -0.40% -0.26% -0.35% -0.34% -0.39% -0.29% -0.35%
Sweden -0.47% -0.54% -0.41% -0.49% -0.44% -0.49% -0.40% -0.46%
Turkey -0.25% -0.31% -0.18% -0.27% -0.33% -0.38% -0.29% -0.35%
U.K. -0.45% -0.52% -0.39% -0.47% -0.43% -0.48% -0.39% -0.45%
U.S. -0.64% -0.77% -0.77% -0.86% -1.27% -1.36% -1.34% -1.41%

Food Textile Wood Paper Chem. Nonmet. Metals Mach.
Australia -0.28% -0.47% -0.41% -0.44% -0.30% -0.43% -0.44% -0.83%
Austria -0.26% -0.48% -0.41% -0.46% -0.34% -0.42% -0.42% -0.61%
Canada -0.34% -0.49% -0.42% -0.44% -0.31% -0.42% -0.28% -1.45%
Finland -0.25% -0.46% -0.39% -0.44% -0.33% -0.40% -0.41% -0.64%
France -0.26% -0.46% -0.40% -0.45% -0.33% -0.41% -0.40% -0.61%
Germany -0.29% -0.48% -0.44% -0.49% -0.37% -0.46% -0.44% -0.65%
Greece -0.21% -0.40% -0.32% -0.37% -0.28% -0.32% -0.35% -0.60%
Italy -0.24% -0.44% -0.36% -0.42% -0.32% -0.39% -0.38% -0.56%
Japan -0.31% -0.60% -0.44% -0.56% -0.42% -0.53% -0.51% -0.68%
Korea -0.25% -0.49% -0.27% -0.39% -0.33% -0.44% -0.44% -0.76%
Mexico -0.21% -0.14% 0.20% -0.09% -0.17% -0.36% -0.23% -1.50%
N.Z. -0.24% -0.41% -0.36% -0.39% -0.26% -0.37% -0.43% -0.77%
Norway -0.27% -0.46% -0.42% -0.46% -0.34% -0.42% -0.43% -0.70%
Portugal -0.19% -0.46% -0.33% -0.37% -0.29% -0.34% -0.39% -0.60%
Spain -0.22% -0.41% -0.34% -0.39% -0.29% -0.36% -0.36% -0.58%
Sweden -0.31% -0.46% -0.47% -0.53% -0.37% -0.47% -0.45% -0.73%
Turkey -0.16% -0.31% -0.26% -0.30% -0.23% -0.28% -0.29% -0.57%
U.K. -0.29% -0.49% -0.44% -0.49% -0.36% -0.46% -0.42% -0.72%
U.S. 0.27% 0.46% 0.39% 0.55% 0.33% 0.39% 0.24% -2.08%

c. Price changes in the steady state of the basic model

a. Manuf. consumption price level b. Capital good price

Tables 49a-c  Effects of a 20% increase in the technology parameter

No int'l investment With int'l investmentNo int'l investment With int'l investment

of the U.S. Machinery industry



Impact S.S. Impact S.S.
Australia -0.37% -0.33% -0.61% -0.52%
Austria -0.43% -0.43% -0.72% -0.63%
Canada -0.31% -0.22% -0.54% -0.45%
Finland -0.38% -0.38% -0.65% -0.57%
France -0.43% -0.43% -0.71% -0.62%
Germany -0.55% -0.56% -0.88% -0.79%
Greece -0.20% -0.19% -0.38% -0.30%
Italy -0.40% -0.40% -0.68% -0.60%
Japan -0.65% -0.67% -1.03% -0.94%
Korea -0.44% -0.45% -0.80% -0.71%
Mexico -0.15% -0.04% -0.25% -0.17%
New Zealand -0.22% -0.20% -0.43% -0.34%
Norway -0.34% -0.33% -0.60% -0.51%
Portugal -0.24% -0.23% -0.45% -0.36%
Spain -0.33% -0.33% -0.56% -0.48%
Sweden -0.55% -0.55% -0.88% -0.79%
Turkey -0.21% -0.20% -0.38% -0.29%
United Kingdom -0.50% -0.49% -0.79% -0.71%
United States 2.70% 2.98% 3.37% 3.46%

Impact S.S. Impact S.S. Impact S.S. Impact S.S.
Australia -0.41% -0.37% -0.65% -0.56% -0.31% -0.72% 0.62% 0.02%
Austria -0.46% -0.46% -0.74% -0.66% -0.44% -0.72% 0.62% 0.02%
Canada -0.51% -0.41% -0.72% -0.64% 0.10% -0.58% 0.62% 0.02%
Finland -0.41% -0.41% -0.68% -0.59% -0.36% -0.66% 0.62% 0.02%
France -0.47% -0.46% -0.74% -0.65% -0.41% -0.70% 0.62% 0.02%
Germany -0.60% -0.61% -0.92% -0.84% -0.52% -0.78% 0.62% 0.02%
Greece -0.21% -0.20% -0.40% -0.31% -0.18% -0.48% 0.62% 0.02%
Italy -0.41% -0.41% -0.70% -0.61% -0.42% -0.70% 0.62% 0.02%
Japan -0.69% -0.70% -1.07% -0.98% -0.67% -0.93% 0.62% 0.02%
Korea -0.42% -0.44% -0.79% -0.70% -0.49% -0.77% 0.62% 0.02%
Mexico -0.42% -0.30% -0.51% -0.42% 0.56% -0.22% 0.62% 0.02%
N.Z. -0.28% -0.25% -0.47% -0.39% -0.13% -0.52% 0.62% 0.02%
Norway -0.39% -0.37% -0.64% -0.55% -0.33% -0.67% 0.62% 0.02%
Portugal -0.25% -0.24% -0.46% -0.38% -0.22% -0.51% 0.62% 0.02%
Spain -0.36% -0.36% -0.59% -0.50% -0.30% -0.58% 0.62% 0.02%
Sweden -0.60% -0.60% -0.93% -0.85% -0.50% -0.83% 0.62% 0.02%
Turkey -0.23% -0.22% -0.41% -0.32% -0.11% -0.40% 0.62% 0.02%
U.K. -0.55% -0.54% -0.85% -0.76% -0.45% -0.76% 0.62% 0.02%
U.S. 2.80% 3.08% 3.47% 3.56% 2.98% 1.70% 0.62% 0.02%

No int'l investment With int'l investment No int'l investment With int'l investment
e. Real wage f. Interest rate

Tables 49d-f  Effects of a 20% increase in the technology parameters

No int'l investment With int'l investment
d. Real manufacturing income

of the U.S. Machinery industry



Impact S.S. Impact S.S.
Australia 0.04% 0.48% -1.10% -0.44% Australia 0.04% 1.90%
Austria 0.03% 0.29% -1.28% -0.63% Austria 0.02% 1.12%
Canada 0.07% 0.83% -0.68% -0.02% Canada 0.09% 4.51%
Finland 0.03% 0.32% -1.19% -0.53% Finland 0.02% 0.96%
France 0.03% 0.30% -1.25% -0.59% France 0.16% 8.23%
Germany 0.02% 0.26% -1.41% -0.75% Germany 0.29% 14.84%
Greece 0.03% 0.35% -0.90% -0.24% Greece 0.00% 0.24%
Italy 0.02% 0.30% -1.26% -0.60% Italy 0.12% 6.04%
Japan 0.02% 0.25% -1.61% -0.96% Japan 0.86% 43.35%
Korea 0.02% 0.28% -1.41% -0.75% Korea 0.07% 3.73%
Mexico 0.09% 0.95% -0.10% 0.56% Mexico 0.01% 0.41%
New Zeal. 0.04% 0.44% -0.90% -0.24% New Zeal. 0.01% 0.25%
Norway 0.03% 0.38% -1.14% -0.48% Norway 0.01% 0.65%
Portugal 0.03% 0.32% -0.98% -0.32% Portugal 0.01% 0.29%
Spain 0.03% 0.30% -1.08% -0.43% Spain 0.05% 2.58%
Sweden 0.03% 0.36% -1.38% -0.73% Sweden 0.04% 1.94%
Turkey 0.03% 0.32% -0.83% -0.18% Turkey 0.01% 0.48%
U.K. 0.03% 0.35% -1.29% -0.64% U.K. 0.17% 8.48%
U.S. 0.15% 1.65% 3.12% 3.80% Total 1.98% 100.00%

Tables 49g-h  Effects of a 20% increase in the technology parameters

No int'l investment
g. Capital stock

U.S. 
investme

Foreign 
investme

h. Foreign investment into 
U.S. in the steady state as 

With int'l investment

of the U.S. Machinery industry



Food Textile Wood Paper Chem. Nonmet. Metals Mach.
Australia -0.008 -0.005 -0.006 -0.006 -0.008 -0.006 -0.006 -0.002
Austria -0.007 -0.005 -0.006 -0.005 -0.007 -0.006 -0.006 -0.004
Canada -0.011 -0.009 -0.010 -0.010 -0.011 -0.010 -0.011 0.001
Finland -0.007 -0.005 -0.005 -0.005 -0.006 -0.005 -0.005 -0.003
France -0.007 -0.005 -0.006 -0.005 -0.007 -0.006 -0.006 -0.004
Germany -0.009 -0.006 -0.007 -0.006 -0.008 -0.007 -0.007 -0.005
Greece -0.005 -0.002 -0.003 -0.003 -0.004 -0.004 -0.003 -0.001
Italy -0.007 -0.004 -0.005 -0.005 -0.006 -0.005 -0.005 -0.003
Japan -0.010 -0.007 -0.009 -0.007 -0.009 -0.008 -0.008 -0.006
Korea -0.008 -0.005 -0.008 -0.007 -0.008 -0.006 -0.006 -0.003
Mexico -0.009 -0.009 -0.013 -0.010 -0.009 -0.007 -0.009 0.004
New Zeal. -0.006 -0.004 -0.005 -0.005 -0.006 -0.005 -0.004 -0.001
Norway -0.007 -0.005 -0.005 -0.005 -0.007 -0.006 -0.006 -0.003
Portugal -0.006 -0.002 -0.004 -0.004 -0.005 -0.004 -0.004 -0.001
Spain -0.006 -0.004 -0.005 -0.004 -0.006 -0.005 -0.005 -0.002
Sweden -0.009 -0.007 -0.007 -0.007 -0.008 -0.007 -0.008 -0.005
Turkey -0.005 -0.003 -0.003 -0.003 -0.004 -0.003 -0.003 0.000
U.K. -0.008 -0.006 -0.007 -0.006 -0.008 -0.007 -0.007 -0.004
U.S. 0.013 0.014 0.014 0.011 0.011 0.012 0.013 0.038

Impact S.S. Impact S.S.
Capital stock 0.07% 0.77% 0.17% 0.84%
Real manufacturing inc 0.63% 0.72% 0.66% 0.75%
Interest rate N/A N/A 0.62% 0.02%

No int'l investment With int'l investment

i. Total factor productivity change in the steady state, no international investment

j. World effects

Tables 49i-j  Effects of a 20% increase in the technology parameters
of the U.S. Machinery industry




