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Abstract

We develop a model to account for the volume and pattern of international trade. The model
incorporates technological, factor endowment, and geographic di¤erences at the industry level.
In addition, within-industry heterogeneity gives rise to intra-industry trade, thus eliminating the
need for the Armington assumption. We parametrize the model using data for eight industries
in nineteen OECD countries. Evaluating the model, we �nd that it accurately predicts the mag-
nitude and composition of trade �ows. We also �nd that the e¤ects of capital on specialization
predicted by the model are close to those obtained by regression analysis. We use the model
to identify the main determinants of the volume and composition of trade. We �nd that, given
current trade barriers, within-industry heterogeneity accounts for 93% of the volume of trade,
while industry-level comparative advantage and factor-endowment di¤erences account for 4%.
Technology, tastes, and factor endowments are responsible for 22% of inter-industry trade, while
geography-related trade advantages are responsible for the remaining 78%.

JEL codes: F1, F11, F17, F21, O41

Keywords: international trade, comparative advantage, Heckscher-Ohlin, geography, intra-industry
trade, Armington assumption, volume of trade, specialization

1 Introduction

We develop a model of international trade with roles for technology, factor endowments, and dis-
tance. The model is computable and able to account for observed patterns and volumes of trade. It
includes elements of the Eaton-Kortum, Ricardian, and Heckscher-Ohlin models, and Hirchman�s
notion of forward and backward linkages. We use the model to identify the main determinants of
the volume and composition of trade.

Our model has neoclassical features, such as constant returns to scale in production, multiple
industries, perfectly competitive markets for goods and services, and several factors that are mobile
between industries (Harrigan, 2003). It is a large-country model, with countries trading both �nal
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and intermediate goods.1 In the basic model, country capital stocks are �xed. Model extensions
developed in Appendix C incorporate endogenous capital accumulation and an international capital
market.

Countries have several reasons to trade in our framework. First, since industries have di¤erent
factor intensities and countries have di¤erent relative factor endowments, the standard Heckscher-
Ohlin motive applies. Second, as in Harrigan (1997), countries have di¤erent relative productivities
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 dif-
ferences across goods, gives rise to intra-industry trade. Finally, trade is a¤ected by geography and
trade barriers.2

Our framework can be used as an alternative to CGE models that rely on the Armington
(1969) assumption to explain intra-industry trade. Unlike those models, our framework does not
require estimation of substitution elasticities between domestic and imported goods, nor does it
give countries monopoly power over their products. It is much more compact and allows for trade
growth on both extensive (greater variety) and intensive (greater quantity) margins.3

We parametrize our model using 1989 data on 8 two-digit industries in 19 OECD countries,
including Mexico and Turkey. We then evaluate it by comparing 2,736 trade �ows predicted by the
model to the actual trade �ows. In doing so, we �nd that the model is able to accurately predict
the magnitude and composition of trade.

We evaluate the model further by comparing average e¤ects of capital stock on specialization
predicted by the model to those obtained by regression analysis (Harrigan, 1997).4 We �nd that
the results are very similar. In the course of this investigation, we also �nd that the e¤ects of
capital stock on specialization vary signi�cantly across countries. The e¤ects of technology on
specialization, on the other hand, are far more consistent.

We then use the model to identify how the volume and composition of trade are determined by
technology, factor endowments, tastes, geography, and within-industry heterogeneity. 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 as well as composition of trade.
Unlike growth accounting, our methodology does not guarantee that we can explain all of trade.
We are, however, able to account for almost all of it.

We �nd that within-industry heterogeneity is responsible for 93% of the volume trade. Dif-
ferences in relative productivities across industries, which give rise to industry-level comparative
advantages, are responsible for 5%. Thus, productivity di¤erences on product and industry levels

1Countries that are �large�can in�uence their own terms of trade.
2There are other models that combine several explanations of trade. Theoretical works by Dixit and Norman

(1980), Helpman (1981), and Ethier (1982b) combine models of imperfect competition with the Heckscher-Ohlin
model. Davis (1995) develops a model that combines the Heckscher-Ohlin model with the Ricardian model to explain
intra-industry trade. Empirical studies that combine several explanations of trade include Tre�er (1995) and Harrigan
(1997). The former allows sector-neutral technological di¤erences in the Heckscher-Ohlin model. The latter combines
non-sector-neutral technological di¤erences with factor endowment di¤erences.

3The Armington (1969) assumption postulates that consumers see goods coming from di¤erent countries as dif-
ferent goods. This means that two-way trade exists even if industries are homogeneous. Several problems that occur
due to the usage of this assumption have been pointed out in the literature. McDaniel and Balistreri (2003) discuss
estimation of substitution elasticities. Brown (1987) and Panagariya and Duttagupta (2001) discuss problems that
arise because countries have monopoly power over their products.

4Specialization is measured by industry shares in GDP.
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together account for 98% of the volume of trade. Factor endowment di¤erences have virtually no
e¤ect on the volume of trade, while taste di¤erences across countries actually decrease trade by
about 6%.5

Similarly, we are able to determine the e¤ects of comparative advantage, factor endowments,
and other determinants of trade on the size of inter-industry trade. We �nd that geography and
di¤erences of trade costs are responsible for 78% of inter-industry trade. Comparative advantages
are 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 deter-
minants of trade in�uence the pattern of trade or net exports. We �nd that removing industry-level
comparative advantages 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.6

The remainder of the paper is structured as follows. Section 2 describes the model. Section
3 explains parameterization of the model and evaluates its �t. In Section 4, we use the model to
account for the volume and composition of trade. Section 5 considers the e¤ects of technology and
factor endowments on specialization. Section 6 presents the conclusions.

Appendices contain the following information. Appendix A explains our notation by placing it
in the context of a standard input-output table. Appendix B describes data sources. Appendix C
develops extensions of the model that include endogenous capital accumulation and an international
capital market. Appendix D employs model extensions developed in Appendix C to study the e¤ects
of technological improvement in the U.S. Machinery industry. Appendix E suggests an approach
to estimating the technology parameter of the nontraded sector.

2 Computable model of international 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 function. However, it
has been found that individual products within an industry can be produced with very di¤erent
productivities.7 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 processes
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 demand 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.

5We obtain these numbers by removing the determinants of trade one-by-one and noting the resulting changes in
trade. For example, to �nd the e¤ect of capital stock di¤erences, we give all countries the same capital-labor ratio.

6We want to note that our conclusion about factor endowments having little e¤ect on the volume or pattern
of trade is achieved by looking only at the manufacturing sector and using only two factors: capital and labor.
This conclusion may change if we include nonmanufacturing sectors, such as mining and agriculture, and other
factors, such as land and other natural resources. Also, our conclusions regarding the importance of industry-level
comparative advantage are based on analysis that uses a relatively low level of disaggregation (two-digit industries).
Using more disaggregated data would probably give more in�uence to the industry-level comparative advantage and
less to within-industry heterogeneity.

7See, 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).

3



We model technological di¤erences at 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 assumption. The EK model also
allows for easy incorporation of asymmetric transport costs. This ability is crucial because transport
costs have been shown to have a major in�uence on the pattern of international trade.8,9

The model we develop in this paper also takes into account the fact that a large portion of
intermediate goods consumed by an industry come 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. In the terminology of Hirschman (1958), these are forward and backward linkages
between industries. For example, higher demand for machinery products also increases demand for
intermediate goods made by the metal-producing industry.

2.1 Description of the model

There are N 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 , (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 . (2)

In this expression, �jm is the share of industry m goods in the input of industry j, such thatPJ
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 productivity. Produc-
tivities are assigned probabilistically, drawn from the Fréchet distribution.10 Consumers have CES
preferences over these goods.11

Eaton and Kortum (2002) show how prices are determined given technology parameters, trans-
port costs, and costs of production. The reader is referred to their paper for derivation. We take
EK�s price index equation and add industry dimension to it. As the result, the price index in
industry j is

pnj =

"
NX
i=1

Tij (dnijcij)
��
#�1=�

, (3)

8For 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 given in Eaton and Kortum (2001a; 2005). 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.

9Trade costs are reviewed in Anderson and van Wincoop (2004).
10Kortum (1997) and Eaton and Kortum (1999) provide microfoundations for this approach.
11The 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.

4



where Tij and � are technology parameters, and dnij is the Samuelson�s (�iceberg�) transportation
cost of delivering goods of industry j from country i to country n. Plugging (2) and (3) into (1),
we get

cij = r
�j
i w

�j
i

JY
m=1

"
NX
n=1

Tnm (dinmcnm)
��
#��jm(1��j��j)�

. (4)

Parameter T represents industry-level productivity and, therefore, determines comparative ad-
vantage across industries. Country n has a comparative advantage in industry j if Tnj=Tnm >
Tij=Tim.12 Parameter � determines the strength of product-level comparative advantage. Within
industries, lower value of � means more dispersion of productivities among producers, leading to
stronger forces of intra-industry 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.

Eaton and Kortum (2002) also derive the volume of trade between countries given technology
parameters, distance, costs and prices. Adding industry dimension to their import share equation,
it becomes

�nij �
Xnij
Xnj

= Tij

�
dnijcij
pnj

���
, (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) , (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 isX
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.13

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

12Parameter T is not the same as total factor productivity (TFP). Parameter T determines the mean of the Fréchet
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 Appendix D).
13Appendix A explains this part in greater detail.
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proportion of country income: Cnj =  njV An, where V An is total income (GDP) in country n.
14

We allow for di¤erent tastes across countries by letting  nj be country-speci�c.
We measure capital K in real units. Capital can be freely and instantaneously moved across

industries within a country, subject to the constraint
X

j
Kij = Ki. The country capital stock Ki

is �xed. Rental rate ri is determined by the market. In Appendix C, we develop two extensions of
the model that endogenize capital stock Ki.

The capital good is a 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.15 The price of the capital good in country
i is then

pki =
Y
m

p
�Im
im , (7)

where �Im is the �xed share of industry m�s goods in the composite capital good.
16

Total investment spending in country i is given by its income and exogenous savings 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
(6), we obtain the output equation:

Qij =

NX
n=1

�nij

  
JX

m=1

�mj (1� �m � �m)
�m

wnLnm

!
+ �IjsnV An +  njV An

!
. (8)

Industry factor employments are given by

Kij =
�jQij
ri

and Lij =
�jQij

wi
. (9)

Factor markets clear:

JX
j=1

Kij = Ki and
JX
j=1

Lij = Li, (10)

where Li and Ki are given.17

Due to data limitations, we only model manufacturing industries. We normalize the price
index in nonmanufacturing sector to 1 and take nonmanufacturing income as given.18 We treat
purchases by the nonmanufacturing sector of manufacturing intermediates as �nal consumption.

14Consumption C includes private consumption and government consumption.
15This assumption is supported by data, which shows that �Im is very similar across industries and countries.
16Superscript �I�stands for �investment�.
17 In Appendix C, we extend the model to incorporate endogenous capital accumulation and international invest-

ment. These extensions link international trade with economic growth and create a bridge between our model and
open-economy macro models. An important feature of these extensions is the ability to determine the price of the
capital good separately from the prices of consumption goods. This allows us to make 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 by the price of capital.
18This 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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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 . (11)

Factor stocks Ki and Li are speci�c to manufacturing.

2.2 Solving the model

The model is given by equations (3)-(5) and (7)-(11). Model parameters are �j , �j , �jm, �
I
m, �,

 nj , sn, dnij , Tnj , Ln, Kn, and V AOn . 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 Parametrizing and evaluating the model

Model parameters are obtained using three methods. 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.

We use data on 8 two-digit manufacturing industries (listed in Table 2b) in 19 OECD countries
(listed in Table 2a). We use data from 1989 because this is the year for which most observations
are available. Data sources are described in Appendix B.

Section 3.1 describes parameters which are taken from data or literature. Estimation of trans-
port costs is discussed in Section 3.2. Methodology and results for �tted parameters are presented
in Section 3.3. For convenience, we summarize parameters in Table 1.

3.1 Parameters taken from data and literature

Factor and intermediate input shares are shown in Table 3. 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 3 shows implicit
capital shares in value added, calculated as �j=

�
�j + �j

�
. These shares vary from 0.22 to 0.415

across 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 4. Uses of own
intermediate goods are in bold. 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,
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Name How obtained
�j production data and Shikher (2004a)
�j production data
�im input-output tables
�Im input-output tables
� 8.28, 3.6, 13 (see text)
dnij estimated, trade and output data
 nj �tted, output and spending data
si �tted, output and spending data
Tij �tted, output and spending data
Ln �tted, output and spending data
Kn;0 �tted, output and spending data
V AOn �tted, output and spending data

Table 1: List of model parameters

and Wood industries have the largest shares of nonmanufacturing inputs, mostly likely agricultural
and natural resource products.

The last column of Table 4 shows industry shares in the capital good. Output of the Machinery
industry constitutes by far the largest share in the capital good, 66%. Output of the nonmanufac-
turing sector, speci�cally the construction industry, constitutes 31% of the capital good.

We take the value of � from Eaton and Kortum (2002), where it is estimated to be 8.28 using
trade and price data. To make sure that our results are not sensitive to this choice, we also perform
our investigations using two additional values of �: 3.6 and 13. The lower value is the result
of Eaton and Kortum�s (2002) alternative estimation procedure that uses data on national R&D
stocks, education, and wages. The upper value is explained below.

In the next section, we will show that the value of � a¤ects the estimates of transport costs,
as can be seen in equation (16). Higher value of � results in lower estimates of transport costs.19

While � = 8:28 implies that the average transport cost between countries is 2.27, � = 3:6 implies
an improbably large value of 6.6, which is why Eaton and Kortum (2002) themselves prefer the
8.28 estimate.

Anderson and van Wincoop (2004) estimate the average international transport cost between
OECD countries to be around 1.7 (excluding local distribution margins, see pp. 692-693). The
value of � that implies this average transport cost is 13, which we make our third estimate of �.
We believe that the range 3.6-13 represents the range of plausible values of �. As it turns out, the
choice of � (within this range) has very little e¤ect on the results presented in this paper. Choosing
one value of � over the other changes the results by at most 2 percentage points (usually much less
than that), and does not a¤ect our conclusions. Therefore, we only present the results for � = 8:28.

19Transport costs cannot be estimated separately from � using only trade and production data. Additional infor-
mation, such as output prices, is required.

8



3.2 Transport costs

We follow EK�s methodology for estimating transport costs. From (5):

�nij
�nnj

=
Xnij
Xnnj

=
Tij
Tnj

d��nij

�
cij
cnj

���
. (12)

We de�ne
Sij � Tijc

��
ij , (13)

a measure of international competitiveness of industry j of country i. Taking logs of both sides of
(12) and using the de�nition of Sij we get a gravity-like equation:

log
Xnij
Xnnj

= �� log dnij + logSij � logSnj . (14)

Following EK, we proxy transport costs by

log dnij = dphyskj + bj + lj + fj +mnj + �nij , (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 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 (14) and (15), we obtain the estimating equation:

log
Xnij
Xnnj

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

nj � ��nij , (16)

where Dexp
ij = logSij is the exporter dummy and D

imp
nj = ��mnj� logSnj is the importer dummy.20

Destination-industry speci�c import barriers are calculated as mnj = � (1=�)
�
Dexp
nj +D

imp
nj

�
.

The average (across country pairs and industries) estimated transport cost is 2.27 (if � = 8:28).
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 5. Machinery and Textile products are cheapest to move
between countries while Wood and Food products are the most expensive.

We present the estimated import barriers mn in Table 6. Import barriers 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 7.
The 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 6 shows the average import barrier
of all countries other than the U.S. We can see that relative to other countries, U.S. tends to be less
open in Textile and Metals industries and more open in Wood, Food, and Machinery industries.
20Helpman, Melitz and Rubinstein (2004) derive a gravity equation from a model with monopolistic competition

and �xed trade costs. Their formulation allows for zero trade between countries.
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3.3 Technology and other �tted parameters

We obtain the technology parameters Tij by �tting a subset of our model, together with a long-run
equilibrium condition, to data. We use the cost equation (4), reproduced below for convenience:

cij = r
�j
i w

�j
i

JY
m=1

"
NX
n=1

Tnm (dinmcnm)
��
#��jm(1��j��j)�

. (17)

We also use a simpli�ed version of the output equation (8):

Qij =
NX
n=1

�nijXnj , (18)

where import shares �nij are calculated using equations (5) and (3).
In addition, we assume a long-run equilibrium condition that the rates of return normalized by

prices of capital are equalized across countries:

ri = rwpki , (19)

where rw is the world interest rate, and capital good prices pki are calculated using equations (7)
and (3). This equilibrium condition is only assumed for the purpose of estimating the technology
parameters. We do not use it when performing counterfactual simulations in Sections 4 and 5.

To solve equations (17)-(19) we use data on wages wi, output Qij , and spending Xnj , and set
the world interest rate rw to 20%.21 We also use the transport costs dnij estimated in the previous
section. We solve for the technology parameters Tnm, rates of return ri, and costs cij .22

With values for Tnm, ri, and cij in hand, we calculate the remaining parameters: factor stocks
Ln and Kn, nonmanufacturing income V AOn , savings rates sn, and demand shares  nj . First, we
calculate industry factor employments by plugging in the estimated rates of return rn and data on
output and wages into equation (9). We then calculate total factor stocks as the sum of industry
factor employments. Income in nonmanufacturing V AOi is calculated as the di¤erence between
total income V Ai, taken from data, and manufacturing income V AMi = riKi + wiLi.

In order to calculate savings rates we assume that the economy is in a steady state, so that
total savings are just enough to replenish the depreciated capital stock:

si =
�pkiKi

V Ai
. (20)

In this expression, � is the depreciation rate, set to 10%, and V Ai is the actual GDP.23

The taste parameter  ij is the proportion of total country income spent on consumption
goods from industry j:  ij = Cij=V Ai. As we mentioned before, we allow for heterogeneity of

21The results presented in this paper are insensitive to the value of the world interest rate.
22Our procedure for �nding T�s is di¤erent from Eaton and Kortum�s (2002). They calculate technology parameters

from the estimated competitiveness measures (13) and data on wages. We cannot use a similar procedure because
data on rates of return is not available. Instead, we use a subset of our model to simultaneously solve for the rates
of return and technology parameters. Note that competitiveness measures Sij that are calculated using �tted values
of Tij and cij may be di¤erent from those that are estimated in the gravity equation.
23We assume that net foreign investment is zero.
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tastes across countries by letting  be country-speci�c. The consumption of industry j goods
in country i is calculated as Cij = Xij � Zij � Bij . In that expression, the total spending Xij
is taken from data. The amount spent on intermediate goods from industry j is calculated as

Zij =
XJ

m=1
�mj (1� �m � �m)Qim, where industry output Qim is taken from data. Finally, the

amount spent on investment goods from industry j is calculated as Bij = �IjsiV Ai.
We now have values for parameters Tij , Ln, Kn, V AOn , sn, and  nj . In order to obtain these

values, we used transport costs dnij , estimated in the previous section, and data on output Qij ,
spending Xij , wages wi, total income V Ai, and Cobb-Douglas shares �j , �j , �im, and �Im. In
addition, we needed to set values for the long-run world interest rate rw and depreciation rate �.
Note that we �tted the model using only domestic data. This allows us to evaluate our model in
Section 3.4 by comparing trade �ows predicted by the model to actual.

Estimated industry technology parameters relative to the United States are shown in Table
8. Rankings of countries according to their technology parameters in each industry are shown in
Table 9. 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, relative to the United States�, are shown in the last
column of Table 8. Rankings are shown in the last column of Table 9. U.S., Japan, France, and
Germany have the highest capital-labor ratios, while Turkey, Mexico, Portugal, and Greece have
the lowest.

Our methodology for obtaining technology parameters 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.

3.4 Evaluating the model

In Section 3.2, we estimated transport costs using a gravity equation. Then, in Section 3.3, we
obtained technology and other parameters by �tting a subset of the model to domestic data. In
this section, we evaluate the model using two approaches. First, we check how well the model can
predict trade �ows and the prevalence of intra-industry trade. Second, we evaluate the model by
using it to perform counterfactual simulations and comparing predictions with results from other
empirical studies.

We start by examining how well the model can predict trade �ows.24 In order to summarize
the �t of the 19*18*8=2,736 trade �ows generated by the model, we use the ratio of error sum of
squares to the actual sum of squares. This ratio is equal to 0.03.

We also look at percent deviations of predicted from actual trade �ows. The average percent
deviation is 7.05%. Table 10 shows the average prediction errors by industry. The average errors
vary between 3.59% in the Food industry and 11.17% in the Machinery industry.

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. Averaging all bilateral GL

24Trade �ows are calculated as Xnij = �nijXnj .
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indices in 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 11. We can see that
the model predicts the size of intra-industry trade quite accurately. The predicted world GL index
is within 0.06 points of the actual, while predicted industry-level GL indices are within 0.03-0.1
points of the actual.

How well does the model predict trade �ows and intra-industry trade for each country? Table 12
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 poorer countries, such as Turkey, Mexico,
and Greece, as well as it does for richer countries.

The second approach to evaluating the model involves conducting a counterfactual experiment
and comparing the results with those of another empirical study. In Section 5, we perform an
experiment in which the capital-labor ratio in a country is increased and the e¤ect on specialization,
measured by industry shares, is recorded. We then compare our results to the results obtained by
applying regression methodology of Harrigan (1997) to our dataset. The e¤ects predicted by our
model are close to those estimated by regression, providing further support for the model.

4 Accounting for international trade

Trade in our model is determined by factor endowments, industry- and product-level comparative
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 size 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. Later in
this section, we will consider how much the pattern of trade, as measured by net exports, changes
when individual determinants of trade are removed.

As explained in Section 2.2, the model is given by equations (3)-(5) and (7)-(11). 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 factor endowment di¤erences, we set capital-labor ratios equal in all countries. 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 �.25

We �nd that the volume of trade depends little on the strength of industry-level technological
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. We �nd that lower volume of inter-industry trade is compensated by higher volume of

25 In practice, we can increase � twelve times, to 100. A numerical solution is not obtainable for higher values.
Increasing � also a¤ects the mean of the Fréchet distribution, in turn a¤ecting the industry-level comparative ad-
vantage. 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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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, and 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.26

These results coincide with what we know about export behavior of individual producers (see
Section 2 for references). We know that trade is driven by outstanding producers. In any country,
the average producer does not export. 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 mediocre. Therefore, given the current levels of trade barriers, trade
virtually disappears.

With � being very high, there are virtually no di¤erences of productivity between �rms within an
industry. As the result, intra-industry trade disappears. Intra-industry trade, however, comprises
less than a half (45%) of total trade in our dataset, and industry-level comparative advantages still
remain. Why then does the total volume of trade fall 93%?

The reason is that inter-industry trade does not increase to compensate for lower intra-industry
trade, as was the case with higher intra-industry trade compensating for lower inter-industry trade.
In fact, the volume of inter-industry trade falls signi�cantly as well, making the total volume of
trade extremely low. These results indicate that extraordinary producers drive inter-industry trade
as well, and that industry-level comparative advantages contribute little to their success.

Table 13a summarizes the accounting for the volume of trade. Within-industry heterogeneity
(product-level comparative advantage) accounts for 93% of the volume of trade. Di¤erent relative
productivities across industries, which create industry-level comparative advantage, account 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%.

Our results also show that as countries become more similar to each other in terms of factor
endowments and tastes, they begin to trade more, not less. The size of intra-industry trade in-
creases, while the size of inter-industry trade declines. The total volume of trade between countries,
however, becomes higher.27

With regard to sizes of inter- and intra-industry trade, removing product-level heterogeneity,
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

26Even reducing trade barriers at this point does very little to increase the volume of trade. Starting 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.
27Removing absolute advantages by setting Tij = T i increases the world trade by about 20%. Again, as countries

become more similar, they trade more.
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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: tastes and geography. Removing taste di¤erences across
countries raises the GL index by 8%, from 0.53 to 0.57.

Geography works through intermediate goods and industry linkages. In the presence of trans-
port 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 0.57 to 0.96.

Table 13b summarizes the accounting for inter- and intra-industry trade. The current value of
the GL index is 0.46. By changing model parameters, we are able to vary the GL index between
0.03 and 0.96.

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
14a and 14b 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, but 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 responsible 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.28

We also conclude that factor endowment di¤erences have a weaker e¤ect on the volume and
pattern of trade than do technological di¤erences. Factor 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 included in the model. For example, including natural resource endowments
and mining and agriculture sectors may a¤ect the results.

Similarly, our conclusions with respect to the relative importance of product-level and industry-
level comparative advantages are based on a model with a low level of disaggregation. The relative
importance of industry-level comparative advantage would probably increase if we were to use a
more disaggregated speci�cation.

5 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, tech-

28We want to note that there is nothing in the model to make these results obvious. For example, there is nothing
to indicate apriori that industry-level comparative advantage would have such a small e¤ect on the volume of trade.
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nology a¤ect specialization.29 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.

A recent empirical study that combines technological and factor endowment explanations 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. Shikher (2004b)
modi�es the methodology of Harrigan by accounting for variable capital utilization when calculating
total factor productivity.

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. Our model shares
many features with Harrigan�s, such as constant returns to scale and factors that are mobile across
industries and �xed for a country. Our 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, our measure of technology is di¤erent from Harrigan�s.
He uses TFP, which is exogenous in his framework, whereas we use the technology parameter T
(TFP is endogenous in our model).

To �nd the e¤ect of capital stock on specialization, we will increase manufacturing capital stock
in one country, holding capital stocks of other countries constant, and simulate the model. After
each simulation, we will note the change 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 Harrigan did.
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 change in specialization in country n. We will repeat this for each industry and each
country in the sample (19*8=152 simulations total).

The coe¢ cients estimated in the framework of Harrigan (1997) are semielasticities of industry
shares with respect to capital. To obtain a comparable number, we will divide changes of industry
shares by the percent change of capital 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 coe¢ cients
by subtracting the initial values for the same country, so they are comparable to within-country
estimates of Harrigan.30

The simulated values of �j are presented on the �rst row of Table 15. The coe¢ cient of -1.173
in the Food industry means that if total capital stock increases by 10%, the share of the Food

29Good reviews of the latest works in this area are in Leamer and Levinsohn (1995) and Harrigan (2003).
30We 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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industry will decrease by 0.1173 percentage points. The regression results, shown on the second
row of Table 15, are obtained by using the methodology of Shikher (2004b) We use data for our
set of countries (shown in Table 2a) and years 1975-1995 (which places our simulation year 1989
approximately in the middle of this time period).31

The coe¢ cients obtained from simulation and regression are plotted against each other in Figure
1, the straight line showing a unit slope. The signs of the coe¢ cients match for all industries, and
the correlation coe¢ cient is 0.68. Given that they are obtained using such di¤erent methodologies,
it is remarkable that the signs and magnitudes of coe¢ cients are so similar.32 The similarity
provides cross-validation of the regression and simulation approaches.

In addition to providing a way to evaluate our model, the exercise of this section provides us
with an additional insight into the e¤ects of capital stock on specialization. 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 for each
industry, shown in Table 16 and summarized in Table 16a, we see that there is a good deal of
variability in the e¤ect 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. 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 limits the usefulness of average coe¢ cients. While the average e¤ect of capital
stock on share of the Food industry is -1.2, it varies between -2.1 and 0.2 for individual countries.
In the Machinery industry, the average e¤ect is 0.1, while for individual countries it varies between
-1.5 and 1.3. It does not seem that we can pin down the e¤ect 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.33,34

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 17. 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 18. Elasticities with respect
to own technology are bolded for convenience. All of them are positive, while all cross-industry

31Since we increase manufacturing capital stock in simulations, we do the same in regression, using manufacturing
capital-labor ratios on the right-hand side.
32The Metals and Food industries are the biggest outliers, with simulation coe¢ cients being greater in absolute

value than the regression coe¢ cients.
33This 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.
34The correlation between average (across countries) elasticities and capital shares is 0.55 for capital share in output

and 0.59 for capital share in value added. This correlation 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). However, the relationship between capital share and the e¤ect of capital stock on specialization is far from
clear-cut. For example, Food industry is capital-intensive, but shrinks when capital stock increases. The opposite is
true for the Machinery industry.
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elasticities are negative. These results echo the estimation results of Harrigan and Shikher, 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 in-
dustry and 0.691 for the Metals industry. Most cross-industry elasticities are an order of magnitude
less than own-industry elasticities. Machinery industry, however, is an exception. 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 share increasing by 3.95% and Textile share decreasing
by 3.31%.

The magnitudes and signs of elasticities are quite similar across countries (see Tables 18a-18d).
Own-industry elasticities are always positive. With few exceptions, cross-industry elasticities are
negative. Thus, the e¤ect of technology parameters on specialization is much more invariable across
countries than the e¤ect of capital stock.

6 Conclusion

We develop a new computable model of trade. The model is compact and does not require the
Armington assumption to explain intra-industry trade, instead relying on within-industry hetero-
geneity of producers. It can be used to study both the volume and the pattern of trade, as well
as specialization. The model incorporates all the major determinants of trade: technology, factor
endowments, tastes, and trade costs.

We parametrize the model and evaluate its �t. We �nd that the model accurately predicts the
direction and magnitude of international trade �ows. We then use the model to perform several
investigations.

In the �rst investigation, we use the model to analyze the e¤ects of comparative advantage, factor
endowments, tastes, geography, and within-industry heterogeneity on the volume and composition
of trade. Our results show the separate roles of these key determinants of trade. We �nd that
the volume of trade is determined mostly by within-industry heterogeneity, inter-industry trade
is governed largely by geographic advantages, while the pattern of trade is a¤ected the most by
industry-level comparative advantage.

The volume of trade depends little on the strength of industry-level technological and factor
endowment advantages. When these determinants of trade are removed, lower inter-industry trade
is compensated by higher intra-industry trade. On the other hand, the volume of trade is very
sensitive to the strength of the product-level comparative advantage. Our results suggest that
outstanding producers in each industry are key to both intra-industry and inter-industry trades.
Industry-level comparative advantages contribute little to their success.

Our results also show that as countries become more similar, they trade more with each other,
not less. As di¤erences between countries� factor endowments and tastes narrow, they engage
in more intra-industry trade and less inter-industry trade. Meanwhile, the total volume of trade
between them increases.

Taking a look at the pattern of trade, we �nd that eliminating industry-level comparative
advantages has a dramatic e¤ect, causing nearly a half of all trade �ows to reverse direction.
Eliminating factor endowment di¤erences has a much smaller e¤ect, and shutting down product-
level comparative advantage seems to have a moderate e¤ect.
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In the second investigation, we study the e¤ects of factor endowments and technology on spe-
cialization, a topic addressed in several recent empirical studies. We �nd that the average e¤ects of
capital stock on industry shares predicted by simulation are similar to those obtained by regression.
This similarity provides support to our and regression methodologies.

Compared with previous studies, we are also able to provide additional insight into the e¤ects of
capital stock and technology on specialization. We �nd, for example, that the e¤ect of capital stock
on specialization varies signi�cantly in sign and magnitude across countries. On the other hand,
we �nd the e¤ects of technology on specialization to be much more similar across countries. Higher
technology in an industry always increases that industry�s share and almost always decreases shares
of other industries.
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Appendix A 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 and our 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 and government)
and investment.35 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 the composite intermediate input used in industry j, and Mnj is the quantity of this input. 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: 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.

35 If international movement of �nancial capital is allowed, �nal spending Ynm includes spending by foreigners.
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Appendix B Data sources

We collect data for 8 two-digit manufacturing industries (listed in Table 2b) in 19 OECD countries
(listed in Table 2a).36 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 because that data
are unreliable.37

Industry shares �jm and �
I
m are 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 use input-output tables for Australia, Canada,
France, Germany, Japan, U.K., and the U.S. for 1990.38 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 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 (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 (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 cannot 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 proxy most missing
observations by estimates from neighboring years. Six observations that cannot be proxied in this
manner are proxied by estimates of �ni for total manufacturing.

36We have decided not to include Ireland, Netherlands, and Denmark because in these countries, in several indus-
tries, 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.
37Using value added data from UNIDO results in improbably high capital shares. See Shikher (2004a) for more

detail.
38The table for Australia was for 1989.
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Appendix C Extending the model to include endogenous capital
accumulation and an international capital market

In this section, we develop two extensions of our model that will endogenize capital stock. The �rst
extension will introduce endogenous capital accumulation, while the second will add an international
capital market.

We start by extending the model to a dynamic setting in which capital stocks vary over time,
thus creating a link between trade and growth.39 We assume an exogenous savings rate, as in the
Solow model.40 Since we model individual industries, we are able to endogenously determine the
price of the capital good separately from the prices of consumption goods, as shown in Section
2.1.41 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.

The evolution of capital stock in country i is described by the following equation:

Kit = (1� �)Ki;t�1 + Iit, (21)

where � is the depreciation rate, and Iit is total physical investment (i.e. number of machines
bought). The value of investment is Bit � pkitIit.

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

the price of capital is lower or when country income is higher. The steady-state capital stock is
given by42

Ki =
siV Ai

�pki
. (22)

We also attempt to create a bridge between trade and open-economy macro models by in-
corporating a simple model of international investment. Admittedly, our representation of the
international capital market 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 the capital market as realistically as possible, but
simply to demonstrate how it can be integrated into the model.

With an international capital market, owners of capital in each country n can sell their machines
domestically for the price pknt, then take the proceeds to country i and buy machines there for p

k
it

per machine.43 When they do that, instead of receiving rnt, they receive rit. Competition ensures

39Some of the more prominent examples of the previous (mostly theoretical) literature that considered capital
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.
40The static version of the model, developed in the main body of the paper, can be thought of as the short-run

version of this dynamic model.
41Eaton 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.
42 In a steady state, equation (22) 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.
43This formulation assumes that there is a good that can be traded freely between countries.
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that the (instantaneous) rate of return, adjusted for the price of capital, rnt=pknt, is the same in all
countries. We call this number the world interest rate rw.

Investment is now endogenous and can be negative.44 The di¤erence between domestic invest-
ment 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.
In Appendix D, we use the extensions developed in this section to study the e¤ects of a technolog-

ical growth in the U.S. Machinery industry. We show the e¤ects of endogenous capital accumulation
and an international capital market on the results.

44Negative 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.
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Appendix D Technological improvement with endogenous capital

In Appendix C, we created two extensions of the model that incorporated endogenous capital ac-
cumulation and an international capital market. In this appendix, we use these extensions to study
how trade and investment transmit bene�ts (positive or negative) of technological progress across
countries. In particular, we examine the e¤ects of technological progress in the U.S. Machinery
industry.

We consider two scenarios. In the �rst, capital is accumulated endogenously, but there is no
international investment, so that 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
an international capital market make any di¤erence?

The U.S. is likely to be 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
amount of savings. Other countries bene�t from access to cheaper capital goods, but hurt by greater
competition from the United States. In addition, if international investment is allowed, some of
other countries�savings are invested into the U.S., where the rate of return is higher. What is the
net e¤ect on countries�incomes and capital stock?

Finally, is the world as a whole 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¤ects of
moving to open capital market.

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 8, 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 19a-k show the e¤ects of this change on prices, terms of trade, incomes, factor stocks,
and measured productivity.45 They show the impact (�rst-period) and steady state e¤ects for two
scenarios: one with and the other without international investment.

We can see that manufacturing consumption price levels fall in all countries. The greatest
decline is not in the U.S., but in Canada. The second largest is in the U.S., and third largest is in
Mexico. Table 19c 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 the U.S. has to
import 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 investment is
possible, while other countries see smaller price declines. This is because with an international
capital market, U.S. capital does not shift as much from other industries into Machinery. Instead,

45Manufacturing consumption price level is calculated as pn =
Q
j p

 j= 
M
j

nj , where  Mj is the portion of coun-
try income spent on manufacturing goods. This price level is used to calculate real wages, country income, and
consumption.
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it comes from other countries. Labor, however, is not internationally mobile, so it still has to
come from other industries. With international investment, prices in U.S. industries other than
Machinery still rise (not shown), but less than they do without international investment.

Technological improvement in the U.S. Machinery industry improves the terms of trade for the
U.S. and countries that are importers of Machinery.46 Countries that are producers and exporters
of Machinery see their terms of trade worsen.

Real manufacturing value added (income) rises in the U.S. by 2.7-3.5%. 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.

As we can see, incomes in many countries fall even though their terms of trade improve. The
main reason for this result is the presence of nontraded goods with �xed prices. Because these
goods are inputs into the production of traded goods, and their prices are �xed, factor prices have
to decline in order to reduce production costs of traded goods (to remain competitive with the
U.S.).

Di¤erences of transport costs are another reason for the decline in some countries� incomes.
While poorer countries are good candidates to bene�t from higher U.S. Machinery technology
(since they are major net importers of Machinery), the high costs of transporting U.S. Machinery
into these countries means that their Machinery prices do not fall as much.

Table 19h shows that 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, because productivity
there 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 accumulated. 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. invest-
ment. Japan, being a large economy and facing the lowest interest rate in the absence of inter-
national investment, is the largest investor into the U.S., with 43% of total foreign investment.47

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 19j shows TFP changes for the

case of no international investment.48 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
the Machinery industries of Canada and Mexico. Total factor productivities fall in other countries.

Table 19k shows the world-wide e¤ects of the technological change in the U.S. Machinery indus-

46Changes in the terms of trade are calculated as
P
j NEnj1

�
pnj2
pnj1

�
�
P
j NEnj1, where NEnjt is the value of net

exports of country n in industry j and period t (Dixit and Norman, 1980).
47Japan has the lowest interest rate in the absence of international investment, as shown on Table 19g. Its interest

rate declines by 0.93% in the steady state of the basic model.
48TFP is calculated 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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try. 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 an international capital mar-
ket results in a more e¢ cient allocation of resources across countries. Therefore, an international
capital market has 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 more with international investment than
without it.

In conclusion, we can answer the questions we posed in the beginning of this section. Technolog-
ical 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 suf-
fer a loss of real income. For them, the availability of cheaper capital is outweighed by the increased
competitiveness of the United States on the world markets.49 Presence of an international capital
market 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 the 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.

49This result, however, is largely driven by �xed prices of nontraded goods.
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Appendix E 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 obtain technology parameters by �tting a subset of model
equations to domestic data. Goods still have to be traded, though. If they are not, output is equal
spending and solution is impossible. So, how can we �nd 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 (17), applied to the nontraded sector S (�services�) is

ciS = r�i w
�
i

JY
m=1

�
T
1=�
im cim

��Sm
, (23)

while the equation for prices (3) is
piS = T

�1=�
iS ciS (24)

or
ciS =

1


T 1=�: (25)

Adding equations (23) and (25) to the baseline model allows us to estimate the technology parameter
in the nontraded sector.50

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 (26)

and

KiS =
�SQiS
ri

and LiS =
�SQiS
wi

. (27)

50This 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.
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Table 2a  List of countries in the dataset Table 2b  List of industries in the dataset

Country Name ISIC Industry name
Australia 1 Food
Austria 2 Textile
Canada 3 Wood
Finland 4 Paper
France 5 Chemicals
Germany (West) 6 Nonmetals
Greece 7 Metals
Italy 8 Machinery
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 3  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-US 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 Germany
New Zeal. Germany Italy Germany Germany Germany Japan U.K.
Australia Italy Germany U.K. U.K. Italy Korea Japan
France Portugal Japan Sweden Korea U.K. Germany Sweden
U.K. U.K. U.K. Italy France France U.K. Canada
Italy France France France Italy Canada Australia Korea
Germany Japan Sweden Japan Canada Korea New Zeal. France
Japan Canada Korea Australia Australia Sweden France Italy
Spain Sweden Australia Korea Sweden Spain Norway Australia
Korea Austria Spain Finland New Zeal. Australia Sweden Austria
Greece Australia Finland New Zeal. Norway Austria Italy Spain
Norway New Zeal. New Zeal. Spain Spain Portugal Finland Finland
Mexico Spain Mexico Austria Mexico Mexico Spain Portugal
Sweden Norway Austria Portugal Austria New Zeal. Mexico Mexico
Portugal Finland Norway Norway Finland Greece Portugal New Zeal.
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 6  Estimated relative import barriers for 1989

Table 7  Country rankings according to their estimated relative import barriers



Food Textile Wood Paper Chemicals Nonmet. Metals Machinery 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 Chemicals Nonmet. Metals Machinery 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
New Zeal.  Japan        Italy         Finland      Germany   U.S.          Canada     Germany   France
Canada     France       Germany   Germany   France       Germany   Germany   Italy         Germany
Australia    Germany   France       Japan        U.K.          France       France       France       Italy
U.K.          U.K.          Japan        France       Italy         U.K.          Australia    U.K.          Canada
Germany   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        Australia    Austria       Austria       Korea        Finland      Finland      Korea        Austria
Greece      Finland      Spain         Spain         Austria       Australia    Spain         Australia    Australia
Sweden     Sweden     New Zeal.  New Zeal.  Finland      Korea        Korea        Norway      Spain
Korea        New Zeal.  Australia    Australia    Australia    Norway      Austria       Spain         New Zeal.
Austria       Greece      Korea        Korea        New Zeal.  Greece      New Zeal.  New Zeal.  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     New Zeal.  Portugal     Turkey       Turkey

Table 9  Country rankings according to their technology parameters and capital-labor ratios

Table 8  Technology parameters and capital-labor ratios, relative to the United States

Technology parameters

Technology parameters



Food Textile Wood Paper Chemicals Nonmetals Metals Machinery World
% deviation 3.59 7.47 6.18 4.80 8.46 4.76 9.70 11.17 7.05

Food Textile Wood Paper Chemicals Nonmetals Metals Machinery World
Model 0.44 0.33 0.36 0.30 0.50 0.38 0.50 0.39 0.40
Data 0.49 0.39 0.42 0.34 0.54 0.47 0.55 0.42 0.45

Model Data
10.61 0.23 0.28
-5.36 0.44 0.49
13.36 0.42 0.45
-3.30 0.41 0.45
3.65 0.51 0.56
3.51 0.46 0.53

17.99 0.33 0.37
9.21 0.42 0.48
9.39 0.40 0.43
9.83 0.41 0.45
8.47 0.36 0.36
9.57 0.25 0.32

10.28 0.38 0.46
7.04 0.41 0.44
2.48 0.50 0.54
7.37 0.43 0.48

-8.38 0.28 0.35
10.95 0.48 0.55
14.59 0.49 0.55

Table 10  Average percent deviations of predicted from actual trade flows by industry

Table 11  Predicted and actual Grubel-Lloyd intra-industry trade indices

GL IIT index

Table 12  Country-level diagnostics

Av. % 
deviation 
of trade 

flows
Australia
Austria
Canada
Finland
France
Germany
Greece
Italy
Japan
Korea
Mexico
New Zealand
Norway
Portugal

United States

Spain
Sweden
Turkey
United Kingdom



Tables 13a-b  Accounting for international trade

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 13b  Accounting for inter- and intra-industry trade

Percent change in 
the volume of trade

Table 13a  Accounting for volume of trade

Determinants of trade 
that are removed



Food Textile Wood Paper Chemicals Nonmetals Metals Machinery
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 Chemicals Nonmetals Metals Machinery
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 14b  Removing industry-level comparative advantages: percent changes of imports

Table 14a  Removing industry-level comparative advantages: percent changes of exports



Food Textile Wood Paper Chemicals Nonmetals Metals Machinery
Simulation -1.173 -0.718 -0.414 -0.014 0.761 -0.073 1.513 0.117
Regression -0.397 -0.980 -0.270 -0.257 0.203 -0.073 0.194 0.471

Food Textile Wood Paper Chemicals Nonmetals Metals Machinery
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 Chemicals Nonmetals Metals Machinery
Average coeff. -1.173 -0.718 -0.414 -0.014 0.761 -0.073 1.513 0.117
Std. dev. 0.56 0.58 0.29 0.45 0.62 0.22 0.59 0.74
Max 0.24 0.46 -0.02 1.07 2.01 0.45 2.88 1.28
Min -2.08 -2.03 -0.92 -0.60 -0.68 -0.43 0.72 -1.49

Table 15  Effects of capital stock on specialization

Figure 1  Simulation and regression estimates

Table 16  Simulated capital stock coefficients

Table 16a  Summary of the simulated capital stock coefficients
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Food Textile Wood Paper Chemicals Nonmetals Metals Machinery
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

Food Textile Wood Paper Chemicals Nonmetals Metals Machinery
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 Chemicals Nonmetals Metals Machinery
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 Chemicals Nonmetals Metals Machinery
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 Chemicals Nonmetals Metals Machinery
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 18d Maximum of elasticities

Table 17  Summary of elasticities of specialization with respect to capital

Table 18a  Elasticities of specialization with respect to technology parameters

Table 18b  Standard deviation of elasticities

Table 18c Minimum of elasticities

Source         
Effect

Source         
Effect

Source         
Effect

Source         
Effect



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%
New Zealand -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%
United Kingdom -0.45% -0.52% -0.39% -0.47% -0.43% -0.48% -0.39% -0.45%
United States -0.64% -0.77% -0.77% -0.86% -1.27% -1.36% -1.34% -1.41%

Food Textile Wood Paper Chemicals Nonmetals Metals Machinery
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%
New Zealand -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%
United Kingdom -0.29% -0.49% -0.44% -0.49% -0.36% -0.46% -0.42% -0.72%
United States 0.27% 0.46% 0.39% 0.55% 0.33% 0.39% 0.24% -2.08%

a. Manufacturing consumption price level b. Capital good price

Tables 19a-c  Effects of a 20% increase in the technology parameter of the U.S. Machinery industry

No int'l investment With int'l investmentNo int'l investment With int'l investment

c. Price changes in the steady state of the basic model



Impact S.S. Impact S.S. Impact S.S. Impact S.S.
Australia 1.5E+08 1.7E+08 1.5E+08 1.5E+08 -0.37% -0.33% -0.61% -0.52%
Austria 2.4E+07 2.8E+07 2.2E+07 2.2E+07 -0.43% -0.43% -0.72% -0.63%
Canada 2.6E+08 2.7E+08 2.7E+08 2.7E+08 -0.31% -0.22% -0.54% -0.45%
Finland 7.5E+05 -5.9E+05 3.0E+06 2.8E+06 -0.38% -0.38% -0.65% -0.57%
France 1.1E+08 1.2E+08 9.6E+07 9.8E+07 -0.43% -0.43% -0.71% -0.62%
Germany -5.4E+08 -6.2E+08 -4.6E+08 -4.7E+08 -0.55% -0.56% -0.88% -0.79%
Greece 3.6E+07 4.3E+07 3.0E+07 3.0E+07 -0.20% -0.19% -0.38% -0.30%
Italy -6.8E+07 -7.9E+07 -6.7E+07 -6.8E+07 -0.40% -0.40% -0.68% -0.60%
Japan -7.6E+08 -8.7E+08 -6.7E+08 -6.8E+08 -0.65% -0.67% -1.03% -0.94%
Korea -6.8E+07 -8.0E+07 -6.9E+07 -7.0E+07 -0.44% -0.45% -0.80% -0.71%
Mexico 1.5E+08 1.7E+08 1.6E+08 1.6E+08 -0.15% -0.04% -0.25% -0.17%
New Zealand 1.8E+07 2.0E+07 1.9E+07 1.9E+07 -0.22% -0.20% -0.43% -0.34%
Norway 3.2E+07 3.6E+07 3.3E+07 3.3E+07 -0.34% -0.33% -0.60% -0.51%
Portugal 2.3E+07 2.7E+07 1.9E+07 1.9E+07 -0.24% -0.23% -0.45% -0.36%
Spain 9.7E+07 1.1E+08 8.2E+07 8.4E+07 -0.33% -0.33% -0.56% -0.48%
Sweden -3.3E+07 -3.8E+07 -2.8E+07 -2.9E+07 -0.55% -0.55% -0.88% -0.79%
Turkey 1.7E+07 2.0E+07 1.5E+07 1.6E+07 -0.21% -0.20% -0.38% -0.29%
United Kingdom 1.9E+08 2.2E+08 1.7E+08 1.7E+08 -0.50% -0.49% -0.79% -0.71%
United States 1.5E+09 1.7E+09 1.7E+09 1.7E+09 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%
New Zealand -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%
United Kingdom -0.55% -0.54% -0.85% -0.76% -0.45% -0.76% 0.62% 0.02%
United States 2.80% 3.08% 3.47% 3.56% 2.98% 1.70% 0.62% 0.02%

e. Real manufacturing incomed. Terms of trade

f. Real wage g. Interest rate

Tables 19d-g  Effects of a 20% increase in the technology parameters of the U.S. Machinery industry

No int'l investment With int'l investmentNo int'l investment With int'l investment

No int'l investment With int'l investment No int'l investment With int'l investment



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 Zealand 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%
United Kingdom 0.03% 0.35% -1.29% -0.64% U.K. 0.17% 8.48%
United States 0.15% 1.65% 3.12% 3.80% Total 1.98% 100.00%

Food Textile Wood Paper Chemicals Nonmetals Metals Machinery
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 Zealand -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
United Kingdom -0.008 -0.006 -0.007 -0.006 -0.008 -0.007 -0.007 -0.004
United States 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 income 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

No int'l investment
h. Capital stock

j. Total factor productivity change in the steady state, no international investment

U.S. 
investment

Foreign 
investment 

i. Foreign investment into U.S. in 
the steady state as percentage of

With int'l investment

k. World effects

Tables 19h-k  Effects of a 20% increase in the technology parameters of the U.S. Machinery industry




