
INTRA-INDUSTRY TRADE: 

MEASUREMENTS, DETERMINANTS 

AND GROWTH

A study of Swedish foreign trade 

by

Pär Hansson

Umeå Economic Studies No. 205 
UNIVERSITY OF UMEÅ 1989





INTRA-INDUSTRY TRADE: MEASUREMENT, 

DETERMINANTS AND GROWTH

A Study of Swedish Foreign Trade

AKADEMISK AVHANDLING 

Som med vederbörligt tillstånd av rektorsämbetet vid Umeå 

universitet för vinnande av filosofie doktorsexamen framlägges till 

offentlig granskning vid institutionen för nationalekonomi 

HÖRSAL C, Samhällsvetarhuset, Umeå universitet 

Fredagen den 22 september 1989, kl 10.15

av

Pär Hansson 

Ekonomexamen



Author and title

Hansson, Pär (1989). Intra-Industry Trade: Measurement, Determinants and Growth 
- A Study of Swedish Foreign Trade. Umeå Economic Studies No. 205,156 pages.

Abstract

The purpose of this book is to explain why intra-industry trade - simultaneous export 
and import of products produced within the same industry - arises and to find out 
what factors influence its size. The size of intra-industry trade is measured by using 
Grubel and Lloyd’s index, i.e., the share of intra-industry trade in total trade (IIT).

The book has four main chapters. The first is descriptive andgives some stylized facts 
about intra-industry trade in Swedish manufacturing trade. Tne second is theoretical 
and derives implications for IIT from different trade models. The third discusses how 
factors influencing IIT can be tested empirically, and the fourth tests these hypotheses 
on Swedish manufacturing trade. The empirical tests are carried out as a cross
industry and cross-country analysis as well as a study over time.

The conclusions are that a traditional factor proportions model seems neither theore
tically nor empirically to explaing IIT. However, a relaxation of the assumption of 
homogeneous products in an industry gives rise to several implications for IIT. 
Industry characteristics such as an industry’s factor intensity and the degree of pro
duct differentiation play important roles. The more extreme an industry is with regard 
to factor intensity, i.e., if an industry is very capital or very labor intensive, the smaller 
IIT is in that industry. The more differentiated the products, the less the elasticity of 
substitution in demand between different products in an industry, the larger the IIT. 
In order to test the latter, a new measure of product differentiation closely related to 
the concept in the theoretical model is developed. Furthermore, similarity in relative 
factor endowments in the trading countries and transaction costs - tariffs and trans
port costs - influence IIT. The more similar the relative factor endowments, the larger 
the IIT. The less the transaction costs, the greater the IIT.

Keywords: intra-industry trade, determinants, comparative costs, factor intensity, pro
duct differentiation, elasticity of substitution, economies of scale, quasi-homothetic 
tastes, Sweden.

Distribution and author’s address: Department of Economics, University of Umeå, 
S-901 87 Umeå, Sweden.

ISSN: 0348-1018 
ISBN: 91-7174-432-0



INTRA-INDUSTRY TRADE: 
MEASUREMENTS, DETERMINANTS 

AND GROWTH

A study o f Swedish foreign trade 

by

Pär Hansson

Umeå Economic Studies No. 205 
UNIVERSITY OF UMEÅ 1989



Copyright Pär Hansson 

Institutionen för nationalekonomi 

Umeå universitet 

1989

ISSN: 0348-1018 

ISBN: 91-7174-432-0

Solfjädern Offset AB, Umeå 1989



To my parents





ABSTRACT

The purpose of this book is to explain why intra-industry trade — simultaneous export 

and import of products produced within the same industry — arises and to find out what 

factors influence its size. The size of intra-industry trade is measured by using Grubel 

and Lloyd's index, i.e., the share of intra-industry trade in total trade (IIT).

The book has four main chapters. The first is descriptive and gives some stylized facts 

about intra-industry trade in Swedish manufacturing trade. The second is theoretical 

and derives implications for I f f  from different trade models. The third discusses how 

factors influencing IIT can be tested empirically, and the fourth tests these hypotheses 

on Swedish manufacturing trade. The empirical tests are carried out as a cross—industry 

and cross-country analysis as well as a study over time.

The conclusions are that a traditional factor proportions model seems neither 

theoretically nor empirically to explain IIT. However, a relaxation of the assumption of 

homogeneous products in an industry gives rise to several implications for IIT. Industry 

characteristics such as an industry's factor intensity and the degree of product 

differentiation play important roles. The more extreme an industry is with regard to 

factor intensity, i.e., if an industry is very capital or very labor intensive, the smaller IIT 

is in that industry. The more differentiated the products, the less the elasticity of 

substitution in demand between different products in an industry, the larger the IIT. In 

order to test the latter, a new measure of product differentiation closely related to the 

concept in the theoretical model is developed. Furthermore, similarity in relative factor 

endowments in the trading countries and transaction costs — tariffs and transport costs — 

influence IIT. The more similar the relative factor endowments, the larger the IIT. The 

less the transaction costs, the greater the IIT.
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CHAPTER 1 

INTRODUCTION

1.1 Why study intra-4ndustry trade?

A substantial portion of international trade takes place between developed countries. 

According to United Nation Statistical Yearbook 1983/84, 47 percent of the world trade 

in 1984 was trade between these countries. This trade mainly consisted of trade in 

manufactures (73 percent). Intra-industry trade — the simultaneous export and import 

of "similar products", i.e., products produced within the same industry -  is especially 

prominent in manufactured trade between developed countries.

On the basis of traditional trade theory this trade pattern seems contradictory. Both in 

the Ricardian and in the Heckscher—Ohlin models, differences between countries on the 

supply side generates trade, in the former, differences in technology, and in the latter, 

differences in relative factor endowments. Thus, the more marked the differences are — 

the less similar the countries are -  the more trade we would expect. Krugman (1983) 

formulates this in the following way:

In particular, much of the world's trade in manufactures is trade between 
industrial countries with similar factor endowments; furthermore, much of 
the trade between these countries involves two-way exchange of goods 
produced with similar factor proportions. Where is the source of comparative 
advantage? (p. 343)

The aim of this book is to explain why intra-industry trade arises and to find out what 

factors influence its size. From trade theory we derive implications concerning the 

determinants of the share of intra-industry trade of the total trade in different 

industries between different countries. These implications are tested on data for Swedish 

foreign trade.
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Intra—industry trade is interesting to study for several reasons. A much debated issue 

has been whether intra-industry trade can be explained within the framework of the 

traditional trade theory.1 If not, the traditional theory must be developed further, or new 

theories must be worked out. These theories may have other implications for trade 

policy and welfare than the Heckscher-Ohlin-Samuelson model. Another reason is that 

intra-industry trade and specialization within industries may have other adjustment 

costs than inter—industry trade, leading to a changed production structure. In order to 

make a judgement we must know the factors that create intra-industry trade and how 

these factors influence its size. However, to give an appropriate introduction and to put 

the book in context we start with a historical overview of how the research has 

developed in this area.

1.2 Historical overview

Even though there are some early references to trade within industries in Ohlin (1933) 

and Hildgert (1935), the phenomenon of intra-industry trade was discovered 

accidentally in the beginning of the 1960's in connection with studies of the consequences 

of the formation of the European Economic Community (EEC).2 According to the theory 

of customs unions, the expected effect of the formation of the EEC was a growing 

specialization between industries in trade between members of the union according to 

comparative advantage.3 The results of the investigations were surprising; the lower

^ y  this term we refer to the standard model of textbooks in international trade theory, 
namely, the factor proportions theory -  the Heckscher—Ohlin—Samuelson model; see, 
e.g., Helpman k  Krugman (1985) Chapter 1.
2Verdoom (1960), Koijma (1964), and Balassa (1965).
3Viner (1950), Meade (1956), and Either (1983) Chapter 12 describe the (traditional) 
theory of customs unions.
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trade barriers within the EEC had led to growing specialization within rather than 

between industries, and thus to increasing intra-industry trade.

The comprehensive research about intra-industry trade during the last decade was 

started by Grubel and Lloyd’s classic book from 1975, Intra-Industry Trade: The 

Theory and Measurement of International Trade in Differentiated Products. The book 

deals with the measurement of intra-industry trade. The measure the authors suggest 

has since then been the standard measure of intra-industry trade, and it is used in most 

empirical studies. Grubel k  Lloyd also present empirical studies of the size of 

intra-industry trade in the largest developed countries' trade in different industries 

defined on the three-digit level of SITC, and of the size of intra-industry trade on 

different levels of aggregation in Australian trade. These studies illustrate the 

significance of intra-industry trade in the developed countries' trade, and that 

intra-industry trade to a great extent exists even on low levels of aggregation.

In a non—formal way, Grubel k  Lloyd (1975) give some explanations why intra-industry 

trade arises. They point out that product differentiation plays an important role. Dixit 

k  Stiglitz's (1977) and Lancaster's (1979) methods to derive demand for differentiated 

products result in more formalized models. An outcome of their works is the 

development of theoretical models in which intra-industry trade occurs and where 

economies of scale and product differentiation are modeled within the framework of a 

general equilibrium model.4 In Chapter 3, we survey theoretical models of intra-industry 

trade, and that chapter also contains the theoretical contribution of this book.5 The 

model is a traditional multi-sector factor proportions model where the

4Dixit k  Norman (1980), Lancaster (1980), and Helpman (1981). For an overview and 
synthesis see Helpman k  Krugman (1985) Chapter 6 to 9.
5The model is developed in collaboration with Lars Lundberg. See Hansson k  Lundberg 
(1986), Hansson (1987), and Lundberg (1988).
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assumption of homogeneous products is relaxed and replaced with an assumption of 

nationally differentiated products.6 7

The theoretical development of intra-industry trade models has run parallell with high 

research activity on the empirical field. Some of the empirical studies are descriptive 

with the purpose of measuring the size of intra-industry trade in different trade flows. 

Others are analytical studies with the aim to test different hypotheses about factors 

influencing the size of intra-industry trade.8 A shortcoming with the latter is the weak 

connections between the theoretical models and the empirical studies. One purpose of 

this book is to bring these closer together

One much disputed question is whether the existence of intra-industry trade is possible 

within the framework of traditional trade theory. Even though the answer is in the 

affirmative, most economists assert that intra-industry trade occurs to such an extent 

that this theory cannot be the only explanation, and they often stress other factors. We 

can distinguish between two important questions associated with the relationship 

between intra-industry trade and the factor proportions theory. Is intra-industry trade 

compatible with this theory, and can variations in the size of intra-industry trade in 

different trade flows be explained by it? As it turns out the within industry homogeneity 

in resource requirement — the variation in factor intensities within industries — is crucial. 

In Chapter 3, we will show that intra-industry trade is compatible with the factor 

proportions theory if the products within an industry are produced with different factor 

intensities. In Chapter 4, we examine to what extent products within Swedish

6The supply side of the model is the same as in Jones (1956), Bhagwati (1972), Kreuger 
(1977), and Deardorff (1979).
7The assumption of nationally differentiated products originates from Armington (1969).
8For a survey of descriptive studies see Greenaway & Milner (1986) Chapter 7, and of 
analytical studies see Hansson (1985) and Greenaway & Milner (1986) Chapter 9.
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manufacturing industries are produced with different factor intensities. Since we are 

interested in explaining the share of intra-industry trade in different industries in trade 

with different countries, we attempt, in Chapter 3, to derive testable implications from 

the factor proportions theory. In Chapter 4, we discuss how these can be tested 

empirically, and in Chapter 5, we test them on Swedish foreign trade in manufactures.

Despite the last years comprehensive theoretical and empirical research about 

intra-industry trade, there are still areas where little has been done. The analysis of how 

the share of intra-industry trade in total trade has developed over time is such an area.9 

From the theoretical models in Chapter 3 we derive implications for the change of the 

share of intra-industry trade of total trade between different countries over time, and in 

Chapter 5 we test the generated hypotheses on data for Swedish foreign trade.

1.3 Outline of the book

In Section 1.1 we mention two reasons why intra-industry trade is interesting to study:

-  it is an empirical phenomenon that seems to be inconsistent with traditional 

trade theory

— if intra-industry trade is explained by other factors than in the traditional 

trade theory, it may have other welfare and policy implications

9Petersson (1984), Messerlin k  Becuwe (1986), and Fagerberg (1987) are a couple of 
studies with aim to explain how the share oi intra-industry trade in total trade has 
developed over time.
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In this book we will confine ourselves to the questions of why intra-industry trade arises 

and what factors influence its size. Welfare and policy implications of intra-industry 

trade are only casually dealt with in this study.

In Chapter 2, we define the concept of an industry. We also discuss how to measure the 

size of intra-industry trade and apply these measures to Swedish foreign trade. Chapter 

3 aims to explain why intra-industry trade arises, and from a survey of theoretical 

models we derive implications for the share of intra-industry trade in different trade 

flows. We start out from a factor proportions model — a "workhorse” in trade theory -  

and then we relax some of the assumptions. For example, we introduce differentiated 

products — the elasticity of substitution in demand between products produced within 

the same industry is less than infinite.

The purpose of Chapter 4 is to find measures of factors that can affect the share of 

intra-industry trade. The degree of homogeneity within an industry is important for 

whether intra-industry trade arises and the size of it. In the factor proportions model, 

variations in factor intensities within an industry is crucial. In Chapter 4, we examine 

how homogeneous the Swedish manufacturing industries are in factor intensities, and we 

suggest a measure of the degree of variation in factor intensities within different 

industries. From our own theoretical model in Chapter 3 we derive a monotonie 

relationship between the elasticity of substitution in demand between different products 

within an industry -  the degree of product differentiation — and the share of 

intra-industry trade in the total trade in the industry. The measure we construct in 

Chapter 4 for the degree of product differentiation is closely related to the elasticity of 

substitution between different products produced within the same industry in our 

theoretical model.
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In Chapter 5, we discuss the econometric methods and present results from a 

cross-section study of determinants of intra-industry trade in Swedish manufacturing 

industries. In Chapter 5, we also try to explain the changes in the share of 

intra-industry trade in total Swedish foreign trade in manufactures with different 

countries/country groups over time. Finally, Chapter 6 contains a summary of the 

results and a discussion about areas for further research.
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CHAPTER 2

DEFINITION AND MEASUREMENT OF INTRA—INDUSTRY TRADE

2.1 Introduction

We define intra-industry trade as the simultaneous export and import of products 

produced in the same industry. To explain why this type of trade arises and to measure 

it we have to define the concept of an industry; this is done in Section 2.2. A theoretical 

definition of an industry, based upon the industry concept in trade theory and in 

industrial organization, is compared with the criteria by which products are grouped 

together in the classification systems for trade statistics. Section 2.3 deals with the 

measurement of intra-industry trade. The most common measure is Grubel and Lloyd's 

index, and different varieties of the index are described in detail. In Section 2.4, we 

apply these varieties of Grubel and Lloyd's index to Swedish foreign trade.

2.2 What is an industry?

The factor proportions theory assumes that firms within an industry have identical 

production functions and that the elasticity of substitution in demand between products 

produced within the same industry is infinite. If factors are perfectly mobile, the price of 

any factor will be the same to all firms. This implies that all products within an industry 

are produced with the same factor proportions. These assumptions are very restrictive, 

and it is questionable to what extent they are valid in actual classification systems. In 

Chapter 3, we introduce product differentiation: products of firms within an industry are 

not perfect substitutes in consumption -  the elasticity of substitution in demand 

between them is not infinite. However, we assume that the elasticity of substitution in 

demand between products produced within the same industry is larger than the elasticity
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of Substitution in demand between products produced in different industries. This 

condition is sometimes used to define the concept of an industry in the industrial 

organization literature.1

Swedish foreign trade is classified according to three classification systems, CCCN 

(Customs Cooperation Council Nomenclature), SITC (Standard International Trade 

Classification), and SNI (Swedish Standard Industrial Classification of all Economic 

Activities).2 Roughly described, in the CCCN products made of the same raw material 

are grouped together, and in the SITC-system products are classified into groups 

according to stages of processing and elasticity of substitution in demand.3 Both CCCN 

and SITC are classification schemes for products. SNI, on the other hand, is the Swedish 

version of the international classification system for industries elaborated by the United 

Nations (ISIC). SNI is reported down to a six-digit level and is equivalent to the 

International Standard Industrial Classification (ISIC) down to the four—digit level. A 

difference between SNI and SITC is that SNI as a ground for classification emphasizes 

the production process — production functions or factor intensities — whereas 

substitution in consumption is more pronounced in SITC.4 In order to measure 

intra-industry trade it is difficult, from a theoretical point of view, to decide which of 

the systems is preferable; the product groups in SITC are probably more homogeneous

^ee Waterson (1984), p. 2.
2For a more thorough description of the classification systems see Alvstam (1978). From 
1988 CCCN is replaced by a new commodity nomenclature, Harmonized Commodity 
Description and Coding System (HS).
3An example may elucidate the idea behind the different classification schemes. For, e.g., 
clothes CCCN emphasizes the raw material content in the products — if they are made of 
wool or cotton — whereas SITC stresses the substitution in consumption — if it is 
trousers or shirts.
4The pulp industry, for instance, is in SNI separated into sulfate pulp industry (SNI 
341112) and sulfite pulp industry (SNI 341113), and these industies use different 
production processes to produce pulp.
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on the demand side, whereas the industries in SNI may be more homogeneous on the 

supply side. In our empirical studies most of the trade statistics are classified according 

to SNI.5

2.3 Measurement of intra-industry trade

The most common measure of intra-industry trade is Grubel and Lloyd's index (Grubel 

& Lloyd, 1975). There are some forerunners, but today Grubel and Lloyd's index is the 

standard measure of the size of intra-industry trade .6 For bilateral trade flows between a 

country j and a country/country group k we get the size of intra-industry trade in 

industry i (IT-j^) if we from the total trade (T T ^ )

(2.1) TTijk .  Xijk+ M,jk

where is the export from country j to country/country group k and is the 

import to country j from country/country group k in industry i, subtract the absolute 

value of the net trade ( | N T .^  | ).

(22) |NTijk| = IX ^ -M ^ I

(2.3) 1Tijk »  Xijk+Mijk - |Xi |k -Mijkl

5The reason is a practical one. Since the trade and the industry statistics use the same 
classification system, they are easy to concoct, and we can use industry characteristics to 
explain trade pattern.
6In Appendix 2.1 we describe earlier measures by Verdoorn (1960), Koijma (1964), and 
Balassa (1966).
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In order to compare intra-industry trade in different trade flows we divide IT .^  with

TTijk

(2  4 ) I1T Xijk+ M ijk ~ |X jik -Mijkl _

,J Xijk +M ijk

l lXi ik - Miikl 2 m iD (X i i k ,Mijk) 

Xijk+M ijk Xi jk + M ijk

IITjjj^ is Grubel and Lloyd's index. If the export equals the import, all trade is 

intra-industry trade and =  1 , and if the import or the export equal zero, all trade 

is net trade and HT. ̂  =  0 .

In order to describe the significance of intra-industry trade in country j's trade with 

different countries/country groups k we use a weighted average of the for

all industries i.

n
(2.5) HTjk -  V ' Tijk

(2.6) » . . . --------- Xi jk+ M i . i.k
ijk n

, M x i j k + Mijk>

Wjjk is industry i's share of the total trade between country j and country k. If w ^  is 

low, the impact of on will be small even though H T .^  is high or low.
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(2.5) can also be written7

(2.7) IITit »  1 -jk 1 n

We use another measure to describe how the share of intra—industy trade in country j ’s 

total trade with all other countries in the world varies between different industries i

(HTy).

(2.8) IIT-. = 1 -  ^X'j -M|) ^
“ Xij+Mii

7We substitute (2.6) into (2.5)

IIT :1 =  E

j,<Xijk+M]jk> Xijk+Mijk
and this expression can also be written

which is the same as

x )ik-|-Muk xnk+Mi i k i x.ik-Mi iki

^ ( x l i k + M l i k)  i S 1 <x l ] k + « . j k > x I J k + M l j k

IITj k = ‘ - n
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m m
X.. = E X.M is the export from and M.. =  E M.., is the import to country j of 

1J k = l 1JK ^ k = l 1JK
products produced within industry i.

In order to compare the importance of intra-industry trade in different countries j's 

total trade we compute a weighted average of the IIT -

(2.9) IIT. =  w..IIT.. =  1

where w - is industry i's share of country j's total trade.

Discussions of whether intra-industry trade is only, or mainly, a phenomenon of

aggregation, i.e., it depends only on how the trade statistics are classified and

aggregated, are common in the literature .8 One way to study how the choice of level of

aggregation affects the share of intra-industry trade is to compute IIT . on different
aJ

levels of aggregation.

i w

a is the level of aggregation defining the industries and m the number of industries on
a

8Finger (1975), Grubel & Lloyd (1975), Lipsey (1976), Pomfret (1979), and Rodgers 
(1987).
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that level of aggregation. Since we use trade statistics classified according to SNI, the 

six-digit level is the lowest level of aggregation, which means a =  1 , . . .  , 6 .

If HTaj is computed on a higher level of aggregation than IIT ^ , HTaj is always greater

than or equal to IIT ^ . The reason is that the absolute value of net trade when the

industries are defined on the higher level of aggregation a ( |N T a î|) is equal to or lessaj
than the sum of the absolute values of net trade when the industries are defined on the 

lower level of aggregation b ( | N T ^ | ).

n b n b
(2 .1 1 )  |H T „ |  -  l h E X u r ^ M u i l  * „ ï ^ h i r V  *  l NTbjl

Industries on the level of aggregation b are represented by h, and h are also subgroups in

i, which is an industry on the level of aggregation a. If net trade in both directions

occurs on the lower level of aggregation, IIT . is larger than IITKÎ. Net trade withaj oj
different signs on the lower level of aggregation cancel out on the higher level of 

aggregation.

If country j ’s trade is unbalanced, IITj is always less than one. Different types of 

adjusted measures have, therefore, been suggested to "correct” for the effect unbalanced 

trade has on Grubel and Lloyd’s index.9 However, in our descriptive and analytical 

studies we only use unadjusted measures. Since equilibrium can prevail in spite of 

unbalanced trade, one can question if the "correct value" of Grubel and Lloyd's index 

really is the value we get when trade balances10

9Aquino (1978), Loertscher k  Wolter (1980), Bergstrand (1983), and Balassa (1986b).
10For an overview of proposed adjusted measures and objections that can be raised 
against them see Greenaway k  Milner (1986), pp. 67—78.
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2.4 Intra-4ndustry trade in Swedish foreign trade

Most descriptive studies of intra-industry trade have used Grubel and Lloyd indices to 

measure the size of intra-industry trade in different trade flows. 11 We begin to study how 

the choice of level of aggregation defining an industry affects the size of intra-industry 

trade. Table 2.1  shows that the size of intra-industry trade decreases, the more 

disaggregated the trade data are. From (2.10) and (2.11) we realize that this must 

necessarily be the case. Therefore, in a sense intra-industry trade is a question of 

aggregation; a sufficiently pursued disaggregation will lead to the disappearence of 

almost all intra-industry trade, for instance, if each plant equals an industry. However, 

(2 .11) is a mathematical property of Grubel and Lloyd's index; it has nothing to do with 

the causes of intra-industry trade. (2 .1 1 ) does not imply that any disaggregation will 

decrease IIT to zero. In particular, it does not imply that disaggregation according to 

supply side criteria would eliminate IIT. The results of this study indicate that IIT will 

not necessarily disappear even if we disaggregate so that all firms in the industry have 

identical production functions. Hence, the question we address in Chapter 1 , i.e., why 

there is a lot of trade we cannot explain reasonably by comparative advantage, remains. 

Furthermore, over 60 percent of the total trade in Swedish foreign trade on the lowest 

level of aggregation in SNI is intra-industry trade. In other words, the exchange of 

similar products is considerable. Also, the share of intra-industry trade has increased on 

all levels of aggregation between 1970 and 1983 except for on the zero and one-digit 

levels.12

^Greenaway k  Milner's (1986) Chapter 7 contains a survey and a discussion about 
conclusions that can be drawn from those studies. Application of Grubel and Lloyd's 
index on Swedish foreign trade can be found in Lundberg (1981), Gavelin k  Lundberg 
(1983), Petersson (1984), Culem k  Lundberg (1986), and Rodgers (1987).
12The zero-digit level only shows the surplus\deficit of total Swedish foreign trade and 
the one-digit level the balance of manufacturing trade.
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Table 2 .1 . Grubel and Lloyd’s index at different levels of aggregation 
in Swedish foreign trade in 1970 and 1983 computed for all 
industries and manufacturing industries SNI 3 (HTaj)

Level of 
aggregation

1970 1983

Zero-digit All (1) 0.9845 0.9753

One-digit All 0.9649 0.8348
SNI 3 (1) 0.9118 0.8943

Two-digit All (2 0 ) 0.6699 0.6722
SNI 3 (9) 0.7048 0.7222

Three-digit All (44) 0.6098 0.6622
SNI 3 (29) 0.6390 0.7137

Four-digit All (11 0) 0.5748 0.6214
SNI 3 (81) 0.6136 0.6729

Five—digit All (!74) 0.5450 0.6154
SNI 3 (137) 0.5822 0.6673

Six—digit All (213) 0.5418 0.6085
SNI 3 (172) 0.5798 0.6603

Note: In parantheses are number of industries.
Source: Rodgers (1987)

Figure 2.1 describes the long-term development of the intra-industry trade share of 

Swedish trade between 1931-1980, whereas Figure 2.2  shows the development in the 

years 1969—1984. Until the beginning of the 1970’s, with the exception of the period 

during the second world war, there has been a substantial increase in the share of 

intra-industry trade in Swedish foreign trade, IITgy (Figure 2 .1 ). During the 1970's the 

growth has stagnated, but in the 1980's HTgy has started to increase again (Figure 2 .2 ).
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Figure 2 .1 . The share of intra-industry trade in total Swedish foreign trade 
between 1931—1980

Note: The observations of IIT are five years averages, and they are computed for
47 industries 1931—1958 and for 75 industries 1959—1980.

Source: Petersson (1984)

IIT,Sv
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Figure 2 .2 . The share of intra-industry trade in total Swedish foreign trade in 
the years 1969-1984

Note: The industries are defined on the six-digit level of SNI and IIT is computed
for 213 industries.

Source: Rodgers (1987)
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Table 2 .2 . The share of intra-industry trade of total trade in manufactures in 
different countries j (IITj in percent)

Non—NIC Developing Countries

Algeria 1.5 Guatemala 32.7 Nigeria 0.2
Cameroon 6.1 Guyana 19.6 Pakistan 14.8
Central African Repub. 0.7 Haiti 46.3 Peru 10.3
Chile 10.1 Ivory Coast 13.4 Phillippines 15.0
Colombia 20 .0 Jamaica 14.4 Senegal 18.7
Costa Rica 32.4 Jordan 14.9 Sudan 0.8
Dominican Republic 6.9 Kenya 13.9 Thailand 17.3
Egypt
ElSalvador

6 .8 Malawi 6 .6 Trinidad 14.3
33.0 Malaysia 32.4 Tunisia 17.3

Ghana 4.3 Morocco 10.9 Turkey 7.9

Newly Industrialized Countries

Argentina 42.3 Israel 61.9 Spain 52.1
Brazil 37.8 Korean Republic 34.9 Taiwan 34.1
Greece 21.1 Mexico 31.9 Yugoslavia 50.7
Hong Kong 40.8 Portugal 32.8
India 37.4 Singapore 66.9

Industrial Countries

Australia 25.3 France 80.3 New Zealand 25.9
Austria 74.1 Germany Norway 44.4
Belgium— (Federal Republic) 62.7 Sweden 68.9
Luxemburg 79.2 Ireland 61.3 Switzerland 59.5
Canada 66.9 Italy 59.0 United Kingdom 81.0
Denmark 67.0 Japan 26.0 United States 59.4
Finland 45.4 Netherlands 74.2

Note: IIT is computed for SITC on the three- and the four-digit levels in 1978.
Source: Havrylyshyn & Civan (1983)
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Table 2 .2  shows the share of intra-industry trade in different countries j's total trade in 

manufactures (HTj). IITj is highest for the industrial countries and lowest for the 

non-NIC developing countries. The share of intra-industry trade in manufactures seems 

thus to be dependent on the stage of development. In comparison with other industrial 

countries, IITj in Swedish foreign trade is rather high. Japan, Australia, and New 

Zealand have relatively low values of IITj. Since unbalanced trade reduces IITj (see 

Section 2.3), an explanation of the low value of IITj in Japan's manufactured trade can 

be the large trade surplus Japan has in manufactured products.

Table 2.3. Distribution of the shares of intra-industry trade in 
Swedish manufacturing industries in 1983 (HTy)

IITij
(percent)

Number of 
industries

Percent 
of total

0 - 1 0 12 7.0
1 0 - 2 0 8 4.7
2 0 -3 0 8 4.7
3 0 -4 0 16 9.3
4 0 -5 0 17 9.9
5 0 -6 0 15 8.7
6 0 -7 0 23 13.4
7 0 -8 0 20 11.6
8 0 -9 0 24 14.0
90 -  100 29 16.9

Total 172 100.0

In order to study how the share of intra-industry trade varies between different 

industries we compute IITy for different industries i in the Swedish manufacturing sector 

defined on the six-digit level of SNL Table 2.3 shows that industries are fairly evenly 

distributed with respect to HTy. The correlation between IITy computed on trade data 

in 1970 and IITy computed for the same industries in 1983 indicates the degree of
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stability of the pattern of intra-industry trade. The correlation coefficient is 0.57; 

industries with a high share of intra-industry trade in 1970 still have a high share in 

1983.

Table 2.4. Distribution of the shares of intra-industry trade in 
Swedish manufacturing trade with different countries 
in 1983 (IITjk)

IITjk
(percent)

Number of 
countries

Percent 
of total

0 - 1 0 153 84.1
1 0 - 2 0 10 5.5
2 0 -3 0 3 1.6
3 0 -4 0 6 3.3
4 0 -5 0 5 2.7
5 0 -6 0 4 2.2
6 0 -7 0 1 0.5

Total 182 100.0

Table 2.4 shows that the share of intra-industry trade in Swedish trade is concentrated 

to a limited number of trading partners. The share of intra-industry trade in Swedish 

foreign trade with most of the countries in the world is very low (between 0 and 10). 

This group consists mainly of developing countries. The correlation between HTjk in 

1970 and HTjk in 1983 is very high (0.93), which indicates that the country pattern is 

more stable than the industry pattern.
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Table 2.5. The share of intra-industry trade in Swedish manufacturing 
trade with different country groups in 1983 and in 1970 and 
the changes during the period (IITyearj^ and D IIT^)

Country group j IIT83jk nT70jk DIITjk

EEC + EFTA 0.712 0.601 0.111

Other developed 
countries 0.482 0.481 0.001

Centrally planned 
economies in Europe 0 .222 0.298 -0.075

Asian NIC's 0.254 0.052 0 .202

Other developing 
countries 0 .110 0.074 0.036

Note: The division into developed countries, developing countries, and
centrally planned economies in Europe is the same as the categories 
used by the Swedish National Central Bureau of Statistics (SCB). 
The Asian NIC’s are Hong Kong, Macao, Taiwan, Republic of Korea, 
and Singapore.

Table 2.5 gives further evidence that the share of intra-industry trade in Swedish foreign 

trade in manufacturing products is largest with the developed countries, especially with 

the members of the EEC and EFTA. The share of intra-industry trade is considerbly 

lower in the trade with the centrally planned economies in Europe. The with these 

countries in 1983 was about the same size as with the Asian NIC’s. The most striking 

increase of HTj^ between 1970 and 1983 has occured in the trade with the Asian NIC's, 

while HTjk with the centrally planned economies in Europe has decreased. In the trade
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with the developed countries, particularly in the trade with members of the EEC and 

EFTA, IITjk has increased, though less than in trade with the NICs.

2.5 Concluding comments

We define intra-industry trade as the simultaneous export and import of products 

produced within the same industry. According to trade theory and industrial 

organization, products that are close substitutes in demand and produced with similar 

factor intensities should be gathered together into an industry.

The standard measure of intra-industry trade is the so-called Grubel and Lloyd index — 

the share of intra-industry trade in total trade (UT). In Swedish foreign trade the 

exchange of products from the same industries accounts for two third of total foreign 

trade, even on very detailed levels of industrial classification. To a large extent 

intra-industry trade occurs in trade with other developed countries, and in general, IIT 

is larger in these countries' trade. Since the end of the 19th century, with the exception 

of the period during the second world war, IIT in the Swedish foreign trade has been 

growing. In the 1970's, a period of stagnating growth in IIT, this growth has been largest 

in the trade with the Asian NIC's.
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CHAPTER 3

THEORETICAL MODELS OF INTRA-INDUSTRY TRADE

3.1 Introduction

In this chapter we will show that intra-industry trade can exist if one or more of the 

following conditions are violated:

-  the products produced within an industry by different firms are homogeneous,

i.e., the elasticity of substitution in demand between them is infinite, and all

firms have identical production functions

-  perfect competition prevails

-  the trade occurs between markets which are points in space, and the supply and

the demand functions of products are time—invariant

By means of a partial model we can illustrate this. Suppose a homogeneous good is 

produced within an industry under perfect competition. There are two countries in the 

world, A and B. The supply and the demand functions of the good do not vary over time 

and the transport costs between A and B are not negligible. The latter assumption 

excludes the possibility of a consumer in A that buys the good from a firm in B at the 

same time as a consumer in B buys the good from a producer in A. If trade occurs, it is 

only one-way trade, i.e., export from the country where the equilibrium price of the 

good in the absence of trade would be lowest.
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Chapter 3 deals with models where the above mentioned conditions are violated. In 

Section 3.2, we examine whether intra-industry trade is compatible with the 

"traditional" model of trade, i.e., the neoclassical factor proportions theory, and if the 

variations in IIT in different trade flows can be explained within the framework of this 

theory. In Section 3.3, we allow the products within an industry to be differentiated in 

time or in space, and in Section 3.4, we discuss other types of product differentiation -  

horizontal, vertical, and national product differentiation. In the models in Section 3.5 to 

Section 3.7, the products within at least one industry are differentiated, whereas the 

model in Section 3.8 is a partial oligopoly model where the good is homogeneous.

3.2 Intra-industry trade and the factor proportions theory

We assume that there are four countries (A, B, C, D) and four products (a, b, c, d) 

produced with two factors of production — capital (K) and labor (L). Trade impediments 

are positive but very small, which means the product prices (pa, . . . , p^) are almost the 

same in all countries. The factors of production are mobile within but immobile between 

the countries. The supply of capital and labor are completely inelastic in both countries. 

The production functions are identical between countries and homogeneous of degree 

one. The products can unambiguously be ranked in terms of capital intensity. Hence, 

factor reversals are excluded and the isoquants between pair of products intersect only 

once.

Perfect competition prevails in all countries. This implies that if a product k is 

produced, the product price p^ equals average cost.

(3.1) pk -  aLkiwLi +  aKkiwKi



- 2 7 -

ajki *s *nPu<i requirement of factor j (j =  K, L) per unit of product k (k =  a, b, c, d) 

in country i (i =  A, B, C, D) and Wjj is the price of factor j in country i.

We assume, as a ”stylized fact” describing ”reality”, that in the free trade equilibrium 

the factor prices are completely equalized between the countries A and B -  the 

developed countries (the DCs) — and between the countries C and D — the less developed 

countries (the LDCs) . 1 However, the factor prices are not equalized between the DCs and 

the LDCs.2 In a factor proportions model, free trade may fail to equalize factor prices for 

a number of reasons; one is that the factor endowments of the trading countries differ 

”to much”. In that case at least one country does not produce one or more goods.3 In our 

case with two factors of production, the DCs and LDCs may produce at most one good 

in common. Figure 3.1 illustrates the free trade equilibrium.

Given the factor prices in the DCs and the LDCs, AB and CD represent unit isocost 

lines for the DCs and the LDCs. The lines show different combinations of capital and 

labor which equal the cost of one unit of an international numeraire (krona). The 

relative factor price wLj/wKj determines the slope of the unit isocost line. The steeper 

the line is, the higher is the wage compared to the price of capital in country i. Under 

free trade the price of product k (p^) is determined by the tangential point between the 

outermost of the unit isocost lines and product k’s unit-value isoquant. The unit-value 

isoquant defines the (maximum) amount of a good that can be produced at a (minimum) 

cost equal to one, at given factor prices. Since factor prices differ, the unit-value

According to Deardorff (1979) ”the technique used here does not derive the trade 
equilibrium. Rather, it assumes that an equilibrium exists and merely examines a 
particular property of that equilibrium” (p. 2 0 1 ).
2The assumption of equalized factor prices within country groups (regions) but not 
among country groups is the same as in Kreuger (1977).
3See Chacholiades (1978) p. 266 ff.
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isoquant of the capital intensive product a in the LDCs, where capital is expensive (not 

drawn in the figure), would lie inside the corresponding isoquant for the DCs (q_). ThiscL
means that the amount produced for a given total cost is lower, i.e., the unit cost of a is 

higher, in the LDCs. With free trade and assuming that the products produced in the 

LDCs or the DCs are identical, product a will only be produced in the DCs.

K

Figure 3.1. Variation in factor intensities within an industry as a source of 
intra-industry trade

Figure 3.1 shows how the pattern of production and trade corresponds to the ranking of 

the products by factor intensity. The slope of the ray originating from the origin to the 

tangential point between product k's unit-value isoquant and the unit isocost line 

measures the capital intensity of product k. Product a is the most capital intensive 

product and product d the most labor intensive. The DCs — by factor price definition the 

more capital abundant countries -  produce and export the most capital intensive
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products — a and b — and the LDCs — the less capital abundant countries — produce and 

export the less capital intensive products — c and d.

Aggregation of industries and intra-industry trade

Suppose the foreign trade statistics are divided into industries where the products within 

the same industry are homogeneous and have identical production functions; in the case 

of equal factor prices, the factor intensities within an industry are the same. In our 

model we have four industries and four products of which a and b are produced in A and 

B (the DCs) and c and d in C and D (the LDCs). Can intra-industry trade exist in this 

model? Clearly, there can be no intra-industry trade between DCs and LDCs, since they 

produce no product in common, but intra-industry trade is ruled out among DCs — 

between A and B -  and among LDCs -  between C and D -  too. The assumptions of 

perfect substitutability among products in an industry and positive (but infinitesimal) 

transport costs ensure that output of, e.g., product a from A and B cannot 

simultaneously be sold in both markets. Consequently, no intra-industry trade can 

occur.

Now, we allow variation in capital intensities within the industries. A measure of the 

size of variation is the angle 0 in Figure 3.1: the angle between the rays indicates the 

capital intensities for the most extreme products within the industry. We assume there 

are two industries in the foreign trade statistics -  1 and 2; product a and b are produced 

in 1 and product c and d are produced in 2. Hence, industry 1 exists only in the DCs and 

industry 2 only in the LDCs. Note that the equilibrium is the same as before; the only 

thing that has changed is the classification. No intra-industry trade arises between the 

DCs and the LDCs. However, intra-industry trade may occur in industry 1 between the 

DCs — A and B. Since the factor prices are equalized between A and B in equilibrium,
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those countries have the same unit cost lines (AB). Product a and b will be produced in 

both countries. However, in a multi—country model the bilateral trade pattern cannot be 

determined solely by ranking of products by capital intensity. Several outcomes are 

possible, depending on the structure of demand, the sizes of countries etc. (Bhagwati, 

1972). For instance, A may export product a to B while B importing b from B; then 

intra-industry trade arises in industry 1 in trade between A and B. Country A may, 

however, be self-sufficient of product b, and no intra-industry trade occurs in industry 1 

in trade between A and B.

If we let the capital intensities vary even more within industry 1 , and we assume that 

the products a, b, and c are produced in 1 and only product d is produced in 2 , then 

intra-industry trade certainly arises in 1 between the DCs and the LDCs. The DCs 

export a and b and the LDCs export c. Heterogeneity of industries with respect to factor 

proportions thus can explain why intra-industry trade arises.4

From this discussion we can draw the following conclusions:

— A necessary but not sufficient condition for intra-industry trade to arise in the 

factor proportions model is that products within an industry are produced with 

different factor intensities.

— A sufficient condition for intra-industry trade between countries with different 

factor prices is that the area between the rays indicating factor intensities for the

4We note, however, that a condition for intra-industry trade to arise is that the 
products within an industry are heterogeneous also on the demand side. If b and c are 
perfect substitutes, and they are the only products produced within an industry, no 
intra-industry trade will occur in this industry between the DCs and the LDCs if 
transport costs are non—negligible.
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most extreme products within an industry contains the ”boundary” between 

products produced in each of the countries — point E in Figure 3.1.

— The probability that intra-industry trade will arise in trade between countries 

with unequal factor prices is higher, the larger the variation in factor intensities 

within an industry (the larger the angle 0).

Hence, intra-industry trade can exist in a factor proportions model; it can be explained 

by aggregation of heterogeneous products with different production functions. But how 

important is this empirically? What proportion of actual intra-industry trade can be 

explained by so-called categorical aggregation of products with different input 

requirements? We will return to that question later.

3.3 Intra-industry trade in products differentiated in time and in space

One conclusion in Section 3.2 is that if the products within the industries are 

homogeneous and produced with the same production function, intra-industry trade is 

incompatible with our factor proportions model. However, since products can be 

heterogeneous in other respects than input requirements, e.g., in time or in space, 

intra-industry trade can occur (Grubel & Lloyd 1975).

In Section 3.1 we assume that there are infinitesimal transport costs. For products with 

high transport costs relative to production costs, e.g., sand and brick, or for products 

that deteriorate when they are transported long distances, e.g., milk and fresh 

vegetables, the transport costs have a significant influence on the location of the 

production. Geographically defined markets usually arise for these products; the size of 

the market is determined by the spatial distribution of the consumers and the transport
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costs. The proximity to one of country A's producers for some of country B's consumers 

results in export of the product over a segment of the common border, whereas the 

contrary can be the case for another segment. Borders between countries that cut 

through market areas of firms of different nationalities can be a reason for 

intra-industry trade, so-called border trade.

Some products are difficult to store; they are non-durables. Therefore, it is important at 

what point of time demand takes place. Because of natural fluctuations in supply and 

demand intra-industry trade in homogeneous products can occur as periodic trade. An 

example is trade in agricultural products between the hemispheres — the supply varies 

over time. Another example is trade in electricity between different time zones — the 

demand varies over the twenty-four hours.

For our purpose, to explain intra-industry trade in Swedish foreign trade, casual 

observation leads to the conclusion that product differentiation in time or in space only 

causes a minor proportion of intra-industry trade. For example, border trade can 

explain some intra-industry trade between Sweden and other Nordic countries in specific 

products, such as roundwood.

3.4 Product differentiation

In the models in the following sections we allow the products within an industry to be 

differentiated — they are not perfect substitutes for consumers. In the literature three 

types of product differentiation are common: horizontal, vertical, and national product 

differentiation (see Section 3.4.1).
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In order to model demand for differentiated products we assume that the consumers 

have Spence—Dixit—Stiglitz (SDS) preferences.5 In Section 3.4.2, we describe the utility 

function and derive demand functions. We also allow the SDS utility function to be 

quasi—homothetic instead of homothetic; this means that the Engel-curve is linear but 

will not, unlike with homothetic preferences, originate from the origin. The motive for 

our assumption of quasi-homothetic preferences is that there are strong reasons to 

presume that the income elasticity is less than one for some goods, e.g., food, whereas it 

is greater than one for other goods (Hunter k  Markusen, 1988). If the preferences are 

homothetic, the income elasticity is equal to one for all goods, but it can be greater or 

less than one when the preferences are quasi—homothetic.

3.4.1 Horizontal, vertical, and national product differentiation

According to Lancaster (1966, 1979), product differentiation in general means that the 

products possess particular characteristics in different proportions. Lancaster assumes 

that the characteristics are objectively identified and quantified, and that the consumers' 

preferences are based upon the characteristics the products contain. Products produced 

within the same industry have certain substantial characteristics in common.

Generally, a distinction is made between horizontal and vertical product differentiation. 

Two products are horizontally differentiated if the composition of characteristics — 

suppose two characteristics are of interest -  varies so that product 1 (q h a s  more of 

characteristic 1 than product 2 (qg) and q2 has more of characteristic 2 than q^. If qp  

on the other hand, has x percent more of both characteristics, q^ is of higher quality 

than the products are vertically differentiated. To make the distinction between

5Spence (1976) and Dixit k  Stiglitz (1977)
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horizontal and vertical differentiation clearer we use another example. If the products 

are vertically differentiated, all consumers will, if faced with the same price, buy the 

same product — the product with the higher quality. If the products are horizontally 

differentiated some of the consumers prefer q^, whereas other prefer q^  Usually, there 

are price differences between vertically differentiated products. Products of higher 

quality have a higher price; otherwise, low quality products would not exist. The choice 

of product quality will then depend on the income of the consumer. Horizontally 

differentiated products, on the other hand, need not differ in price. An example of 

horizontally differentiated products are products that only differ in color, and an 

example of vertically differentiated products are personal computers with different sizes 

of memory. In practice, it is often impossible to distinguish between horizontal and 

vertical product differentiation since product differentiation usually is a combination of 

these two.6

National product differentiation is another concept. Originally, as used by Armington 

(1969), it means that the elasticity of substitution in demand between products produced 

by different firms within the same industry and in the same country is infinite, whereas 

the elasticity of substitution is less than infinite between products of different 

nationality. It is difficult to give examples of products that are nationally differentiated.7 

However, the assumption is convenient, since we can consider import and domestic 

production as different products and at the same time maintain the

Lancaster (1979) also discusses a third form of differentiation -  pseudo differentiation -  
where two or more products possess the substantial "objective” characteristics in the 
same proportions. The only difference between them is that they are different brands, 
e.g., toothpaste and detergent.

7See Deardorff (1984) p. 508.
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assumption of perfect competition. The latter makes it possible for us to link prices to 

unit costs.8

3.4.2 Demand for differentiated products

In the models in Section 3.5 to Section 3.7 we assume that there are two industries. 

Differentiated products are produced in industry 1 , whereas a homogenous good is 

produced in industry 2 . A general representation of the utility function under 

assumption of two industries is

(3 .2 ) U =  U (Ul( . ) ,u 2 (0 )

where Uj(*) is the utility of consumption of products produced within industry i 

(i =  1 , 2 ) and U (•) translates sectoral subutility functions into an overall welfare level.

We assume that the consumers have Spence-Dixit—Stiglitz (SDS) preferences. The 

utility function has the properties that an individual consumes all the different products 

produced within industry 1 , and that the utility increases the more products he (she) has 

access to (see Appendix 3.1) .9 Formalized, an individual with SDS preferences has the 

following utility function.

8Cf. the dealing with economies of scale within the framework of a model of perfect 
competition. In order to solve that conflict the concept of external economies of scale 
was introduced, and, as with national product differentiation, it can be critized for being 
out of touch with the reality; see Helpman (1984) pp. 328-330.
9An alternative way to derive demand for differentiated products is to assume that the 
consumers have Lancaster preferences. Instead of consuming all varieties within an 
industry -  SDS preferences -  an individual with Lancaster preferences consumes only 
one product, the product with, according to his (her) preferences, the most attractive 
characteristics. This way to model demand for differentiated products has been called 
the ideal variety approach (neo-Hotelling), and the method we use here has been named 
the love of variety approach (neo-Chamberlinian). For a more thorough description of 
these approaches see Helpman & Krugman (1985) Chapter 6 .
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(3.3) U =  ( s
k=l 1K 1

0  < a <  1

where is the consumption of the k—th country’s (Section 3.5) or k—th firm's

function; if the products in industry 1 have the same price, an individual consumes all 

available products within industry 1 in equal quantities. U (•) is a Cobb—Douglas 

function, where a is the budget share for products produced within industry 1 .

The elasticity of substitution in demand between products produced within industry 1 

(a;) is

In accordance with our definition of an industry in Section 2.2, the elasticity of 

substitution among products produced within industry 1 should be larger than the 

elasticity of substitution between a product produced within industry 1 and the good 

produced within industry 2 . Due to the Cobb-Douglas specification of U ( • ) the latter 

equals one. This means that u) must be greater than one. Hence, ß  is greater than zero, 

since if ß is less than zero, u is less than one. Furthermore, ß has to be less than one in 

order to warrant that the products produced within industry 1 are imperfect substitutes.

(Section 3.6) product and D2 is the consumption of good 2 . u^ =  ( E D ^ )  • p is a CES

(3.4)
1

u) = ----- > 1
H »

The consumers' preferences in (3.3) are homothetic. If we assume that every individual 

has a minimum consumption requirement of good 2  ( 7 ), the consumers' preferences are 

quasi-homothetic, and they have the following utility function (Markusen, 1986)
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(3.5) U = ( S D ^ ) “^  (D2—7)1 a  0 < a < 1
k= l

Since u^(-) and i^O ) are separable in both utility functions and u^(-) is homogeneous 

of degree one, it is possible to use a two-stage budgeting procedure to derive the demand 

for a product 1 produced within industry 1 and the demand for the good produced within 

industry 2. The first stage determines how much an individual will spend of his (her) 

income on products produced within industry 1. In the second stage this share will be 

distributed among different products within industry 1. If an individual r has the utility 

function in (3.3), his (her) demand for product 1 produced within industry 1 (D^jr) is 

(see Appendix 3.1)

where yr is individual r's income and pj is the price of product 1 (see Appendix 3.1). If he 

(she) has the utility function in (3.5), individual r's demand for product 1 (D^jr) is (see 

Appendix 3.1)

-tu

(3-7) Dllr =  “ H— I—  «(yr-^)

k= l k

In both cases the Engel curve is linear, and we can aggregate the individual demand 

functions into a market demand function. If the individuals in country i have the utility 

function in (3.3) — homothetic preferences — the total demand for product 1 produced 

within industry 1 in country i (D^j) *s

(3.6) D
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-Lü
(3.8)

S P Ì~ "
k=l h

where Yj is national income in country i. The total demand for the good produced in 

industry 2 in country i (D2|) *s

(3.9) D2i = (1—a)Yj

The good in industry 2 is used as a numeraire and we assume p2 equals one. On the 

other hand, if the individuals have the utility function in (3.5), their preferences are 

quasi—homothetic, the total demand functions in country i (Dm and D2 j) are

-u)
(3.10)

S p - "
k = l k

(3.11) D2i =  7L. + (I-oX Y j-tL j)

where Lj is the size of the population in country i.

The elasticity of demand for product 1 is (see Appendix 3.1)

1—(jj
(3.12) e =  aH— -— l-— (1-w)

Vi  pk 
k = l k
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The elasticity of substitution (<j) is larger than 1 [see (3.4)]. If the number of products 

produced within industry 1 is large and each product is produced by a single firm, the 

second term in (3.12) can be ignored. The elasticity of demand for a product produced 

within industry 1 (e) equals the elasticity of substitution in demand among products in 

industry 1 (a;). This is a relationship we will utilize in Section 4.3.2 when we attempt to 

estimate the degree of product differentiation in different industries.

3.5 Intra-industry trade under assumptions of national product differentiation and 

perfect competition

There are two industries and n countries in the model.10 The supply side is the same as in 

the factor proportions model in Section 3.2; there are no economies of scale and perfect 

competition prevails, which means that unit costs equals prices. Unlike the model in 

Section 3.2, we relax the assumption of homogeneous products and assume the products 

produced within industry 1 are nationally differentiated — the elasticity of substitution 

between products produced within industry 1 in different countries is less than infinite.

The demand side

The consumers have identical and homothetic SDS preferences [see (3.3)]. Since the 

preferences are homothetic ( 7  =  0 ), the demand in country j for the differentiated 

product produced in country k ( D ^ )  is [see (3.8)]

10The model can easily be generalized to a multi-sector model. However, we get the 
same implications from our two-sector model and, thus, no further insights.
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(3.18) Dljk -  ■

-u
Pk

n
S P 

i= l

*Y,
1—o; J
i

where Yj is national income in country j and Pj the price of the product produced within 

industry 1 in country i. The demand in country j for the good produced within industry 

2 is [see (3.9)]

(3.19) D2j =  (1—a)Yj

E>ljk is equivalent to the import demand in country j for the product produced within 

industry 1 in country k (M^jj^)- The import demand in country k for the product 

produced within industry 1 in country j ( M ^ )  is

( a - 2 0 )  “V - p b " »
, ï i p‘

Prices and costs

Since the supply side is the same as in the model in Section 3.2, the price of the product 

produced within industry 1 in country i (pj) and the price of the good produced in 

industry 2 (p2  =  1) are [see (3.1)]

(3.21) Pj =  aLliwy  +  aK liwKi

(3.22)
1 “  aL2iwLi +  aK2iwKi
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ajkj is the input requirement of factor j (j =  K, L) per unit of output of the product 

produced within industry k (k =  1 , 2 ) in country i and Wjj and are the wage and 

the capital price in country i. Prices equal unit costs when the products are produced.

In Appendix 3.2 we show that the unit cost for the product produced within industry 1 

in country k (c^) relatively to the unit cost for the product produced in country j (Cj), 

under the assumption of Cobb—Douglas production technology, is

(3.23)
p.

ük
Wj

Under perfect competition relative unit cost (c^/cj) equals relative product price 

(Pk/Pj)* Wj is the relative factor price in country i (wLj/wKj)> and d is the difference 

between industries 1 and 2 with respect to wages’ share of costs (b^-b2 ). In Appendix

3.2 we also show that the wage share of costs (b) is negatively correlated with capital 

intensity (k). Thus, if labor is relative expensive in country k (W^ > Wj) and industry 1 

is relatively labor intensive (d > 0 ), product 1 will be relatively expensive in country k.

Intra-industry trade in equilibrium

In order to measure the size of intra-industry trade we use Grubel and Lloyd’s index 

(see Section 2.3). We are principally interested in determining the share of 

intra-industry trade in bilateral trade flows; i.e., Grubel and Lloyd’s index in (2.15). 

The share of intra-industry trade in country j's trade with country k in industry 1

( " T ijk>*
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(3.24) HT
1 lXl ik -  Mlikl 2 m i n (Xl i k ,Mlik)

ljk
Xljk+ Mljk Xl jk+ M l j k

Another way to formulate (3.24) is

(3.25) IITljk = 2 (
ï l j k

Mljk J
+ 1 )-1 a -  1 if Xljk> Mljk 

a = -1 if Xjjk< Mjjk

In equilibrium the consumption in country j of the product produced in country k within 

industry 1 equals the import demand ( M ^ )»  The consumption in

country k of the product produced in country j equals the import demand (M ^ j) ;  

actual export ( X ^ )  equals import demand = M ?kj‘ The insertion oi

(3.18) and (3.20) into (3.25) gives

(3.26) IITl jk =  2 ( + 1 )
- 1

If Yj =  Y^, IlX^j^ reaches its maximum when the relative product price (P^/Pj) equals 

one and decreases the more P^/Pj deviates from one. It should be noted that if the 

elasticity of substitution in demand (a;) is infinite -  the products in industry 1 are 

homogeneous — and P^/Pj # fhen (3.26) is zero; i.e., no intra-industry trade exists 

(cf. the model in Section 3.2). Hence, a necessary and sufficient condition for the 

occurrence of intra-industry trade in the model is that the elasticity of substitution 

between products produced within industry 1 in different countries (a;) is less than 

infinite.



From (3.23) it is evident that, under assumption of Cobb-Douglas technology, the 

relative product price (p^/Pj) is determined by the relative factor prices in country j and 

country k (W^/Wj) and the difference in capital intensity between industry 1 and 

industry 2 (d =  b ^ -^ ) -  The insertion of (3.23) into (3.26) yields

(3.27) IITljk «  2 ( —  (Wk/W ,)d"
Y. K J + 1 )- 1

(3.27) is an expression for H T ^  in equilibrium. Before we do comparative statics on

(3.27), we examine the equilibrium closer.

K

j

Figure 3.2. The effect on IIT of the difference in relative factor prices between 
countries

Figure 3.2 illustrates the equilibrium. We assume that for some reason the factor prices 

are not equalized (cf. the model in Section 3.2 and Figure 3.1). The lines jj, k \® , and
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k^k1 axe unit isocost lines — combinations of capital (K) and labor (L) equal to the cost 

of one unit (krona) — in country j and country k. The slopes of the lines equal the 

relative factor prices, Wj > > w£; capital is relatively cheap in j. The prices of the

products (pj and p^) are determined by the tangential points between j's and k's unit 

isocost lines and product j's (q^) and product k's (q ^an d  q ^ )  unit—value isoquants. 

We assume that the homogeneous good is produced in both countries and has the same 

price/cost (p2 = 1 )- Since the products in industry 1 are more capital intensive than the 

good in industry 2 , the price of the product produced within industry 1 in country j is 

lower than the price of the product produced in country k. In this case there will be inter— 

as well as intra-industry trade. Country j will export its product in industry 1 to 

country k, and import the good produced in industry 2 and country k's product in 

industry 1 . Differences in relative factor prices between j and k (Wj ^ W^) leads to a 

relative product price (P^/Pj) that differs from one. The smaller the difference between 

Wj and W^ is, the smaller is Pj^/Pj’s deviation from one. In Figure 3.2 we can see that if 

country k's relative factor price is w £  instead of w £, the new unit isocost k*k* is 

steeper than k^k®. Since the distance between q ^  and q j^  is less than between q ^  and 

qJk, the difference in production costs between product j and product k is less when the 

relative factor price in k is w £ instead of w£; i.e., (P^/Pp* is closer to to one than 

(pk/Pj)°-

Determinants of intra-industry trade

First, we investigate the effect of the difference in relative factor prices in country j and 

country k on H T ^ .  We assume that the national income in j (Yj) equals the national 

income in k (Y^) and differentiate (3.27) partially with respect to W ^/W y
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(3.28) ^  1 T l y k = —2au)d (W ./W ,)aald 1*wk/w.) k J
ado; 0

+ i r 2

From Appendix 3.2 we know that d < 0 (d > 0) if industry 1 is more capital intensive 

(labor intensive) than industry 2. By definition [see (3.25)] a = 1 (a = —1) when country 

j is net exporter to (net importer from) country k of products produced within industry 

1 . Suppose 1 is more capital intensive than 2 (d < 0 ) and W ^/W j < 1 , then j is net 

exporter to k of products produced within industry 1 . In this case (3.28) is positive. An 

equalization of the relative factor prices in j and k -  W^/Wj increases — leads to an 

increased We obtain the same result in a corresponding analysis for d > 0 and/or

Wk/W j > 1.

By means of Figure 3.2 we can give the economic intuition behind the above. The 

equalization in relative factor prices between country j and country k can be interpreted 

as a change of k's unit isocost from k^k^ to k*k*. This results in a decreased distance 

between product j's and product k’s unit—value isoquants; the distance between q ^  and 

q jk is less than the distance between q ^  and q ^ .  Hence, (Pk/Pj)* is closer to one than 

(Pk/Pj)^. From (3.26) we know that if Yj = Y^, reaches its maximum when

Pk/Pj = 1. Thus, an equalization of the relative factor prices in country j and country k 

leads to increased

So far we have assumed that the difference in capital intensity between industry 1 and 

industry 2 (d = b^—b2 ) is given. The next step is to analyze how an increase in the 

difference in the capital intensity, a change in d, influences I I T ^ -  We differentiate

(3.27) with respect to d
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31 IT..
(3.29)  =  —2 au> (W ./W .)awd ln (W ./W .) (

dd K J K J Wj

ado;
+  1)

-2

If industry 1 is more capital intensive than industry 2 (d < 0) and W ^/W j < \ i then 

country j is a net exporter to country k of products produced within industry 1 (a =  1). 

Let us then assume that the capital intensity in 1 increases compared to the capital 

intensity in 2 (d decreases). (3.29) is positive when d increases. Hence, decreases

when d decreases. On the other hand, if 1 is more labor intensive than 2 (d > 0) and we 

still assume < l, k is net exporter to j of products produced within industry 1

(a = —1 ). Let us now assume that the labor intensity in 1 increases compared with the 

labor intensity in 2 (d increases). In that case, (3.29) is negative; i.e., I I T ^  decreases. 

Our conclusion is: given the relative factor prices in country j and country k, the more 

extreme industry 1 is in factor intensity compared with industry 2 , the less is H T ^ .  

Figure 3.3, we show that graphically.

lak

Figure 3.3. The effect on IIT of the difference in factor intensities in different 
industries
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The difference in capital intensity between industry 1 and industry 2 is illustrated by 

means of unit—value isoquants for products produced within industry 1 where m

are products with different capital intensities (m =  a, b) and i are countries (i =  j, k), 

and the unit—value isoquant for good 2 (qg). The products a ( q ^ )  are more capital 

intensive than the products b (q^ j)- The more the capital intensity in 1 deviates from 

the capital intensity in 2 , the greater is the distance between country j's and country k’s 

unit-value isoquants; i.e., the more the relative product price (P^/Pj) differs from one. 

In Figure 3.3, the relative price of labor is lower in k than in j, W ^/W j < 1; country j 

has a comparative advantage in production of capital intensive products. If the products 

qlai ^  Pr°duced m j k, the relative product price P^/Pj is larger than one, and it is 

larger than if the less capital intensive products 0X0 produced within industry 1 . A 

corresponding analysis can be done if industry 1 is less capital intensive than industry 2 .11 

From (3.26) we know that if Yj =  Y^, H T ^  reaches its maximum when P^/Pj =  1» and 

the more P^/Pj deviates from one, the less is H T ^ .  Consequently, given the relative 

factor prices in j and k (W^/Wj), H T ^  is less, the larger the difference in capital 

intensity between industry 1 and industry 2 .

Another parameter that influences I I T ^  is o>, the elasticity of substitution in demand 

between different products produced within industry 1 . We consider as a measure of 

the degree of product differentiation. The smaller u is, the more differentiated are the 

products produced within industry 1 . Differentiation of (3.27) with respect to a; yields

dH IT
(3.30)  ^  =  -2ad (Wk/W .)awd In (Wk/W .) (

du w JJ

aoxl 0 
+ 1) 1 < 0

nThe unit—value isoquants for the products produced within industry 1 in country j and 
country k would then be located to the right of good 2’s unit-value isoquant in Figure 
3.3.
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The sign of the derivative is unambiguous. For instance, if industry 1 is more capital 

intensive than industry 2  (d < 0 ) and W ^/W j < 1 , then j is a net exporter to k of 

products produced within industry 1 (a =  1). In that case and all other cases, when 

d > 0 and/or W ^/W j > 1 , (3.30) is negative. Given the relative factor prices in j and k 

(Wk/W .), the less the elasticity of substitution (a;) is — the more differentiated the 

products within industry 1 are — the larger is H T ^ .

To sum up: the reason why intra-industry trade arises in the model is that the products 

produced within industry 1 are nationally differentiated. From the model we obtain the 

following empirically testable implications:

-  the more similar the relative factor prices are in two countries, the larger is IIT in 

the trade between those countries

-  given the factor price difference among countries, the more extreme an industry is 

in regards to factor intensity, i.e., if an industry is very capital intensive or very 

labor intensive, the less is IIT in that industry

-  given the cost differences between products produced within an industry, the 

more differentiated the products are -  the less the elasticity of substitution in 

demand between different products produced within the same industry -  the 

larger is IIT in that industry
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3.6 Intra-industry trade under assumptions of horizontal product differentiation and 

monopolistic competition

This model has become the classic way to explain how intra-industry trade arises. 12 In the 

model we relax the assumption that perfect competition prevails everywhere. Unlike the 

model in Section 3.5, we assume that the products in industry 1 are firm specific instead 

of country specific and that they are produced with increasing returns to scale instead of 

constant returns to scale. The products in industry 1 are horizontally differentiated (see 

Section 3.4.1), and the market structure is monopolistic competition. In industry 2 , the 

good is homogeneous and produced under constant returns to scale; i.e., perfect 

competition prevails.

We assume that the consumers have SDS-preferences, and we also allow them to be 

quasi—homothetic. 13 Since the demand for the product of an individual firm in industry 1 

is given by (3.8) under the assumption of homothetic preferences, or (3.10) under 

assumption of quasi—homothetic preferences, we can start directly and discuss the 

behaviour of the firms.

Behaviour of the firms

The firms in industry 1 maximize their profits by choosing product variety (1) and price 

of that variety (Pjj). The competitors' choice of product variety and their price 

strategies are considered given. We assume that all firms in industry 1 have the same

12Dixit k  Norman (1980), Lancaster (1980), and Lawrence k  Spiller (1983). Parts of this 
section are taken from Helpman k  Krugman (1985) which contains a careful 
presentation of the model.
13We obtain the same results for the determinants of intra-industry trade under 
assumption of Lancaster preferences. See Helpman k  Krugman (1985) Chapter 6 to 8 .
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production function; therefore, we can analyze the maximization problem which a 

representative firm faces.

(3.31) Max {PjjDjjH  -  ( ^ ( w ^ w ^ ) }

D ^ * )  is the demand for the firm’s product variety (1), and is given by (3.8) or (3.10) 

depending on whether the consumers’ preferences are homothetic or quasi-homothetic.

is the supply or the firm's output, and in equilibrium Djj =  q ^  Cj is the cost 

function corresponding to the firm's production function, and w^ and w ^ are factor 

prices — the wage and the price of capital. We assume that the production takes place 

under increasing returns to scale — the average cost decreases with increased output. 14

Irrespective of the product variety (1) the firm chooses to produce, the profit maximizing 

price (pjj) is set where marginal revenue equals marginal cost.

, 0C (w ,,w K,q1)
(3 32) P i l l ' - i > -  f e - ü - L

d q l

e is the elasticity of demand for the product that the firm produces [see (3.12)].

Since the consumers have SDS preferences, every pair of products produced within 

industry 1 are equally well substitutable for each other [see (3.4)]. The cost functions are 

the same for whatever product variety a firm chooses to produce. Firms producing a 

unique product variety will therefore obtain the same profit. If a firm, on the other

14We assume that the economies of scale decrease with increased output. The 
assumption is made to guarantee an equilibrium where many firms exist in the market 
for products produced within industry 1 .



- 5 1  -

hand, starts to produce a product variety another firm already is producing, both firms' 

profits will be lower; they have to share the market for that variety. Accordingly, an 

optimal choice of product variety is a variety no other firm in the industry produces. 

Hence, if there are n firms in industry 1 , n products are produced. Since the firms have 

the same cost function and e is constant, in equilibrium, all firms set the same price, and

(3.32) implies that they produce the same output (q^).

We assume that free entry and exit of firms exist, and that the factors of production — 

labor (L) and capital (K) -  are perfectly mobile between firms and industries within a 

country. These assumptions mean that the firms in the same country face the same 

factor prices and that zero profits prevail in the long run; i.e., the price equals average 

cost.

_ Cl<wL ’wK’ql) (3-33) Pl = ----------- --------

Unlike firms in industry 1 , firms in industry 2 produce a homogeneous good under 

constant returns to scale. Their cost function is

(3.34) c 2 (wL>wK>q2̂  =  c2^wL’wK^q2

where c2 (w^,w^) is the unit cost function and represents both marginal and average 

cost. q2 is output of the homogeneous good. Profit maximizing implies

(3.35) 1 =  c2 (wL,wK)

i.e., price (p2 =  1) equals marginal and average cost.
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From Shepard's lemma we get a representive firm's demand for production factor j 

(j =  K, L) in industry 1 (Aj1),

Equilibrium conditions in a closed economy

We assume that the supplies of the factors of production are completely inelastic. Full 

employment of both factors of production implies

where Q2 is the production of the homogeneous good, and n is the number of firms in 

industry 1 .

If the preferences are homothetic, equilibrium on the markets for products produced 

within industry 1 prevails when

15In Varian (1984) p. 58 Shepard's lemma is derived and explained.

(3.36)

and the demand for factor j per unit of good 2 -  the factor requirement (â ) 15

(3.37)
dc2 (wL>wK)

(3.38) ALl(wL-wK’(ll)n +  aL2(wL’wK>Q2 =  L

(3.39) AK l(wL’wK’ql)n +  aK2<wL’wK)Q2 =  K
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(3.40a) npjqj  =  ûrY

If the consumers1 preferences are quasi—homothetic — they have the utility function in 

(3.5) — equilibrium prevails when

(3.40b) nPjQj =  aY-cryL

Y is national income and

(3.41) Y = w l L + w r K

From Walras’s law we know that if there are n markets and equilibrium prevails on n—1 

markets, the n -th  market is also in equilibrium. Consequently, the equilibrium condition 

for the market of the good produced within industry 2 is redundant.

Before we analyze an open economy we will summarize the equilibrium conditions.

, 3C(wr ,wK,q,)
(3.42) P l ( 1 " ^ ) = --------

d q j

.  _  Cl ( wL’wK’<h)(3.43) pj-—---------------------

(3.44) 1 = c2 (wL,wR )

(3.45) ALl(wL’wK’ql)n +  aL2(wL’wK>Q2 = L
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(3.46) AKl(wL’wK ^l)n + aK2 ŵL’wK^ 2  = K

(3.47a) np1q1 =- aY

(3.47b) npl ql ~

(3.48) Y = w^L+Wj^K

From equations (3.42)-(3.48) we obtain equilibrium values for factor prices 

(w^ and Wj^), output levels (q  ̂ and Q2), price of the products in industry 1 (pj), 

number of products produced in industry 1 (n), and national income (Y); i.e., seven 

equations and seven unknowns.

International trade in a two-country world

We assume there are two countries in the world — A and B. Production technologies and 

consumer preferences are the same in both countries. We assume that the countries differ 

in factor endowments; country A is capital abundant, whereas country B is labor 

abundant ( K ^ / L ^  > K g/L g). There are no trade impediments and transport costs are 

neglible. All products are obtainable for all consumers. The products in industry 1 are 

capital intensive and the good in industry 2 is labor intensive. Henceforth, we denote 

products produced within industry 1 , manufactures, and the good produced within 

industry 2 , food. In equilibrium the factor prices are equalized between A and B, and 

food and manufactures are produced in both countries.

r;
The consumption of manufactured products in country i (Q ^ .) is



- 5 5 -

(3.49) Q ^j =  S j j ^ p j q j  +  i i g p ^ )  =  s ^ n  A+ nß )p1q1 i =  A, B

Since the factor prices are equalized in A and B, and will be identical in both 

countries. If the consumers' preferences are homothetic, Sj. equals country i's share of 

world income (Yj/Y^y), and if they are quasi—homothetic, s^  is

Y i - 7 l i
(3.50) s1 • =  — ------   i =  A, B

Yw -*w

where Y ^  is the world income and L ^  is the population in the world. 

The export of manufactures from country B to country A is

(3-51) X1BA -  slA nBp1q1

and the import of manufactures to B from A (M ^ß^), the export from A to B, is 

(3‘52) M1BA =  X1AB =  slB nApl ql

Since B exports some of its production of manufactures and at the same time imports 

some of A's production of manufactures, intra-industry trade arises in industry 1 . The 

reason is that the products in industry 1 are differentiated and the production takes 

place under increasing returns to scale; each firm produces a unique product. However, 

the consumers in both countries consume all types of products. Consequently, trade in 

manufactured products in both directions occurs.
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C o u n t r y  A

F o o d M a n u f a c t u r e s

C o u n t r y  B

Figure 3.4. Trade flows16

Since A is a net exporter of manufactures, the size of intra-industry trade (IT) is two 

times B's export of manufactures to A (see Figure 3.4).

(3.53) IT =  =  ^s^ngp^q^

We assume that the trade between A and B is balanced. Hence, the size of the total 

trade in all goods (TT) equals two times A's export of manufactures to B (see 

Figure 3.4).

(3.54) TT =  2X1AB =  2 slß nAp 1q1

p
16Figure 3.4 is similar to Figure 8 .6  in Helpman & Krugman (1985), p. 168. Q2 p  is the
production of food in country B. s2g  is country B’s share of consumption of food in the

p
world Q2W . In the case of homothetic preferences, s2g  =  Yg/Y^y, but in the case of

(1—a)Y . +<*iLB
quasi-homothetic preferences, s0R = ----------------------- •

20 (l-a)Y w + a 7Lw



We use Grubel and Lloyd’s index (IIT) — the share of intra-industry trade in total trade 

— to measure the size of intra-industry trade.

(3.55)

Note the difference between (3.55) and (3.24). The former measures the share of 

intra-industry trade in a country's total trade in all goods [see (2 .2 0 )], whereas the 

latter measures the share of intra-industry trade in one industry [see (2.15)].

If the preferences are homothetic, IIT is

Determinants of intra-industry trade

We analyze the effect on IIT of a change in the countries’ relative factor endowments. 

The factor endowments in the world are assumed to be reallocated between A and B 

within the factor price equalization set of endowment distributions.17 This means that 

factor prices and product prices are not influenced.

17See Dixit k  Norman (1980), pp. 1 1 0 -1 2 2  or Helpman k  Krugman (1985), pp. 13-16.

(3.56a)

and if the preferences are quasi-homothetic, IIT is

(3.56b) , 1T ° b <y a- i la >

nA ^ B —
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02

AB

> QAB

CQ Q

Figure 3.5. The effect of an equalization of relative factor endowments

The effect of an equalization of the difference in relative factor endowments between A 

and B is illustrated by means of Figure 3.5.18 In the figure we make use of production 

frontiers which are bowed out from the origin. Since changes in relative factor 

endowments do not affect product prices and factor prices, the expansion in industry 1 

takes the form of adding firms (n) rather than changing the output per firm (qj) 

(Markusen, 1986). We assume that the national income is the same in A and B; i.e.,

y a  =  y b -

In the case of homothetic preferences, country i's share of the consumption of 

manufactured products in the world (s^j) is

18The results we obtain from the figure are derived mathematically in Appendix 3.3.
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of

Y .
(3.57a) s^  =  —i-  =  2  i =  A, B

YW

n
In this case both countries have the same consumption point (Q^) in Figure 3.5. In the 

case of quasi-homothetic preferences, country i’s share of the consumption 

manufactured product (s^?) is

(3.57b) ^  2- ■■ -  L) i =  A, B
vw-rLw

r;
where Lj is the population in country i, and is country i’s consumption point in

p
Figure 3.5. In both cases we obtain country i’s production point (Q^j) as the tangential 

point between the production frontiers (AA and BB) and the isonational income line 

(YY).

If the preferences are homothetic, the total trade (TT*1) is

(3.58a) TTh =  2sJBnAP1q1 =  Q j A

i.e., equals the production of manufactures in A. If the preferences are quasi—homothetic, 

the total trade (TTq^) is

(3.58b) TTqh =  2sq£ n Apiq i =  Y w  Q ^A < TTh
Y W 'îLW

Since B is labor abundant, 2Lg > L ^ .  Thus, in the case of quasi-homothetic tastes the 

total trade is less than in the case of homothetic tastes. The reason is that B is
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"specialized" in both the production and the consumption of food. 19 If the preferences are 

homothetic, the intra-industry trade (IT*1) is

(3.59a) IT =  =  ^ 1 B

i.e., equals the production of manufactures in B. If the preferences are quasi—homothetic, 

the intra-industry trade (IT***1) is

(3.59b) ITqh =  2Sj^n0 p1q1 =  Y w  ^ k  Q j ß  > ITh
YW '7 lW

Since A is capital abundant, 2 L^ < L ^ .  Hence, the intra-industry trade is larger in the 

case of quasi-homothetic tastes. A is "specialized" in both the production and the 

consumption of manufactures. The intra-industry trade is larger and the total trade is 

less when the preferences are quasi—homothetic compared with when the preferences are 

homothetic. Since IT*1*1 > IT*1 and TT^*1 < TT*1, from (3.55) we realize that the share 

of intra-industry trade is larger in the case of quasi-homothetic preferences; i.e., 

IITqh > IITh.

Now, let us analyze how the trade pattern changes when the difference in relative factor 

endowments between A and B decreases. In Figure 3.5 the relative factor endowments in 

A and B change so that they are completely equalized. We obtain new production 

frontiers, and they are common to both countries (ABAB). It should be noted that 

despite the fact that A and B have the same production structure and consumption

19Markusen (1986) asserts that quasi-homothetic preferences can be an explanation of 
why the amount of trade between the DCs and the LDCs is small.



- 6 1  -

pattern, trade between A and B exists — intra-industry trade in manufactures. IIT is 

one; i.e., no inter-industry trade occurs.

In the case of homothetic preferences, the consumption pattern is the same as before

(Qj) ;  however, the production structure changes. In country A, the production of 
P Pmanufactures decreases ^  Pro^uction °f f°°d increases, whereas

P Pin country B, the production of manufactures increases ( Q j ^ ß  > ^1B^

production of food decreases. Consequently, the total trade decreases when the factor
h P P

endowments are equalized (dTT =  Q j a b ~ ^ 1  A < ^  intra“ *n( ûstry trade

increases (dlT*1 =  Q j ^ ß “  Q ^ß > 0). Since IIT is the ratio between IT and TT, dllT *1 

increases. Thus, in the case of homothetic preferences, IIT increases if the relative factor 

endowments are equalized in A and B.

Under the assumption of quasi—homothetic preferences the effect on the structure of

production is the same. Unlike the case with homothetic preferences, a change in relative
rj

factor endowments also influences the consumption pattern; in Figure 3.5 from Q^. 

(i =  A, B) to Q ^. The change in total trade (d T T ^ ) is

(3.60) dTT«* =  Y w ~ 27L aB  q P ar  -  Y w ~ 27Lß Q**.
Y W-7LW 1AB Y w - 7Lw

= 81ABQ 1 A B _ s 1BQ 1 A

As under the assumption of homothetic preferences, the production of manufactures in 
P Pcountry A decreases ( Q ^ ß  < Q  ̂^)- The effect on the total trade of the changed 

production structure is negative. However, in addition, the consumption of manufactures 

increases in country B; in Figure 3.5, > Q ^g  . Since L ^g  < Lg, s ^ g  > s^g. The
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effect on total trade of the changed consumption pattern is positive. Therefore, the 

change in 

(dITqh) is

change in total trade (dTTq^) is ambiguous. The change in intra-industry trade

-ii^qh YW 2^L AB YW—27LA(3.61) dITM = ------------------ Q . a b --------------------- Q 1B
y w - î lw  Y w -^ Lw

_ sqh 0p - s qhop — l A B ^ l AB Î A ^ I B

P PThe production of manufactures in country B increases; Q ^ ß  > Q iß -  on

the intra-industry trade of the changed production structure is positive. However, the 

effect of the changed consumption pattern is negative; L ^g  > and therefore, 

S1AB < S1A‘ consumption °f manufactures in country A decreases; in Figure 3.5, 

< 'Q^a* Accordingly, dITq^ is ambiguous, and since d lT ^  and dTT***1 are 

ambiguous, d l lT ^  must be ambiguous too.

Product differentiation and economies of scale in industry 1 are necessary conditions for 

intra-industry trade to arise in the model. The share of intra-industry trade of total 

trade (IIT) is larger if the consumers' preferences are quasi-homothetic instead of 

homothetic; i.e., IIT^*1 > IIT*1. From the model we obtain one testable implication: an 

equalization of the relative factor endowments increases IIT. It can be interpreted 

dynamically; i.e., an equalization of the relative factor endowments in two countries over 

a time period leads to increased IIT between these countries, or cross-sectionally; i.e., 

the smaller the difference in relative factor endowments is between two countries, the 

larger is IIT in the trade between them. In the case of homothetic preferences, the result 

is unambiguous, but under a more general assumption about the consumers preferences — 

quasi-homothetic tastes -  it is not. The reason is that a change in relative factor
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endowments in the case of quasi-homothetic preferences influences both the production 

structure and the consumption pattern and the effects are counteracting. Accordingly, 

the determination of the effect difference in relative factor endowments has on IIT is an 

empirical question which we will deal with later.

3.7 Intra-industry trade with vertical product differentiation and perfect competition

In the model of Flam & Helpman (1987) there are two industries.20 The products in 

industry 1 are differentiated and the good in industry 2 is homogeneous. Unlike the 

models in Section 3.5 and Section 3.6, the products in industry 1 are vertically 

differentiated and the trade creating factors on the supply side are Ricardian instead of 

Heckscher-Ohlin.21

All individuals are identical except for income level (y). They consume an amount of the 

homogeneous good in industry 2  that increases with income and a fixed amount of a 

product produced within industry 1 with a quality level increasing with income. 

Production of one unit of the homogeneous good requires one unit of labor — the only 

factor of production — and the labor input per unit of output of the differentiated 

products increases with quality. Perfect competition prevails in both industries.

There are two countries -  the North and the South — and the North has a comparative 

advantage in high quality products. The assumption about the structure of comparative 

advantage implies that the North supplies products with a quality above z+  (see Figure 

3.6), whereas the South supplies products with a quality below z in industry 1 and the

20Falvey & Kierzkowski (1987) have developed a similar model.
21Different production functions in the trading countries instead of differences in relative 
factor endowments generate trade.
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homogeneous good in industry 2 . The higher the income an individual has, the more of 

the homogeneous good and the higher quality (z) of a differentiated product will he (she) 

consume. This means that if there exist an income level where a southern product is 

demanded and a higher income level where a northern product is demanded, then at an 

intermediate income level (y^), the consumer is indifferent between the consumption of a 

southern product z~~ and a not hern product z+ .22 Hence, individuals buying a northern 

produced variety have an income above y^, whereas individuals buying a southern 

produced variety have an income below y^. In both countries northern and southern 

produced varieties are consumed.

I . I — H 1 I. I a z
7  • Z • 7 -  7 +  Z Z^ min *-min L  * - L max  ^max

Figure 3.6. Consumption pattern of products of different quality

The North exports high quality differentiated products to individuals with high incomes
i *

in the South -  products located between z and zmax- The South exports low quality 

differentiated products to individuals with low incomes in the North -  products located 

between z ^ n and z~. Consequently, intra-industry trade arises in industry 1 . The 

South exports the homogeneous good and is net importer of products produced within

MNo demand exists for qualities between z and z~*~. This phenomenon appears in other 
studies too; see Helpman (1985) and Falvey & Kierzkowski (1987).
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industry 1 . Flam k  Helpman show that the share of intra-industry trade of total trade 

in all goods (IIT) depends on the countries relative size and their income distributions.23

A necessary condition for intra-industry trade to occur in this model is that there exists 

an overlap in income distributions between the North and the South. The more the 

income distributions of the two countries overlap, the greater will be the amount of 

intra-industry trade among them. Suppose that income distributions of countries differ 

only with respect to mean value, and that the variance (and higher order moments) are 

identical. Then the degree of overlap of two income distributions depends only on the 

difference between the mean values. Thus, in this kind of model, the more similar the 

per capita income levels in two countries, the more intra-industry trade we should 

expect. The predictions of the model are thus similar to those of Burenstam—Linder 

(1961).

3.8 Oligopoly and intra-industry trade in homogenous products

Contrary to the models reviewed above, this is a partial model, and it has its origins in 

articles by Brander (1981) and Brander k  Krugman (1983). We assume that there are 

two countries and one firm in each country. The firms produce a homogeneous good (Q), 

their output is the strategic variable, and the markets are segmented; the firms consider 

each country as a separate market, and their decision variables are the quantities they 

supply on each markets. Both firms have the same cost function

(3.62) C =  F + cqjj (c+t)qF

23The share of intra-industry trade IIT is measured by Grubel and Lloyd's index in 
(2.20); see also (3.55).
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where F is fixed costs, c is constant marginal costs, qg  is the domestic firm's deliveries 

to its home market, qp is its deliveries to the foreign market, and t is a constant per unit 

transaction cost -  tariff and/or transport costs.

We assume that the demand for the homogeneous good (Q) in both countries -  in each 

market -  is identical, and that its inverse form is given by

where p is the price of the homogeneous good and Q is the total deliveries to the market; 

i.e., Q is the sum of shipments from the domestic firm qjj and the shipments from the 

foreign firm qp.

The firms are assumed to play separate Cournot games in each market; each firm 

regards the competitor's choice of output and where the competitor ships that output as 

unaffected by its own action. Since the markets are symmetric and marginal costs are 

constant, each market can be analyzed separately, and the foreign market is the mirror 

image of the domestic market.

The profit maximizing firms set their marginal revenues equal to their marginal costs, 

which implies that the following conditions are fulfilled for the domestic firm on the 

home market (H) and on the foreign market (F)

(3.63) p = p(Q)

(3.64) MRh =  p(Q) +  qHp'(Q) =  c

(3.65) MRp = p(Q) +  qpp'(Q) =  c+t
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If the demand elasticity for Q is a constant (e), we can rewrite the first order conditions 

in (3.64) and (3.65)24

ec ec
(3.66) p-= -------= -----------

e -S jj  e - l + S p

e(c+t )
(3.67) p = ----------

e - s F

where s^  is the domestic firm's market share on the home market, Sp is the foreign 

firm's market share on the home market, and Sjj+Sp =  1. From (3.66) and (3.67) we get 

Sp and p.

c-ht—te
(3.68) S p  = --------------

2 c+t

(2c+t )e
(3.69) p = -----------

2 e - l

Since the model is symmetric, Sp is the foreign firm's market share on the home market — 

the import's share of consumption -  in both countries. Provided 0 < Sp < 1 and p > 0, 

intra-industry trade arises. To what extent intra-industry trade occurs can be measured 

by Sp; the larger Sp is, the larger is the trade in both directions -  the amount of 

cross—hauling between the countries.25 The economic explanation behind this "seemingly

24We assume that the inverse demand function in each market is p =  AQ
25In this case Grubel and Lloyd's index is an inappropriate measure of intra-industry 
trade. The symmetric qualities of the model imply that a country's export equals its 
import, and HT is always one.
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pointless" trade is that since the markets are segmented, the firms maximize their 

profits by selling the amount of output on the home market and on the foreign market 

for which marginal cost equals perceived marginal revenue on each market.

P

(3.67)

ec

c + t

Figure 3.7. Equilibrium conditions

In Figure 3.7, we illustrate the equilibrium by drawing (3.66) and (3.67). We realize that 

intra-industry trade occurs (sp > 0 ) if the price of Q in the case of no trade (ec /e-1) is 

larger than the marginal cost of exports (c+t), i.e., ec/e-1 > c+t. Hence, there will be 

intra-industry trade if the autarky monopoly markup of price over marginal cost exceeds 

the transaction costs.26 If the transaction costs are positive, the marginal cost for the 

export is higher than for the output sold on the domestic market. The share of the total 

output sold on the export market is less than the share sold on the domestic market, 

since the firms' markup over the cost on the export market is lower than on the home 

market. Despite the firms' lower effective price on the export market than on the

26p—c = (ec/e- 1  )-c  = c/e—1 > t
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domestic market -  a lower f.o.b. price -  they sell some of their production on the export 

market. The firms believe they face a higher elasticity of demand abroad than at home 

and dump on each others markets; intra-industry trade in this model can be described 

as "reciprocal dumping" (Brander k  Krugman, 1983). The larger the transaction costs 

are, the smaller is the firms’ markup over the cost on the export market, and the less is 

Sp. In Figure 3.7 an increase in transaction costs (t) shifts the curve (3.67) to the left.

A prerequisite for intra-industry trade to arise in this model is segmented markets. If 

the markets are integrated, the firms choice variable is the total quantity they supply on 

both markets; they have no possibility to discriminate between production for the 

domestic market and production for export. Markusen (1981) shows that only net trade 

occurs in a similar model where the markets are integrated.

A distinctive trait in oligopolistic models is that the results are heavily dependent on the 

assumption about the behaviour, and this model is no exception. If we assume Bertrand 

behaviour instead of Cournot behaviour -  the firms maximize their profits by setting 

their price given the competitor’s price — and the price exceeds the marginal cost, then a 

firm perceives that it can increase its profit by reducing its price and capture the whole 

market. Since both firms have the same production costs, but the foreign firm also has to 

cover the transaction costs, the domestic firm always has this possibility. Eaton k  

Grossman (1986) assume Bertrand behaviour in a model similar to the one in this 

section, and no intra-industry trade occurs in their model.

3.9 Testable implications of the size of intra-industry trade

Intra-industry trade does not exist if the conditions we stated in Section 3.1 are fulfilled: 

the products produced within an industry are perfect substitutes, firms' production
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functions are identical, perfect competition prevails, the trade occurs between markets 

which are points in space, and the supply and demand functions do not vary over time. 

In each of the theoretical models in Chapter 3 at least one of them is violated. Few 

testable implications are, however, obtained from the models. Before we proceed to test 

these implications on Swedish foreign trade let us sum up the hypotheses the models 

have generated.

Table 3.1. Implications for the size of intra-industry trade

Origin of intra-industry trade Implications

Variation in factor intensities 
within an industry (Section 3.2)

Provided the relative factor prices differ 
between two countries, the probability 
that intra-industry trade arises is greater, 
the larger is the variation in factor 
intensities within an industry.

Product differentiation in space 
(Section 3.3)

Between countries with a common border, 
intra-industry trade can occur in homo
geneous products if the border between 
the countries cuts through market areas of 
firms of different nationalities.

National product differentiation 
(Section 3.5)

The more similar the relative factor prices 
in two countries, the larger is the 
share of intra-industry trade in total 
trade (IIT) between the countries.

Given the relative factor price differences 
between countries, the more extreme an 
industry is in regards to factor intensities, 
the less is IIT in that industry.

Given the differences in relative costs 
between different products in an industry, 
the more differentiated the products are 
in demand — the less the elasticity of 
substitution between the products — 
the larger is IIT in that industry.
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Origin of intra-industry trade Implications

Horizontal product The more similar the relative factor
differentiation (Section 3.6) endowments are in two countries, the

larger is IIT between the countries.

Vertical product differentiation The more similar the income distributions
(Section 3.7) in two countries, the larger is the 

amount of intra-industry trade in trade 
between the countries.

Oligopoly (Section 3.8) Increased transaction costs — tariffs or 
transport costs -  decrease the amount of 
intra-industry trade.

Section 3.2 shows that intra-industry trade is compatible with a factor proportions 

model if the products within an industry are produced with different factor intensities 

and are imperfect substitutes in demand. Intra-industry trade will occur between 

countries with different factor prices, if the range with respect to capital intensity among 

products within an industry overlaps the borderline value that determines the range of 

products produced in each country. The possibility for this to occur increases with the 

dispersion of factor proportions among firms or products within an industry.

From the discussion in Section 3.3 we realize that intra-industry trade can occur under 

perfect competition even if the products in an industry are homogeneous. The reason is 

that the products in the industry are differentiated in time or in space. For our purpose, 

the most interesting case is when intra-industry trade appears in trade between
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countries with a common border; the fact that a border cuts through market areas of 

firms of different nationalities causes intra-industry trade.

In the models in Section 3.5 to Section 3.7 the products in one of the industries are 

differentiated. In Section 3.5, we assume that the products are nationally differentiated, 

and we obtain three testable implications (see Table 3.1). In the model in Section 3.6, we 

assume that the firms' products are horizontally differentiated. There are, however, 

other differences between the models in Section 3.5 and Section 3.6. In 3.5, perfect 

competition prevails in the industry where intra-industry trade arises, whereas in 3.6, 

the market structure is monopolistic competition. In 3.6, the relative factor prices are 

equalized between the countries, whereas in 3.5, they are not. In Section 3.7, the 

products in the industry where intra-industry trade occurs are vertically differentiated 

and perfect competition prevails. The IIT between two countries is determined by the 

income distribution in the countries and their relative size.

The model in Section 3.8 differs in many respects from the other models in Chapter 3. It 

is a partial model with a few firms in the industry. The assumption of Cournot 

behaviour and segmented markets are crucial for intra-industry trade to occur. The 

amount of intra-industry trade decreases if the transaction costs -  tariffs and transport 

costs -  increases. It should be noted that Grubel and Lloyd's index is an inappropriate 

measure of the size of intra-industry trade in this model, but since the model is 

symmetrical, we can measure it by the import's share of consumption.
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CHAPTER 4

DEFINITION AND MEASUREMENT OF FACTORS INFLUENCING THE SIZE 

OF INTRA-INDUSTRY TRADE

4.1 Introduction

The purpose of Chapter 4 is to define and measure those variables that, according to the 

implications we obtain from the theoretical models in Chapter 3, affect IIT in different 

industries in trade with different countries. Heterogeneous industries can be one reason 

for intra-industry trade to arise. We distinguish between heterogeneity on the supply 

side, product differentiation, and differentiation in space. Heterogeneity on the supply 

side means that the products within an industry are produced with different factor 

intensities. Section 4.2.1 aims to investigate the homogeneity of Swedish manufacturing 

industries, defined on the three-digit level of SNI, and in Section 4.2.2, we discuss how 

to measure the degree of heterogeneity on the supply side in an industry. Section 4.3.1 

present proxies for product differentiation used in empirical studies, and in Section 4.3.2, 

we introduce a new measure of the degree of product differentiation in an industry. The 

measure is closely related to the elasticity of substitution in demand between different 

products in the same industry in our theoretical model from Section 3.5. Differentiation 

in space can, as we saw in Section 3.3, give rise to border trade and intra-industry trade 

in homogeneous products. In Section 4.6, we discuss how to test this empirically.

Economies of scale and market structure play important roles for the emergence of 

intra-industry trade . 1 Many of the earlier empirical studies of the determinants of

^ee, e.g., the model in Section 3.6 — economies of scale and monopolistic competition -  
and the model in Section 3.8 -  economies of scale and oligopoly.
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intra—industry trade test the influence that these factors have on IIT. In Section 4.4, we 

take a closer look at what effect these factors have on IIT, and what proxies other 

empirical studies use for the degree of economies of scale and market structure in 

different industries. In Section 4.5, we discuss how we can test empirically the derived 

effect of comparative costs on IIT. Section 4.2 to Section 4.5 consider different industry 

characteristics that influence IIT. Section 4.6, on the other hand, deals with country 

characteristics which are supposed to affect IIT. In Section 4.7, finally, we discuss how 

industry and country characteristics interact to determine IIT.

4.2 Heterogeneity on the supply side

If firms within the same industry have identical production functions, the industry is 

said to be homogeneous on the supply side. We assume that firms pay the same factor 

prices; this means that if an industry is homogeneous on the supply side, the products 

within this industry must use factors of production in the same proportions.

4.2.1 Are industries homogeneous on the supply side?

To determine the degree of homogeneity of Swedish manufacturing industries, defined on 

the three-digit level of SNI, we use analysis of variance. The total variance in factor 

intensities on the six-digit level of SNI (SStQt), the lowest level of aggregation in SNI, is 

separated into two components: the variance between averages for industry groups on 

the three-digit level (SS^etween) and the variance within these industry groups

(SS within^

(4.1) SStot ^between"*" ^w ith in
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(4.2)

k 2(4.3) QC _
between = S N.(xr 5E) 

i= l 1 1

(4.4) SSwithin

where Xjj is the factor intensity in subgroup j on the six-digit level of SNI belonging to

industry i on the three-digit level, Xj is the average factor intensity in industry i, and x 

is the average factor intensity for all subgroups. Nj is the number of six-digit groups 

within industry i, and k is the number of three-digit industries.

To establish whether factor proportions differ between industries we assume that the 

variable F is F-distributed.

A measure of the within industry variance of the total variance in factor intensities is

(4.5) p, W ! ^
SSw ith in/<N- k)

(4.6) ï ï 2  ,  SSw i .b i„ / ( N- |‘)

S W ( N - l )
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We use two types of measures of factor intensities — flow and stock measures. The flow 

measures consist of components of the value added.2 The value added in industry i (VAj) 

is defined as

(4.7) VAj =  »i+wLiL.+riwKK .+ i1wKKi+aiwHHi+KjWHHi

Lj, Kj, and Hj are inputs of raw labor, physical capital, and human capital, w ^ and Wg 

are capital prices, and w ^  is the wage rate, rj and Sj are net rental rates, 0. and *j are 

rates of depreciation, and 7r| is "pure" profits.

The components of the value added are:

7ri"*"riwK ^i =  °Perat*nß surplus 

^W rKj =  consumption of capital

wLiLi"*"siwH^i"*"/ciwH^i = comPensa^ on °f employees

We assume that r; = i, 6- = 6, s. =  s, =  k, wt . =  wT, and tt. =  0 V i. Then we can1 1 1 1  Lil Li 1
rewrite (4.7)

(4.8) VAj = ( ^ ^ ^ ^ - » - ( s+ ^W jjHj+ w^Lj

A measure of human capital intensity in industry i (HCIj) is the average compensation 

of employees in industry i.

2Flam (1981) pp. 41-44 gives a formal derivation of these measures.



(4.9) HCL = w+(s+/c)wjj — 
L*

To measure HCL we use the average wage in industry i (AWL). The higher HCIj is, the 

higher AWL is.

A flow measure of physical capital intensity in industry i (PCIj) is operating surplus plus 

consumption of capital per employee in i, i.e., gross profits per employee.

Ki(4.10) PCI. = (r+<5)Wlf -!■
Li

From (4.8) we know that the sum of PCL and HCL equals value added per employee 

(VAj/L j). To measure (PCL) we use the difference between value added per employee 

and average wage in industry i (NAWL)

VA.
(4.11) NAW. = -----   — AW.

L

These flow measures require strong assumptions: equal rates of net returns and 

depreciation for both types of capital, equal wage rates, and zero "pure" profits across 

industries.
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We also use two stock variables as proxies for factor intensity in an industry i: the power 

of machinery per employee (EFI), as a measure of physical capital intensity, and the 

share of technicians in labor force (TI), as a measure of human capital intensity .3

Table 4.1. Analysis of variance of factor intensities among 
manufacturing subgroups on the six-digit level of 
SNI within industries on the three-digit level

Variable F—value K2 N k

Gross profits per 
employee (NAW)

5.92 0.460 157 28a

Power of machiner v 
per employee (EFI)

3.23 0.286 158 29

Average wage (AW) 6.27 0.485 158 29

Share of technicians 
in labor force (TI)

5.88 0.465 158 29

a SNI 353 000 is an outlier for gross profits per employee (NAW) 
and we excludejt from the sample. If the observation is included,
F = 22.46 and R2 = 0.793.

The F-values in Table 4.1 are all significantly different from one at the one percent 

level. This means there are significant differences in factor intensities between industry 

groups at the three-digit level. However, the variations in factor intensities within 

industries defined on this level of aggregation are substantial. Irrespective of whether

3The correlation between power of machinery per employee (EFI) and gross profits per 
employee (PCI) is 0.41, and the correlation between share of technicians in labor force 
(TI) and average wage (AW) is 0.60.
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human capital intensity is measured as a stock variable -  the share of technicians in 

labor force (TI) — or as a flow variable — the average wage (AW) — over 50 percent of 

the total variance in human capital intensity is variance within industries. Concerning 

the physical capital intensity, the variations in factor intensities within industries are 

dependent on what variable we use. For the stock variable, power of machinery per 

employee (EFI), over 70 percent of the total variance is variance within industries, but 

for the flow variable, gross profits per employee (NAW), the variance within industries 

are about 50 percent of the total variance.

From the analysis of variance we realize that industries defined on the three-digit level 

of SNI cannot be considered as homogeneous with respect to factor proportions. Finger 

(1975) and Rayment (1976) obtain the same result in their studies of data for industries 

in the U.S. and the U.K. This indicates that at least some intra-industry trade, on the 

level of aggregation that the studies are made, can be explained by the factor 

proportions theory. Finger (1975), however, asserts on the basiaof his investigation that 

intra-industry trade is mainly explained by the factor proportions theory. In my opinion 

this assertion is strong given this kind of study. As shown in Section 3.2, within industry 

dispersion in factor proportions is only a necessary, but not a sufficient condition for 

intra-industry trade to occur in a factor proportions model. Furthermore, the 

relationship between variation in factor intensities within an industry and the share of 

intra-industry trade of total trade (IIT) is weak. Whether variation in factor intensities 

within an industry is an important determinant of IIT should be tested empirically.

4.2.2 Measures of heterogeneity on the supply side

Different methods have been used to take account of the effect that heterogeneity on the 

supply side has on IIT. One approach is to regroup the trade statistics according to
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factor use in order to obtain more homogeneous industries.4 Another method is to control 

for the effect of heterogeneity on IIT. In a regression we can do this by introducing an 

independent variable measuring variation in factor intensities within different industries.5 

A common variable is the number of subgroups on a lower level of aggregation than the 

level defining the industry, for instance, the number of SITC four-digit groups within a 

SITC three-digit industry; the more subgroups an industry contains, the more 

heterogeneous is the industry. It is, however, questionable what this kind of variable 

really measures.

As a measure of the degree of heterogeneity on the supply side in an industry i we use 

the coefficient of variation in factor intensity x within industry i (CVx^)

<t.(x)
(4.11) CVx. =  - —

where <7j(x) is the standard deviation of factor intensities x within industry i and /ij(x) is 

the unweighed mean. The larger CVx. is, the more heterogeneous on the supply side the 

products within industry i are. Since we have no access to firm data, this analysis has to 

be done on a higher level of aggregation than the lowest level of SNI (the six-digit 

level). We define the industries on the three-digit level of SNI, and compute standard

4Balassa (1966) and Aquino (1978)
5Pagoulatos & Sorensen (1975), Loertscher & Wolter (1980), Caves (1981), and 
Greenaway & Milner (1984). It should be noted that the purpose of the method in these 
studies is not solely to capture the effect of heterogeneity on the supply side. Instead, 
they consider their independent variables as general measures of the degree of 
heterogeneity of any kind. This has sometimes been called categorical aggregation, i.e., 
"products are inappropriately grouped together in trade categories for the purpose at 
hand; in the case of measuring IIT the purpose is to group together products which 
constitute an 'industry’." (Greenaway & Milner 1986, p.72).
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deviations and unweighted means from the factor intensities we obtain from the 

six—digit groups in each three-digit industry.

According to the factor proportions model in Section 3.2, the larger the variation in 

factor intensities between products in an industry, the larger is the probability that 

intra-industry trade will arise. However, this holds only if the factor prices differ 

between two countries.

4.3 Product differentiation

In Chapter 3 we define the degree of product differentiation in an industry as the 

elasticity of substitution in demand between different products in the same industry; the 

lower the elasticity of substitution, the more differentiated are the products.

4.3.1 Measures of product differentiation

Several empirical measures of product differentiation have been used. A proxy, common 

in other empirical studies, is Hufbauer’s (1970) measure: the coefficient of variation in 

export unit values to different destinations6

*i(UVik)(4.12) HUF. = - ------—

where <7j(U V ^ )  is the standard deviation and //.(UV1?^) is the unweighed mean of export 

unit values in industry i to different destinations k (U V ^). The measure has obvious

(UV?£)

6Pagoulatos & Sorensen (1975), Caves (1981), Toh (1982), Gavelin & Lundberg (1983), 
Balassa (1986b), and Balassa L  Bau wens (1987).
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drawbacks which are pointed out by Gray & Martin (1980) and Greenaway (1984). Unit 

values can differ from actual prices. Even if the dispersion in prices reflects vertical 

product differentiation, Hufbauer's measure fails if all bilateral export flows within an 

industry have the same composition of products (Gray & Martin, 1980). Horizontal 

product differentiation does not necessarily lead to price dispersion; the equilibrium 

solution in the model in Section 3.6 results in identical prices. In the model in Section 

3.5 we assume that the products produced within the same industry and country are 

homogeneous, and no variation in export unit values occurs in this model either.

Caves & Williamson (1985) found that technological complexity, advertising intensity, 

and user specifity, i.e., if products are standardized or made to order, reflect product 

differentiation. In the industry statistics we can find conceivable proxies for those factors 

and, thus, for product differentiation.

One variable that serves this purpose is the share of technicians in the labor force in 

different industries i (TIj). We consider research and development (R&D) costs as an 

investment in technological knowledge principally retained within the firm and therefore 

inaccessable to competitors; the knowledge is to a large extent embodied in the labor 

force as human capital. In industries producing homogeneous products, R&D mainly 

influences the production process, whereas in other industries, independent R&D 

activities give rise to new and unique products. In the latter case the firms achieve, at 

least temporarily, a monopoly situation, and their position can be strengthened by 

patent regulations and/or learning by doing -  advantages originating from being the 

first producer of a product. Independent R&D activities in firms within the same 

industry in two countries can lead to similar but not necessarily identical product 

innovations. If there is demand for both products in both countries, intra-industry trade 

arises. Our hypothesis is that the more technology intensive an industry i — the larger
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R&D — the more differentiated are the products within industry i, and the larger is IIT .7 

Since R&D data were not available on a sufficiently detailed level, we use average wage 

(AW) or share of technicians in labor force (TI) to measure technology intensity.

Other variables that we may assume to be correlated with the degree of product 

differentiation are various measures of physical capital intensity such as the power of 

machinery per employee (EFI) and gross profits per employee (NAW), and the export 

unit value (UV€X) .8 Standardization decreases the scope for product differentiation. Since 

mechanization to a certain extent requires standardization, we presume an industry's 

physical capital intensity and the degree of product differentiation are negatively 

correlated. Consequently, IIT is low in physically capital intensive industries; the 

relationship between EFI and NAW on one hand, and IIT on the other, is negative. A 

low unit value in an industry indicates that the products produced within this industry 

are semifabricated and/or have a high raw material content; these products tend to be 

standardized and homogeneous. Our hypothesis is that the higher the unit value in 

industry i -  the larger UV?X -  the larger is IIT.

Another possible proxy for the degree of product differentiation is the share of sales 

personnel in the labor force (SI) .9 One can argue that if the products within an industry 

are homogeneous, there are few reasons for a firm to advertise, except to identify itself as 

a point of supply and provide information about its price. If the products, on the other

7Gavelin k  Lundberg (1983) and Greenaway k  Milner (1984) bring forward more or less 
the same argument. Caves (1981), Gavelin k  Lundberg (1983), Greenaway k  Milner 
(1984), and Balassa (1986b) use R&D outlays as a fraction of sales in different 
industries.
8Hansson k  Lundberg (1986) also use these variables and have the same interpretation.
9Caves (1981), Gavelin k  Lundberg (1983), Greenaway k  Milner (1984), and Balassa 
(1986b) use tnis variable or advertising as a percentage of sales.
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hand, axe differentiated, advertising can give information about the differences between 

products and persuade consumers that a certain product is better than another. In 

addition, one could argue that advertising, by creating brand images, decreases the 

elasticity of substitution between products of different firms. This does not, however, 

mean that the amount of selling and promotional expenses are positively related to the 

degree of product differentiation, measured by the elasticity of substitution. In some 

industries where the products are almost physically identical, the marketing efforts are 

large to emphasize the small differences that exist between the products. Examples of 

such so-called pseudo differentiated products are toothpaste and detergent. 10 Hence, there 

seems to be no unambiguous relationship between the share of sales personnel in the 

labor force in an industry i (SIj), the degree of product differentiation, and IIT, but we 

expect it to be positive. 11

4.3.2 A new measure of product differentiation

The model in Section 3.5 implies that given price and cost differences, the lower the 

elasticity of substitution between products produced within the same industry i in 

different countries, the larger is IIT in industry i. From the model in Section 3.5 we also 

know that the elasticity of demand for industry i's product in country k equals the 

elasticity of substitution between different products produced within industry i [see

(3.12)]. Hence, we can define a* as

10Lancaster (1979) pp. 278—280 discusses pseudo differentiation.
nThe role of advertising is an object for debate and disagreement in the industrial 
organization literature. For a review, see Waterson (1984) Chapter 8 .
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(4.13)
dfln Qj)

d(ln pj)

where q̂  is the consumed quantity of a product in industry i and pj is the price of the 

product. The import unit value in industry i in trade with country k is a measure of the 

price of the product produced within industry i in country k (p^)- The imported 

quantity in industry i from country k equals consumed quantity (q^)-

Since we assume that the elasticity of substitution (0;̂ ) is constant, we obtain by 

estimating the following equation for different industries i

where qj is a vector of q ^ , pj is a vector of p ^ , and = —ß y  In our empirical analysis 

we use the estimates of as measures of the degree of product differentiation (DIFj). 

The smaller DIFj is — the more differentiated the products in industry i are — the larger

4.4 Economies of scale, market structure, and intra-industry trade

In the model in Section 3.6, increasing returns to scale in the manufacturing industry is 

a necessary condition for intra-industry trade to arise. In the case of constant returns to 

scale, all products are produced in both countries by a large number of small scale 

producers, and only net trade determined by comparative advantage occurs. However,

(4.14) ln = 4)i+/?liln Pi

is IIT .12

12The estimates of the elasticity of substitution in demand for different industries i are 
shown in Appendix 4.1. Since we assume that u) > 1 in the model in Section 3.5, we omit 
industries where DIF. < 1 .
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there exists no relationship between the degree of economies of scale and IIT in the 

model in Section 3.6, such that we should expect more IIT in an industry the larger the 

returns to scale. 13

Nonetheless, in many empirical studies of the determinants of intra-industry trade it has 

been claimed that the degree of economies of scale in an industry is positively correlated 

with IIT . 14 In other studies, however, it has been asserted that the relationship is the 

reverse.15 In our empirical analysis we use value added per establishment in different 

industries i (SCAj) as a proxy for plant level economies of scale in an industry . 16 Balassa 

(1986b) alleges that large plant level economies of scale give rise to production in long 

series, which necessitate standardized production. As we claimed before, standardized 

production implies that there is less scope for product differentiation and therefore less 

IIT. Thus, the larger the value added per establishment in an industry i — the larger 

SCAj — the less is IIT according to this argument.

Intra-industry trade can occur under different market structures — perfect competition 

(Section 3.1, 3.2, 3.5, and 3.7), monopolistic competition (Section 3.6), and oligopoly 

(Section 3.8) — but there seems to be no reason to expect that IIT is directly related to 

the rate of concentration. However, several hypotheses have been proposed about

13Bergstrand (1983), however, points out there is a relationship between the degree of 
economies of scale and the degree of product differentiation. See Appendix 4.2.
14Loertscher & Wolter (1980), Toh (1982), Gavelin & Lundberg (1983), and Bergstrand 
(1983).
15Caves (1981), Greenaway & Milner (1984), Balassa (1986b), and Balassa k  Bauwens 
(1987).
16Loertscher & Wolter (1980) have used the same variable.
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the influences of market structure on IIT .17 For data reasons and due to the ad hoc nature 

of these hypotheses, no measure of market situation is included in this study.

4.5 Comparative costs and intra-industry trade

According to the model in Section 3.5, the relationship between an industry’s factor 

intensity and IIT is non-linear. IIT reaches its maximum in intermediate industries; the 

differences in comparative costs between two countries with unequal factor prices is 

larger the more "extreme" an industry is in regards to factor intensity, and therefore 

there is mostly net trade in those industries.

17Greenaway & Milner (1984) assert, basing their arguments on Lancaster (1980), that 
IIT is larger if there are more firms on the market. As a measure of number of firms they 
use the concentration ratio (CRm) -  the m largest firms’ market share; the larger CRm is, 
the smaller is the total number of firms within the industry (n). However, they admit 
that the measure has obvious shortcomings; for example, we do not know how many 
firms the n—m group contains.

Toh (1982) argues that the firms behaviour and the market structure interplay to 
determine IIT. He uses an interaction variable (IACRi), an internationally adjusted 
concentration ratio

IACR. =  SI
1 MSHRj

CR4Ì -  the four largest firms’ market share in industry i — is a rough measure of market 
power. MSHRi — the share of import in industry i — indicates how successful the foreign 
competitors are in penetrating the domestic oligopolists’ home market. IACRi reflects to 
what extent oligopolists of different nationalities intrude into each others home markets. 
The smaller IACRi is, the larger is the penetration, and the larger is IIT.



Non-linearity may be introduced in two ways; either by a second degree polynomial,

(4.15a) HT =  /J0 + ^X j+ /l2x?

where we expect an inverted U—relationship between IIT and the factor intensity in 

industry i (xj), i.e., > 0 and < 0 , or by the variable |x p x | ,

(4.15b) IIT =  ^0 +/?1 |x r x|

where x is the unweighted mean of the factor intensities in all manufacturing industries. 

The more the factor intensity in industry i (xj) deviates from x -  the larger |x p x | is -  

the less is IIT expected to be, i.e., ß  ̂ < 0. A drawback with the latter method compared

with a second degree polynomial is that we implicitly assume that IIT will reach its

maximum in x; an assumption for which there is no theoretical justification.18 On the 

other hand, the second method has the advantage that we can separate the effects of the 

factor intensity variables on IIT as measures of comparative costs and as proxies for 

degree of product differentiation. Equation (4.16a) and (4.16b) illustrates this.

(4.16a) IIT =  f(Pi, pf, hj, hf )

CC +  -  +  -

PD - 0  + 0

18Cf. Figure 3.3, where IIT =  1 in trade between country j and country k if the capital 
intensity in industry 1 equals the slope of the ray originating from the origin to the point 
where country j's and k’s unit value isocosts intersect. This factor intensity need not be 
the unweighed mean of the factor intensities in all manufacturing industries.
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(4.16b) nT = g(p., IPj—p | , hj, |hr E|)

CC 0 0

PD 0 +  0

Pj is physical capital intensity (EFI or NAW) and hj is human capital intensity 

(TI or AW) in industry i. The signs under the equations indicate the effects of the 

variables according to the comparative cost hypothesis (CC) and as proxies for product 

differentiation (PD). Noticè the different predictions for p̂  in (4.16a).

4.6 Country characteristics and intra-industry trade

According to the model in Section 3.5, the larger the difference in relative factor prices 

between two countries the smaller is the share of intra-industry trade in total trade 

(IIT). In a cross-country comparision one may expect that relative factor prices and 

relative factor endowments are correlated; a factor is relatively cheap in a country 

relatively well-endowed with that factor. Thus, the smaller the difference in relative 

factor endowments between Sweden and country k, the larger is IIT.

We use two measures of relative factor endowments in a country: the share of skilled 

labor in the economic active population (SKI) and national income per capita (NIC). We 

consider the former as a measure of a country's relative human capital endowments, and 

the latter as a measure of a country's relative endowments of both physical and human 

capital endowments. 19 Since our data consist of trade flows between Sweden and other 

countries, we use the absolute difference in relative factor endowments between Sweden

19If the factor prices are equalized between countries, the relationship between national 
income per capita and capital/labor endowments is positive and linear.



and country k — | In SKIgy-ln  SKI^ | and | In NICgy-ln  NIC^ | -  as explanatory 

variables; the larger the difference, i.e., the larger these variables are, the smaller is IIT.

We obtain a similar implication from the model in Section 3.6 under the assumption of 

homothetic preferences: the smaller the difference in relative factor endowments between 

two countries, the larger is IIT in trade between these countries. We test the hypothesis 

in the same way as we test the effect that differences in relative factor prices has on IIT. 

However, there is an important distinction between the model in Section 3.5 and the 

model in Section 3.6 which we take into consideration in the empirical analysis. In the 

latter, the relative factor prices are equalized between the trading countries, whereas in 

in the former, the relative factor prices differ between the countries. The method we use 

to test these hypotheses — an intercept and slope dummy model — is described in detail 

in Section 5.1.

Burens tarn—Linder's hypothesis, which underlies Flam k  Helpman's model in Section 

3.7, generates the same implication for | In NICgy—In NICjJ as the model in Section 3.5 

and the model in Section 3.6.20 Unlike other trade theories, Burenstam-Linder (1961) 

stresses factors on the demand side as trade creating. A prerequisite for starting 

production is demand for the product in the home market. Countries with similar 

demand pattern are the most likely markets for expansion. The more similar the demand 

structure in two countries, the larger is the trade between these countries, and if the 

products are differentiated, the larger is IIT. Burenstam-Linder assumes that the 

demand structure in a country depends on national income per capita (NIC). 

Consequently, the smaller the difference in NIC between Sweden and country k — the

20Pagoulatos k  Sorensen (1975), Loertscher k  Wolter (1980), Toh (1982), Greenaway k  
Milner (1984), Balassa (1986a, 1986b), Helpman (1987), and Balassa k  Bau wens (1987) 
all test the hypothesis that IIT is larger the more similar the trading countries are on the 
supply and/or on the demand side.
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smaller | ln NICgv~ln NIC^ | — the more similar are the demand structures, and the 

larger is IIT.

A frequently occurring hypothesis is that the higher the transaction costs -  tariffs and 

transport costs -  the less is IIT. It is evident that large transaction costs impede both 

inter— and intra-industry trade, but the effect on IIT (i.e., the share) is not clear. Since 

we assume that the elasticity of substitution is larger for products produced within an 

industry than for products produced in different industries, intra-industry trade is more 

sensitive to changes in prices and costs than inter—industry trade (Gray k  Martin, 

1980). A general reduction of tariffs or lower transport costs will therefore increase 

intra-industry trade more than inter—industry trade (net trade) and thus have a positive 

effect on IIT. In our empirical study we use the distance between Sweden’s and country 

k's economic centers (DIST^) as a proxy for transport costs; the further from Sweden 

country k is located, the lower is IIT .21 There is a free trade agreement in manufacturing 

products between Sweden and members of EEC and EFTA. We expect that a dummy 

variable for these countries (ECEF) has a positive effect on IIT .22

Intra-industry trade can arise if borders cut through market areas of firms of different 

nationalities (see Section 3.3). This trade occurs between countries with a common 

border. In our empirical study we test the effect of border trade on IIT by introducing a 

dummy variable for Norway, Denmark, and Finland (BORD). Besides border trade the 

dummy variable also captures the positive effect cultural similarities may have on IIT .23

21Loertscher k  Wolter (1980), Bergstrand (1983), and Balassa and Bauwens (1987).
22Loertscher k  Wolter (1980), Havrylyshyn k  Civan (1983), and Balassa k  Bauwens 
(1987) use a dummy variable for membership in the same customs union.
23Loertscher k  Wolter (1980), Bergstrand (1983), and Balassa k  Bauwens (1987) use a 
dummy variable for countries with a common border. Balassa k  Bauwens (1987) also 
use a dummy variable for countries with the same language.
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Several of the previous empirical studies have assumed that a country's size has a 

positive effect on IIT .24 Given there are economies of scale, in large markets many 

differentiated products may exist. Consequently, the potential for the exchange of 

differentiated products is larger, the larger is the common market two countries 

constitutes, and the larger is IIT (Loertscher k  Wolter, 1980). Small countries tend to 

specialize in standardized products where a minimum efficiency scale can be reached in a 

small market (Drèze, 1960). However, there is less scope for intra-industry trade in such 

products. As a measure of size we use the population in country k (POP^), and our 

hypothesis is: the larger POP^ is, the larger is IIT.

4.7 Interactions between industry and country characteristics and intra-Tndustry trade

The model in Section 3.5 implies that the difference in relative factor prices between 

Sweden and country k and the factor intensity in industry i both influence the relative 

product price (Pjk/Pjgv) and by that IIT. As apparent from (3.28) and (3.29), the 

differences in relative factor prices and the factor intensity interact to determine IIT in 

such way that the effect of the factor intensity in an industry on IIT is not constant but 

depends on the factor prices in the trading countries. To account for this in a combined 

cross-industry and cross-country regression we use the interaction variables 

|ln T Ir ln T I |* |ln S K ISv-ln S K Ik | and |ln AW.-ln Ä W |* |ln  SKIgv-4n SKIk |. The 

more "extreme" an industry is in regard to human capital intensity — the larger are 

|ln T L —ln T I | and | In AWj—In AW | — and the more the human capital endowments 

differ between Sweden and country k — the larger is | In SKIgy—In SKIjJ. Hence, the 

larger | In TL-ln TT| * |In SKIgv~ln SKIk | and |ln AWj-ln AW| * |ln SKISy-ln  SKIk | , 

the more the relative product price Pj^/PjSy deviates from one, and the smaller is IIT.

24Loertscher & Wolter (1980), Havrylyshyn k  Civan (1983), Balassa (1986a, 1986b), 
Helpman (1987), and Balassa k  Bauwens (1987)
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We also use interaction variables — In CVTIj*|ln SKIgy-In  SKIjJ and 

In CVAWj*|ln SKIgv~ln SKI^ | -  to test the effect of the variation in factor intensities 

within an industry on IIT. The larger the variation in human capital intensities within 

an industry -  the larger In CVTIj and In CVAWj -  the larger is the probability that 

intra-industry trade occurs (see Section 3.2). However, a necessary condition is that the 

relative factor prices differ between Sweden and country k. We assume that the larger 

the difference in relative factor endowments between Sweden and country k -  the larger 

I In SKIgv~In SKI^ | — the more will the human capital prices differ between Sweden and 

country k. Hence, the larger the interaction variables In CVTIj*|ln SKIgv~In SKIjJ and 

In CVAWj* I In SKIgy—In SKIjJ, the larger is the probability that intra-industry trade 

arises.
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CHAPTER 5

DETERMINANTS OF INTRA-INDUSTRY TRADE

5.1 A cross-section study of Swedish manufacturing trade across industries and across 

countries

The purpose of our empirical study in Section 5.1 is to explain the share of 

intra-industry trade in manufacturing industries in Swedish foreign trade with all the 

countries in the world. The data and the sources of the data are presented in Appendix 

5.1. Our dependent variable is Grubel and Lloyd’s index H T ^  [see (2.15)] , where i 

represents manufacturing industries, j is Sweden, and k represents partner country. The 

dependent variable is bounded within the interval 0 < H T .^  < 1 . To ensure that the 

predicted values are within this range we use a logistic functional form

(5.1) HTjii. —
iJk . + e - ^ k

where is the vector of independent variables (including the constant), and ß  is the 

corresponding vector of coefficients. The function can be linearized and estimated by 

OLS.

IIT iik(5.2) In (— - U Ï - )  =  /?x}k
W I T ijk

However, In ( I I T ^ / l - I I T ^ )  is not defined if IIT^^ equals 0 or 1 . The number of zero 

observations in the data set is considerable (50 percent). Therefore, it is necessary to
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include them in the econometric investigation. To handle the zero observations in a 

proper way we use a non-linear method to estimate (5.1) . 1

Models 3.5 and 3.6 gives predictions that are similar, but not quite identical, about the 

intra-industry trade share of Swedish trade with different countries. On the assumption 

that factor prices are not equalized by trade, model 3.5 predicts that the IIT share of 

trade in a given industry will decrease with the difference in factor prices between 

Sweden and the partner country. We have argued that in an international comparision, 

relative factor prices and relative factor endowments are likely to be strongly correlated. 

Hence, model 3.5 predicts a negative relationship between IIT and the difference in 

resource endowments between Sweden and the partner country.

Likewise, model 3.6 predicts an inverse relationship between factor endowment difference 

and IIT, but on the assumption that factor prices are completely equalized. We believe 

that both models could be used simultaneously, since they may be valid for different 

parts of the Swedish foreign trade. It is not unreasonable to argue that whereas relative 

prices of labor, human, and physical capital may be more or less equalized among 

developed market economies, as a result of the liberalization of trade and factor 

movements going on since the Second World War, this is not true between the DCs and 

the LDCs or among the latter group. In particular, we assert that the relative price of 

human capital or skilled labor is the same for all the DCs, including Sweden, whereas it 

is an inverse function of the relative endowments with human capital for the LDCs.

Salassa (1986a) suggests this approach and it is applied in Balassa (1986a, 1986b) and 
Balassa & Bauwens (1987). In order to estimate (5.1) we use the modified version of the 
Gauss—Newtons method in the program package SAS and the starting values are the 
OLS-estimates from the linearized model in (5.2).
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Hence, model 3.6 is valid for Swedish trade with the DCs, while model 3.5 is valid for 

trade with the LDCs.

To account for this we introduce a dummy variable; I =  1 for developed market 

economies (according to SCB's definition), and 1 = 0 otherwise. Equation (5.3) then 

decribes the relevant part of the right hand side in equation (5.2).

(5.3) ^ x ik =  ßQ +  ^ 1  +  ß2 \\n SKISv-ln  SKIk | +  |In SKISy-ln  SKIk | . . .

According to model 3.5 /?2 < 0 , whereas model 3.6 predicts that /?2 + /?3  < 0; these 

hypotheses are based on our assumption about factor price equalization. Tables 5.1 and

5.2 contain the estimates for the coefficients /?2 and /?2 +/?3 *

In the factor proportions model of Section 3.2, there is a weak relationship between the 

variation in factor intensities within an industry and intra-industry trade. If the relative 

factor prices differ between two countries, the larger the variation in factor intensities 

within an industry, the larger is the probability that intra-industry trade arises. We 

assume that the relative human capital prices differ between Sweden and the LDCs, and 

we introduce a slope dummy for the variables measuring variation in factor intensities 

within an industry, CVAWj and CVTIj (See Section 4.2.2). (5.4) describes the relevant 

part of the estimated models

(5.4) ^ xik =  4) + ß\ l + h
In CVAWj 

ln CVT I .
+  /M

In CVAWj 

ln CVT I .



- 1 0 0 -

I = 0 , if country k is a less developed country, and I =  1, if country k is a developed 

country. We obtain the parameter estimate for the LDCs (Z^) and the DCs (Z?2 +Z?ß) 

directly from (5.4). Our hypothesis is that IIT in Swedish trade with the LDCs is larger, 

the larger is the variation in human capital intensities within an industry is; i.e., Z?2 13 

expected to be positive. In Swedish trade with the DCs, we do not expect any 

relationship between IIT and the variation in human capital intensities within an 

industry; i.e., Z?2 +Z?3 *s supposed to be insignificant.

Since we cannot measure the variation in factor intensities within an industry on the 

lowest level of aggregation of SNI (the six-digit level), we test the effect of variation in 

factor intensities on IIT in models where the industries are defined on the three-digit 

level of SNI. Table 5.2 contains these results. First, however, we will in Table 5.1 

present the estimates from our models where the industries are defined on the six—digit 

level of SNI.
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Table 5.1. Determinants of intra-industry trade in Swedish manufacturing 
industries defined on the six-digit level of SNI.

Equation Characteristics of the model

(1) An intercept and slope dummy model with respect to country factor
endowments. The restriction in (4.15b) is imposed on the expected 
non-linear relationship between an industry's factor intensity and IIT. 
Flow measures of factor intensities are used. All variables for product 
differentiation are included in the model.

(2) An intercept and slope dummy model with respect to country factor
endowments. The restriction in (4.15b) is imposed on the expected 
non-linear relationship between an industry's factor intensity and IIT. 
Flow measures of factor intensities are used. Only the new measure of 
product differentiation (DIF) is included in the model.

(3) The same model as (1) but stock measures of factor intensities are used

(4) The same model as (2) but stock measures of factor intensities are used.

(5) An intercept and slope dummy model with respect to country factor
endowments. The second degree polynomial in (4.15a) is imposed on the 
expected non-linear relationship between an industry's factor intensity 
and IIT. Flow measures of factor intensities are used. Only the new 
measure of product differentiation (DIF) is included in the model.

(6) The same model as (5) but stock measures of factor intensities are used.

(7) An interaction model (resource requirement variables for products 
interact with resource endowment variables for countries). The second 
degree polynomial in (4.15a) is imposed on the expected non-linear 
relationship between an industry's factor intensity and IIT. Flow 
measures of factor intensities are used. Only the new measure of product 
differentiation (DIF) is included in the model.

(8) The same model as (7) but stock measures of factor intensities are used.
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Product differentiation

In all equations, one or more of the variables designed to reflect product differentiation 

is strongly significant with the right sign. Thus, the implication from our theoretical 

model in Section 3.5 about product differentiation — the more differentiated the products 

within an industry, in the sense that the less the elasticity of substitution in demand 

between different products within an industry, the larger is IIT -  is confirmed. The 

variable In DIFj, the estimated elasticity of substitution between imports from different 

countries within an industry, is strongly significant in all equations except for equation

(1), where all the other product differentiation variables are included and we use flow 

measures of factor intensities.2

Regarding the other variables we use as measures of the degree of product differentiation 

in an industry, the average wage (In AWj) and the share of technicians in the labor force 

(In TIj) — the human capital intensity variables — have the expected positive influence 

on IIXjgv^.3 Gross profits per employee (In NAWj) and the power of installed machinery 

per employee (In EFIj) — the physical capital intensity variables -  have the negative 

effect on IIT we supposed. The estimates for the unit value (In UVj) are positive, but it 

is insignificant in equation (3).4 Plant level economies of scale/standardization has the 

presumed effect on IIT.gv^ in equation (3). The estimate for value added per 

establishment (In SCAj) is negative and significant, but the

2Multicollinearity between different measures of product differentiation is a likely 
explanation of the low asymtotic t-values of the estimates for In DIFi in equation (1) 
and (3). Appendix 5.2 contains a correlation matrix of the different measures for product 
differentiation.
3Other empirical studies have obtained similar results, see, e.g., Caves (1981), Gavelin k  
Lundberg (1983), Greenaway k  Milner (1984), Balassa (1986b) and Hansson k  
Lundberg (1986).
4Gavelin k  Lundberg (1983) and Hansson k  Lundberg (1986) get similar results.
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in equation (1) is insignificant.5 The estimates for the share of sales personnel in the labor 

force (In SIj) have the expected positive influence in equation (1), but it is insignificant 

in equation (3).

Comparative costs and country characteristics

There seems to be a non-linear relationship between an industry's factor intensity and 

IITjgv^. The results for physical capital intensity are very convincing. Irrespective of the 

use of the stock measure — power of machinery per employee (EFI), equation (3), (4),

(6), and (8) -  or of the flow measure -  gross profits per employee (NAW), equation (1),

(2), (5), and (7) — or of the deviation from mean in (4.15b) — equation (1) to (4), (7) and

(8) -  or of the second degree polynomial [see (4.15a)] -  equation (5) and (6) -  the 

estimates are unambiguous; the more extreme an industry is in physical capital 

intensity, the less is H T .g ^ .6 The results are not equally convincing for human capital 

intensity. The estimates for the variables we use to test our hypothesis always have the 

expected sign. However, in some models the estimates are insignificant -  | In TL-ln TT| 

in equation (3), (In AWj)2 in (5), and (In TIj)2 in (6). The hypothesis that factor 

endowments and/or factor prices in the partner country affects IIT is tested by using 

country variables -  | In NICgy-ln  NIC^ | and | In SKIgv-ln  SKIjJ. The estimates for 

both of them confirm our hypothesis. Since industry and country characteristics interact 

to determine the relative price for products produced in the same industry i in Sweden 

and in country k (Pjj^PiSy)’ we use interaction variables in equation (7) and (8) to test 

the effect that comparative costs have on I I T ^ ^ .  The estimates both for

5Loertscher & Wolter (1980) obtain similar results.
6Notice, however, that the estimate for | In NAWi—In NÀW| in equation (2) is 
insignificant.
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lln AW j-ln ÄW| * | In SKIgy-ln  SKIk | and for | ln TI.-ln TT| * | In SKISv-ln  SKIk | have 

the expected sign and are significant.

If factor prices are equalized among the DCs, but not between the DCs and the LDCs, 

nor among the LDCs, an inverse relationship between IIT and the difference in factor 

endowments between Sweden and the partner country is predicted for trade with LDCs 

by model 3.5, and for trade with other DCs by model 3.6. In order to simultaneously test 

these predictions, we introduced a slope dummy for the endowments with human capital 

or skilled labor, thus separating between DCs and LDCs. Both predictions are confirmed 

by the results in Table 5.1. The estimates for the coefficients of | ln SKIgy-4n SKIk | 

(EFP), for trade with the DCs, and |ln SKIgy-ln  SKIjJ (UFP), for trade with the 

LDCs, are always strongly significant. Our interpretation is that whereas model 3.6 may 

be used as a satisfactory description of IIT in Swedish trade with other DCs, model 3.5 

could explain IIT with LDCs. Thus, the models may be treated as complemetary.

We also test hypotheses we have not directly derived from the theoretical models in 

Chapter 3. The negative and significant estimates for |ln NICgy—In NICk | can be 

interpreted as support for Burenstam-Linder's hypothesis — the more similar the 

demand structures in Sweden and country k, the larger is HTjgyk — which underlies 

Flam and Helpman’s model in Section 3.7. We have argued that transaction costs -  

tariffs and transport costs — affect HT|gyk negatively. Our empirical results confirm 

that; the estimates for the distance between Sweden’s and country k's economic centers 

(ln DISTk) and the dummy variable for members of the EEC and EFTA (ECEF) have 

the expected sign, even though the estimates for ECEF seldom are significant. Finally, 

the dummy variable for the Nordic countries (BORD) — border trade — and the 

population in country k (ln POPk) — market size — have the expected positive effect on
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IITiSvk* The estimates for In POP^ are strongly significant. The theoretical 

underpinning for including In POP^ is, however, not very convincing.

Variation in factor intensities within an industry

In Table 5.2 we are primarily interested in how the variables measuring the variation in 

factor intensities within an industry affect the share of intra-industry trade; i.e., in 

equation (1) and (2) the estimates for In AWj(UFP) and In TIj(UFP) and in equation

(3) and (4) the estimates for In CVAWj* | In SKISv-ln  SKIk | and In CVTIj* 

I In SKIgv—In SKIk | . The regressions have been performed on a higher level of 

aggregation than the previous ones (the three-digit level of SNI). The coefficients for the 

variables of interest are all insignificant and generally with the wrong sign. Hence, 

variation in factor intensities within an industry seems to have no effect on the share of 

intra-industry trade in Swedish manufacturing trade (IITjgvk).
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Table 5.2. Determinants of intra-industry trade in Swedish manufacturing 
industries defined on the three-digit level of SNI

Equation Characteristics of the model

a ) The effect of variation in factor intensities within an industry on IIT is 
tested by means of an intercept and slope dummy model. The second 
degree polynomial in (4.15a) is imposed on the relationship between an 
industry’s factor intensity and IIT. Flow measures of factor intensities 
are used.

(2) The same model as (i) but stock measures of factor intensities are used.

(3) The effect of variation in factor intensities within an industry on IIT is 
tested by means of an interaction model. The second degree polynomial 
in (4.15a) is imposed on the relationship between an industry's factor 
intensity and IIT. Flow measures of factor intensities are used.

(4) The same model as (3) but stock measures of factor intensities are used.

Variables Expected sign (1) (2) (3) (4)

Variation in factor intensities

In CVAW j (U FP)

In CVTIj (U FP) 

ln CVAW i (EFP)

In CVTIj (E FP)

(+)

(+)

(0)

(0)

0.09
( 1 .01)

-0.06
(-1.06)

- 0.11
(-1.09)

-0.14
(-2.27)
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Table 5.2. (Continued)

Variables Expected sign (1) (2) (3) (4)

Interaction variables

In CVAWi*
1 In SKIsv—In SKIk|

(+) 0.03
(0.73)

In Th*
1 In SKIsv—In SKIkl

(+) -0.03
(-0.47)

Product differentiation

In DIFi (- ) -0.57
(-2.93)

0.17
(0.77)

-0.49
(-2.62)

0.15
(0.67)

Comparative costs

In NAWi (+) 8.91
(6.30)

8.41
(6.04)

(In NAWi)2 (-) -0.87
(-6.23)

-0.83
(-6.00)

In EFIi (+) 0.12
(0.64)

0.16
(0.84)

(In EFIj)2 (-) -0.15
(-3.93)

-0.15
(-3.76)

In AWi (+) -131.31
(-88.27)

-121.02
(-82.53)

(In AWi)2 (~) 14.88
(87.32)

13.70
(81.77)

In TIi (+) 3.73
(8.03)

3.47
(7.43)

(In TIi)2 (-) -0.93
(—7.18)

-0.87
(-6.65)

Country variables

1 In SKIsv- In SKIkl (-) -0.25
(-1.57)

-0.75
(-4.60)
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Table 5.2. (Continued)

Variables Expected sign (1) (2) (3) (4)

|lnS K Isv- ln S K Ik| (EFP) (-) -0.52
(-3.44)

-0.84 
( 4.73)

|lnS K Isv—InSKIkl (UFP) (-) -0.42
(-2.32)

—1.00 
H .7 0 )

I In NICSv-ln NICkI (-) -0.10
(-1.34)

-0.00
(-0.05)

-0.33
(-5.03)

-0.36
(-4.86)

In DISTk (+) -0.39
(-7.29)

-0.23
(-4.62)

-0.33
(-6.55)

-0.19
(-4.08)

BORD (+) 0.02
(0.10)

0.36
(2.16)

0.12
(0.79)

0.42
(2.66)

ECEF (+) -0.01
(-0.09)

0.24
(1.98)

0.33
(3.00)

0.65
(6.03)

In POPk (+) 0.30
(7.25)

0.39
(11.68)

0.34
(8.28)

0.47
(13.50)

R2 0.375 0.375 0.358 0.362

Number of observations (n) 1701 1701 1701 1701

Note: Asymtotic t-values are in the parantheses. The coefficients for | In SKIsvr-ln SKIk | 
(UFP) and | In SKI8v-ln  SK ld (EFP) are /fe and /%+/% in equation (5.3). The 
estimates for In CVAWi (UFP) and In CVTIi (UFP) are /% in equation (5.4) and 
the coefficients for In CVAWi (EFP) and In CVTIi (EFP) are /fc+/fe.
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5.2 Growth in intra-industry trade in Swedish manufacturing trade over time

Little research has been done on the topic of changes in the share of intra-industry trade 

(IIT) over time. IIT in Swedish foreign trade has increased noticeably during the 

post-war period (see Table 2.2a), but the growth rate has varied between different 

periods. During the 1950's and the 1960’s IIT increased rapidly, however, during the 

1970's we observed a weakening trend. In the beginning of the 1980's IIT increased 

again.

Petersson (1984) and Messerlin & Becuwe (1986) have attempted to explain the changes 

in IIT in a country k's total trade [IIT^ see (2.20)] over time. Petersson examines 

Swedish trade between 1871-1980 and Messerlin & Becuwe (1986) French trade between 

1850-1913. Our approach differs a little from these studies. The purpose of our study is 

to explain the changes in IIT in different manufacturing industries in Swedish trade with 

different country groups [IITjgv^, where i is industries and k is country groups, see 

(2.15)] between 1960 and 1972, and the changes in IIT in Swedish trade with all 

countries in the world [IITj^, where j is Sweden and k is other countries in the world, see 

(2.18)] between 1970 and 1983. Our study is, in some respects, similar to Fagerberg 

(1987). In his study j is the Nordic countries and k is the OECD and the non-OECD 

countries, and the period he examines is 1961—1983. Fagerberg asserts that the new 

trade theories — reviewed in Chapter 3 — are inadequate explanations of the changed 

intra-industry trade pattern. He adopts a Schumpeterian approach for which he 

considers there is empirical support. Fagerberg's rejection of existing theories is not 

based on any rigorous statistical test of the implications that the new trade theories 

supply for IIT's growth. Therefore, our study aims to do a more thorough test of the 

implications we obtain from the models in Chapter 3.
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Factors influencing the growth of intra-4ndustry trade

A dynamic interpretation of the models in Section 3.5 and Section 3.6 gives us 

empirically testable implications for the changes in IIT over time. From the model in 

Section 3.5 we find that IIT in the trade between Sweden and country k increases over a 

time period if the factor prices in Sweden and country k become more equal during the 

same period. Since it is difficult to get data on factor prices in different countries, we 

assume, as we do in Section 4.6, that relative factor prices and relative factor 

endowments are correlated. The hypothesis we test is whether a decrease in the 

difference in relative factor endowments between Sweden and country k leads to an 

increase in IIT. From the model in Section 3.6 we obtain the same implication if we 

assume the preferences are homothetic. In case of quasi—homothetic tastes, the effect of 

equalized relative factor endowments on IIT is ambiguous. It should also be noted that, 

in the model in Section 3.6, the factor prices are equalized between the trading countries, 

but in the model in Section 3.5, the factor prices are unequal.

In order to test the hypothesis we consider a country’s national income per capita (NIC) 

as a measure a country’s relative capital endowments. The absolute difference in 

national income per capita ( | N ICg^N IC^ | ) indicates the difference in relative capital 

endowments in Sweden and country k. The variable A N IC g^ aims to measure the 

equalization of the relative capital endowments in Sweden and country k between t and

t+1.

(5.7) ANICSvk =
l N I Cs v t + r N I C k t + i l  l N I Cs v t - N I C ktl
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The smaller ANICgyk is, the more has the difference in relative factor endowments in 

Sweden and country k equalized between t and t+1. Hence, according to our hypothesis, 

ANICgvk in^ uences HT m Sweden’s trade with country k between t and t+1 negatively.

In Section 4.6 we have argued that decreased transaction costs — tariffs and transport 

costs — have a positive effect on IIT. The cross-section study in Section 5.1 confirms our 

hypothesis. The negotiations during the Kennedy and the Tokyo rounds in the 1960’s 

and the begining of the 1970's resulted in lower tariffs on manufacturing products. The 

formation of EFTA and the free trade agreement with EEC led to tariff-free trade in 

manufacturing products between Sweden and the members of EEC and EFTA. Tariff 

reductions in different manufacturing industries in the Swedish trade with different 

countries between 1959 and 1972 make it possible for us to test our hypothesis about the 

effect that transaction costs have on IIT over time. From Lundberg's (1976) Table 4.1 

we get nominal tariff rates (NTyear^) in different industries in the Swedish trade with 

different country groups between 1959 and 1972. The variable we use to test the 

transaction cost hypothesis is

(5.8) DNTik =  NT72ik-  NT59ik

where i is industries and k is countries. The larger the reduction in nominal tariffs -  the 

higher negative value for DNTjk — the larger is the increase of IIT in industry i in the 

trade between Sweden and country group k (HTjgyk).

Models and results

We test our hypotheses on Swedish foreign trade in manufactures for two periods. For 

1960-1972, the period which there are industry data for tariff changes, we explain
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changes in IIT^g^, i.e., trade flows disaggregated on industries and partner countries.7 

The equations (5.9a) and (5.9b) are estimated. For 1970-1983, we analyze changes in 

IITgvk, i.e., trade flows in all manufactures with different countries, and we estimate 

(5.10a) and (5.10b).8

(5.9a) IIT72iSvk =  ßQ +  /^A N IC g*  +  /y ïN T ^  +  ß 3H ™ iSvk

H  H  (+)

(5.9b) DIITiSvk =  ßQ + /^A N IC g*  +  /^D N T *

(-) (")

(5.10a) IIT83Svk =  ßQ+ ß j  + /^ A N I C ^  +  /^ I A N I C ^  +  ^ H T T O ^

H  (+)

(5.10b) DIITSvk = ßQ + ßx\ +  /?2ANICSvk +  ^IA N IC Svk

(-)

The variables IIT60jgyjc and IIT70gyjc capture the effects of factors that influence 

IIT72jgyk and IIT83gyjc but do not change over time, e.g., the distance between Sweden 

and country k.

As in the cross-section study we test the hypotheses from the models in Section 3.5 and 

Section 3.6 by an intercept and slope dummy model for the period 1970-1983. The 

partner countries are divided into two groups. I =  0, if country k is a less developed 

country (LDC); we assume that the factor prices in Sweden and in country k are unequal 

(UFP). I =  1, if country k is a developed country (DC); we assume that the factor prices

7The country groups k are the EEC, EFTA, other countries in Europe, other developed 
countries, and less developed countries. The centrally planned economies in Europe are 
excluded. The industries i are described in Lundberg (1976) Table 4.1.
8The countries k are all countries in the world.
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are equalized between Sweden and country k (EFP). According to the model in Section 

3.5 we expect < 0, and the model in Section 3.6 implies that /?2 + /?3 *s negative too.

In Tables 5.3 and 5.4 the coefficients for HT60jgvjc and IIT ïO g^ are positive and 

strongly significant. Reduced tariffs (DNT.^) increases IIT, but the effect is insignificant 

in (5.9b). Equalized national income per capita in Sweden and country/country group k 

(ANICgvk) ^  effect on IIT; the estimates are negative, but they are not

significant. An explanation can be that consumers' preferences are non—homothetic. In 

the model in Section 3.6, where the consumers preferences are quasi-homothetic, a 

consumption effect counteracts the production effect when the per capita incomes 

equalize.
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Table 5.3. The effect on the share of intra-industry trade (IIT) of equalized national 
income per capita and reduced tariffs for the period 1960—1972

Equation Dependent
variable

ANICgvk DNTik IIT60svk R2 n

(5.9a) IIT72iSvk -0.18 
(-o.?4) 
/ - 0.75/

-0.02
(-3.27) ( 
/ —3.14/ 1

0.49
’7.58)
'6.96/

0.367 168

(5.9b) DUT isvk - 0.53
(-1-94) 
/  1-90/

-0.01 
(-0.69) 
/ —0.68/

0.010 168

Note: In parantheses ( ) are t—values and between slashes /  /  are t—values corrected for 
heteroscedasticity. To correct for heteroscedasticity we use White's (1980) method, 
n are number of observations.

Table 5.4. The effect on the share of intra-industry trade (IIT) of equalized national 
income per capita for the period 1970—1983

Equation Dependent
variable

ANICsvk(EFP) ANICsvk(UFP)1 IIT70svk R2 n

(5.10a) IIT83svk -0.18 
(-1-72) 
/ —0.95/

-0.02 
(-0.55) 
/ 1-43/

1.06
(21.79)
/ I 6.53/

0.877 107

(5.10b) DIITsvk —0.26 
(-2.99) 
/  1.61/

—0.02 
(-0.50) 
/  1-23/

0.063 107

Note: The coefficients for ANICsvk(UFPi are fc in equations (5.10a) and (5.10b). The 
estimates for ANICsvk(EFP) are fa+ßz in the same equations.
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CHAPTER 6 

CONCLUSIONS

The share of intra-industry trade (IIT) in Swedish foreign trade is important. Even on a 

very detailed level of aggregation (the six—digit level of SNI) two—thirds of the Swedish 

manufacturing trade is intra-industry trade, and this share has steadily been increasing 

in the long run. Intra-industry trade occurs mostly with other developed market 

economies, but in the 1970s, the most striking increase in IIT has been with the Asian 

NICs.

To what extent can intra-industry trade be explained by traditional trade theory? It is 

shown in a factor proportions model that intra-industry trade may occur among 

countries with different relative prices for resources, if products with different factor 

intensities are aggregated into an industry. However, the fact that intra-industry trade 

is possible within the Heckscher-Ohlin-Samuelson framework does not mean that the 

empirical phenomenon intra-industry trade is explained by excessive aggregation. It is 

true that industries are not homogeneous regarding factor intensities. But, on the other 

hand, no relationship could be found between IIT and variations in factor intensities 

within an industry. Our conclusion is that, even though intra-industry trade is 

theoretically compatible with a factor proportions model, within industry variation in 

factor intensities is not an important explanation of actual IIT in Swedish manufacturing 

trade.

This result may be important for the issue of the adjustment consequences of 

intra-industry trade. Since industries differ with respect to factor intensities, increased 

inter-industry trade (net trade) will lead to excess demand for or supply of factors of 

production and thus to changes in factor prices or incomes or, if the factor prices are



- 1 2 0 -

inflexible, to unemployment. If intra—industry trade was caused by 

Heckscher-Ohlin-Samuelson trade in disguise, an increase in intra-industry trade would 

have the same effects. However, since the factor proportions theory does not seem to 

explain intra-industry trade, it need not give rise to excess demand/supply of factors. 

Hence, there are likely to be different adjustment costs for intra-industry trade than for 

inter—industry trade.1 In the end, the issue of adjustment consequences of inter vs. 

intra-industry trade is a question of inter vs. intra-industry sectoral mobility of factors. 

There is no empirical justification for an assumption of a priori perfect mobility of 

factors within an industry. Probably they are more mobile within than between 

industries, and therefore, the adjustment costs are less in the case of intra-industry 

specialization. However, this is an empirical question and so far no research has been 

done on this.

In addition, this result is important for the evaluation of the benefits of economic 

integration. If intergration were to increase net trade, or intra-industry trade were to 

be caused by the trade creating factors in the factor proportions theory, the gains would 

emerge from a reallocation of resources according to comparative advantage. If, on the 

other hand, intergration would lead to increased intra-industry trade of a kind caused 

by other factors, the gains might instead occur because of increased competition, 

economies of scale, and more product varieties for the consumers to choose among (cf. 

the evaluation of the EEC internal market by the EEC Commission).

Our conclusion is thus that the major part of actual IIT must be explained outside the 

framework of the neoclassical theory of international trade. However, there are several

Ht has also been asserted that the former are not only different, but are also less than 
the latter. This idea was first put forward by Balassa (1967), and Krugman (1981) shows 
formally that both owners of scarce as well as owners of abundant factors can be better 
off in the case of intra-industry trade.
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theories that predict IIT. These may be seen as complements, each explaining some part 

of IIT, and not mutually exclusive. Intra-industry trade can occur because the products 

in an industry are not perfect substitutes. In concentrated markets (few producers), 

intra-industry trade may arise even in homogeneous products. If the products in an 

industry are heterogeneous in time or space, this can result in intra-industry trade as 

periodic trade or as border trade. Even though the empirical analysis indicates that 

border trade would explain some intra-industry trade, it can only be a limited part of 

IIT in Swedish manufacturing trade. Reciprocal dumping of perfectly homogeneous 

goods, as a consequence of oligopolistic behaviour, though it might occur in some 

selected industries, is probably not the dominant explanation of IIT either. Most likely 

the major part of IIT occurs because the products in an industry are horizontally and/or 

vertically differentiated

Product differentiation can be modelled in many different ways. Several testable 

implications for IIT arise from the theoretical models in which the production of 

differentiated products within an industry is assumed. IIT in Swedish manufacturing 

trade could be expected to be high with countries with similar resource endowments 

and/or the same income level as Sweden, whereas it could be expected to be low in 

industries where products are close substitutes and, in the case of trade with countries 

with different factor prices, in industries with extreme factor requirements, e.g., very 

capital or very labor intensive industries.

Our study aims to bridge the gap between the theoretical models of IIT and their 

empirical testing. For this purpose a systematic survey of these models is carried out to 

find testable implications for IIT. Mostly, only variables explicitly derived from theory 

are included in our empirical study. A major problem is, however, to define and measure 

some of the theoretical concepts empirically. In particular, this is difficult in the case
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product differentiation. We use some of the proxies that have been used elsewhere. But 

we also introduce a new measure, a more direct estimate of the elasticity of substitution 

in demand between different products in the same industry.

The hypotheses are tested by means of a cross-section analysis of Swedish 

manufacturing trade. Since IIT is determined both by country and product variables, the 

dependent variable is IIT (Grubel and Lloyd's index) in bilateral trade flows on industry 

level. There are some econometric problems. Firstly, the Grubel and Lloyd index is 

bounded within the interval 0 < IIT < 1. Secondly, we perform the the cross-section 

study on a very detailed level of aggregation, and therefore, there are many zero 

observations in the data set. In order to handle these problems in a proper way we 

assume that the model has a logistic fuctional form, and we estimate it directly using a 

non-linear method.

The results confirm our hypotheses. In Swedish manufacturing trade:

-  IIT is higher in intermediate industries with regard to factor intensities

-  IIT is higher the more differentiated the products are in an industry

-  IIT is higher in trade with countries that have the same resource requirements

and/or the same income level as Sweden

-  IIT is higher the less the transaction costs -  tariffs and transport costs -  between

Sweden and its trading partner

IIT is higher in trade with countries that have a common border with Sweden
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In order to remedy the lack of time series econometric studies of IIT, two minor studies 

of the change in IIT in Swedish foreign trade 1960-1983 are carried out. Even though 

the results are not as convincing as in the cross-section study, equalization of relative 

factor endowments in Sweden and its trading partners and reduction of tariffs appear to 

have the expected effect on the changes in IIT over time. Concerning the equalization of 

relative factor endowments, we put forward non—homothetic tastes as a conceivable 

explanation of the insignificant estimates for the variable measuring equalization of 

national income per capita. As a twist of the "classical11 intra-industry trade model — 

the model in Section 3.6 — we relax the assumption of homothetic tastes -  a special case -  

and introduce quasi-homothetic preferences. Our assumption has the reasonable 

implication that the differentiated products (manufactures) have an income elasticity 

greater than one, whereas the homogeneous good (food) has an income elasticity less 

than one. In contrast to the case of homothetic preferences, the effect of an equalization 

of the relative factor endowments on IIT is ambiguous.

The fruitfulness of cross-country and cross-industry studies of IIT can be called into 

question. Case studies of trade in specific industries and/or between specific countries 

may be more rewarding; many of the theoretical models are of this type. The model in 

Section 3.7 explains trade between developed and less developed countries, and 

presumeably, the oligopoly model in Section 3.8 is only applicable to a few industries, 

i.e., where it is likely to assume Cournot behaviour and segmented markets. Recently, 

the empirical research in international trade has moved in the direction of studies of 

specific industries.2

2Feenstra (1988), for instance, contains a couple of studies of this type.
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Finally, is it possible to say anything about the future development of IIT in Swedish 

trade, or in world trade in general? Some general judgements about the tendencies may 

be made:

-  in so far as demand for differentiated products — demand for variety — increases 

with income (Barker, 1977), IIT in all trade would increase with growth

— industrialization and income growth of LDCs will, by decreasing the difference in 

resource endowments and income levels between Sweden and these countries, lead 

to increased IIT

world economic integration through trade liberalization and reduced transport 

costs could increase IIT



APPENDIX 2.1 

FORERUNNERS TO GRUBEL AND LLOYD'S INDEX

Verdoorn (1960) introduced the following measure

<21A1) V ?
M iJ

where X - is country j ’s export in industry i and My is country j ’s import in the same 

industry. If all trade in industry i is intra-industry trade, U y = 1. As Grubel k  Lloyd 

(1975) point out, U y has a weakness as a measure of intra-industry trade. If there is net 

trade in industry i, U y can adopt two values although the size of intra-industry trade is 

the same. The reason is that if the export is greater than the import, Xy > Mjj’ Uij is 

greater than 1, but if the export is less than the import, X y < M y, Uy is less than 1. 

This complicates comparisions of the size of intra-industry trade between different 

industries. Kojima (1964) solved the problem by always putting the smallest of Xy or 

M y in the numerator. Uy is then constrained to values between 0 and 1.

A drawback both with Verdoorn’s and Kojima’s measures is that they do not give any 

idea of the size of intra-industry trade in relation to the total trade in an industry. The 

index Balassa (1966) introduces meets that need
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If all trade in industry i in country j is intra-industry trade, By =  0; if all trade is net 

trade, By =  1. By is the complement to Grubel and Lloyd's index (IITy); see (2.8).

(2.1.A.3) By =  1-IITy
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APPENDIX 3.1

PROPERTIES OF THE SPENCE-DIXIT-STIGLITZ UTILITY FUNCTION

Formally, the two-stage budgeting procedure we discuss in Section 3.4.2 can be 

described in the following way. Suppose all individuals have the utility function in (3.5). 

To facilitate the subsequent derivation we define a price index (p) and a quantity index 

(Dj) for products produced within industry 1.

The quantity index (Dj) equals the subutility function for products produced within 

industry 1 (uj). The price index (p) is the minimum expenditure needed to buy one unit 

of the composite (0^); i.e., is equivalent to the expenditure function E(p, 0^=1).

In the first step of the budgeting procedure an individual r with an income yr chooses

(3.1.A.1)

(3.1.A.2) p = m in { S PlkD,k: ( E D?.) =  1}
n  i , _ i  AJA i , _ i  A*

between and D£. The good produced within industry 2 is used as a numeraire and we 

assume p2 =  1. Individual r ’s maximizing problem is

(3.1.A.3) max U =  (Öj)® (D2- 7 )1 -a

St- yr = pDj + D2



- 1 2 8 -

(3.I.A.3) yields his (her) demand functions.

(3.1.A.4) D ir =  <*(yr-7 ) /p

(3.1.A.5)

Notice, the utility function in (3.3) -  homothetic preferences -  is a special case of the 

utility function in (3.5), 7  =  0.

Figure A.I. Quasi-homothetic preferences

Figure A.l illustrates the consumers' preferences and the income consumption path for a 

particular price ratio p. The Engel curve has an intercept (D^ =  0, =  7 ). The income

elasticity for products in industry 1 is greater than one, whereas it is less than one for 

the good in industry 2.

In the second stage the share of individual r's income a(yr~7)> which in the first step has 

been allocated for consumption of products produced within industry 1, is distributed on

°2 I D

>
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different products within industry 1. The maximizing problem individual r faces in the 

second stage is

(3.1.A.6) uj = ( S D f J 1^
1 k= l lk

s.t. o(yr-7 )  =  ^ P ^ l k

His (Her) demand function for product 1 produced within industry 1 (D^jr) is

-LÜ
(3.1.A.Ï) Dj, =  - i j - L  ^

S Pk“ "
k= l K

Since the Engel curve is linear, we can aggregate the individuals' demand curves in 

country i and obtain the market demand functions for product 1 (D-qj) and good 2 (E^j)

p—a;
(3 .1 .A .8) D in  =  —1—  «(Y j—îL j)

z

(3.1.A.9) D2i =  7Lj +  ( I - oKYj- tLj)

1 —where Z =  S p, Y. is national income in country i, and L. is the population in 
k= l 1

country i.

From (3.1.A.8), the market demand function for product 1, we can derive the elasticity 

of demand (e) for a product produced within industry 1. The elasticity of demand (e) is



f l ) , .  p, d i
where -=  — j -  a (Y j-7Lj) a n d    (1—w)pj . Hence,

dZ Z dp |

(3.1.A.11)

Finally, we will show that an individual r ’s utility increases, the more products that are 

available in industry 1. Suppose n products are produced within industry 1 and that they 

are equally priced (p^). Due to the latter assumption it is optimal for r to purchase all 

products in industry 1 in equal quantities. From the budget constraint in (3.1.A.6) we 

find that

where Er is the share that individual r spends of his (her) income on products produced 

within industry 1. Substitution of (3.1.A. 12) in u^ gives

(3.1.A.12) Dlk =  °(yr-7 )/np1 = Er/np j

(3.1.A.13)

From (3.4) we know that u =  1/1-/? > 1. Thus, for a given price of all products in 

industry 1 (pj), the welfare increases as the number of products becomes larger. Variety 

is valued per se.
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APPENDIX 3.2

RELATIONSHIPS BETWEEN RELATIVE PRODUCT PRICES AND RELATIVE 

FACTOR PRICES AND BETWEEN WAGE SHARE OF PRODUCTION COSTS 

AND CAPITAL INTENSITY

We assume that Cobb—Douglas technology exists in both industries. From duality

theory it follows that the unit cost function, c(w^,Wj^), can be written

(3.2.A.1) c = WL WK~~̂

where w^ and w ^ are the wage and the price of capital, and b is the wage share of

production costs.1 Industry indicies are not indicated.

Under perfect competition the price of the products (good) equals the unit cost; i.e., 

p =  c. After rewriting (3.2.A.1) we get

The relative price between the product produced within industry 1 and the good 

produced within industry 2 in country i is

(3.2.A.2) wL l b

(3.2.A.3) Pii
P2 wKi

‘See, e.g., Varian (1984) p. 67.
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The ratio between the relative production costs for the product produced within industry 

1 in country j and in country k is

11 [Wkibl-b2 = [WklPj Cj [WjJ [ Wj J
(3.2.A.4)

In order to show the relationship between the wage share of production costs (b) and 

capital intensity (k) in an industry under the assumption of Cobb-Douglas technology, 

we start with the production function.

(3.2.A.5) Q = Lb K1_b

where Q is output, and K and L are inputs of capital and labor. Industry indicies are not 

indicated. The equation (3.2.A.5) can also be written

(3.2.A.6)

where k = K/L — the capital intensity.

L

The firms maximize their profits when the factor prices equal the value of the marginal 

products

(3.2.A.7) pbk*~k =  w^

(3.2.A.8) P(H>)k-b  =  wR
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Division of (3.2. A.7) with (3.2. A.8 ) gives

(3.2. A.9) W =  — = - ^ - k
WK 1“ b

(3.2.A.9) can also be written

(3.2.A.10) b = — —
W + k

Differentiation of (3.2.A. 10) with respect to k yields

(3.2.A.11) ^  = -------------* < 0
3k (W + k)

b and k are negatively correlated. The more capital intensive an industry is, the less is 

the wage share of production costs.
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APPENDIX 3.3

THE EFFECT OF A CHANGE IN RELATIVE FACTOR ENDOWMENTS ON THE 

SHARE OF INTRA-INDUSTRY TRADE (HT) IN THE SECTION 3.6 MODEL

The effect that a change in relative factor endowments has on IIT is derived under the 

assumption that the consumers have quasi—homothetic preferences.2 We assume that the 

factor prices are equalized between country A and country B, and the product prices and 

the factor prices do not change when the factor endowments change.3 If the preferences 

are quasi-homothetic, the share of intra-industry trade between A and B (IIT) is4

qb (y a ~ 7La )(3.3.A.1) IIT = -2 — 2 ----
nA(YB_7LB)

Log-differentiation of (3.3.A.1) gives5

(3.3.A.2) ,iT  = _ i S _ ( ô B-Ÿ B) - - J ^ - ( n A-Ÿ A)
y B-7 L B YA_7L A

y b- ’ l b  y a - ’ la

2Homothetic preferences is a special case where 7 = 0.
3We assume that all changes take place within the factor price equalization set of 
endowment distributions. See Dixit & Norman (1980) pp. 110—122 or Helpman & 
Krugman (1985) pp. 13—16.
4See (3.58b).

5The notation x stands for a relative change in x; i.e., dx/x.
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Full employment in country i (i =  A, B) implies

(3.3.A.3) ALl(wL,wK,ql)ni + aL2̂ wL’wK ^2i = Li

(3.3.A.4) AKl(wL,wK,qlH  + aK2̂ wL,wK ^2i = Ki

Differentiation of (3.3.A.3) and (3.3.A.4) yields6

(3.3.A.5) ^Llni + AL2^2i =

(3.3.A.6) ^Kl“i + ^K2^2i = ^i

Ay is the share of the total supply of factor i (i = K, L) employed in industry j 

0 = 1, 2).

Subtraction of (3.3.A.6) from (3.3.A.5) gives

(3.3.A.7) Kj-Lj = (^Kl- ^Ll)°i “  ^ K l-AL1^2i = ^

(Kj-L,)
(3.3.A.8) n.-Q9i = 1 1 > 0

1 21 |A|

Since industry 1 is more capital intensive than industry 2, |A| > 0 ,  (3.3.A.8) -  the 

Rybczynski effect — is positive.

6Since the factor prices do not change, the demand for factor j (j =  K, L) in country i 
(i =  A, B) per firm in industry 1 (Ajj) and the input requirement per unit of output in
industry 2 (a») are constants.
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The national income in country i (Yj) is

(3.3.A.9) Yj = njPjQj + Q21

Differentiation of (3.3.A.9) yields

n ; P i Q i  Q o i  *
(3 .3 .A.IO) Y. = ■■■■ 1 1 n, +  —  Q9i

1 y .  Y.

and after rewriting 

(3.3. A.1 1 )

Insertion of (3.3.A.8 ) in (3.3.A.11) gives

(3.3.A.12) n._Ÿ
1 ' |A| Y.

Then we substitute (3.3.A. 12) in (3.3.A.2) and obtain

(k b - l b ) Q 2 b  (k a - l a ) Q 2 A(3.3.A.13) IIT  =
IAI Yb  |A|  Y a

y b - 7 l b  y a - yLa
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Since the factor prices are equalized we can express national income in country i 

(i = A, B) as

(3.3.A.14) Y. = wl Lj + wk Kj

Differentiation of (3.3.A. 14) yields 

(3.3.A.15) Ÿ, = „LjLj + 7KjKj

and after rewriting

(3.3.A.16) Yj-Lj = *7Ki(Kr Li)

rjjj is the share of national income in country i that owners of factor j obtain in factor 

reward (i = A, B and j = K, L).

Finally, we insert (3.3.A.16) into (3.3.A.13) and get the following expression

(3.3.A.17) ,ÎT .  - i .  [ 5 i S  (KB-LB) -  5 i A  ,k a- la )
|A| yb ya

^KB^LB ,ÿ f x ’ KA^A (y f x— —  (Kb-L b ) + — — —  (Ka-L a ) 
y B 7LB ya 7 a
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The effect that a change in relative factor endowments in A and B has on IIT can be 

divided into two parts: the effect on the structure of production -  the two first terms in 

(3.3.A.17) -  and the effect on the consumption pattern -  the two other terms in 

(3.3.A.17). In the case of homothetic preferences ( 7  =  0), there is only the impact on IIT 

of a changed structure of production. The production effect is unambiguous, since 

manufactured products are more capital intensive than food, |A| > 0 ,  and B has a 

comparative advantage in the production of food, Q2 B/Y 3  > Q2 A ^A * however, in the 

case of quasi-homothetic preferences, there is a counteracting consumption effect, and 

the ”more quasi-homothetic" the preferences are — the larger 7  is -  the larger is the 

consumption effect’s influence on IIT.



- 1 4 0 -
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APPENDIX 4.1 

ESTIMATED ELASTICITIES OF SUBSTITUTION (DIF)

SNI DIF Number of 
products

SNI DIF Number of 
products

311111 1.13 55
311112 0.78 8
311120 -0.05 40
311210 0.98 26
311220 3.58 5
311300 1.48 67
311400 2.02 47
311510 5.20 6
311590 3.57 38
311600 2.19 31
311710 -0.60 3
311791 3.40 25
311792 4.45 28
311801 5.01 13
311802 1.78 5
311803 1.68 13
311901 1.36 32
311902 -0.24 28
312110 2.35 14
312120 4.33 13
312190 1.40 79
312200 2.22 25
313110 -0.66 5
313120 1.41 32
313200 0.66 23
313300 5.62 12
313400 1.91 19
314000 2.78 14
321110 2.50 50
321121 1.62 33
321129 2.93 59
321201 1.89 59
321209 2.50 48
321301 1.51 18
321309 2.59 74
321400 2.00 58
321500 2.18 34
321901 2.87 30
321909 1.11 38
322010 0.75 23
322020 0.42 52
322030 1.67 9
322041 1.91 59

322042 1.24 61
322043 2.68 62
322049 1.37 59
322051 1.32 53
322052 1.02 34
322091 3.76 29
322099 2.16 54
323100 2.29 37
323200 0.67 44
323300 2.09 65
324000 0.39 56
331111 2.01 43
331121 -1.07 3
331122 2.20 22
331191 2.25 38
331192 3.00 15
331200 2.41 44
331900 2.28 60
332010 1.86 31
332020 2.51 45
332090 2.28 39
341111 1.27 8
341112 6.78 8
341113 -1.98 13
341121 2.71 10
341122 0.63 14
341129 2.23 22
341130 2.90 14
341210 2.98 16
341290 3.58 28
341901 2.83 18
341909 3.26 35
342011 0.37 50
342019 1.56 86
342020 1.60 13
342030 3.09 29
351110 1.41 37
351129 1.73 45
351130 1.56 14
351210 2.63 14
351220 0,87 18
351310 3.03 39
351320 2.58 38



- 1 4 2 -

SNI DIF Number of 
products

SNI DIF Number of 
products

351320 2.58 38 381950 1.10 53
352100 1.15 25 381990 2.61 59
352200 0.55 39 382100 0.94 23
352300 2.09 39 382200 1.51 33
352901 2.47 10 382310 1.51 42
352902 0.46 25 382320 2.29 22
352903 0.41 15 382410 0.40 19
352909 2.23 49 382420 2.40 36
353000 4.05 32 382490 1.68 47
354010 2.37 31 382510 -0.86 42
354091 3.04 6 382590 -0.14 36
354099 2.49 16 382910 1.74 31
355110 -0.04 34 382991 1.65 32
355120 2.05 16 382992 1.80 38
355900 2.06 49 382993 2.24 41
356010 1.79 33 382999 2.51 52
356090 1.60 52 383100 2.19 50
361000 2.54 60 383200 1.35 79
362010 1.60 26 383300 2.32 38
362020 2.73 25 383910 1.94 41
362030 2.23 42 383920 1.39 30
362090 2.66 37 383930 2.01 30
369110 1.44 21 383990 1.95 54
369190 1.20 24 384120 0.67 10
369210 2.62 15 384130 1.60 14
369220 2.21 9 384210 1.62 12
369910 1.91 24 384310 2.23 23
369921 0.82 16 384320 1.15 55
369922 1.52 5 384400 1.17 44
369929 2.50 16 384510 0.28 28
369991 1.41 21 384900 1.03 22
369992 1.29 30 385100 0.79 55
369999 1.36 32 385200 1.35 45
371010 2.71 33 385300 1.21 34
371020 1.69 30 390100 0.63 41
371030 2.54 25 390200 0.78 50
372010 1.52 37 390300 2.20 49
372030 2.53 34 390901 0.28 31
372040 3.13 17 390909 1.70 65
381100 1.96 52
381200 2.49 33
381300 2.93 26
381910 1.91 25
381920 2.02 27
381930 2.22 39
381940 2.45 40
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APPENDIX 4.2

RELATIONSHIP BETWEEN THE DEGREE OF ECONOMIES OF SCALE AND THE 

DEGREE OF PRODUCT DIFFERENTIATION IN THE SECTION 3.6 MODEL

We assume that the consumers have SDS preferences [see (3.3)]. In equilibrium the price 

of the products in industry 1 (pj) equals average cost [see (3.33)]

(4.2.A.1) Pj =  C j ^

and marginal revenue equals marginal cost [see (3.32)]

\ dC
(4.2. A.2) p ( l — ) = -----

e d q L

We divide (4.2.A.1) by (4.2.A.2) and obtain

AR C-i/q* AC
(4.2.A.3) R, =  =  1 1 = -------=  S,

1 MR dCl /dql MC 1

R1 -  the ratio between average revenue and marginal revenue -  which is a measure of 

monopoly power, and -  the ratio between average cost and marginal cost (the 

elasticity of scale) — which is a measure of the degree of economies of scale.

(4.2. A.4) R =  —  = S ,
1 e-1 1
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From (3.12) we know that the elasticity of demand (e) equals the elasticity of 

substitution in demand between products in industry 1 (u) — the degree of product 

differentiation. Hence,

(4.2.A.5) R =  —  = S ,
1 u -l 1

Differentiation of (4.2.A.5) with respect to u yields

dS, 1
(4.2.A.6) —A =  * < 0

du (u - i y

According to (3.4) 1 < u < oo. The more differentiated the products in industry 1 -  the

smaller the elasticity of substitution — the larger is the elasticity of scale. The degree of

product differentiation is positively correlated with the degree of economies of scale.
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APPENDIX 5.1 

DEFINITIONS OF VARIABLES AND SOURCES OF DATA

Variable Definition Source

Trade variables

Xisvk Value of export in industry i 
from Sweden to country k

The National Central Bureau 
of Statistics’s (SCB) Time 
Series Data Base System 
(TSDB)

Misvk Value of import in industry i 
to Sweden

TSDB

qik Weight of import in industry 
i to Sweden from country k

TSDB

Pik =  Misvk/q.k Import unit value of products 
produced within industry i in 
in country k

TSDB

Industry variables

DIFi Elasticity of substitution 
of imports from different 
countries k in industry i; 
see (4.14)

DIFi is estimated from qik 
and pik.

SCAi Value added per establishment 
in industry i

Value added: Official 
Statistics of Sweden (SOS) 
Manufacturing 1983

Number of establishments: 
SOS Manufacturing 1983

Average wage in industry i Sum of wages: TSDB 
Number of employees: TSDB
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Variable Definition Source

NAW i Gross profits per employee in 
industry i; see (4.11)

Value added: TSDB 
Sum of wages: TSDB 
Number of employees: TSDB

EFIi Power of installed machinery 
per employee in industry i

Power of installed 
machinery: SOS 
Manufacturing 1977

Number of employees: SOS 
Manufacturing 1977

TIi Share of technicians in labor 
force in industry i

Number of technicians: SOS 
Manufacturing 1975

Number of employees: SOS 
Manufacturing 1975

Sii Share of sales personnel in 
labor force i in industry i

Number of sales personnel: 
SOS Manufacturing 1975

Number of employees: SOS 
Manufacturing 1975

UV«X Export unit value in industry i Value of export from Sweden 
in industry i: TSDB

Weight of export from 
Sweden in industry i: TSDB

Country variables

SKIk Share of skilled labor in the 
economic active population in 
country k

Professional, technical and 
related workers: Yearbook of 
Labor Statistics, ILO

Economic active population: 
Yearbook of Labor Statistics, 
ILO
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Variable Definition Source

NICk National income per capita 
in country k

National income in country 
k: UN Statistical Yearbook

Population in country k: UN 
Statistical Yearbook

DISTk Distance between Sweden's 
and country k's economic 
centers

U.S. Naval Oceanographic 
Office, Distances between 
Ports, H.O. Pub. No 151, 
U.S. Government, 
Washington DC, 1975.

BORD Dummy variable for Denmark, 
Finland and Norway

EGEF Dummy variable for members of 
EEC and EFTA

POPk Population in country k UN Statistical Yearbook
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APPENDIX 5.2

CORRELATION MATRIX OF DIFFERENT MEASURES FOR PRODUCT

DIFFERENTIATION

DIF AW TI NAW EFI UV SCA SI

DIF 1.00

AW 0.10 1.00

TI —0.13 0.66 1.00

NAW 0.17 0.52 0.26 1.00

EFI 0.16 0.33 -0.01 0.36 1.00

UV 0.02 -0.01 -0.01 -0.01 -0.01 1.00

SCA 0.24 0.43 0.33 0.34 0.49 -0.01 1.00

SI -0.02 -0.06 -0.06 0.09 -0.18 -0.00 -0.22 1.00
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