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ABSTRACT

This paper theoretically and empirically investigates the relationship between the number of product
varieties and the extent of intra-industry trade (IIT). IIT provides more trade opportunities for countries in
which differentiated products are produced. The model presented shows that the extent of bilateral IIT is
higher the smaller the gap in the number of export varieties between two countries. The empirical analysis
of Japan and twenty-five countries provides support for the theoretical model presented in this paper. The
theory also shows that similar number of export varieties between two countries, that is, more IIT can be a
tool to redress trade imbalance between two countries. The policy implication of the results is that
promoting higher product variety will increase the opportunity for IIT regardless of country specific effects.
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INTRODUCTION

varieties and the extent of intra-industry trade (IIT). IIT provides more trade opportunities for

countries in which differentiated products are produced, and has become to play a key role in the
world in concert with the global economic integration. The model presented shows that the extent of
bilateral IIT is higher the closer the number of export varieties between two countries. The theory also
shows that more IIT can play a role in redressing trade imbalance between two countries. The empirical
analysis of Japan and twenty-five countries for the electrical and optical equipment industry provides
support for the theoretical model presented in this paper, and shows that more export variety is associated
with more IIT regardless of country specific effects. The remainder of the paper is organized as follows.
The next section discusses earlier literature in the field. Data and Methodology section describes the data
used in this paper and the theoretical model developed in the paper. The empirical results are presented and
discussed in the following section. The paper closes with some concluding comments.

This paper theoretically and empirically investigates the relationship between the number of product

LITERATURE REVIEW

Product variety plays a key role in the theories of monopolistic competition and trade. The theoretical model
of monopolistic competition established by a series of early works such as Dixit and Stiglitz (1977) and
Krugman (1979). After the establishment of monopolistic competition model, a lot of research that shows
the importance of product variety has been done. Hummels and Klenow (2005) and Schott (2004) found
that product variety plays an important role in trade. Broda and Weinstein (2006) showed the "gains from
variety" by analyzing the U.S. imports. Productivity growth is of great interest to the world in order to
maintain the sustainability of growth. Several studies found the link between export variety and productivity.
Feenstra et al (1999) investigated South Korea and Taiwan, and by Funke and Ruhwedel (2001a, 2001b,
2002) analyzed the OECD and the East Asian countries. Feenstra and Kee (2008) investigated 48 countries
from 1980 to 2000, and the confirmed the positive correlation between export variety and productivity
growth. Oguro (2014) reevaluated the relationship between export variety and productivity for exports from
25 countries, which are the subject countries in this paper, to Japan.
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Export variety often cannot simply be counted since the product categories of data are modified from time
to time. This modification occurs in the Harmonized Commodity Description Coding System (HS) of the
United Nations Commodity Trade Statistics Database (Comtrade database), which is used in this paper, as
well. In addition, the most detailed data available for the HS Comtrade database are 6-digit-based. Feenstra
and Kee (2004) provide the measurement of product variety in trade. However, there exist studies that
calculate product variety by counting such as Gagnon (2007), Funke and Ruhwedel (2005), Frensch and
Wittich (2009). This paper is the first investigation that shows the link between product variety and intra-
industry trade. However, there exist studies that investigate intra-industry trade under the framework of
monopolistic competition such as Melitz (2003), Oguro, Fukao, and Khatri (2008), and Oguro (2011).

DATA AND METHODOLOGY

Table 1 shows subject countries analyzed in this research. Twenty-five countries are selected based on the
Industry-specific Real Effective Exchange Rate database produced by International Macroeconomics
Research Program at The Research Institute of Economy, Trade and Industry (RIETI). This paper

empirically analyzes Japan and the twenty-five countries shown in Table 1.

Table 1: Subject Countries

No. Country Code No. Country Code
1 Australia AUS 14 Malaysia MYS
2 Belgium BLX 15 Netherlands NLD
3 Canada CAN 16 Norway NOR
4 China CHN 17 Philippines PHL

Russian

5 Germany DEU 18 Federation RUS
6 Spain ESP 19 Singapore SGP
7 France FRA 20 Sweden SWE
8 Greece GRC 21 Thailand THA
9 Indonesia IDN 22 Turkey TUR
10 India IND 23 United Kingdom UK
11 Ireland IRL 24 USA USA
12 Italy ITA 25 South Africa ZAF
13 Rep. of Korea KOR

Source: http://www.rieti.go.jp/users/eeri/ Table 1 shows subject countries analyzed in this research. This paper empirically analyzes Japan and the
twenty-five countries.

The value of exports data are taken from the Harmonized Commodity Description Coding System (HS)
1996 of the United Nations Commodity Trade Statistics Database (Comtrade database). The degree of IIT
for each trading pair for the industry is calculated using the HS 1996 6-digit-based Comtrade database,
which is the most detailed data available. The HS1996 6-digit-based extent-of-IIT data for each pair of
countries are aggregated into the industry weighted by trade values. The discussion in this paper is limited
to the electrical and optical equipment industry. This paper, at first, adapts and summarizes the measure
method of product variety developed by Feenstra and Kee (2004). In the next step, the paper provides an
extension of Feenstra and Kee (2004) model, and provides the theoretical relationship between intra-
industry trade and product variety, which is the contribution of the paper. Assume that country ¢ (c =
1,..,C) produces various varietiecs. The set of goods that is produced in country ¢ in year t is
I C {1,2,3,..}. The quantity of product varieties i (i €1¢) is g5 (g& >0) , and the vector of
goods produced in country c in period t is denoted by qf > 0. The total output of country c, Qf, is
characterized by the following CES function. (The studies of import variety such as Feenstra (1994) and
Broda and Weinstien (2006) assume ¢>1.)

o/(c-1) (1)

0f = (@, 1) ={ ) ai(@)@ /e

i c
e Iy
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a, >0 c=1,.. ,C

—o0 < ¢ < 0 ¢ elasticity of substitution among product varieties

The total production of the economy is constrained by the following transformation curve.
FIf (g6, 19), VE1=0 @)
V§ = (vip, V3¢, -, Vige) > 0 the endowment vector of country c in year t

Each country ¢ obtains the value of output PfQf under the assumption of perfect competition and equation

(1). Pf{ is denoted by the CES function of the prices of all product varieties as follows.

1/(1-0) 3)
PE=cpf, 1= ) bipi)?
ie If
bij=a? >0 c=1..,C pf > 0 : domestic price vector of each coutry c
: - 4
pe1 c1 wit(I¢) 26T 1/(c-1)
A iel, \Pit A (1)

Equation (4) is equal to the ratio of the CES cost functions between countries ¢; and c,. (See Feenstra
(1994), Diewert (1976), Sato (1976), and Vartia (1976) for details.) The weights w;;(I;) in equation (4) is
the revenue shares as follows.

(5)
wie(ly) = Sictl (Ip) — Slctz ) Z CI(It) - 'Cz (1)
e lnsict1 I, — lns (1) lns ) — lns (1)
C1,Cp = 1, e ,C
_ 6
si(Iy) = pictqict/E Pitqit ©)
iEIt
C=10C,0C
(1) = ZlEIt pftqft —1_ Zielg,ieﬂt piCtQiCt (7
et ZlEIt pltqlt Zielgpict%ct
C=10C,0C

1/(c-1

The term, (Acl (BY ACZ (It)) , in equation (4) shows changes in product variety developed by
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Feenstra and Kee (2004).

The complete set of the export varieties exported from the world (*) to the world (*) is I} =US_; I¢, and

the total export value of product variety i is p;;q;;. Comparing exports from country ¢ to the world (*)

and exports from the world (*) to the world (*), the common set of goods exported I, is ( If N I}) =
If. Thus, the equations (8) and (9) are derived from equation (7).

Zielt pftqft _ ZiEIg plctqlct -1 (3
Zielg pict‘hct Zielg piCtQiCt

A1) = 21 = A£(0f) =

. *ar Z cpfkq’.k Z * - cpfkqfk 9
22010 = 2301 = 25(1F) = P iePut __ Bietie Pedi ®
Yier Pidic  Lier; Pitdit Lier; Pic i
c=1,..,C
(A (1) /222 (It))l/(a_l) = (A5 /A1) @D in equation (4) can be rewritten as follows.
1/(c-1) 1/(0-1)
A1) A D)
c=1,..,C

Therefore, export variety of country ¢ can be measured as the export value from country c to the world (*)
relative to the export value from the world (*) to the world (*), which is called Feenstra and Kee (2004)
method. This paper measures the number of export varieties of each country c extending Feenstra and Kee
(2004) empirical method as in equation (11).

Value of exports from country c to the world (*) (11)

Value of exports from 26 subject countries to the world (x)

In this paper, it is implicitly assumed that a certain portion 1 of the aggregate production is exported. The
assumption is not explicitly explained in Feenstra and Kee (2004). This paper defines the degree of intra-
industry trade (IIT) between countries a and b for product variety i as the value of trade overlap as in
equation (12). (Several previous studies such as Fukao, Ishido and Ito (2003); Greenaway, Hine and Milner
(1995); Fontagné, Freudenberg and Péridy (1997); Oguro, Fukao and Khatri (2008); and Oguro (2011) use
the same definition of IIT. Another famous IIT measure is Grubel and Lloyd (1975) index.)
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. (12)
b _ MinEXP EXE  MinGiag P4, Lieww P ah")
Y Max(EXEPEXEY) T Maxiae PR a8, Sierw PR Al
ab=1,..,C

EXZ (= Yield paPqaP) shows the value of exports from country a to country b, and  EX2* (=
Ycp PREgp®) shows the value of exports from country b to country a. IITZ? takes a value between 0
and 1. IITE is equal to zero when there is no IIT between country a and country b, whereas IITZP
becomes one when the value of trade overlap is exactly the same between two countries. This paper now
shows the relationship between IIT and product variety. Equation (12) can be developed as follows
assuming EX gb < EX il;aand using equations (8) and (10). The paper defines exports from one country to
another country as exports from an exporting country to the world times an importer’s share in the world
market as shown in equation (13). Equation (13) can be rewritten as equation (14) using two countries’
export variety.

1TZ?

(Value of exports from coutry a to country b)
~ \Value of exports from coutry b to country a

B Ex2b
~ \Exhe

_ [(Value of exports from coutry a to the world (x))- (country b’s share in the world market)] (13)

- (Value of exports from coutry b to the world (x)) - (country a’s share in the world market)

_ [(Value of exports from coutry a to the world (x)) - (country b’s share in the world market)

- (Value of exports from coutry b to the world (x))- (country a’s share in the world market)

-EXa* ( Value of exports from the world (*) to country b ) [EXfl* ) (EXi}I*J)]
_ it \Value of exports from the world (*) to the world (»)/| _ O\ EXy
- Exb* ( Value of exports from the world () to country a ) a EXb* . (ﬂ)

|~ 7t \Value of exports from the world (*) to the world (x) | "7 \EXy /|

_ EXa* b '|

(Ex5)- (e
EXEN ool

<EXLL*Z*> ' (EXita)J

_ |(country a’s export variety) - (Ex;? (14)
B (country b's export variety) - (EX;&

(@) (5x
CRECH
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(15)

1= >.kb ikb * % * *
i P pltqw  Qlie; Pic e )} B [(zielg Piedi) Cier; PG

| [Cic Pieain) - Cier; Pif @i

[ Zzelt pthlt
ll ) (Ziengpz‘}“q?t“)J

iett Pit it
ZLEIt plt qlt

Partial derivatives of equation (14) with respect to country a’s export variety are positive (Equation (16)).
Thus, the extent of IIT between countries a and b is hlgher the higher the export variety of country a. That
is, the theoretical model presented shows that 11 Tl‘t‘ approaches one as the number of export varieties
between two countries gets closer.

alITAP (16)
d(country a’s export variety)

Consider the case 11 Ti‘éb = 1 using equation (15). Equation (17) is the expanded form of equation (15).

<Ziel? p;t‘ﬁt) (17)
Yier; Pitbit _ Yier; Pit it Ziel? Pitdit
<Eie1? Pft‘ﬁt) - Zielt Pl*tbq:tb Zielg Pitdit

Ziel; Pitdit

ab=1,..,C

country a’s export variety
country b’s export variety
_ Value of exports from the world () to country a (EX;E

Value of exports from the world () to country b (EX;?

Value of exports from coutry a to the world (x) (E ) (18)

~ Value of exports from coutry b to the world (x) (ExE)

Equations (17) and (18) show that the theory developed in this paper also suggests that similar number of
export varieties between two countries, that is, more IIT can be a tool to redress trade imbalance between
two countries.

RESULTS

Figure 1 shows the number of product varieties of Japan’s and the twenty-five countries’ exports in the
electrical and optical equipment industry in 2012. The number of export varieties is measured using
equation (11), that is, the value of exports from country c to the world (*) relative to the value of exports
from the twenty-six countries to the world (*). Equation (11) is the empirical measure, which is the
application of equation (10). The value of exports data are taken from the HS 1996 of Comtrade database.
China has the largest number of export varieties. Japan is the fourth largest among the twenty-six countries.
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Figure 1: Export Variety (Electrical and Optical Equipment, 2012)
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Data source: Comtrade HS 1996 This figure shows the number of product varieties of Japan's and the twenty-five countries’exports in the electrical
and optical equipment industry in 2012. The number of export varieties is measured using equation (11).

Figure 2 shows the plot of the logarithm of export variety and the logarithm of IIT in 2012 for the electrical
and optical equipment industry. IIT is measured as the bilateral trade between Japan and one of the twenty-
five countries using equation (12). The degree of IIT for each trading pair for the industry is calculated
using the HS 1996 6-digit-based Comtrade database, which is the most detailed data available. The HS1996
6-digit-based extent-of-IIT data for each pair of countries are aggregated into the industry weighted by trade
values.

Figure 2: Plot of Export Variety and Intra-Industry Trade (IIT) (Electrical and Optical Equipment, 2012)
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Data source: HS 1996 6-digit-based Comtrade database This figure shows the plot of the logarithm of export variety and the logarithm of IIT in
2012 for the electrical and optical equipment industry. IIT is measured as the bilateral trade between Japan and one of the twenty-five countries
using equation (12). The results confirm the theoretical model, especially equation (16), since it demonstrates the positive correlation between the
number of export varieties and IIT.

Table 2 shows the results of the OLS estimation of the data in Figure 2. This paper simply regresses the
logarithm of IIT on the logarithm of export variety. The estimated coefficient of /n IIT2012 is positive as
expected, and is significantly different from zero at 1 percent level. Therefore, a one percent increase in
the number of export varieties results in a 0.567 percent increase in the degree of IIT in 2012 for the
electrical and optical equipment industry. The results of Figure 2 and Table 2 confirm the theoretical model,
especially equation (16), since it demonstrates the positive correlation between the number of export
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varieties and IIT regardless of country specific effects.

Table 2: Result of OLS (Electrical and Optical Equipment, 2012)

Dependent Variable: In 11T2012

In variety2012 0.567 ***
(6.23)

Constant 0.243
(0.59)

Number of obs 25

R? 0.628

Adj. R? 0.612

**%: significant at 1% level

(): t value

This table shows the results of the OLS estimation of the data in Figure 2. The estimated coefficient of In IIT2012 is positive as expected, and is
significantly different from zero at 1 percent level. A one percent increase in the number of export varieties results in a 0.567 percent increase in
the degree of IIT in 2012 for the electrical and optical equipment industry.

CONCLUDING COMMENTS

The objective of this paper is to discuss the relationship between the number of product varieties and the
extent of intra-industry trade (IIT). The paper adapts the measure method of product variety developed by
Feenstra and Kee (2004), and provides an extension of Feenstra and Kee (2004) model to derive the
theoretical relationship between intra-industry trade and product variety, which is the contribution of the
paper. In the empirical analysis, the value of exports data are taken from the Harmonized Commodity
Description Coding System (HS) 1996 of the United Nations Commodity Trade Statistics Database
(Comtrade database). The degree of IIT for each trading pair for the industry is calculated using the HS
1996 6-digit-based Comtrade database, which is the most detailed data available. The model presented in
this paper shows that the extent of bilateral IIT is higher the smaller the gap in the number of export varieties
between two countries. The theory also shows that similar number of export varieties between two countries,
that is, more IIT can be a tool to redress trade imbalance between two countries. The empirical analysis of
Japan and twenty-five countries provides support for the theoretical model presented in this paper. That is,
more export variety is associated with more IIT. The policy implication of the results is that promoting
higher product variety will increase the opportunity for IIT regardless of country specific effects. The
discussion in this paper is limited to Japan and twenty-five countries for the electrical and optical equipment
industry in 2012. The additional investigation for different industries and years remains a fertile area for
future research.
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