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ABSTRACT

In this study the extent of intra-industry trade in the U.S. auto-parts trade is
analyzed by decomposing the U.S. auto-parts trade into one-way trade, vertical intra-
industry trade (IIT) and horizontal intra-industry trade. Then the development of vertical
IIT in auto-part industry, as an indicator for international fragmentation of production
process between the U.S. and its 29 trading partners, are examined and various country-
specific hypotheses drawn from fragmentation literature are tested using newly
developed panel econometrics techniques and more recent data period from 1989 to
2006. The results show that a substantial part of intra-industry trade in U.S. auto-parts
industry is vertical IIT and econometric results mainly support the hypotheses drawn
from the fragmentation literature.
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VERTICAL INTRA-INDUSTRY TRADE and FRAGMENTATION: AN

EMPIRICAL EXAMINATION OF THE U.S. AUTO-PARTS INDUSTRY

1. INTRODUCTION

A distinguishing feature of present economic globalization is fragmentation of
production.’ As the world markets have become increasingly integrated in the last few
decades due to developments in transportation and communication technologies, the
degree of product fragmentation (i.e. production sharing) increased across countries that
led to an increase in trade of intermediate goods as goods are designed, produced and
assembled in different locations.

Despite the increase in intermediate goods trade, the empirical literature on the
fragmentation has so far simply provided descriptive statistics on the importance of trade
in intermediate goods induced by international fragmentation of production process
(Feenstra, 1998; Hummels et al., 1999; Yeats, 2001; Kimura and Ando, 2005; Kaminski
and Ng, 2005; Ando, 2006). With the exception of Gorg (2000), Jones et al. (2005),
Egger and Egger (2005), and Kimura et al. (2007), the empirical studies of the
determinants of fragmentation remain sparse. In this study, we try to fill this gap by
studying the determinants of fragmentation in the U.S auto-parts industry, where the

trade based on production sharing is important.

! Product fragmentation can be defined as division of production process into different locations across
different countries. There are different types and terms of fragmentation used in the fragmentation
literature. These are “outsourcing” by Feenstra and Hanson (1997), “disintegration of production” by
Feenstra (1998), “fragmentation” by Deardoff (1998) and Jones and Kierzkowski (2001), “vertical

specialization” by Hummels et al. (1999), and “intra-product specialization” by Arndt (1997).



One of the empirical problems in aforementioned studies has been how to
measure the degree of fragmentation. Lloyd (2004) argues that vertical product
differentiation can take place due to product stage separation and Ando (2006) argues
that vertical intra-industry trade (IIT) in intermediate goods resulting from production
sharing activities seems to be appropriate indicator to address the extent of fragmentation
for a particular industry. Hence, following Ando (2006) and Wakasugi (2007), the goal
of this paper is to calculate the indices of vertical IIT in auto-industry between the U.S.
and its 29 trading partners and analyze the determinants of vertical IIT, which is used as
a proxy for the extent of fragmentation in this study.”

Auto-parts and components trade drastically increased in both exports and
imports.® The nominal value of imported auto-parts tripled from $ 31.5 billion in 1989 to
$ 93 billion and the nominal value of exported auto-parts also rose from $ 17 billion in
1989 to § 53 billion in 2006 in the U.S. (See Figure 1). This increase in auto-parts trade
implies that intra-industry trade and fragmentation has become much more important
than before in the U.S. auto-parts industry. In this paper, the extent of IIT in the U.S.

auto-parts trade is analyzed by decomposing the U.S. auto-parts trade into one-way

* Several empirical studies have analyzed the determinants of vertical IIT in motor vehicle and auto-parts
industry (Becuwe and Mathieu, 1992; Ito and Umemoto, 2004; Umemoto, 2005; Montout et al. 2002).
However, the shortcoming of these empirical studies is probably the fact that they do not incorporate the
hypotheses stemming from newly developed fragmentation literature. Besides, among those studies only
Montout et al. (2002) examine IIT in the U.S. auto-industry in the context of NAFTA for a shorter time
period from 1992 to 1999.

3 See Table 1 for the U.S. auto-parts trade by countries.



trade, vertical IIT and horizontal IT.* Then, fragmentation in the U.S. auto-parts
industry are examined over time by using vertical IIT as an indicator of fragmentation
between the U.S. and its 29 trading partners for the period, 1989 to 2006. The paper
provides empirical support for the structure and determinants of vertical IIT as an
indicator of fragmentation process in the U.S. auto-parts industry by using finely
disaggregated auto-parts trade data. Hypothesis drawn from the fragmentation literature
are tested using panel data techniques.

Major findings include: 1) we identify the dominance of vertical IIT over horizontal
IIT for the U.S. auto-parts bilateral IIT and vertical IIT in the U.S. auto-parts increased
in 2006 compared with 1989 for almost all countries, 2) trade in bodies and parts, and
chassis and drivetrain parts subcategories are mainly IIT and vertical IIT dominates in
these subcategories, and 3) hypothesis drawn from the fragmentation literature
contribute to explain vertical IIT.

This paper is organized as follows: Section 2 surveys empirical methodologies
on the measurement of fragmentation and outlines the methodology for measurement of
IIT. Section 3 discusses the determinants of vertical IIT and empirical model. Section 4
explains the empirical findings and Section 5 concludes the study.

2. BRIEF SURVEY of EMPIRICAL METHODOLOGIES on THE
MEASUREMENT of FRAGMENTATION and IIT
This section presents brief survey of empirical methodologies on the measurement of

fragmentation and outlines the methodology for measurement of IIT.

* IIT is defined as the simultaneous export and import of products, which belong to the same statistical
product category. IIT of goods with a certain range of unit-price differentials between exports and imports

is classified as horizontal IIT, while rest is classified as vertical IIT.



2.1. Fragmentation
Fragmentation can be defined as division of production process into different locations
across different countries. A number of studies attempt to measure the degree of
fragmentation. These studies can be divided into four groups based on their methods as
well as the data sources employed.’ The first group measures the degree of
fragmentation by employing input-output (I-O) data tables, which provide information
on the interrelationship among industries, including imported intermediate goods usage
and export of each industry’s output (See Feenstra and Hanson, 1996 and 1997, Campa
and Goldberg, 1997, and Hummels et al., 1998). It is difficult to capture the degree of
fragmentation with the available I-O tables due to the fact that these tables do not
include information whether the goods produced with the imported intermediate goods
are exported to third countries.

The second group of studies such as Gorg (2000), Graziani (2001), and Egger and
Egger (2005) measures fragmentation by using outward processing trade (OPT) and
inward processing trade (IPT) statistics.® Although this method definitely provides some
insights about the level of fragmentation, it has one major shortcoming that it covers
only a few products. Thus, this method will underestimate the degree of fragmentation.

Another method used in the literature to measure the degree of fragmentation is
intra-firm trade statistics (See Andersson and Fredriksson, 2000; Borga and Zeile, 2004;

Chen et al., 2005; and Kimura and Ando, 2005). Fragmentation can lead to intra-firm

> For a more detailed discussion on the empirical analysis of fragmentation see Egger et al. (2001).

S IPT is the duty relief procedure allowing goods to be imported into the country for processing and
subsequent export outside the country without payment of duty while OPT involves intermediate goods
exports for further processing in a foreign country which the goods are shipped back to home country

under tariff exemption.



trade between different production locations within the same organization of vertically
organized Multinational Enterprises (MNEs) from advanced countries, which often
establish an affiliate in a developing country to produce labor-intensive intermediate
goods, which are then exported back to its home base for assembly.” Despite the fact that
intra-firm trade statistics clearly establish the link between fragmentation and MNEs
thus it is better than other three methods, it has two major shortcomings that make the
employment of this method rare in the empirical literature. First, it is difficult to
distinguish between horizontally integrated and vertical integrated MNEs with the
available data. Second, detailed information on the intra-firm trade is available only for
few countries such as the U.S. and Japan, which limits analysts to make international
comparisons on the degree of fragmentation across different countries and industries.
Lastly, some analysts suggest using international trade statistics to estimate the
degree of fragmentation by simply calculating volume of trade in parts and components
(See Yeats, 2001, Kaminski and Ng, 2005, and Kimura et al., 2007) or intra-industry
trade index (Kol and Rayment, 1989; Schiiler, 1995; and Ando, 2006) in intermediate
goods. Yeats (2001) evaluates the magnitude and growing importance of global
production sharing in international trade by looking at the items classified as components
and parts within the machinery and transport equipment group of the Standard

International Trade Classification System (SITC 7). The major disadvantage of this

7 For instance, Chen et al. (2005) found that a significant portion of the U.S. exports of manufactured
goods carried out by the U.S. multinationals is sent to foreign manufacturing affiliates of the U.S.
multinationals have mainly consisted of materials and components for further processing or assembly: the
share of the U.S. exports to foreign affiliates for further manufacturing had increased from 15.6 % in 1977

to 22 % in 1999.



approach is that many parts related to above groups come under different headings.”
Hence, this method also clearly fails to capture the degree of fragmentation for a
particular industry.

As suggested by Jones et al. (2002), international fragmentation also generates
IIT in intermediate goods between countries. Analysts suggest dividing IIT into
horizontal and vertical components by comparing unit values of exports and imports of
intermediates. Intermediate goods whose unit values do not fall within a certain range is
considered as vertical IIT, which may capture trade in intermediate goods with different
quality. Vertical IIT also could reflect the trade as a result of back-and forth transactions
in vertically fragmented production networks in the same commodity heading. Hence,
vertical IIT could be used as an indicator of international fragmentation within the same
product category. This empirical approach is clearly supported by the recent findings by
Jones et al. (2002), Ando (2006), and Kimura et al. (2007) that the rapid increase in
vertical IIT was mainly originated from the vertical linkages in production rather than

trade in quality differentiated goods. ’

Overall, aforementioned brief review of fragmentation literature suggests that

vertical IIT in intermediate goods seems to be an appropriate indicator to address the

$For instance, transport equipment group of 78 does not include parts such as automotive tires, electronics,
instruments, glass parts, or rubber parts, which are recorded under different headings.

’ Horizontal IIT through fragmentation would also be present if imported parts and components are
exported with small unit price differentials embodied in the local market. However, this kind of trade does

not seem to be important in the U.S. auto-parts trade.



extent of fragmentation in a particular industry. '° It should be kept in mind that vertical
IIT in intermediate goods used as a proxy for the extent of fragmentation, also captures
certain portion of trade that is not related to vertically fragmented production network.
Unit values may differ across traded intermediate goods because of categorical
aggregation, horizontal differentiation, and vertical specialization. The effects of
aggregation on unit values will be limited in our empirical analysis since the commodity
statistics at the six-digit level are employed in this study. Besides, quality differences in
intermediate goods are not expected to be as large as in the case of final goods trade, and
thereby their effects on imported and exported unit values could be negligible. Turning to
the effects of vertical specialization, we expect that vertical specialization definitely
generates unit value differences across exported and imported intermediates where both
are technologically related. Thus, the unit value differences can be used as an indicator to
determine whether IIT in particular intermediates is IIT in technologically linked
intermediates. Hence, it can be concluded that vertical IIT is a good indicator of

fragmentation in the U.S. auto-parts industry.
2.2. Methodology of Measuring IIT

IIT is defined as the simultaneous export and import of products, which belong to the
same statistical product category. According to Fontagne and Freudenberg (1997), three
types of bilateral trade flows may occur between countries: inter-industry trade (i.e. one-
way trade), vertical IIT and horizontal IIT. This section presents empirical methodology

for measuring IIT and its components.

' Despite the superiority of intra-firm trade statistics over the other methods, this study employs the intra-
industry trade statistics to measure the extent of international fragmentation in the U.S. auto-parts industry

mainly due to data constraints.



The most widely used method called G-L index for computing the IIT is
developed by Grubel and Lloyd (1971)."' In recent years, an alternative method
suggested by Fontagne and Freudenberg (1997), Fontagne et al. (1997), and Fontagne et
al. (2006) is used to disentangle bilateral trade flows into one-way trade (OWT), two-
way trade in vertically differentiated goods (TWTV), and two-way trade in horizontally
differentiated (TWTH).'?> As Fontagne and Freudenberg (1997) point out that the G-L
index can create a problem that there are two different explanations for the same
majority trade flow (such as exports): inter-industry part of the majority flow by
traditional trade theory and intra-industry part of the majority flow by the new trade
theories. To avoid this problem, Fontagne and Freudenberg (1997) proposed a new
criteria that trade in a product is considered to be two-way trade when the value of the
minority flow represents at least 10 percent of the majority flow. Otherwise, both exports

and imports are regarded as inter-industry trade."

"' The traditional G-L index is negatively correlated with large overall trade imbalance. With national
trade balances, the level of IIT in a country will be clearly underestimated. To avoid this problem, Grubel
and Lloyd (1975) proposed another method to adjust the index by using the relative size of exports and
imports of particular good within an industry as weights.

'2 Empirical studies using the Fontagne and Freudenberg’s (1997) method are Montout et al. (2002), Ito
and Umemoto (2004), Umemoto (2005), and Ando (2006).

' Fontagne et al. (2006) compare between the G-L index and the two-way trade index using regression
analysis in a quadratic form for all country pairs in the world in 2000 and find the fit between two indices
are good but the two-way index is considerably larger than G-L index. As pointed by Fontagne and
Freudenberg (1997), a degree of caution must be used when comparing and interpreting the G-L index and
the two-way trade index because these two methods are complementary rather than substitutes. The
former method deals with the intensity of overlap while the later method calculates the relative importance

of each type of trade in total trade.



Given the criticisms of Fontagne and Freudenberg (1997) over the measurement
of intra-industry trade, we apply both the G-L type trade decomposition and the
Fontagne and Freudenberg’s method to the U.S.'s auto-parts industry trade with its
trading partners to decompose bilateral trade flows into its components of inter-industry
trade, horizontal IIT and vertical IIT." These two methods used to measure intra-
industry trade are briefly described in the following subsections.

2.2.1. The Grubel-Lloyd Type Trade Decomposition

As indicated above over the problems of unadjusted G-L index, this paper

computes the extent of intra-industry trade between the U.S. and its trading partner by

employing the adjusted G-L index, defined as:

n

Z(xijkt + Mijkt)_z‘ Xike =M |
“Tjkt — i=1 i=1

; (1)
Z(Xijkt +M ijkt)

where Xj,, and My, are the U.S. exports and imports of product i of industry j with

country Kk at time t. Hence, 1T, computes the export and import flows with country k

in industry j, adjusted or weighted according to the relative share of the trade flows in
the 1 products included in j. The G-L index is equal to one if all trade is IIT and is
equal to zero if all trade is inter-industry trade.

The first step to compute the G-L index is to select auto-parts (intermediate
products) in the bilateral trade data. Bilateral trade flows used in this paper is classified
at the 6-digit level of Harmonized Tariff Schedule (HTS), which are used to construct

the G-L index for each trading partner. In the end, 92 items are considered as auto-parts

'* This method is called as "the decomposition-type threshold method" by Ando (2006).
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from the 6-digit level of HTS."

Once, the auto-parts products are selected for our study, the second step is to
decompose total IIT into its two components of horizontal IIT and vertical IIT by using
the method suggested by Abd-el-Rahman (1991), Greenway et al. (1995).

Assuming that differences in prices reflect quality and unit value indexes are
regarded as a proxy for prices, IIT is considered as horizontal if the export and import

values differ by less than 25 %, i.e. if they fulfill following condition;'®

pX
é < PLS <1.25 Q)
. ijkt

where Pi;k(t and Pij':("t represent the unit value of the U.S.' exports and imports,

respectively while indices i referring the product, j the industry, k the partner country
inyear t.
Intra-industry trade is considered to be vertical when the ratio of unit values falls

outside this range:

"> In order to select the motor vehicle products and auto parts from the trade data, we employ the list
provided by the Office of Aerospace and Automotive Industries' Automotive Team, part of the U.S.
Department of Commerce's International Trade Administration. That team's definition of motor vehicle
products and auto parts can be found at http//www.ita.doc.gov/td/auto.html.

'® The choice of 25 % is arbitrary. In trade literature, two common values are often employed, 15 % and 25
%. Greenway et al. (1994), Fontagne and Freudenberg (1997)’s empirical analysis suggest that the results
are not very sensitive to the range chosen. The 15 % threshold is generally used and considered to be
appropriate when the unit value differences reflect only differences in quality. However, in case of
production fragmentation the 15 % threshold could be too wide and 25 % threshold is considered to be
more appropriate. Taking these considerations into account, this paper uses a rather narrower measure of

vertical IIT in intermediates to more accurately measure the degree of international fragmentation.

11



pX
1.25 <2 (3)

ijkt
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Pie 1

<—— 4)
P T 1.25

After goods satisfy equation (2) are determined, the amount of horizontal

IIT, HIIT,, , is calculated using the equation (1). Similarly, when we determine a trade

flow as being trade in vertically differentiated goods by using the equations 3 and 4, the

G-L index for those goods, VIIT,, , is measured using the equation (1). Note that there

might be some products with IIT which cannot be classified either HIIT or VIIT due to
missing unit value data. We named those as non-classified IIT. Following discussion
made by Ando (2006), Fontagne et al. (2006), the products with no unit value should be
included into calculation of the G-L index. Otherwise, the actual share of intra-industry
trade may have been underestimated for countries with the unit values of a large number
of products were not available. Thus, IIT in auto parts can divided into three components

in this method; HIIT, VIIT, and non-classified IIT.

2.2.2. The Decomposition-Type Threshold Method

For comparison purposes, an alternative method developed by Fontagne and
Freudenberg (1997) and Fontagne et al. (1997) is also employed to break down total
trade into three types: one-way trade (OWT), two-way trade in horizontally
differentiated goods (TWTH), and two-way trade in vertically differentiated goods
(TWTYV). In this method, there are three steps to compute the share of each type of trade.
In order to differentiate between OWT and two-way trade (TWT), the first step of our

analysis is hence to determine the degree of trade overlap. Trade in a product is

12



considered to be TWT when the value of minority flow of trade represents at least 10
percent of the majority flow of trade and as OWT otherwise:'’

Min(xijktaMijkt)
Max(xijktaMijkt)

>0.1 (5)

where X, and My, are the U.S. exports and imports of product i of industry j with

country k at period t."

After determining trade flows as being TWT, the second step is to distinguish
trade in horizontally differentiated goods from trade in vertically differentiated goods by
following the method from Abd-el-Rahman (1991) and Greenaway (1995) as briefly
outlined in the previous section. Therefore, TWT is classified as TWTH if the export and
import unit values differ by less than 25 %, i.e. if equation (2) holds and as TWTV
otherwise.

Finally, the share of each type of trade is defined as follows:

> (g M)

N
szkt = (6)
i=1

N

z Xlkt + Mlkt

where szkt stands for either one-way trade (OWT,,), horizontal two-way trade
(TWTH,, ), or vertical two-way trade (TWTV,,,), while indices Z referring one of three

trade categories depending on the corresponding trade type, i referring the product, |

the industry, k the partner country in year t.

'7 Unfortunately, the G-L method still considers the minority flow below this 10 % threshold as two-way
trade when the calculated G-L index is greater than zero.
'8 Most previous studies such as Umemoto (2005) used 10 % as benchmark, though there are some studies

use different benchmark values such as Montout et al. (2002). In our study, 10 % benchmark is employed.
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Using equation (6), the shares of the three trade types (OWT, TWTH, and
TWTV) are calculated for trade in auto-parts. Note that some products have no
information on quantities. Thus, it is not possible to determine whether two-way trade of
such products is vertical or horizontal. These products in our data set are classified as
“non-classified two-way trade”. Consequently, TWT in and auto parts can be divided
into three components in this method; TWTH, TWTV, and non-classified TWT.

2.2.3 Evidence of IIT in the U.S. Auto-Parts Industry
Using approaches outlined in the previous section, Figure 2 presents IIT and its
components in auto-parts industry in the U.S. over the period 1989 to 2006. In the auto-
parts industry, one-way trade is still the main pattern of trade and vertical IIT has
become important (See Figure 2)."" Most of IIT in auto-parts is vertical IIT and vertical
IIT has been rising since 2000s. This might be due to rising importance of vertical
international production sharing suggesting that international fragmentation has become
an essential part of the U.S. auto-parts industry. Horizontal IIT is very low compare with
vertical IIT in auto-parts trade. These results also hold qualitatively for share results
obtained from decomposition type of threshold method. However, quantatively the
results of decomposition type of threshold method measure for TWT is systematically
higher than G-L index results confirming the results of Fontaigne et al. (2006).

There are wide variations of IIT indices and TWT shares across countries

(Tables 2 and 3). However, IIT is much higher for auto-parts trade between the U.S. and

19 Lall et al. (2004) argue that in auto-industry fragmentation is more constrained than electronic sector.
While auto-industry has separable stages of production and parts with different scale, skill and
technological needs whose production can be located in different countries, many components are heavy

thus making their processing suitable for relocation in closer areas rather than in distant areas.
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other members of NAFTA than with other trading partners (Tables 4 and 5). This result
can be interpreted as the significance of regional integration on the intensity of IIT in the
U.S. auto-industry trade. These findings are in line with Montout et al. (2002)’s results.
With the exception of Finland and Austria, vertical IIT went up in 2006 compare to 1989

values (Tables 2 and 3).

IIT in subcategories of auto-parts are shown in Table 4. Compare with 1989 IIT
drastically increased in most of the subcategories. As can be seen in Table 4, bodies and
parts category has the highest vertical IIT, followed by chassis and drivetrain category.
In those two categories IIT exceeded one-way trade in 2006. This finding suggests that
mentioned categories are most subject to fragmentation of production process.

In conclusion, one-way trade is the main pattern in the U.S. auto-parts industry.
Second, vertical IIT dominates horizontal IIT uniformly. Third, there was an increase in
vertical IIT during 2000s, whereas horizontal IIT remained stable during the same
period. Fourth, IIT is the main pattern in auto-parts trade between the U.S. and NAFTA
countries. Fifth, trade in bodies and parts, and chassis and drivetrain parts subcategories
are mainly IIT with 61 % (85 %) and 55 % (77 %) respectively according to the G-L
index (decomposition method) and vertical IIT dominates in these subcategories.

3. EMPIRICAL MODEL and the DETERMINANTS of VERTICAL IIT
The following logit transformation model is proposed to explain the determinants of
vertical IIT in bilateral auto-parts trade between the U.S. and its 29 trading partners over

the 1989-2006 period:

h{Lj —a, + .+ f.Z, + B,DIST, + &, %

1- kt
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where Y, stands for either VIIT,, or TWTV,, between the U.S. and its trading partner
country (k), Z, is a set of m country-specific variables, DIST, represents the
geographic distance, ¢, is the country effect, k=1....,K, x is the time effect,
t=1...,T, and finally ¢, is the white noise disturbance term distributed randomly and

independently.
In the present study, two different concepts of vertical IIT index between the U.S.
and its trading partners (k) are used for comparison purpose: vertical intra-industry trade

index (VIIT, ) based on the Grubel-Lloyd type trade decomposition method and the
share of two-way trade in vertically differentiated goods (TWTV,,) based on the

decomposition-type threshold method.

Because the dependent variables range between zero and one, the logit
transformation of the dependent variables are employed as the dependent variable in the
regressions. In analyzing the determinants of the IIT, many earlier studies apply either a
linear function or log-linear function by ordinary least squares to the IIT index.
However, estimation of a linear or log-linear function may predict values of the IIT that
lie outside the theoretically feasible range. Thus, a number of studies such as Caves
(1981) have used a logit transformation of the IIT index to overcome this problem. Logit
transformation to the dependent variables is applied to analyze the determinants of
vertical IIT in auto-parts industry. The regression analysis is performed using the fixed

and random effects models.
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In terms of the explanatory variables, several country-specific variables
suggested by the fragmentation literature are considered to investigate the determinants
of vertical IIT in auto-parts industry.”

Economic size (GDP): Jones and Kierzkowski (2004) claim that intra-industry

trade in intermediate goods tends to increase as the bilateral market size of the two
countries due to economies of scale in service link activities. In addition, larger markets
also support more varieties and qualities to be traded (Lancaster, 1980). Thus, the larger
the international market the larger the opportunities for production of differentiated
intermediate goods and the larger the opportunities for trade in intermediate goods. As a
result, vertical IIT in auto-parts industry is expected to be positively related the average

market size of the U.S. and its trading partner, denoted as GDPB,,.

Differences in market size (DGDP,): Grossman and Helpman (2005) show that

trading partner’s market size encourages greater degrees of fragmentation between two
countries. Firms are likely to find a trading partner in a large host markets with the
appropriate skills that match their needs. This suggests a negative relationship between
the bilateral trade in intermediate goods and differences in market sizes. On the contrary,
there are also reasons to believe that large markets are most likely to be served by local
production due to the fact that the availability of local input producers in the host
country should reduce the dependence on the imports of intermediate goods from the

home country.”' Consequently, the difference in market size (DGDP,, ), measured by the

2% The definitions and sources of explanatory variables are explained in Appendix and Table A.1.
I See Andersson and Fredriksson (2000) for a more detailed discussion on the relationship between host

country’s market size and intra-firm imports of imported intermediate goods.
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absolute difference of total GDP between the U.S. and its trading partners, could have
uncertain effect on the vertical IIT.

Differences in per capita GDP (DPGDPy,): Our empirical model also includes

differences in per capita GDP as a measure of differences in factor endowments between
the U.S. and its trading partners. Helpman (1984) shows that vertical type of trade
increases with differences in relative factor endowments. Assuming that fragmentation
typically occurs with vertical type of FDI, IIT in intermediate goods would be expected
to be high when there are large differences in relative factor endowments across trading
countries. Likewise, Feenstra and Hanson’s (1997) model of outsourcing predicts that
fragmentation is more likely to take place between countries with dissimilar factor
endowments. Previous studies such as Egger and Egger (2005) and Kimura et al. (2007)
have used per capita income differences to measure the effect of the differences in factor
endowments on the fragmentation. Following the same logic, in the current study
differences in factor endowments is proxied by the absolute value of the difference in per

capita GDP between the U.S. and its trading partners (DPGDP,, ), which is expected to

be positively related to the share of vertical IIT. On the other hand, the differences in per
capita GDP may also capture the differences in infrastructure endowment and worker
skills between countries, which would be reflected in lower shares of vertical IIT.
Therefore, the relationship between vertical IIT and the differences in per capita GDP
could be either positive or negative depending on which effect dominates.

Foreign direct investment (FDI): FDI will also influence the share of vertical

IIT. Firms through their FDI activities have established extensive production and

distribution networks to take advantage of differences among countries over the last two
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decades.” Recent evidence suggests that the establishment of such networks ultimately
led to surge in intermediate goods trade. Vertical models by Helpman (1984) and
Helpman and Krugman (1985) predict complementary relationship between FDI and
trade, given the fact that affiliates in the host country perform final assembly or
processing stages using imported intermediate goods from the parent firms. Likewise,
Feenstra and Hanson’s (1997) model predicts that the growth of the capital stock in the
host country encourages the flow of intermediate goods between two countries for
further processing. Thus there is a positive relationship between vertical IIT and FDL

The U.S. stocks of outward FDI into sample countries, FDI,, is used to test this

hypothesis.

Geographical distance (DISTy): The relevance of service-link costs for vertical

IIT 1s also investigated. According to Jones and Kierzkowski (2000), reductions in
service-link costs should encourage the international fragmentation of production across
countries. *> However, measures of service-link costs are not widely available. Service-
link costs consist of transport costs, telecommunication costs, coordination costs, and
others. Among various components of service-link costs, transportation costs between
production sites are the most visible portion of service link costs and transportation costs
are typically assumed to be a linear function of geographical distance. For instance,
Kimura et al. (2007) claim that geographical distance between countries can be viewed

as indicative of service-link costs, particularly the transportation and telecommunication

2 Hummels (2007) shows that the decline in transportation costs, especially air shipping costs, and in costs
of rapid delivery, and the use of air transportation as a means of transportation over ocean shipping, led to
a significant rise in international trade, particularly in intermediate goods.

 In the same way, Krugman and Venables (1995), and Venables (1996) found that the volume of trade in

intermediate goods is greater the lower the transportation costs between countries.

19



costs. Hence, geographical distance between the capital cities of the U.S. and its trading

partners, DIST, , is used as proxy for service-link costs. Distance is interpreted as a direct

measure of the service-link costs involved in connecting the different production plants
located in different countries. The vertical IIT is expected to be negatively associated

with distance ( DIST, ) between the U.S. and its trading partner.**

The remaining variables that influence vertical IIT are the bilateral exchange rate
and dummy variable for the countries belonging to the NAFTA.

The bilateral exchange rate (EXCH,): The bilateral exchange rate (EXCH ;)

is included into our model to control the effects of exchange rate changes on trade
patterns. We have no a priori expectation as to the direction of the impacts of exchange
rate changes on vertical IIT. However, a possible negative relationship in the empirical
results implies that a depreciation of the domestic currency will increase the share of
vertical IIT between the U.S. and its trading partners.

NAFTA dummy (NAFTA\): It is generally accepted that economic integration

will increase the share of vertical IIT due to specialization, division of labor, product
differentiation, economies of scale, and reduction of trade barriers between member
countries. In our case, we have used the dummy variable for the countries belonging to

the North American Free Trade Agreement ( NAFTA,, ) which takes value 1 if both the

* The magnitude of this effect on vertical IIT could be different across different product groups: final and
intermediate goods. Considering trade in intermediate goods, small changes in transportation costs have a
major effect on fragmentation decisions because of multiple boarder-crossing involved in the value added
chain. In contrast, distance is less likely to affect less the final goods trade in which goods pass the border

only once.
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U.S. and its trading partner are members of the NAFTA and zero otherwise. Regional
integration is expected to have positive influence on the share of vertical IIT.
4. EMPIRICAL RESULTS

In estimating the determinants of vertical IIT in auto-parts industry between the
U.S. and its 29 trading partners, we estimate equation (7) with four alternative estimation

methods for two different concepts of vertical IIT index (VIT,, and TWTV,,) over the

period 1989 to 2006. Panel data techniques are employed to empirically investigate the
determinants of vertical IIT. Since the dependent variable ranges between 0 and 1, a logit
transformation of vertical IIT indices is employed.

Panel data techniques can be performed by both fixed and random effects models
as described by Baltagi (1995). In order to be able to choose between the two possible
estimation models, several statistical tests were performed. All variables in the
estimation equations can vary across country and across time. The question is then
whether the data should be pooled across products and across time. One can test the joint
significance of these country-specific effects and time-specific effects by employing the
Chow’s test to determine whether the data should be pooled or not. Under the null
hypothesis, the efficient estimator is pooled OLS. Based on the results of the Chow test,
the calculated test-statistics, reported in the second columns of Tables 5 and 6, strongly
reject the null hypotheses at 1 % significance level which indicates that there are no
specific effects. Therefore, the fixed effects specification should be preferred over the
simple pooled OLS in our econometric analysis.

In addition, the Breusch-Pagan test is carried out to test for the significance of
random individual effect, where the null hypothesis is that there is no random effects.

Rejecting the null hypothesis implies that the random effects model should be used over
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the pooling method. The results reported in the third columns of Tables 5 and 6, reject
the null hypothesis of no random effects. In conclusion, Chow test confirms the
appropriateness of fixed effects model whereas the Breusch-Pagan test advocates the use
of the random effects model. Consequently, the question of model selection arises. To
decide whether the fixed effects model or random effects model is appropriate, the
Hausman specification test is applied under the null hypothesis that individual effects are
uncorrelated with the other regressors in the model. As evident in the third columns of
Tables 5 and 6, the resulting Hausman test statistics strongly indicate that the random
effects model should be preferred over the fixed effects model. In conclusion, the results
suggest that a random effects model is the appropriate estimation model.

In addition, prior to estimation of equation (7), the problems of heteroscedasticity
and autocorrelation should be addressed.” First, the likelihood ratio test (LR), reported
in Tables 5 and 6, has strongly reject the null hypothesis of homoskedasticty suggesting
that error variances are specific to countries. In addition to heteroscedasticity, the
Wooldridge test for autocorrelation, reported in Tables 5 and 6, has led to the rejection

of the null of no first order serial correlation only in the case of TWTV,, suggesting that

autocorrelation problem is less severe in the current panel data. Tests for
heteroscedasticity and serial correlation suggest the need to employ feasible generalized
least squares (FGLS) in order to obtain consistent and efficient estimators. However, as

Beck and Katz (1995) have shown that test statistics based on the FGLS can be optimal

»Besides addressing the problem of heteroscedasticity and autocorrelation, collinearity among
independent variables are also examined and reported in Table A.3. After an examination of collinearity
among explanatory variables, it is found that none of the explanatory variables is strongly correlated with

each other.
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only when there are substantially more time periods per unit than there are cross-
sectional units. Since the sample of the model in the current study contains less annual
observations per country than number of countries, the FGLS method is not considered
as an appropriate technique and therefore, the equation (7) is estimated using the panel-
corrected standard errors (PCSE) method developed by Beck and Katz (1995).%° The

PCSE results for two different specifications of vertical IIT index (VIIT,, and TWTV,,)

are presented in Tables 5 and 6, respectively. Since the PCSE method generate reliable
point estimates over the FGLS estimates, in the remainder of the analysis only the results
from PCSE estimations are discussed.

The regression results from the PCSE model reported in Tables 5 and 6 generally
support the hypotheses drawn from the theoretical models of fragmentation. In addition,
as can be seen from the results in Tables 5 and 6, the estimated coefficients are almost

the same for VIIT,, and TWTV,, with the exception of DPGDP,,, suggesting that the
results are robust across both specifications of vertical IIT index.”” In particular, the
results show that the market size variable (GDP,) have a positive and significant

association with vertical IIT, as predicted by the theory. As suggested by Jones and

Kierzkowski (2001), greater levels of market size promote greater degree of

*® The signs and significance of the explanatory variables in Tables 5 and 6 are fairly consistent across
different econometric models with the exceptions of DPGDP; and NAFTA:.

27 Although we do not report the detailed results here, the sensitivity of the results with respect to outliers
is also checked. A HTS product is considered as an outlier if its unit value in any year is more than two
standard deviations away from the population mean. Outliers were replaced by average values for that 6-
digit category. Excluding these outliers from the dataset did not influence the key coefficients of interest

relating vertical IIT. Overall, it is concluded that the results seem to be robust to outliers.
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fragmentation due to increasing returns to scale in service-link activities. This is in line
with the result of Jones et al. (2005) and Kimura et al. (2007).

The variable representing difference in size between trading partners (DGDP,, )
is positively related to both VIIT,, and TWTV,, a common result in the empirical studies

of vertical IIT but which is contrary to the predictions of Grossman and Helpman (2005).
Hence, the results favor the predictions of Falvey and Kierzkowski (1987) model, where
differences in market size gives rise to more trade in vertically differentiated goods,
reflecting differences in factor endowments. The findings also confirm the hypothesis
that large markets are most likely to be served by local production due to fact that the
availability of local input producers in the host country should reduce the dependence on
the imports of intermediate goods from the home country.

The results illustrate that dissimilarities in GDP per capita as an indicator of

differences in factor endowments have a negative and significant effect on TWTV,, but
insignificant effect on VIIT,,, inconsistent with the predictions of both Helpman and

Krugman’s (1985) and Feenstra and Hanson’s (1997) theoretical models where the
volume of vertical trade or outsourcing tends to increase with greater differences in
factor endowments between two countries. This result also differs from previous studies
such as Balassa and Bauwens (1987), Blanes and Martin (2000) and Egger and Egger
(2005), which include per capita income difference as a proxy for factor endowment
differences. As noted earlier, however, differences in per capita GDP also capture the
differences in location advantages such as the existence of supporting industries, public

infrastructure, favorable policy environment, skilled labor, and industrial agglomeration,
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which would be reflected in lower shares of vertical IIT.*® Consequently, the negative

estimate of the coefficient of DPGDP, implies that income gap between trading

partners discourage firms in developed countries to establish international production
networks due to lack of location advantages in developing countries. Given the fact that
there are large differences in location advantages in the sample of countries included in
the study, it is not surprising that the effect of location advantages on the vertical IIT
become dominant and consequently large differences in per capita GDP have a negative
influence on the fragmentation of production.”’

FDI variable (FDI, ) has a significant positive effect on both VIIT, and
TWTV,,, confirming our hypothesis that FDI stimulates exchange of intermediates. This

result is consistent with theoretical expectation that vertical type FDI complements
rather than substitutes for trade in intermediate goods. Similar findings also emerge in
Gorg (2000), Blonigen (2001), and Tiirkcan (2007). This is an important result, since it
supports the view that international fragmentation plays a great role in explaining the
intra-firm trade in intermediate goods between different plants within the same
multinationals.

Moreover, our results indicate that distance variable (DIST,) as a proxy for

service-link costs shows a negative and significant relationship with both specifications

of vertical IIT, as expected. According to this result, transportation costs significantly

% Cooney and Yacobucci (2005) suggest that key determinant for location choices of auto-parts firms
would be the location of the assembly plant itself and the associated transportation infrastructure.

¥ For instance, Kimura et al. (2007) report that machinery parts and components trade in Europe is
discouraged by difference in GDP per capita, as a proxy for both differences in wages and location

advantages while their influence on East Asia appears to be positive.
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hamper the fragmentation of production across countries, verifying the hypothesis
developed by Jones and Kierzkowski (2001) that cross-border outsourcing is more
favorable if service-link costs are lowered.*

Regarding the impact of regional integration on the vertical IIT in intermediate

goods, the coefficients for NAFTA,, are positive and statistically significant in the case
of VIIT, and but negative and insignificant in the case of TWTV,,.>' It seems that the

NAFTA has been boosting auto-parts trade across borders but not as much as we
expected. This result confirms the claim that before NAFTA was in place, the U.S. and
especially Canada had very open bilateral trade in automotive industry due to Canada-
USA Auto Pact of 1965. As a result of this open trade, the implementation of NAFTA
did not have a significant impact on the trade of intermediate goods between the U.S.
and member countries.

Finally, bilateral exchange rate changes (EXCH , ) have a significant and positive

impact on both concepts of vertical IIT. In other words, the magnitude of vertical IIT in
auto-parts will decline with depreciation of the dollar. This result is in line with the
findings of Swenson (2000) that dollar depreciation has a negative influence on outward

processing of U.S. firms.

3 Jones et al. (2004) and Kimura et al. (2007) report similar findings for the relationship between service-
link costs and trade in intermediate goods.

3! This finding is somewhat consistent with the findings of Montout et al. (2001) that NAFTA have a
negative impact on the vertical IIT in automotive industry between NAFTA countries using TWTV as
dependent variable. In another study, however, Montout et al. (2002) found that considering the degree of
specialization by quality within automobile industry, the share of vertical IIT in auto-parts within NAFTA

members is positively and significantly associated with NAFTA membership.
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5. CONCLUDING REMARKS

The increased importance of fragmentation in world trade has created an
interest among trade economists in explaining the determinants of intra-industry trade in
intermediate goods. This study carries out a study on the U.S. auto-parts industry IIT
that represents improvements over previous studies as follows. First, the pattern of the
IIT and its components in U.S. auto-parts industry is carefully examined with the
applications of different methods to measure IIT between the U.S. and its 29 trading
partners. Second the development of the U.S. vertical IIT in auto-parts industry is
analyzed, as an indicator for fragmentation, and various country-specific hypotheses
drawn from fragmentation literature are tested using panel econometrics techniques.

The results show that a substantial part of IIT in auto-parts industry between the
U.S. and its trading partner is vertical IIT. This finding suggests that the international
fragmentation has become an essential part of the U.S. auto-industry. Additionally, the
vertical IIT is higher in auto-parts trade between the U.S. and other members of NAFTA.
Their IIT with the U.S. can be explained by geographical proximity and regional
integration. Third, trade in bodies and parts, and chassis and drivetrain parts
subcategories are mainly IIT and vertical IIT dominates in these subcategories.

The results obtained from PCSE estimation mainly support the hypotheses drawn
from the fragmentation literature. The estimated coefficients are outstandingly similar
and robust across the various estimation methods for both specifications of vertical IIT
index. In particular, the extent of the U.S. vertical IIT is positively correlated with
average market size, difference in market size, outward FDI, exchange rate changes,
regional integration dummy while it is negatively correlated with differences in per

capita GDP and distance. All the variables are statistically significant in both
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specifications of vertical IIT index with the exception of differences in per capita GDP
and regional integration dummy.

The results in this paper leave several issues for further research. First of all, we
have employed the unit values technique to separate vertical trade from horizontal trade
at the commodity level. This method has one drawback: it is difficult to track an
intermediate good once it is imported with the currently available trade data. Trade data
used in this paper provide information only on the export and import values and
quantities of a given input. The imported input could be used primarily for the
production of a final good that is later consumed by local consumers or it could be used
in the production of other intermediate goods or final goods that are later exported back
to the original country or to the other countries. It may be worthwhile to investigate this
link in more detail in a future study to confirm whether 25 % differences between unit
values of exports and imports truly reflects value-added activities. Furthermore, it may
be beneficial to separate countries under study into two groups based on their GDPs
because selected trading partner countries have enormous differences in factor

endowments, production technologies, and incomes.
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APPENDIX A.
Definition of Auto-Parts Industry Trade:

The bilateral trade flows data at the 6-digit HTS (Harmonized Tariff System)
used in this study were obtained from United States International Trade Commission’s
(USITC) website: http//www.usitc.gov. The USITC database provides detailed annual
bilateral trade data for product exports and imports in values and quantities (in thousands
of $ US at current prices) at the six-digit level of the HTS. There are about 5403 items at
the 6-digit level of the HTS. For the measurement of IIT in auto-parts industry, we
choose to identify 92 items as auto-parts from the 6-digit level of HTS. Moreover, auto-
parts codes are divided into 6 subgroups: Bodies and parts, Chassis and Drivetrain parts,
Electrical and Electrical components, Engines and parts, Tires and Tubes, and
Miscellaneous parts.

Unit values at the 6-digit product level of the HTS are then constructed as the
value of imports and exports of the product divided by the corresponding quantities. In
this source, export values are recorded on a f.0.b. basis while import values are recorded
on a c.i.f. basis. Following Ando (2006), we multiplied the export values by 1.05 in
order to adjust the discrepancy between export and import values. Thus, calculated unit
price differentials do capture a trade in automotive industry that is entirely due to
differences in quality or international fragmentation.

Country-Level Variables

Country-level variables on the U.S. and its 29 OECD countries are mainly

retrieved from World Development Indicators (WDI) CD-ROM. The size of market size

(GDP,) is proxied by the log of the average GDP of the U.S. and its trading partner,

expressed in current US dollars (GDP,, = GDP,, —GDPR,,/2). In addition, DGDPR,, is the
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log of the absolute difference in market size between the U.S. and its trading markets and

given as DGDP,, = |GDPht —GDP,,|, expressed in current U.S. dollars. The log of the

absolute difference in per capita GDPs of the U.S. and its trading partner Kk is defined as

DPGDP, =|PGDP,, — PGDP,,|, expressed in current US dollars.

Moreover, FDI,, is the log of the U.S.’s outward FDI stock into its trading

partner K, measured in current US dollars. Outward FDI stock data in current dollars
come from Bureau of Economic Analysis database that can be downloaded from

http://www.bea.gov. As a measure of multinational activity in the host countries,

outward FDI stock data is chosen rather than outward FDI flows since stock data is more
complete than the flows data. Some researchers argue that outward FDI stock is an
imperfect proxy for multinational activity because multinational companies may also
engage in many activities in the host countries that one would not expect to have any
relationship with fragmentation of production, such as real estate investment.
Nonetheless, considering the limited availability of the data, outward FDI stock data may
be best available proxy.

DIST, is the log of direct distance between the USA’s capital and its trading
partner’s capital and taken from United States Department of Agriculture’s webpage:
http//www.usda.gov. At last, the bilateral exchange rate in this study is defined as the
number of foreign currency unit per unit of domestic currency so that EXCH,, falls with
a depreciation of the domestic currency, namely the Euro. The data on bilateral exchange
rates were taken from the International Financial Statistics (IFS) CD-ROM. The
explanatory variables, their predicted signs, and their sources are summarized in Table

A.1. Table A.2 provides the summary statistics for different concepts of the IIT index
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and explanatory variables while Table A.3 presents the correlation matrix between
explanatory variables.

Following twenty-nine top USA trading partners are included in the regression
analysis: Australia, Austria, Belgium, Brazil, Canada, China, Denmark, Finland, France,
Germany, Hong Kong, Ireland, Italy, Japan, Korea, Malaysia, Mexico, Netherlands, New
Zealand, Norway, Philippines, Poland, Portugal, Singapore, Spain, Sweden, Thailand,

Turkey, and the United Kingdom.*

32 The purpose of this choice is to minimize the number of missing observations considering the fact that
the construction of unit values at the six-digit level of HS requires not only trade values but quantity

information.
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Table A.1. Variable Definitions, Expected Signs, and Sources

Variable Definition Expected Sources
Signs
GDP,= Average GDP between the US N World Bank Development
and its trading partner Indicators CD-ROM
DGDP,,= Absolute difference of GDP World Bank Development
+/- :

between the US and its trading partner Indicators CD-ROM
DPGDR, = Absolute difference of per World Bank Development
capita GDP between the US and its +/- Indicators CD-ROM
trading partner
FDI,,= Outward FDI stocks from the Bureau of Economic
US into its trading partner + Analysis’ webpage:

http://www.bea.gov.
DIST,= The distance between the US United States Department of
and its trading partner - Agriculture’s web page:

http://www.usda.gov
EXCH,= Bilateral exchange rate 4 Intemgtional Financial
between the US and its trading partner ) Statistics (IFS) CD-ROM
NAFTA,, =Regional integration dummy,1

_l’_

if the trading partner belongs to NAFTA,
else 0

Table A.2. Summary Statistics of Different Concepts of Intra-Industry Trade Index

and Explanatory Variables

Variable Mean St.
Deviation

VIIT,, 0.135 0.104
TWTV,, 0.228 0.174
GDP, 29.168 0.180
DGDP,, 29.727 0.216
DPGDP,, 9.491 0.728
FDI,, 8.304 1.471
DIST, 8.931 0.594
EXCH,, 1.135 1.780

Minimum Maximum  Observations
0.000 0.558 522
0.000 0.765 522

28.878 29.741 521
28.657 30.055 521
5.771 10.518 521
4.189 11.379 478
6.610 9.676 522
-6.214 7.245 508

Note: All variables are in natural logarithmic form.
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Table A.3. Correlation Matrix Between Explanatory Variables

Variables GDP, DGDP, DPGDP, FDI, DIST,  EXCH,
GDP, 1.000

DGDP, 039  1.000

DPGDP, -0.036 0289  1.000

FDI,, 0458  -0.049  -0.023 1.000

DIST, -0.023  -0005 0165  -0372  1.000
EXCH, 0148  -0.128 0009  -0.162 0318  1.000
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Figure 1. The U.S. Auto-Parts Trade with World, 1989-2006
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Figure 2. Development of Intra-Industry Trade in the U.S. Auto-Parts Trade
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Table 1. The U.S. Auto-Parts Trade by Countries (Values is in Millions of $)

1989 2006

Countries Exports Imports Exports Imports

Value Share Value Share Value Share Value Share
Australia 357.9 0.0210 63.7 0.0020 874.3 0.0164 185.0 0.0020
Austria 35.5 0.0021 74.3 0.0024 887.7 0.0166 355.5 0.0038
Belgium 195.7 0.0115 107.9 0.0034 394.5 0.0074 136.0 0.0015
Brazil 141.7 0.0083 840.3 0.0266 601.2 0.0113 2,002.5 0.0216
Canada 9,828.5 0.5781 9,387.5 0.2973 31,8957 0.5970 17,274.5 0.1861
China 237 0.0014 59.5 0.0019 815.3 0.0153 6,147.4 0.0662
Denmark 7.6 0.0004 9.4 0.0003 17.4 0.0003 30.2 0.0003
Finland 16.2 0.0010 10.0 0.0003 42.2 0.0008 52.8 0.0006
France 133.0 0.0078 776.6 0.0246 657.0 0.0123 11,1154 0.0120
Germany 4109 0.0242 1,939.7 0.0614 1,591.2 0.0298 6,582.2 0.0709
Hong Kong 24.0 0.0014 166.2 0.0053 102.8 0.0019 118.0 0.0013
Ireland 8.1 0.0005 4.3 0.0001 39.7 0.0007 19.7 0.0002
Italy 78.5 0.0046 4322 0.0137 139.2 0.0026 723.9 0.0078
Japan 618.4 0.0364 10,954.8 0.3469 1,747.7 0.0327 13,255.8 0.1428
Korea 158.9 0.0093 696.3 0.0221 570.1 0.0107 3,136.3 0.0338
Malaysia 4.5 0.0003 12.4 0.0004 259 0.0005 207.4 0.0022
Mexico 3,3104 0.1947 4,390.3 0.1390 12,795.1 0.2395 23,688.2 0.2552
Netherlands 121.7 0.0072 49.6 0.0016 356.4 0.0067 90.9 0.0010
New
Zealand 18.1 0.0011 242 0.0008 30.5 0.0006 13.0 0.0001
Norway 10.9 0.0006 7.0 0.0002 28.9 0.0005 27.2 0.0003
Philippines 26.9 0.0016 165.0 0.0052 115.6 0.0022 498.7 0.0054
Poland 2.8 0.0002 3.9 0.0001 47.5 0.0009 93.7 0.0010
Portugal 5.1 0.0003 17.0 0.0005 18.8 0.0004 91.5 0.0010
Singapore 83.0 0.0049 121.5 0.0038 238.5 0.0045 78.9 0.0008
Spain 28.3 0.0017 353.7 0.0112 277.9 0.0052 403.4 0.0043
Sweden 102.9 0.0061 124.3 0.0039 197.8 0.0037 550.2 0.0059
Thailand 37.1 0.0022 113.8 0.0036 78.7 0.0015 888.3 0.0096
Turkey 30.7 0.0018 11.1 0.0004 41.6 0.0008 91.0 0.0010
United
Kingdom 447.1 0.0263 660.2 0.0209 871.5 0.0163 938.6 0.0101

Source: Authors’ own calculations.
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Table 2. Development of Intra-Industry Trade in US Auto-Parts Industry-G-L Index

1989 2006
Inter IIT VIIT HIT HOT Inter IIT VIT HIT IIT
Countries (no (no
unit unit
value) value)
Australia 0.861 0.139 0.021 0.001 0.113 0.795 0.205 0.116 0.002 0.086
Austria 0.793 0.207 0.168 0.005 0.033 0.825 0.175 0.094 0.000 0.080
Belgium 0.700 0.300 0.039 0.010 0.251 0.838 0.162 0.106 0.002 0.054
Brazil 0.792 0.208 0.039 0.001 0.168 0.708 0.292 0.242 0.009 0.041
Canada 0.355 0.645 0.167 0.016 0.462 0.404 0.596 0.251 0.104 0.241
China 0.787 0.213 0.039 0.012 0.161 0.776 0.224 0.174 0.004 0.046
Denmark 0.687 0.313 0.040 0.006 0.266 0.761 0.239 0.188 0.001 0.051
Finland 0.633 0.367 0.174 0.000 0.193 0.747 0.253 0.039 0.011 0.202
France 0.766 0.234 0.049 0.016 0.169 0.639 0.361 0.191 0.006 0.163
Germany 0.667 0.333 0.046 0.040 0.247 0.678 0.322 0.265 0.009 0.046
Hong Kong 0.907 0.093 0.056 0.000 0.037 0.690 0.310 0.100 0.006 0.205
Ireland 0.828 0.172 0.072 0.000 0.100 0.759 0.241 0.155 0.000 0.085
Italy 0.827 0.173 0.049 0.019 0.105 0.710 0.290 0.209 0.015 0.067
Japan 0.891 0.109 0.015 0.034 0.059 0.804 0.196 0.143 0.013 0.038
Korea 0.725 0.275 0.088 0.013 0.175 0.725 0.275 0.243 0.004 0.028
Malaysia 0.913 0.087 0.012 0.000 0.075 0.821 0.179 0.120 0.001 0.058
Mexico 0.555 0.445 0.076 0.040 0.329 0.441 0.559 0.409 0.027 0.124
Netherlands 0.681 0.319 0.053 0.047 0.219 0.851 0.149 0.104 0.008 0.038
New
Zealand 0.851 0.149 0.014 0.054 0.081 0.719 0.281 0.172 0.000 0.108
Norway 0.720 0.280 0.016 0.018 0.246 0.604 0.396 0.187 0.000 0.209
Philippines  0.934 0.066 0.003 0.001 0.062 0.648 0.352 0.011 0.000 0.341
Poland 0.736 0.264 0.004 0.000 0.261 0.552 0.448 0.085 0.000 0.363
Portugal 0.926 0.074 0.024 0.000 0.050 0.808 0.192 0.180 0.001 0.011
Singapore  0.806 0.194 0.040 0.008 0.145 0.719 0.281 0.213 0.001 0.067
Spain 0.910 0.090 0.014 0.002 0.074 0.642 0.358 0.300 0.001 0.057
Sweden 0.356 0.644 0.090 0.003 0.552 0.801 0.199 0.166 0.002 0.031
Thailand 0.756 0.244 0.020 0.000 0.224 0.851 0.149 0.092 0.011 0.046
Turkey 0.748 0.252 0.142 0.001 0.109 0.671 0.329 0.255 0.000 0.074
United
Kingdom 0.494 0.506 0.117 0.003 0.386 0479 0.521 0.364 0.020 0.133
Mean 0.745 0.255 0.058 0.012 0.185 0.706 0.294 0.178 0.009 0.107

Source: Authors’ own calculations.
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Table 3. Development of Intra-Industry Trade in US Auto-Parts Industry- Decomposition-Type
Threshold Method

1989 2006
. One- TWT TWTV TWTH Not One- TWT TWTV TWTH Not
Countries . .
way Classified way Classified

TWT TWT
Australia 0.841 0.159 0.029  0.000 0.129 0.735 0.265 0.156  0.001 0.107
Austria 0.447 0.553 0.501 0.023 0.029 0.602 0398 0.342  0.000 0.056
Belgium 0.543 0457 0.064 0.015 0.378 0.595 0.405 0.316  0.002 0.087
Brazil 0.741 0.259 0.039  0.000 0.220 0476 0.524 0.463  0.001 0.060
Canada 0.072 0928 0.207  0.028 0.693 0.175 0.825 0.379  0.142 0.305
China 0.648 0352 0.063 0.014 0.274 0.616 0384 0.325  0.005 0.055

Denmark 0.660 0.340 0.030  0.006 0.304 0.601 0399 0.294  0.003 0.102
Finland 0.342 0.658 0.188  0.000 0.470 0.546 0.454 0.031 0.031 0.392
France 0.635 0365 0.070  0.004 0.291 0.457 0.543 0306  0.013 0.224
Germany 0.473 0527 0.084  0.072 0.372 0.431 0.569 0.456  0.020 0.092
Hong Kong 0.897 0.103 0.039  0.000 0.064 0.361 0.639 0.244  0.006 0.388

Ireland 0.699 0301 0.139  0.000 0.162 0.487 0.513 0.229  0.000 0.283
Italy 0.676 0.324 0.090  0.002 0.232 0.543 0.457 0.333 0.023 0.101
Japan 0.883 0.117 0.019  0.051 0.047 0.608 0392 0.285  0.043 0.064
Korea 0.585 0415 0.163  0.015 0.237 0.457 0.543 0.498  0.002 0.042

Malaysia 0.850 0.150 0.014 0.000 0.135 0.726 0.274 0.166 0.002 0.107
Mexico 0.310 0.690 0.124 0.067 0.499 0.210 0.790 0.534 0.069 0.187
Netherlands 0.343 0.657 0.100 0.066 0.491 0.700 0.300 0.221 0.006 0.073
New

Zealand 0.830 0.170 0.036 0.073 0.061 0.555 0.445 0.289 0.000 0.156
Norway 0.540 0.460 0.020 0.060 0.380 0.431 0.569 0.205 0.000 0.364
Philippines  0.988 0.012  0.001 0.001 0.010 0.170 0.830 0.018 0.000 0.813
Poland 0.640 0.360 0.001 0.000 0.359 0.450 0.550 0.115 0.000 0.435
Portugal 0.982 0.018 0.010 0.000 0.007 0.553 0.447 0422 0.001 0.025
Singapore  0.757 0.243  0.070 0.005 0.168 0.554 0.446 0.353 0.004 0.089
Spain 0.937 0.063 0.022 0.003 0.038 0.415 0.585 0.510 0.002 0.074
Sweden 0.189 0.811 0.114 0.007 0.689 0.513 0.487 0416 0.001 0.069
Thailand 0.252 0.748 0.068 0.000 0.680 0.698 0.302 0.138 0.019 0.145

Turkey 0.536 0.464 0.171 0.004 0.289 0.470 0.530 0.425  0.000 0.105
United

Kingdom 0.074 0926 0366 0.004 0.556 0.188 0.812 0.576  0.042 0.195
Mean 0.599 0.401 0.098 0.018 0.285 0.494 0.506 0.312 0.015 0.179

Source: Authors’ own calculations.
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Table 4. Development of Intra-Industry Trade in US Auto-Parts Industry by Product Groups

a. G-L Index
Product Groups 1989 2006
Inter T VIIT HIIT Inter T VIIT HIIT
Bodies and Parts 0.637  0.363 0.113 0.000 0.389  0.611 0.537 0.009
Chassis and
Drivetrain Parts 0.517  0.483 0.002 0.002 0.452  0.548 0.271 0.004
Electrical and
Electric Components  0.679  0.321 0.059 0.005 0.791 0.209 0.080 0.016
Engines and Parts 0.629  0.371 0.348 0.002 0.630  0.370 0.158 0.182
Tires and Tubes 0.627  0.373 0.158 0.215 0.750  0.250 0.243 0.006
Miscellaneous Parts ~ 0.511  0.489 0.022 0.005 0.654  0.346 0.166 0.006
b. Decomposition-Type Threshold Method
Product Groups 1989 2006
One- TWT TWTV TWTH One- TWT TWTV TWTH
way way
Bodies and Parts 0.369  0.631 0.160 0.032 0.151  0.849 0.718 0.023
Chassis and
Drivetrain Parts 0.331  0.669  0.003 0.002 0.233  0.767 0.406 0.007
Electrical and
Electric Components  0.513  0.487  0.066 0.006 0.631  0.369 0.140 0.072
Engines and Parts 0.511  0.489 0421 0.031 0.371  0.629 0.287 0.292
Tires and Tubes 0.370  0.630  0.233 0.397 0.641  0.359 0.356 0.003
Miscellaneous Parts ~ 0.306  0.694  0.048 0.012 0.311  0.689 0.384 0.020

Source: Authors’ own calculations.
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Table 5. Determinants of Vertical Intra-Industry Trade in the U.S. Auto-Parts

Industry, 1989-2006

Independent Variables  Pooled OLS Fixed FGLS PCSE
Effects
GDP,, 6.751 22424 1.344 6.751
4.11) (8.73) (3.96) (5.32)
DGDP,, 3.191 12.179 0.405 3.191
(3.53) (8.39) (1.68) (4.00)
DPGDR, -0.051 -0.086 0.287 -0.051
(-0.74) (-1.27) (3.79) (-1.26)
FDI,, 0.195 0.087 0.244 0.195
(4.23) (1.85) (4.79) (7.57)
DIST, -0.242 -0.215 -0.351 -0.242
(-2.56) (-2.35) (-3.80) (-4.43)
EXCH,, 0.036 0.059 0.058 0.036
(1.29) (2.22) (2.39) (2.71)
NAFTA,, 0.243 0.296 0.046 0.243
(1.19) (1.51) (0.34) (2.24)
Constant -290.784 -1017.049 -55.047 -290.784
(-4.00) """ (-8.67)"" (-6.87) """ (-4.86) """
R-squared 0.29 0.06 0.29
F-statistics 2396 3469
Wald statistic: 77 (7) 2637277 29174.05
Wooldridge test for 10.70""
autocorrelation: F (1,28)
LR-test for 177.20"
heteroscedasticity: y (28)
Chow test (43,415) 643"
Breusch-Pagan LM test 219.85"
for random effects: x> (1)
Hausman specification 3.40
test: y* (6)
# of groups 29 29 29 29
# of observations 466 466 466 466

Notes: The dependent variable is the logit transformation of VIITy, G-L index in vertically differentiated

products.

Heteroskedasticity-consistent t-statistics (White-Newey) are reported in the first and second columns.
, indicate statistical significance at 1%, 5 %, and 10% levels, respectively.
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Table 6: Determinants of Two-Way Trade in Vertically Differentiated Goods in the
U.S. Auto-Parts Industry, 1989-2006

Independent Variables  Pooled OLS Fixed FGLS PCSE
Effects
GDP,, 5.339 24.704 1176 5.339
(2.55) (7.55) (3.73) (3.77)
DGDP,, 2.213 13.337 0.101 2213
(1.88) (6.97) (0.45) (2.60)
DPGDR, -0.102 -0.146 0.191 -0.102
(-1.26) (-1.81) (3.04) (-1.66)
FDI,, 0.295 0.167 0.369 0.295
(5.47) (3.08) (8.40) (9.69)
DIST, -0.395 -0.343 -0.553 -0.395
(-3.13) (-2.92) (-5.36) (-3.74)
EXCH,, 0.057 0.085 0.071 0.057
(1.57) (2.49) (2.81) (3.33)
NAFTA,, -0.079 0.039 -0.120 -0.079
(-0.28) (0.16) (-0.76) (-0.42)
Constant -219.617 -116.43 -38.752 -219.617
(-2.35)" 737" (-5.26)"" (-3.34)""
R-squared 0.29 0.10 0.29
F-statistics 2563 34127
Wald statistic: 77 (7) 428557 4547537
Wooldridge test for 2.134
autocorrelation: F (1,28)
LR-test for 161.217
heteroscedasticity: y (28)
Chow test (43,415) 558"
Breusch-Pagan LM test 201.65
for random effects: x> (1)
Hausman specification 1.60
test: y* (6)
# of groups 29 29 29 29
# of observations 466 466 466 466

Notes: The dependent variable is the logit transformation of TWTVy, the share of two-way trade in

vertically differentiated products.

Heteroskedasticity-consistent t-statistics (White-Newey) are reported in the first and second columns. =,
, indicate statistical significance at 1%, 5 %, and 10% levels, respectively.
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