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Fragmentation and Trade:
US Inward Processing Trade in the EU

By

Holger Görg

Co nte n t s: 1. Introduction. - II. Empirical Background. - 111. Detenninants of Frag
mentation. - IV. Econometrie Estimation. - V. Conelusions. - Appendix.

I. Introduction

T he increasing "globalization" ofthe world economy over the last
decades has attracted much interest in the recent academic liter
ature (see, forexample, Arndt 1997). Most scholars seem to agree

that the increasing levels of international trade in goods and services
and the increasing international mobility of capital are two signs of this
rapid globalization. Other economists, such as Jones and Kierzkowski
(1990, 2000) and Venables (1999), also point to the increasing possibil
ities of international fragmentation, i.e., the splitting up of vertically in
tegrated production processes into separate components, which enable
a more rapid globalization ofthe world economy. Ifproduction process
es are fragmented, there is scope for international trade in intennediate
products as weIl as for the emergence of multinational companies, with
plants in different countries producing different components which are
then traded between plants within the multinationals.

The possibilities created by fragmentation have received consider
able attention in the recent literature, with most of the literature to-date
being concemed with theoretical issues, analyzing these mainly from
the point of view of the international trade literature using Ricardian
and Heckscher- Ohlin type models (see Deardorff 1998t 2000; Jones and
Kierzkowski 2000). Complementing this work, this paper undertakes,
to the best of our knowledge for the first time, an empirical study of the
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tieipants at the IESG conference at Warwick University~April 1999, and the EARIE
conference in Turin, September 1999, for helpful comments on an earlier draft of the
paper. Any remaining errors are mine. Financial support from the Faculty ofBusiness
and Management at the University of Ulster is gratefully acknowledged.
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extent and the determinants of fragmentation in US trade with the EU.
Data available from Eurostat enable us to analyze US trade with the EU
in intennediate goods, which are processed in the EU and then re-ex
ported to destinations outside the EU. This type of trade, which we use
as a proxy for the extent of fragmentation, is named "inward process
ing trade" (IPT). We are interested in the determinants of fragmenta
tion and, specifically, why a particular EU member state receives in
ward processing trade into a particular sector.

The paper is structllred as folIows. Section 11 discusses the empiri
cal background for our study and presents some descripti ve data on the
extent of US inward processing trade in the EU. Section 111 discusses
the determinants of fragmentation and specifies an empirical model of
the detenninants ofthe distribution ofUS IPT across EU countries. Sec
tion IV presents the results of an econometric estimation of the model,
using panel data for the period 1988-1994, while Section V summariz
es the main results of the paper and draws some conclusions.

11. Empirical Background

In order to meaSllre fragmentation it is helpful to note that fragmenta
tion can take place across borders or domestically, and it can be inter
finn orintra-firm. In the case of intra-finn fragmentation, domestic frag
mentation leads to the emergence of domestic multi-plant firms, while
international fragmentation leads to intra-firm trade between plants
within the same multinational company (MNC). In the case of inter
finn fragmentation, international fragmentation leads to inter-firm
trade.

This paper is concerned with international fragmentation, i.e., trade
in fragmented products across national borders. There have been, to the
best of our knowledge, only a few empirical studies, presenting descrip
tive statistics on the importance of trade as a means of fragmentation.
See, for example, Feenstra (1998) for fragmentation in the US, Kierz
kowski (2000) and Baldone et al. (1997) for Central and Eastern Euro
pean countries, and Ruane and Görg (2000) for Ireland.

One indicator of trade in fragmented components (rather than final
goods) is the extent of trade which is devoted to trading intermediate
goods which are processed abroad and are then shipped back to the horne
country for final production (see Kierzkowski 2000). Such data are
available for the EU, where Eurostat collects information on outward
and inward processing trade (OPT/lPT) in EU member states. Outward
processing is the customs arrangement allowing goods to be temporar-
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ily exported from EU territory for processing, and the resultant prod
ucts to be released for free circulation in the EU with total or partial re
lief from import duties. Inward processing is the duty relief procedure
allowing goods to be imported into the EU for processing and subse
quent export outside the EU without payment of duty. Thus, 1PT data
enable us to establish to what extent eountries in the EU are bases for
fragmentation and they, therefore, give a good indieation of the extent
of fragmentation across borders. Unfortunately, the data do not allow
us to distinguish between intra-finn trade, i.e., trade between different
plants within a multinational company, and inter-finn trade, i.e., trade
between different firms.

We foeus on the US as a source for 1PT because the US is a major
trading partner of EU eountries. According to Eurostat data, roughly 19
per cent of total imports from outside the EU were soureed from the US
and 18 pereent of total extra-EU exports from the EU were directed to
wards the US in 1994.1 Furthennore, as with many empirieal studies,
constraints on the data used for the empirical estimation below favour
the foeus on the US as a souree for fragmentation.

We analyze the development ofUS inward processing trade over the
period 1988-1994. The foeus on this period is rnainly due to data eon
straints, but the exelusion of earlier years also allows us to ignore pos
sible changes in inward processing trade following the introduction of
the Single European Market. While the Single Market was not complet
ed before 31 December 1992, the Single European Act, which intro
duced the commitment to aehieve the Single Market by the end of 1992,
came into effeet in 1987. One may, therefore, expeet market players to
have anticipated the effects of the Single European Market at least from
that point onwards (Aristotelous and Fountas 1996).

Table 1 presents data on US IPT as a percentage of total imports
from the US for the 12 EU member states. The percentage for the EU
12 as a whole inereased slightly between 1988 and 1994, perhaps re
fleeting a trend towards greater fragmentation of production over that
period (see also Baldone et al. 1997; Kierzkowski 2000). This trend is
partieularly striking for the peripheral countries, where the percentage
ofIPT inereased from around 14 pereent to 24 per cent ofDS imports.2

1 1994 is the latest year for which the data used in the empirical estimation below are
available. This implies that all data relate to the EU 12, i.e., the twelve member states
that formed the EU prior to the accession of Austria, Finland and Sweden in 1995.
2 Peripheral countries are defined as Greece, Ireland, Portugal and Spain. BeIgium, Den
mark, France, Germany, Italy, Luxembourg, the Netherlands and the UK are seen as
core countries.
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Table 1
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US 1PT as Percentage of US Imports by Country (per cent)

1988 1994

BelgiumlLuxembourg 12.5 16.9
Denmark 8.3 11.5
France 29.8 31.1
Gennany 13.1 16.7
Greece 12.0 4.0
Italy 9.9 11.1
Ireland 23.7 44.1
Netherlands 24.1 14.0
Portugal 4.6 6.2
Spain 10.3 11.9
UK 16.3 18.6

Core 18.1 18.9
Periphery 13.7 23.7
EU 12 17.7 19.8

Source: Calculated from Eurostat, Intra- and Extra-EU Trade (combined nomenclature).
CD-ROM.

Table 2 - US IPT as Percentage of US Imports by Sector (per cent)

1988 1994

EU 12 eore Periphery EU 12 Core Periphery

Food, Drink & Tobacco 5..0 5.9 1.5 4.4 5.2 0.8
Chemieals 16.2 15.7 20.1 16.0 14.7 28.1
Leather 29.5 13.8 78.2 21.7 11.4 62.3
Rubber 18.3 18.5 16.1 12.4 12.3 13.0
Cork& Wood 4.2 4.4 1.9 2.4 2.6 0.4
Paper 8.. 8 8..6 11.4 13.7 14.4 5.2
Textiles 11.0 10.3 17.1 11.0 9.6 24.9
Non-metallic Minerals 3.7 3.3 13.9 6.7 4.2 53.0
Metals 21.9 21.6 26.4 19.2 19.5 16.4
Metal Manufacturing 19.6 18.1 34.3 17.4 15.8 32.9
Industrial ~achinery 27.8 29.8 8.1 34.6 36.4 11.7
Electronics 15.5 15.1 18.1 21.0 17.5 46.2
Transport Equipment 32.1 34.8 12.5 24.8 27.6 4.6
Other Manufacturing 10.5 10.5 9.8 10.3 9.6 17.3

Total 17.1 18.1 13.7 19.8 18.9 23.7

Source: See Table 1.
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Increasing IPT inflows can be observed for almost aB member states
with the exception of Greece and the Netherlands. The most notable in
crease in IPT (by roughly 20 percentage points) is evident for Ireland,
which may suggest that Ireland has become an increasingly attractive
host for fragmented production over that period (Ruane and Görg 2000).

Table 2 presents the distribution of US IPT across manufacturing
sectors for the EU. Note that there are fairly high percentages of IPT
for the Leather and Textiles sectors, particularly in the EU periphery.
Given that inward processing trade allows the circumvention of tariff
baITiers, one may expect this type of trade to be affected by the corre
sponding patterns of tariffs. While it is arguably not very meaningful
to calculate tariffs for such highly aggregated sectors as used in this
paper,3 inspection of the range of nominal and effective rates of protec
tion calculated by Greenaway (1988) and Ennew et al. (1990) shows
that Leather and Textiles are sectors which include products that are
subject to high rates of protection. One may therefore expect inward
processing trade in these sectors to be a means to overcome high tariff
baITiers. Note, however, that IPT is not confined to these sectors; there
are high percentages of IPT for other sectors, most notably Industrial
Machinery and Transport Equipment as weIl.

The patterns of IPT differ for core and peripheral countries. Turn
ing to the eore countries first, the table shows that the Metals, Industri
al Machinery, and Transport Equipment seetors receive the highest per
centages of US IPT, and this has not changed by much between 1988
and 1994. The seetoral distribution of US IPT in peripheral countries,
however, has altered over the periode While the Leather sector receives
the highest percentages of US IPT in hoth 1988 and 1994 (perhaps due
to high rates of protection for particular goods in the sector), the Non
metallic Minerals and Electronics sectors have become the second- and
third-Iargest recipients of US IPT in 1994. In particular in the Elee
tronics sector, this development may reflect the impact of falling co
ordination eosts for produetion in that sectof. New technological devel
opments have led to an increasing "weightlessness" of production in
this sector (Quah 1996) which, combined with falling communica
tions and transport costs, have extended the tradability of electronics
products.

3 Girma et al. (1999) argue that an aggregation of tariff rates across sectors may be mis
leading as it does not take into account differences in tariffs across products. See also
Barrell and Pain (1999).
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111. Determinants of Fragmentation

Fragmentation of production is possible if intennediate produets can be
easily traded.4 Reductions in transport eosts as weIl as improvements
in communications over the last decades mean that trade has become
easier and less eostly, allowing fragmentation to oeeur (HaITis 2000;
Jones and Kierzkowski 2000) .. This leads to a re-organization ofthe pro
duction proeess, whereby the production of components can be re-allo
cated around the glübe.

The issue of interest in this paper is what determines the allocation
of fragmentation aeross countries, i.e., how eompanies decide on the
host country for the production of fragmented components. If the EU
were one homogenous producer market, we would expect fragmented
production to be randomly distributed aeross member states. If US pro
ducers perceive differences across locations in the EU, however, we
would expect systematie differences in the distribution of fragmenta
tion across EU countries.

As argued above, fragmentation ofproduction can lead to intra-finn
trade between different plants within the same multinational compa
nies. This process has recently been fonnalized by Venables (1999). If
transport costs are low, a firm may find it profitable to loeate the pro
duction of intermediate goods or the assembly of the final product to a
low-wage country, which is effectively a fragmentation of produetion
leading to intra-finn trade.5 This argument also implies, however, that
a country which is host to a Iarge stock of multinational companies may
also be likely to be a base for fragmentation, as MNCs may re-locate
the produetion of components to countries where they already have sub
sidiaries. In other words, a large part of intra-firm trade between plants
within the same multinational may be trade in fragmented components.

There are, of course, other explanations as to why a country eould
be a base for fragmentation even without involving multinational com
panjes. For the production of an integrated product where hoth the inter
mediate good A and the final output Bare produced using labour and
capital inputs, Venables (1999) shows in a partial equilibrium analysis
that, in a two-country setting, a reduction in transport costs ean lead to

4 Venables (1999) shows that fragmentation is impossible if transport costs are very
high, and becomes possible as transport costs are reduced.
5 Zhang and Markusen (1999) also discuss vertical multinationals which fragment pro
duction through "locating skilled-Iabor-intensive phases of operation in a skilled-Iabor
abundant country and unskiIled-labor-intensive or resource-intensive phases in suitable
locations" (p. 234).
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(1)

a relocation of production. Depending on their respective capital inten
sities, either the production of A or B will move to the low-wage ecoß
omy to exploit factor cost differences between countries. A country with
relatively low labour costs may, therefore, be more likely to be a hast
for the production of fragmented components than a country with high
labour costs.

Jones and Kierzkowski (2000) argue that fragmented production
allows greater possibilities for the exploitation of gains from special
ization. The production of components can be dispersed globally ac
cording to countries ' comparative advantages. This implies that a cOUß
try with a comparative advantage in sector i is more likely to be a host
for fragmented production in that sector than another country, ceteris
paribus. In the conventional framework, differences in factor endow
ments across countries are the source for different comparative advan
tages.

The literature leaves us, therefore, with three predictions for the em
pirical analysis. Other things being equal, we would expect a country i
to attract the production of fragmented components in sector j if it has
(i) a large stock of MNCs, (ii) low labour costs and (iii) a comparative
advantage in that sector. This leads to the following empirical model:6

IPTijt = aa + al FDlijt +~ WAGEijt + a3 CAijt

+ Pi + Vj + 8ijt ,

where the dependent variable IPTijt is defined as the ratio of US IPT to
total imports from the US in country i and sector j at time t. FDlijt is the
stock of US foreign direct investment in country i and sector j at time t
as a percentage of GDP, WAGEijt is a sectorallabour cost variable and
CA ijt is a proxy for a country's comparative advantage in a sector. The
term J.Li is a country-specific time-invariant and unobservable effect,
such as culture or language, Vj is a sector-specific time-invariant unob
servable effect (for example, the level of technology), and eijt is the re
maining period-specific eITor tenn, assumed to be independent across
countries, sectors, and over time.?

6 As pointed out above, tariffs mayaiso have a role to play in deterrnining the total lev
el of inward processing trade. However, tariffs are not included in the empirical model
for two main reasons. First, tariffs may affect each member state equally since there is
no independent trade policy of individual EU countries. Second, as pointed out above,
it is doubtful whether a calculation of tariff rates at such a highly aggregated level is
meaningful.
7 We also experimented with the inclusion of time-specific effects in the empirical mod
el, but statistical tests showed that the inclusion of these effects was not appropriate.
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There is a possible problem with the model in (1) in that FDI may
itself be positively influenced by a country's comparative advantage
(Milner and Pentecost 1996) and the level of labour costs (Barrell and
Pain 1996). In order to overcome this difficulty, we estimate an auxil
iary equation

FDlijt = ßo + ßI CAijt + ß2 WAGEijt + eijt (2)

and use the residual eijt from this regression as a proxy for US FDI.. 8 In
other words, the residual reflects the share of US foreign direct invest
ment that is not explained by either comparative advantage or labour
costs and is, therefore, employed as a proxy for FDlijt in (1).

IV. Econometric Estimation

1. Data

Data for the dependent variable and the comparative advantage vari
able are taken from the Eurostat CD-ROM: Intra- and Extra-EU Trade
(combined nomenclature), which provides intra- and extra-EU trade sta
tistics for all member states. The empirical measurement of compara
tive advantage is problematic, and this fact has been discussed exten
sively in the literature (see, for example, Deardorff 1980 and Ballanee
et al. 1987). The main problem is that comparative advantage depends
on relative autarkie prices, which are not observable post-trade.. How
ever, only post-trade events ean be measured empirically. Therefore,
several post-trade indicators of"revealed comparative advantage" have
been suggested in the literature, which can be assumed to give a rea
sonably good approximation of actual comparative advantages.

We calculate two measures of revealed comparative advantage,
namely

CA 1ijt =(Xijt - Mijt)/(Xijt + Mijt), (3)

Le., the net trade ratio, which has been used as a measure of revealed
comparative advantage in recent papers by Lundbäck and Torstensson
(1998), Milner and Pentecost (1996) and Neven (1990). Also, we cal
culate the simple ratio of exports over imports,

CA2ijt = Xij/Mijt,

as used by Driffield and Munday (2000) ..

H See Kokko (1994: 283) for a similar exercise.

(4)
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Data on labour costs are available from the US Department of La
bor. They report hourly compensation costs for production workers in
manufacturing for 31 countries and 40 manufacturing industries. We
use an index for relative Iabour costs, i.e., labour costs in the EU coun
try relative to the US, as a proxy for WAGE. 9

Finally, the data on US foreign direct investment are taken from data
available from the US Department of Commerce. The data relate to US
FDI stocks in manufacturing and services industries, which are collect
ed by the US Department of Commerce for more than 50 countries. FDI
is calculated as the ratio ofUS FDI stocks by sector j over GDP in cOUß
try i at time t. GDP data for EU member states are taken from Eurostat
statistics. 1o

2. Results

We estimate (1) and (2) with data for 14 manufacturing sectors for the
period 1988-1994. The results for estimating the auxiliary regression
in (2) using OLS are presented in the Appendix. Equation (1) was esti
mated using fixed-effects panel data regression techniques as described
by Baltagi (1995). The fixed-effects model was deemed preferable for
the estimation of country-specific effects to a random-effects specifi
cation because we follow a specific set of countries over time. While
the fixed-effects model purges country-specific effects, we include sec
toral dummies in the estimation to control for sector-specific effects as
specified in the equations above. All estimations are performed in Sta
ta 6.0.

Table 3 presents the results of the estimation of (1) using available
data for all EU countries. We estimate four alternative specifications:
Columns 1 and 2 use CA 1 as the measure of cornparative advantage and
show the results of the estimation without and with sectoral dummies,
respectively. Columns 3 and 4 include CA2 as independent variable and
also show results excluding and including dummy variables for sectors,
respectively. As the F-statistics show, the hypothesis of identical coun
try-specific effects can be rejected in all four specifications. Also, the

9 One may argue that the CA 1 and CA2 variables are correlated with the WAGE vari
able. In a correlation analysis we found only a very weak correlation (correlation coef
ficient equal to 0.35 between CA 1 and WAGE and 0.05 between CA2 and WAGE). The
correlation coefficient between CA 1 and CA2 is 0.63.
10 We use lagged variables for all right-hand side variables. In the case of the revealed
comparative advantage measures, this is partly because of the possible endogeneity
between CA 1 or CA2 and the dependent variable, if data for the same year were used.
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Table 3
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Econometric Results for Estimation for All EU Countries
,.....

Variable (1) (2) (3 ) (4)

CAI 0.1223 0.1365 - -
(0.0185)*** (0.0185)***

CA2 - - 0.0097 0.0135
(0.0043)** (0.0041)***

FDI 4.8113 7.2519 5.3566 7.9046
(1.2453 )*** (1.2506)*** (1.2647)*** (1.2670)***

WAGE -0.0013 0.0006 -0.0011 0.0007
(0.0003)* ** (0.0004)* (0.0003)*** (0.0004)*

Sector 1 - -0.0150 - -0.0141
(0.0230) (0.0234)

Sector 2 - 0.0812 - 0.0717
(0.0244)*** (0.0248)***

Sector 3 - -0.0046 - -0.0091
(0.0250) (0.0255)

Sector 4 - 0.0615 - 0.0542
(0.0233)*** (0.0237)**

Sector 5 - -0.0190 - -0.0442
(0.0239) (0.0241)*

Sector 6 - 0.0708 - 0.0406
(0.0253)*** (0.0250)

Sector 7 - 0.0426 - 0.0354
(0.0235)* (0.0238)

Sector 8 - 0.0694 - 0.0770
(0.0236)*** (0.0240)***

Sector 9 - 0.1968 - 0.1916
(0.0254)*** (0.0258)***

Sector 10 - 0.1351 - 0.1336
(0.0243)*** (0.0248)***

Sector 11 - 0.1315 - 0.1241
(0.0239)*** (0.0242)***

Sector 12 - 0.1332 - 0.1186
(0.0237)*** (0.0240)***

Sector 13 - 0.1225 - 0.1054
(0.0266)*** (0.0268)***

CONSTANT 0.27470 0.0135 0.2394 -0.0106
(0.0292)*** (0.0447) (0.0294)*** (0.0460)

# of observations 736 736 736 736
F (Ho: an = 0) 20.05 13.82 10.37 11.80
F (Ho: J.Li = f..Ls) 4.82 5.22 5.20 5.07
F (Ho: Vj = Vk) - 11.69 - 12.12
R2 0.12 0.26 0.08 0.26

Note: Fixed-effects panel data estimation, standard error in parentheses. - ***,
**, * denote statistical significance at the 1 per cent, 5 per cent, 10 per cent level,
respectively. - With 11 countries, 14 sectors, and 7 years one may expect 1,078 ob-
servations. The smaller number of observations is due to missing values in the da-
ta far some of the independent variables.
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hypothesis ofidentical sector-specific effects can be rejected, and hence
the specifications including sectoral dummies, Le., columns 2 and 4, are
preferred. The results for the specifications in columns 2 and 4 are very
similar in their magnitudes and confidence levels.

The FDI variable turns out to have a positive and statistically sig
nificant coefficient. Note that this variable is measured as a percentage,
which makes the interpretation of the coefficient straightforward. For
example, in the specification in column 2, an increase in FDI stocks by
one percentage point leads to an increase in US IPT of 7.3 percentage
points, ceteris paribus. The results indicate that the presence of US for
eign direct investment in the EU member country has a positive impact
on US inward processing trade in the respective country. This suggests
that US multinationals in the EU are engaged in intra-finn trade, i.e.,
they ship intennediate products to their affiliates in the EU. These af
filiates process the intennediate goods and re-export them to destina
tions outside the EU, either back to the parent company in the US or for
final consumption or further processing to other locations world-wide.
In other words, this proportion of production is not intended to serve
the European market, which is in contrast with the frequently asserted
opinion that US multinationals in the EU locate there in order to estab
lish a base to serve the Enropean market (Balasubramanyam and Green
away 1992; Aristotelous and Fonntas 1996). While our results do, by
no means, contradict this assertion, they do suggest, however, that the
use of the affiliate in the EU as a base for fragmentation is also an im
portant factor. This finding clearly deserves further research.

The WAGE variable is also statistically significant and positive in
the preferred specifications. This implies that higher labour costs seem
to make a particular sector in a country more attractive for US inward
processing trade; a result that may seem odd at first sight. However, if
we think of the WAGE variable as a proxy for different skilileveis in
different sectors, the result does appear reasonable. Higher-skilled la
bour can be expected to be paid higher wage rates than Iow-skilled la
bour. The results may, hence, indicate that sectors with higher skililev
eIs, i.e., higher levels ofhuman capital, receive higher levels afDS IPT,
ceteris paribus.

As regards comparative advantage, CA 1 and CA2 produce statisti
cally significant and positive coefficients in the preferred specifications.
This suggests that, controlling for the level of US PDI, the wage rate,
and other sector- and country-specific effects, a country which has a re
vealed comparative advantage in the production of a good also attracts
US inward processing trade into this sector. This finding is in line with
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the prediction of international trade theory regarding the dispersion of
fragmentation around the globe (see Jones and Kierzkowski 2000).
Since the dependent variable and the CA variables are measured in per
centage terms, the interpretation of the coefficient is straightforward.
For the results reported in column 2, an increase in CA 1 by one percent
age point will lead to an increase in US IPT by 0.1 percentage points,
ceteris paribus.

The regression also ineludes thirteen sectoral dummies, keeping the
"'Other Manufacturing" sector as a base comparison. The results in col
umn 2 show that only sectors 1, 3 and 5 (Food, Drink & Tobaeco;
Leather; Cork & Wood) are not statistically significantly different from
the base sector, while all other sectoral dummies have statistically signif
icant positive coefficients. The results for the specification in column 4
are very similar, the only difference being that the eoefficient for Seetor 5
(Cork & Wood) is statistically significant negative (albeit only at the
10 per cent level) while the coefficient for Sector 7 (Textiles) is not sta
tistically significant. These results reflect that production in same sectors
may be more likely to be fragmented than in others. For example, elec
tronies production (such as manufacturing af pes) may easily be frag
mented, whereas the production of wooden fumiture can be assumed to
be less likely to be split up into various components due to bulky inputs.

In order to shed some more light on the issue of why a particular
EU member state receives US IPT into a particular sector, we divide
our sampie of countries into eore and peripheral countries. The latter
sampIe consists of data for Greece, Ireland, Portugal and Spain, while
the fonner contains data for the other eight memher states (Belgium,
Denmark, France, Germany, Italy, Luxembourg, Netherlands, UK). As
Görg and Ruane (1999) find, production activities of US companies
show different patterns in EU core and peripheral countries. While US
companies in core countries are dispersed across all manufacturing sec
tors, peripheral countries show evidence of sectoral specialization, i.e.,
US companies are concentrated in a small number of industrial sectors
rather than being dispersed across the whole spectrum of manufactur
ing sectors. Therefore, we rnay expect that there are different determi
nants of US IPT in the eore and periphery as welt If a large share of
IPT is intra-finn trade, IPT will be more sectorally specialized in pe
ripheral countries and may~ therefore, be more strongly influenced by
the stock of FDI or comparative advantage, ceteris paribus.

Table 4 presents the results for the estimation of (1), using data for
eore countries. As in the estimation reported in Table 3, we can reject
the hypothesis of identical country-specific and sector-specific effects
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Table 4 - Econometric Results for Estimationfor EU Core Countries

Variable (1) (2) (3) (4)

CAI 0.1008 0.0791 - -
(0.0203)*** (0.0211)***

CA2 - - 0.0401 0.0329
(0.0088)*** (0.0090)***

FDJ -5.7839 -0.5436 -6.0844 -0.8448
(2.3414)** (2.6312) (2.3559)** (2.6439)

WAGE -0.0013 0.0005 -0.0012 0.0005
(0.0002)*** (0.0004) (0.0002)* ** (0.0004)

Sector 1 - -0.0153 - -0.0160
(0.0229) (0.0229)

Sector 2 - 0.0670 - 0.0716
(0.0253)*** (0.0253)***

Sector 3 - 0.0178 - 0.0206
(0.0248) (0.0249)

Sector 4 - 0.0348 - 0.0367
(0.0232) (0.0232)

Sector 5 - 0.0150 - 0.0107
(0.0232) (0.0233)

Sector 6 - 0.0776 - 0.0763
(0.0251)*** (0.0251)***

Sector 7 - 0.0058 - 0.0072
(0.0233) (0.0233)

Sector 8 - 0.0121 - 0.0126
(0.0241) (0.0241)

Sector 9 - 0.1360 - 0.1375
(0.0262)*** (0.0262)***

Sector 10 - 0.1049 - 0.1065
(0.0246)*** (0.0246)***

Sector 11 - 0.1602 - 0.1609
(0.0243)*** (0.0243)***

Sectar 12 - 0.0813 - 0.0831
(0.0238)*** (0.0239)***

Sectar 13 - 0.1360 - 0.1386
(0.0279)*** (0.0279)***

CONSTANT 0.2793 0.0225 0.2301 -0.0213
(0.0283)*** (0.0504) (0.0298)*** (0.0506)

# of observations 523 523 523 523
F (Ho: an = 0) 20.14 11.26 18.82 11.18
F (Ho: /-Li = J.Ls) 7.13 8.70 7.50 8.98
F (Ho: Vj = 'Uk) - 8.66 - 8.90
R2 0.09 0.20 0.08 0.19

Note: Fixed-effects panel data estimation~ standard errar in parentheses. - ***, **,
* denote statistical significance at the 1 per cent, 5 per cent, 10 per cent level, res-
pectively.
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and we, therefore, prefer the specifications including sectoral dummies
as reported in columns 2 and 4. Inspeetion ofTable 4 shows that, in con
trast to the results reported in Table 3, only the coefficients of the com
parative advantage variables are statistically significant. In other words,
the presence of US FDI, or the level of labour casts in a seetor, do not
seem to explain the location of US inward processing trade across core
countries, other things being equal. However, a country's comparative
advantage does have a positive effect on its receiving US IPT. In terms
of sectoral dummies, sector 2 (Chemicals), sector 6 (Paper) and sectors
9-13 have statistically significantly positive coefficients. It is worthy
of note that especially sectors 2 and 9-13 are mainly high-technology
sectors, and the results suggest that these sectors are more likely to show
fragmented production than other (low-technology) seetors.

The results in Table 5 relate to the estimation of (1), using data for
EU peripheral countries only. The test statistics for F (Ho: Jli = f.Ls) show
that the hypothesis of identical couDtry-specific effects cannat be re
jected for the estimations in columns (1) and (3) and the fixed-effects
model may, hence, not be appropriate in this case. We also estimated
the specifications in columns (1)-(4), using simple OLS, which yield
ed similar results. 11 To maintain consistency we, therefore, report the
results ofthe fixed-effects estimation in Table 5. The F-test for the sig
nificance of sectoral dummies allows us to reject the hypothesis of iden
tical sector-specific effects, which implies that eolumns (2) and (4) show
the results for the preferred specifications.

The results show that the presence of US foreign direct investment
has a positive impact on the Ioeation ofDS IPT in a peripheral country.
This suggests that the possibility of fragmented production may be at
least one of many factors that attract US PDI inta a particular sector in
an EU peripheral country. However, as Table 4 shows, this does not
seem to be an important factor for US IPT in core countries. These re
sults suggest that US multinationals use their affiliates in peripheral
countries in part as a base for processing intennediate goods, which are
then shipped to destinations outside the EU. As pointed out above, this
finding does not reject the view that US finns locate in EU countries to
service the EU market, it merely suggests that not all of the output pro
duced is being sold within the European market.

The WAGE variable is also statistically significant and positive, as
in Table 3. This implies that higher labour costs seem to make a partic
ular sector in a country more attractive for US inward processing trade,

11 These results are not reported here but can be obtained from the author upon request.
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Table 5 - Econometric Results for Estimation for EU Periphery
Countries

Variable (1) (2) (3) (4)

CAI 0.1078 0.0888 - -
(0.0358)*** (0.0378)**

CA2 - - 0.0059 0.0144
(0.0061) (0.0053)* **

FDI 6.1786 6.7594 6.4323 7.0219
(1.8472)*** (1.6380)*** (1.8693)*** ( 1.6332)***

WAGE 0.0037 0.0024 0.0047 0.0025
(0.0013)*** (0.0013)* (0.0012)*** (0.0013)*

Sector 1 - -0.0524 - -0.0512
(0.0466) (0.0464)

Sector 2 - 0.0954 - 0.0785
(0.0481)** (0.0463)*

Sector 3 - -0.0529 - -0.0603
(0.0505) (0.0502)

Sector 4 - 0.1039 - 0.0947
(0.0464)** (0.0456)**

Sector 5 - -0.1490 - -0.1853
(0.0511)*** (0.0527)***

Sector 6 - -0.0102 - -0.0414
(0.0538) (0.0482)

Sector 7 - 0.1219 - 0.1149
(0.0470)** (0.0464)**

Sector 8 - 0.1916 - 0.1944
(0.0458)*** (0.0453)***

Sector 9 - 0.3062 - 0.3062
(0.0520)*** (0.0518)***

Sector 10 - 0.1479 - 0.1358
(0.0532)*** (0.0522)***

Sector 11 - 0.0177 - -0.0092
(0.0517) (0.0470)

Sector 12 - 0.1815 - 0.1631
(0.0493)*** (0.0474)***

Sector 13 - 0.0035 - -0.0251
(0.0533) (0.0484)

CONSTANT -0.0644 -0.0444 -0.1516 -0.0682
(0.0813) (0.0918) (0.0786)* (0.0294)

# of observations 213 213 213 213
F (Ho: an =0) 9.7 11.56 7.61 11.76
F (Ho: /-Li = J.L.,') 0.73 2.35 1.28 3.55
F (Ho: Vj = Vk) - 11.08 - 12.26
R2 0.28 0.56 0.25 0.56

Note: Fixed-effects panel data estimation, standard error in parentheses. - ***,
**, * denote statistical significance at the 1 per cent, 5 per cent, 10 per cent level,
respectively.
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ceteris paribus. Furthennore, the results show that, ceteris paribus, a
country's revealed comparative advantage has a positive effect on the
level of US IPT in peripheral countries. Inspection of the sectoral dum
mies shows that there are also same differences to the results in Table
4. While sectors 2, 9, 10 and 12 show statistically significant coeffi
cients (as in Table 4), the coefficients for sectors 4, 7 and 8 are also sta
tistically significant and positive in Table 5. Sector 5 has a statistically
significant negative eoeffieient, while the eoefficients for sectors 6, 11
and 13 are statistically insignificant. These differenees between core
and peripheral countries suggest that the loeation of a sector matters.
Für example, while produetion in the Industrial Machinery sector in
core countries is more likely to be involved in fragmentation than the
average (as measured by Other Manufacturing), this does not seem to
be the case in peripheral countries.

v. Conclusions

Advances in communications and transportation technologies have in
creased the possibilities of fragmentation in production, i.e., the split
ting up of the production process into various components. This allows
the relocation of the production of components around the globe, taking
into account different country characteristics. The purpose of this paper
is to analyze the extent of US fragmentation, measured as inward pro
cessing trade, in the EU and the determinants of the distribution of US
IPT across EU member countries.

Our empirical analysis of US inward processing trade in EU coun
tries gives support to the prediction of international trade theory, name
ly, that the distribution of fragmented production around the glübe will
be according to countries' comparative advantages. We find that a
country's comparative advantage has a positive effect on its receiving
US IPT. We also find that, in peripheral countries, the stock of US FDI
has a positive effect on US IPT, suggesting that at least part of the in
ward processing trade going into peripheral countries is intra-finn trade
between different plants of the same multinational eompany. Further
more, the extent of US IPT into peripheral countries is positively relat
ed to their wage rates relative to the USo This may suggest that US IPT
moves to countries with high skill levels, as proxied by higher wage
rates. The stock of US FDI and the wage rate do not seem to affect US
IPT in eore countries, however.

The results in this paper, which should be seen as a first step towards
analyzing empirical data in an area that has not received much atten-
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tion heretofore, clearly Ieave a number of issues for further research ..
For example, the positive relationship between FDI stocks and inward
processing trade in peripheral countries indicates that it may be worth
investigating whether FDI is intended to service local markets or wheth
er its purpose is to shift parts of the production process to locations with
lower labour costs, as postulated by Venables (1999) and Zhang and
Markusen (1999). Furtherrnore, the positive relationship between the
relative wage rate and US IPT needs further investigation, as this result
is contrary to the expectation of a negative relationship between the two
variables.

On a more general level, it may be worthwhile to investigate further
the impact of advances in communications and transportation technol
ogies, and the resulting cast reductions on fragmentation. Liberaliza
tion of services, both at national and international levels, mayaiso be
expected to have had an impact on these costs. While it was not pos
sible to include a measure of such costs in the analysis in this paper, due
to data constraints, it should be an interesting issue for further research
to investigate this link in more detail.

Appendix

Table Al - Econometric Results fOT FD! Equation

Variable (1) (2) (3) (4) (5) (6)

CAI 0.0041 - -0.0000 - 0.0034 -
(0.0009)*** (0.0005) (0.0020)*

CA2

WAGE

CONSTANT

0.0002 - -0.0000 - 0.0005
(0.0002) (0.0002) (0.0004)

-0.0001 -0.0001 -0.0000 -0.0000 0.0003 0.0003
(0.0000)*** (0.0000)** (0.0000)** (0.0000)** (0.0000)*** (0.0001 )***
0.0072 0.0055 0.0033 0.0033 -0.0080 -0.0110

(0.0008)*** (0.0008)*** (0.0005)*** (0.0005)*** (0.0025)*** (0.0022)***

Numberof
observations
F (Ho: all =0)
R2

736
12.66
0.03

736
3.47
0.01

523
2.24
0.01

523
2.24
0.01

213
42.54

0.28

213
41.59

0.28

Note: Standard error in parentheses. - ***, **, * denote statistical significance at
the 1 per cent, 5 per cent, 10 per cent level, respectively. Columns (1) and (2) re
port results of the estimation, using data for all EU countries, columns (3) and (4)
using data for EU core countries, columns (5) and (6) using data für EU peripheral
countries.
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***

Abstract: Fragmentation and Trade: US Inward Processing Trade in the EU. 
Fragmentation, which refers to the splitting up of a previously integra~ed pro:duction
process into separate components, is seen as one of the reasons for the Increaslng glo
balization of the world economy. This paper undertakes an empirical study cf the ex
tent of US inward processing trade (IPT) in the EU, which we use as a proxy for frag
mentation in trade. We also provide empirical evidence on the determinants of the dis
tribution of US IPT across manufacturing sectors in the twelve EU member states. Dur
results give support to the importance of comparative advantage for the sectoral distri
bution of US IPT. Also, we find that the labour costs and the level of US PDI stocks af
feet US IPT in EU peripheral countries, while they do not seem to have any impact on
EU core countries. JEL no. F14, L14.
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*
Zusammenfassung: Die Aufspaltung von Produktionsprozessen und interna

tionaler Handel: Die Lohnveredelung amerikanischer Unternehmen in der EU. - Die
Fragmentation, die sich auf die Aufspaltung von bislang vertikal integrierten Produk
tionsprozessen bezieht, wird als einer der Gründe für die zunehmende Globalisierung
der Weltwirtschaft gesehen. Dieser Artikel unternimmt es, empirisch den Umfang der
Lohnveredelung amerikanischer Unternehmen in der Europäischen Union zu untersu
chen, bei der amerikanische Unternehmen im Rahmen ihrer weltweiten Strategie
zunächst Zwischenprodukte in die EU-Länder importieren, dort in Tochterfirmen wei
ter veredeln und dann wieder aus den EU-Ländern exportieren. Aufgezeigt wird die em
pirische Evidenz von Determinanten, die die Verteilung der Lohnveredelung über die
Industriesektoren in den zwölf EU-Mitgliedstaaten bestimmen. Die Ergebnisse bekräf
tigen die Bedeutung der komparativen Vorteile für die sektorale Verteilung der Lohn
veredelung. Außerdem zeigt sich, dass die Lohnkosten und der Bestand amerikanischer
Direktinvestitionen die Lohnveredelung amerikanischer Unternehmen in den Ländern
am Rande der EU beeinflussen, während sie für die Kemländer nicht von Bedeutung
sind.
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