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Deter minants of
| nter national Fragmentation of Production
in the European Union

Abstract

The last decades were characterized by large sesan world trade, not only in absolute
terms, but also in relation to world GDP. This watarge parts caused by increasing ex-
changes of parts and components between coungi@sc@nsequence of international
fragmentation of production. Apparently, greatempetition especially from the Newly
Industrializing and Post-Communist Economies praugdirms in ‘high-wage’ countries
to exploit international factor price differencesomler to increase their international com-
petitiveness. However, theory predicts that, befadeor price differences, vertical disin-
tegration of production should be driven by a nwdte of additional factors. Against this
background, the present paper reveals empiricdeage on parts and components trade
as an indicator for international fragmentationpadduction in the European Union. On
the basis of a panel data approach, the main explstfactors for international fragmen-
tation of production are determined. The resultswstiat, although their influence can not
be neglected, factor price differences are onlyaurteof many causes for shifting produc-
tion to or sourcing components from foreign co@stri

Keywords: Economic Integration, International Fragmentation of Production

JEL classification: F14, F23, L23
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Zusammenfassung

Die zurlckliegenden Jahrzehnte waren weltweit durch eine erheBliggweitung der
internationalen Handelsstrome, nicht nur absolut, sondern auch in Relatiowelim

BIP, gekennzeichnet. Dies ist zu einem Grof3teil auf den zunehmendenakeia Han-

del mit Vor- und Zwischenprodukten als Folge der internationalen Fraggmeng der
Produktion zuriickzufihren. Offensichtlich hat der im Laufe der Zeit zunstheniater-
nationale Wettbewerbsdruck, insbesondere seitens der stdostasiatiscden martel-

und osteuropaischen Lander, die Unternehmen in Hochlohnlandern veranlasstj-interna
onale Unterschiede in den Faktorpreisen, vor allem in den Arbeitskoste3temerung

ihrer preislichen Wettbewerbsfahigkeit auszunutzen. Allerdings digdVerlagerung

von Teilelementen der Wertschopfungsketten ins Ausland aus theoretisttien&ben
Faktorpreisunterschieden, von einer Vielzahl weiterer Faktoren estifor diesem
Hintergrund veranschaulicht der vorliegende Artikel auf der Basatebdller Daten zum
AulRenhandel mit Vor- und Zwischenprodukten das Ausmal} der internationalen Frag
mentierung der Produktion in der Europaischen Union. Zudem werden im Rahmen einer
Paneldaten-Analyse die wesentlichen erklarenden GrolRen der vertiafigmaltung

von Wertschdpfungsketten bestimmt. Die Ergebnisse zeigen, dasstioteateaUnter-
schiede in den Arbeitskosten zwar ein wesentlicher, aber dennoch rerklérender
Faktor unter vielen sind.

Schlusselworter: Internationaler Handel, Europdaische IntegratiogmErdierung der
Produktion

JEL-Codes: F14, F23, L23
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1 I ntroduction

During the last decades, international trade flows increaseerbusly all over the
world, not only in absolute but also in relative terms, e.g. in relédiovorld GDP. But
the potentials of traditional theoretical approaches for explaihisgphenomenon are
limited (Krugman 1995). This is for instance the case for reductiotransport costs
and tariffs in the context of several GATT agreements. Althohgin influence should
not be disregarded, they can hardly explain the growth in world tsske €.9. Yi
(2003)). Another reason for the growing shares of trade in GDP altlwer@vorld might
be seen in increasing similarities of countries with resge¢e¢onomic) sizes, since
these have a positive influence on the exchange of varieties bettwezan(Helpman
1987). But this second artifact is too, like many others, insufficamnéxplaining the
increase in world trade in the last decades. The shortcomingldfainal trade models
is probably the fact that they do not incorporate the changing natunéeofational
trade which could be observed during the last years, namely thesingrexchange of
parts and components as a consequence of international ‘fragmentation’ of production.

Apparently, trade liberalization did not just affect trade flowtsvben countries in a di-
rect way by stimulating the exchange of final goods through redadéfd.tBut through
increasing competition in the face of globalization, primarily produgehighly devel-
oped countries were seeking to reduce production costs in order to enttreeiscom-
petitiveness. Beside other strategies, this can be achieved ttipgpip vertically inte-
grated production processes and by relocating different parts of padabains to dif-
ferent regions or countries in order to exploit factor price dffees between them
(Feenstra 1998). Trade in intermediate goods or parts and componentsnbebwat-
ries is often used as a suitable indicator for this phenomenon. Dbengast twenty
years, this kind of trade has grown faster than total trade ahé imeantime reaches a
share of more than 30 percent in total transport and machinery immpQECD count-
ries (Yeats 2001). The causes for such a fragmentation of producti@harotihe one
hand be based upon different requirements in factor intensities, sngghat more la-
bor-intensive fragments are located in labor-abundant, lower waigaségpuntries and
more capital-intensive fragments in more capital-abundant regoumgfes (endow-
ment differences in the Heckscher-Ohlin style). On the other hareredif fragments
might require different labor skills, implying that some regiamihtries’ labor skills
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are more appropriate to one fragment and other regions’/counthbes’dkills are more
suited with respect to another fragment of the production processdRic productiv-
ity differences).

The phenomenon of the tremendous increases in trade with parts and components
tered into the literature under the labels ‘slicing up the valum’'cfi&ugman 1995),
outsourcing (Feenstra and Hanson 1996), disintegration of production (Fe€edja
intra-product specialization (Arndt 1997), vertical specializatiorla@a 1967) or, as
already mentioned, fragmentation of production (Deardorff 1998, Jones armt Kier
kowski 1997). According to Hummels et al. (2001), international fragmentafi pro-
duction occurs when: (1) a good is produced in at least two sequesgies s(2) two or
more countries provide value-added during the production of the good and (&3tat le
one country must use imported inputs in its stage of the production pracdssome of
the resulting output must be exported. Thus, fragmentation of production boosts
tries’ international trade in two ways: Firstly by incregsimports of intermediate
goods and, secondly, by exports of final goods or processed parts and components
which incorporate the formerly imported intermediates. The more sggjustages in
different countries the production process of a good contains, the mareaiiteal
borders will be crossed during the production and the more internatiadel will be
induced.

Whereas earlier the process of fragmentation of production tookgitee countries,
the reduction of trade barriers and costs of coordination simplifiedstiadlishment of
international or even global production networks. Especially within Esist and be-
tween the U.S. and Mexico the shares of parts and components imadeagtew con-
siderably since the 1960s. In Europe, trade structure between Cedtigastern Euro-
pean countries (CEECs) and the old EU-Member States changed tharihg90s in a
similar way: the shares of capital goods and parts in totié tbatween several Eastern
and Western European countries increased at the expense of traé godds. Fur-
thermore, an increasing correlation between imports and exports s toeintries
could be observed, suggesting that fragmentation of production playsvefiean im-
portant role (Kaminski and Ng 2001). But since the causes for thisogavenht might
be manifold and can probably not only be assigned to the opening up of East@rn
pean markets with considerably lower production costs, deeper analysis is yecessar

Although the phenomenon of international fragmentation of production is nét real
new, it gained attention especially by the integration of the Wewdustrializing coun-

tries in East Asia and the former communist countries of EaEt@ope into the inter-
national division of labor. But empirical work on the basis of internativade data is

so far mostly based on statistical analyses of trade flowsjyrfacused on East Asia
(see e.g. Ando 2006, Athukorala 2006, Yi 2003, Kaminski and Ng 2001). Another
strand of the literature focuses on the implications of fragmentaf production for

the labor markets (see e.g. Helg and Tajoli 2005, Falk and Wolfra@gé). The few
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studies dealing with the causes of the phenomenon, which, as alreathnettan be
manifold, are in large part either based on input-output analysisnfyie £ountries or
microeconomically funded using intra-firm data (e.g. Borga and 26ib&, De Simone
2004). Empirical analyses based on trade data for European countrigsi@e to
outward processing trade (OPT) (e.g. Baldone et al. 2001, Egger aed HE}ip).
Baldone et al. found that outward processing trade between four Wastefive East-
ern European countries is determined mainly by labor cost differandegeographical
and cultural proximity. Egger and Egger also find that cost diffees and service link
costs are essential determinants for outward processing tragdeehetastern and
Western European countries. But since both analyses focus on outward pgotass,
the whole extent of international fragmentation of production is undeetstl. Addi-
tionally, data for OPT are available only until 1999. So the recebtgrved tendency
that firms apparently withdraw delocalization of production is not covered. Moreover, as
almost all other empirical studies on this issue, the absolutks lefzeutward process-
ing trade between countries are explained, but not their share linréal@. Thereby,
these empirical models are kind of gravity approaches. In thesesnpdsdlems might
arise from the fact that many of the explanatory variables tleemde trade in general
and thus intermediate goods and final goods trade in the same wayif Totad bilat-
eral trade in parts and components acts as dependent variable, onearethesump-
tions of fragmentation theory presuming that the influence of thqdaratory vari-
ables on intermediate goods trade is even stronger than on tradaligdods is ne-
glected. Hence, these models fail to explain trade structurenanchanging nature of
trade.

In the present paper, extent and determinants of international fitegroe of produc-
tion in the European Union shall be identified. Although differences in productists,
especially labor costs, between countries are supposed to havedféistgneentation of
production during the last decades, it is assumed that factor pgfexenices are a nec-
essary, but not the only sufficient condition for international fragatiemt of produc-
tion. In the following section 2 the theoretical background on fragmentafi produc-
tion and different explanatory factors will be reviewed. Aftedsain chapter 3 empiri-
cal evidence for the extent and the regional orientation of partsangdonents trade
between selected European countries is presented. In section 4, a mppletdsta test
for the different theoretical hypotheses in order to identify thie eheterminants of dis-
integration of production processes in the European Union. Finally, secttosés
with some concluding remarks.
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2 Theoretical Background

The phenomenon of international fragmentation of production can occur irdifieze
ent kinds: (1) outward processing trade (OPT), (2) vertical spetiah, and (3) out-
sourcing. All of these forms can involve direct control of the foraigihcontractor if
they are accompanied by foreign direct investment. Outward processitegincorpo-
rates vertically linked production systems where production phasespahapal’s
manufacturing activities are shifted abroad and products are temhpersgrorted for
processing and afterwards re-imported (back-and-forth transactiomse.ge Ando
2006). Since OPT concerns goods whose production process can be split ugento dif
ent phases, it is a subset of vertical specialization. But b@$ide the latter can also be
realized by market relationships without any participation of thecipal company in
the subcontractor’'s business activities. Outsourcing differs froticalespecialization
and OPT by the fact that intermediate goods cross internationardortg once. Only
if the final goods manufactured with imported intermediates acedsmhestically, out-
sourcing is at hand, but if the final goods are at least panplgreed this transaction en-
ters the domain of vertical specialization (Fabbris and Malan@@@0). These new
kind of trade patterns of countries in many regions in the world engefigpm disinte-
gration of production challenged once more traditional trade theorigscal'\North-
South inter-industry trade diminished more and more in favor of intratnydnade,
even between countries for which traditional theory of comparative adpemntvould
predict persistent inter-industry trade caused either by diffeseimcresource endow-
ments or productivities. For the great majority of countries, tiugease in intra-indus-
try trade was largely due to augmenting international exchawfgparts and compo-
nents (Ando 2006).

According to theory, vertical disintegration of production processessaatifferent
countries should be driven by comparative advantages either in thdiRicaense, i.e.
by productivity differences, or in the Heckscher-Ohlin style, i.e. idoement based
factor price differences (Jones and Kierzkowski 2001). As a resottugtivity or fac-
tor endowment differences should motivate fragmentation of productiondreteent-
ries. But, as stressed by some authors, in the case of intern&tagmaéntation of pro-
duction the orthodox framework of comparative advantages has to be regarded more dif-
ferent than in the standard final goods case. For a final good, coimpadvantages
can be derived as long as the good fully incorporates country spetifive endow-
ment and/or productivity characteristics. But in the case of featgtion of production,
different country specific advantages are combined. This could fantesimean that a
country exporting a final good does not necessarily need to have cargarchtanta-
ges in each stage of the production process or, put differently, toamnéry, even if it
seems to have a comparative advantage in the production of a final ggiodtiog
from a certain industrial sector, might have comparative disadwmntagingle stages
of the production process. In such a case, splitting-up the value cloaus &br a more
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in-depth specialization within single industries. Subsequently, trade ftan originate
in absolute cost advantages and the specific combination of producties lstegted in
different countries (De Simone 2004). But on the other hand, splitting up the value chain
Is not costless. Production in different locations or by differemisfineeds to be coordi-
nated and is connected for instance with costs of transportation, comatramimr insu-
rance. Thus, there is a trade-off between these so called é&sénkicosts’ and costs of
production blocks, since fragmentation can lower total marginal cdspsoduction
only at the expense of higher service link requirements (JonegkBveski and Lurong
2005). And service link costs are supposed to be unevenly higher if fragjioeraf
production doesn’t take place within a single country, but on an internakswehland
coordination has to be arranged across borders.

Although not falling directly in the category of service link cobtsriers to trade, such
as tariffs and non-tariff barriers to trade, are an essential detarnof fragmentation of
production (Deardorff 1998). A reduction of tariffs and/or non-tariff besrie trade
would, in the presence of international fragmentation of production, boostatitamal
trade in parts and components considerably more than trade in final gmogsin the
former case the production process of a good is connected with severaldoosdangs.
In case of a tariff reduction of one percentage point, production coatgadd produ-
ced in N sequential stages with each stage in a different gouotrld reduce by more
than one percentage point, compared to a 1 percent reduction in casgoiba good
that is completely produced in one country and afterwards exporte2D(8). Hence,
the level of tariffs and/or non-tariff barriers to trade iseasial for the degree of frag-
mentation of production. The same holds for transportation costs, which begbit
higher relevance for trade in parts and components than for tradwligdéiods due to
the above mentioned fact that in the first case the number of shgpnseg with the
number of sequential production stages. Consequently, international fragorertf
production should be the higher, the lower transportation costs between eoanéri
(Golub et al. 2007). Thus, the decline in transportation costs during theelzades
should have promoted delocalization of production (Jones 2000). Basically, ttanspor
tion costs are the higher, the greater the distance between esusitiBut additionally,
the quality of infrastructure should have a significant influence amsportation costs
(Bougheas et al. 1999).

Beside distance and quality of transportation networks, further impataments of
service links are (tele-)communication technologies. As alretadgds it can be assu-
med that domestic service links are cheaper than those requiremhfecting produc-
tion blocks located in different countries. And not only transportation eostgariffs,
but also the costs of other services, as for instance internaetemahone calls or insur-
ance services, declined due to greater competition, whereasuhiabgity increased

in course of deregulation. This contributed to the ‘death of distancemadeé coordi-
nation of production blocks around the world feasible (Jones and Kierzkowski #001).
the context of service links, imperfect competition and increaghgns to scale are
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relevant. Under these assumptions, higher output levels would lower usiircaster-
national production networks since service links involve chiefly fixedscasd output
increases in different production blocks of a firm would only marginatirease total
coordination costs (Jones and Kierzkowski 2001). Subsequently, from a micro@conom
perspective, fragmentation of production becomes more cost-effitierigrger market
potentials and firm sizes are. From a macroeconomic perspectde]snn the spirit of
the new trade theories emphasize that comparative advantages dayratdoiminant
role for trade flows between developed countries. Similarly toitiad doods case, it is
rather imperfect competition and productivity gains of intermedjateds producers
stimulating intra-industry trade in homogenous or differentiated medrate goods.
Therefore, in the presence of monopolistic competition in intermegstds markets,
the size of economies becomes a crucial determinant of interridtiagaentation of
production and trade in differentiated intermediate inputs between @suriEthier
1982).

In the context of market sizes, another aspect is of importantee 8agmentation of
production is always connected with the search for potential parabeosd, firms
should prefer to concentrate their search on thicker markets, becsus®re likely to
find a business partner with the appropriate skills for producing compamesgsvices
for the final producers needs in larger countries. Inversely, input pnsdudarge mar-
kets serving more costumers probably fare better than competdorssimaller count-
ries (Grossman and Helpman 2005). In the presence of low transportation casts| regi
concentrations of intermediate input producers may result in agglboreeffects or
network externalities, for instance by spillover effects, the cdraton of human ca-
pital or the proximity to research facilities in core regi@sigman 1991). Moreover,
an augmenting number of firms in a country does not only increase thieddctfor fo-
reign firms to find appropriate suppliers for intermediate inputheénrespective coun-
try, but also the countries potential for outsourcing. Thus, internati@gahéntation of
production and trade in parts and components between countries should inctease
the number of firms, be it in the exporting, the importing or in both countries. Of course,
the costs and likelihood of finding a suitable partner in foreign mavikdtadditionally

be affected by the technology for searching. And these costsgailh @epend on the
quality of a countries (tele-)communication-infrastructure.

Further aspects influencing a firms decision for slicing up the value cttamationally
can be political conditions, either the political frameworks in paietdrget countries
or the political conditions between countries involved in the processiofedjsation of
production. Beside others, the risk of political instabilities, uncerés about political
measures, legal uncertainty, exchange risks or imminent trattietiens should lower
the willingness of firms to relocate stages of the productiomnclzaother countries.
Subsequently, parts and components trade should be higher between countries belonging
to areas of regional integration not only due to the reduction of bracers between
member countries, but also because trade with other member comigirde viewed
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as being somehow more secure or less likely to encounter disruptions or restihetions t
trade with non-member countries (Yeats 2001).

Finally, factor price differences have to be reconsidered. Asdsgdiove, differences in
factor prices originating from differences in factor endowmenigaductivities should
motivate the relocation of different parts of the production chain terdift locations.
But, as already mentioned, fragmentation of production will only talee placost sav-
ings from producing fragments in countries with different factargsriare large enough
to offset the needs for additional resources. Beside the above dedmrbers or costs
originating from fragmentation of production, further aspects concefaatgr endow-
ments or productivities have to be considered. A necessary preconditefirfarto re-
locate parts of the production process is the ability of potentiiigrarabroad to manu-
facture components or services according to its specific needse&ghar the one hand
firms seek to exploit different factor prices between countoeshe other hand factor
endowment or productivity differences should not exceed a certain degree this
would require high investments in the foreign production network or local thhuea
sources in order to customize the externally procured inputs to te oketne principal
firm. Thus, although fragmentation of production should on the one hand be encouraged
by factor price differences, it should on the other hand simultaneousiyited by di-
verging labor force qualifications and states of production technolbgiggeen coun-
tries (Grossman and Helpman 2005). Not only labor skills and educatiorisbuteh-
nological capabilities and the willingness of a country to overcomenpak defi-
ciencies in these areas, e.g. by investments in research and dergl@preducation,
are prerequisites to integrate in the process of production shatingigh-wage coun-
tries (Yeats 2001). Hence, it can be assumed that internatiorexkedifes in research
and development expenditures as an indicator for human capital endowmusthk-or
nological capabilities of countries will have a negative influemcefragmentation of
production.

On the basis of these theoretical fundamentals, an empiricabsnafifhe determinants

of fragmentation of production between selected European countridsevatinducted.
But first of all, in the following section, empirical evidence acad# in parts and com-
ponents as an indicator for fragmentation of production between Europeanesountr
will be regarded.
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3 Empirical Evidence

The analysis of trade in parts and components was for a longnipseled by a lack of
statistical data, since international trade data did not distimdpeésveen components
and assembled products. But already with revision 2 of the Standarthtideal Trade
Classification (SITC) system and especially with revision 3 an idertidrcaf parts and
components trade became much easier, at least in the two main gnadys (SITC 7
and 8). These groups (machinery and transport equipment (SITC 7) amtlanesaus
manufactured articles (SITC 8)) account for about 53 percent ofttadi in goods for
the selected European countries and for around 70 percent of trade maotdactur-
ing. At least for the remaining manufactured products not containel @ @oups 7
and 8 the shares of parts and components trade in total trade wélptbdacts can be
assumed to be quite similar (Yeats 2001). For the SITC groups 7 and@jta#51217
subgroups at the 5-digit-level (168 in SITC 7 and 57 in SITC 8) arelfiddras parts
and components (see e.g. Athukorala 2006)the subsequent empirical analysis, bilat-
eral trade flows between the following 17 European countries werstigated with re-
spect to parts and components trade: Austria, Bulgaria, BelgiunGzibeh Republic,
France, Germany, Great Britain, Hungary, Ireland, Italy, the Matias, Poland, Portu-
gal, Romania, Slovakia, Slovenia and Spain. On the one hand, the selecbantats
was based on data availability. On the other hand, the country sam@asmsdfestern
European ‘high-wage’ countries, Southern European countries, which (pmaslg)i-
enced sharp increases in trade and FDI flows with Western Europaatries in the
1980s (Buch et al. 2001), and finally Eastern European economies as imparipiAt
ents of foreign direct investment flows from Western Europe since the 1990z3urSé¢ c
as mentioned in chapter 2, fragmentation of production must not negessadgbn-
nected with foreign direct investment. But nevertheless, if onlg paftragmentation of
production go hand in hand with direct control of foreign firms by the pahciompa-
nies, FDI flows could act as a robust indicator for the establishofeinternational
production networks.

Figure 1 illustrates for each country the shares of parts and contp@xgorts and im-
ports in total trade in SITC groups 7 and 8 with different country groug802. For
all of the Western European countries, the share of parts and compon20@ was
highest in trade with the Eastern European countries and, with taptiexcof France,
lowest in trade with the Southern European countries. Interestingly thd exception
of France, for each of the Western European countries intermed@de gades’ share
in total trade is higher in trade with the remaining Western European iesuh@n with

1  Alist of the SITC groups defined as parts anehgonents on the 5-digit-level can be obtained en re
quest.

2 Parts and components exports and imports in $B3ps 7 and 8 divided by total SITC 7 and 8 ex-
ports to and imports from the respective countougr
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the Southern European countries. For the Southern European countries ltaigalPor
and Spain parts and components’ share in total trade is also higtieshevEastern
European countries and lowest within the group of Southern European courgrias. A
as the Eastern European countries are concerned, the share ohgartsn@onents is
highest in trade with the Western European countries, with Bulgadd&omania being
the only exceptions. For the latter, the high shares of parts and contgptaele with
the group of the Southern European countries is probably caused by substzhdial
volumes in the textiles and clothing sector with Italy in teoh®utward processing
trade. Overall, the share of parts and components trade in totaidragest for the
Eastern European countries, again with the exception of Bulgaria@ndria. In first
sight, these facts suggest that the prevalent hypothesis impiffreg outsourcing from
Western to Eastern European countries or back-and-forth trade betwestarmwand
Eastern European countries holds. But this has to be considered in more detalil.

Figure 1:
Share of Parts and Components Trade in Total Trade by Country Groups in 2005.

%
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Source: EUROSTAT

Figure 2 illustrates the relative trade balances in parts amganents trade of single
countries with different country groups, calculated by parts and compdnaasbal-
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ance in relation to total parts and components trade. The results shbigare 2 indi-
cate that for many countries trade in parts and components is bakhced. As for
Western Europe, Belgium is the only country with a significantdefi parts and com-
ponents trade with the Eastern European countries. But on the other hiamd, dmed
the Netherlands as well as the Southern European countries have atsiderpluses
in intermediate goods trade with the former communist countriesAdsiria, France,
and the United Kingdom, deficits in parts and components trade occuly méimlthe
remaining Western, but not with the Eastern European countries. Consggpartt
and components trade of the Eastern European countries is too neartgbtals-a-vis
the Western European trading partners, as only Bulgaria, Hungaryl@rehid show
greater imbalances. Beside intermediate goods trade of Ireldniti@ Netherlands with
the Eastern and Southern European countries, considerable trade imbalaheesx-
change of parts and components do only occur within the group of the Southern Eur
pean countries, between ltaly as well as Portugal and EastespeEamd Portugal and
the other Southern European countries. Similarly, for the Eastern Enropaeatries
significant imbalances in parts and components trade occur maithiy ihe country
group, as is the case for the Czech Republic, Slovenia and Slovakiaghtdeficits in
parts and components trade of Slovakia with the Southern European coungigg e
from high imports especially of parts for aircraft, automobiled electrical and elec-
tronic equipment, primarily from Italy, but also from Spain.

Albeit slight differences from country to country, Figure 2 shows t¢arall, the re-
garded ‘high-wage’ Western European countries are no net-importpestefand com-
ponents from Eastern and Southern Europe. The mostly balanced or abtdaighly
imbalanced accounts in intermediate goods trade for most of thededg#/estern
European countries with the groups of the Eastern as well as thee8Bo&uropean
trading partners (and vice versa) presented in Figure 2 shed ligradenpatterns be-
tween these countries. Since imbalances in intermediate goodarteadath the excep-
tion of Ireland and the Netherlands, mostly limited, trade betwese tt@intries might
either take place in the form of back and forth transactions digase of outward
processing trade, where intermediate goods are temporarily ekparferther process-
ing abroad and afterwards re-imported. Alternatively, the struofuparts and compo-
nents trade could result from vertical specialization in partsamgponents production,
suggesting that according to factor endowments Western European epsgpgcialize
on higher quality and more capital intensive parts and components, witgrgesance
the Eastern European countries focus on lower quality and more labuwsiveténter-
mediate goods. A closer analysis of the determinants of trasgensatibserved between
the considered countries follows in section 4.
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Figure 2:
Parts and Components Trade Balance in Relation to Total Partsoamub@ents Trade

by Country Groups in 2005.
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4 Empirical Analysis

4.1 Dependent and Explanatory Variables

Subsequently, an econometric panel data approach is applied to detberimuence
of different explanatory factors on parts and components trade betaeetries. The-
refore, bilateral datasets for 136 country pairs (i and j) and thffszent years with
parts and components trade as the dependent variable enter into the §artpland
components trade between countries i and j includes exports from cotmtguntry |

as well as exports from country j to country i. Data were dria@m the EUROSTAT
database for the years 1999, 2002 and 2005.

In terms of the independent variables, theory predicts that coungy gliay a crucial
role. In the context of new trade theories, the presence of monopotistjetition and
economies of scale should motivate intra-industry trade in partsangooents bet-
ween countries. Therefore, theoretical models postulate that grogstaoproducts of
trading partner countries should have a positive influence on bilatatshmges of in-
termediate goods. However, in the present analysis instead ofdgnoestic products
of trading partner countries i and j average turnover per company mahefacturing
industries corresponding to SITC groups 7 and 8 was calculated to in¢erpooao-
mies of scale on the microeconomic levéb§). This indicator is more precise than
average GDPs, since the existence of economies of scale dos steaking not de-
pend on market, but on firm sizes. For instance, in the Eastern Eurapednes firm
sizes could still be comparatively large as a result of iisdareasons despite relatively
small domestic markets. Due to the theoretical suggestion dbatication costs bet-
ween different elements of production networks are almost independenotput, in-
creasing firm sizes should lower unit costs in production networkshemdbly foster
fragmentation of production and bilateral trade in intermediate goddsfdr all other
sector specific explanatory variables, the dataHo§ were drawn from the EURO-
STAT database in those NACE-categories corresponding to SITC-groups 7 and 8.

For capturing the negative influence of trading partner countriekenghickness on
the costs of searching potential partners in foreign markets andnhtetal costs of
fragmentation of production, the number of firms abroad shall be takemdntmnt.
But not only the number of establishments in trading partner countbes also in the
home country i should stimulate fragmentation of production and bilgtartéd and
components trade, since the potential for shifting production to or sowamgonents
from foreign countries rises with the number of domestic firmsicelethe variable
NOF; represents the total number of firms in both trading partner countaresj. The
higher the number of establishments, be it in country i, in countrinjlweth countries,
the higher bilateral parts and components trade should be. Of courseintber of
firms variable could seem to be contradictory to the economiesalef gariable, since
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an increasing number of firms would ceteris paribus lower the paitémtifirm specific

scale externalities. But in contrast, in the presence of aggiioe effects additional
external economies of scale or regional network externalitmddaoccur and could
compensate diminishing firm specific scale externalities.

Whereas firm sizes affect service link costs per unit of outpetabsolute level of ser-
vice link costs between different production sites depend inter alteansportation
costs. But these are not only determined by total distances betifieeant locations,
but also by the quality of infrastructure. To reflect transportatmsts, distances (by
road) between the capital cities of countries i and j are incdgubia the variable
DISTj, which is expected to have a negative influence on the exchanget®fapdr
components between countries. The quality of the road network is embothedveri-
ableHIGHWAY§, which stands for the share of highways in total distance between t
capital cities of countries i and j. The higher the share of highwatotal road network
between the capitals of countries, the more parts and componentslitadd take
place between them, since delivery times, which are cruciabotuption networks, are
reduced drastically.

As pointed out earlier, service link costs depend furthermore on tHalahgi and pri-
ces of banking, insurance and telecommunication services in the respetintries.
Strictly speaking, an aggregate service variable should bedre&irporating all kind
of services relevant to the issue. But this would raise new propfemisistance with
respect to weighting single elements of the indicator. Insteaidiebteansportation costs
and quality of infrastructure as two elements of service linksctis¢ numbers of inter-
net hosts per ten-thousand inhabitants in both trading partner counttibe ailded as
a third indicator for service link costs representing the counteéstommunication in-
frastructure. But of course, not the average number of internet hostsnpdousand
inhabitants in the respective countries is relevant, but only the mveeof the values in
countries i and j, because the lower value represents the restiactor. Therefore, the
variable minWEBHOST;Scomprises the minimum number of internet hosts per ten-
thousand inhabitants of trading partner countries i and j. A positive iropdcagmen-
tation of production is expected.

Finally, it can be assumed that, beside the level of service distis,cfragmentation of
production depends on other costs and potential risks associated wittotiatioe of
parts of the production chain to foreign countries, like for instandéstand non-tariff
barriers to trade or political risks and uncertainties. But simtg European countries
are considered, these costs should be presumably low. First ofitdhytharriers to
trade also in the Eastern European countries were nearly abolisiietP@ft the first
year in the sample, by the European Agreements which came intoufaric1996. Sec-
ond, the fact that EU accession of all Eastern European countsesgwesed on in 1999
already, only the perspective of EU accession and the institutefoais carried out in
the face of EU accession should have considerably lowered politioaitaintes and
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risks and should have promoted the relocation of parts of production chaimsséo t
countries from Western Europe. Therefore, the introduction of a vadaptering po-
litical risks and/or barriers to trade was abandoned.

Differences in factor endowments or productivities and resultirtigrfacice differences
between countries are often said to be the most prominent factesniggragmenta-
tion of production. Therefore, differences in labor productivity between ¢gesim@nd |
(absolute value) in the NACE-categories corresponding to SITC 7 prati8ct groups
were calculated using value added per employee as a proxy foaldalpdr ratios
and/or productivity difference<C{DIFF;). According to traditional trade theories, this
variable should have a positive prefix. But, as stated above, traditiadaltheories fo-
cussing on comparative advantages might be shortcoming in the conteagroénta-
tion of production, because a country might export parts of a final goodifeveloes
not have comparative advantages in the relevant industry as a whala|yoiat parts of
the production process of goods emerging from that sector. Hence, iiidelaCDIF-

Fij, which embodies absolute labor cost differences per employee betaaetnes i
and j in the NACE-categories corresponding to SITC groups 7 and &rasluced.
These were calculated by the sum of wages, salaries and secigity contributions
divided by the total number of employees (full time equivalents) inrdéispective
NACE-category. Labor cost differences between countries aretexip® have a posi-
tive influence on bilateral trade in intermediate goods. But, as pomieearlier, shift-
ing parts of the production chain from high-wage to lower-wage cosngi®n the
other hand limited by the capabilities of foreign affiliates atrgas to manufacture in-
termediates according to the needs of the final producers. Whilseamne hand, the
more heterogeneous countries are in economic terms, the highempfactodifferences
between them, but the greater the differences in their techndlegidéor human re-
source capacities. It is assumed that countries’ technologjgabitiies and human ca-
pital endowment depend on research and development expenditures and thdtehigh di
rences in R&D-spending reduce the extent of fragmentation of produotitveen
them. The variabl&iTRDIFF; covers the differences in technological capabilities and
human resource endowment differences measured by differences ipresrdreial
R&D-expenditures in relation to turnover in the manufacturing sectarelea countries

i and j and should have a negative impact on bilateral parts and comptwadatsOf
course, diverging research and development expenditures could also jetetemn a
similar way asCLDIFF;, because they can enlarge factor productivity as well as en-
dowment differences between countries against the background of thact@opiro-
portions theorem. Therefore, the influence on parts and components tradalsould
positive.

Before the empirical analysis is carried out, the dependent v@shblld be reconside-
red. As mentioned earlier, fragmentation of production between coush@sgd be
measured by bilateral exchanges of parts and components. Problemsansig from
the circumstance that parts and components trade is only a shatal ittade. Since
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many of the explanatory variables do not just influence trade inriethate products,
but total trade in the same way, the results of the econome#igsa could be mislea-
ding and falsely interpreted if the absolute level of parts and comi{zotmade between
countries would be chosen as dependent variable. For instance, on the Hdfescot
theoretical approaches one could argue that reductions in servicadinkaasportation
costs or larger firm sizes should not only promote trade in pads@mponents, but
trade in general (Jones et al. 2005). But the logic of fragmentagony says that most
of the explanatory variables should have a stronger impact on tradermediate pro-
ducts than on trade in final goods. Consequently, not the total volume irapart®m-
ponents trade between countries, but its share in total trade shotidses @as depend-
ent variable. So, the variadRCSHARE stands for parts and components trade in SITC
groups 7 and 8 divided by total trade in the respective product groups hevegries

i and j (exports from country i to country j as wadl exports from country j to country i).

4.2 Mode and Econometric I mplementation

On the basis of the precedent considerations, the following econopeatet data mo-
del can be derived:

PCSHARE;: = a + B Xijt +vm Yit + M (1)

wherePCSHARE; stands for the relative share of parts and components trade in SITC
groups 7 and 8 between countries i and j in peridg is the set of n industry-specific
explanatory variablesyj: is the set of m country-pair specific variables apdrepre-
sents the error term. Whereas the set of country-pair speaifi@bles comprises the
distance, highway and internet-hosts indicators, the set of industifispariables
contains all other explanatory variables which of course could alstedaibed as
country-pair specific, but data for these variables were drawn ontipdasel. The
emerging panel data set covers t8antry pairs and three periods, leading to a total of
408 observations. In the first step, a pooled OLS regression techniqueewiksed
which, if indicated by test statistics, has to be extended bgt Bixel/or random effects
estimations. But first of all, the problem of multicollinearibpsld be addressed. A test
reveals a high correlation coefficient of 0,78 for the labour produc(@itypIFF;) and
labour cost differencd.CDIFF;) variables. From an economic perspective, this result is
not surprising and one could argue that labour unit cost differencésearere suitable
indicator. But for the issue at hand, this might be questionable, sincer|productiv-
ities and thus labour unit costs depend largely on production technologyearabar
trarily to labour costs, in large parts firm-specific. Therefor can be assumed that at
least in the case where firms are searching for potentatidos for affiliate companies
rather labour costs than labour unit costs will be considered. Thuabthe productiv-
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ity variable shall initially be left out. The results of the pdo@LS regression on the
basis of equation (1) are presented in Table 1.

Table 1:
OLS Estimation Results
Variable Coefficient Standardized t-statistic

(Beta-) Coeffi-

cient

Constant 1.0119** n/a 2.186
EoS 0.0358 0,0753 1.430
NoF; 0.0583*** 0,1452%** 3.074
LCDIFF; 0.0812*** 0,2554*** 4.659
miNWEBHOSTS 0.0868*** 0,2283*** 4.594
DIST;; -0.0818*** -0,1391*** -2.945
HIGHWAYS;; 0.0743* 0,1213* 2.365
HTRDIFF; -0.0468*** -0,1369*** -2.700

Significance levels: ***(1%), *(5%), *(10%). —&= 0,21. — No. of Obs. = 408

Source: Own calculations

As can be seen from the results in Table 1, many of the explanatory varraldeméi-
cant with the expected sign. If the labour cost difference varfaBIBIFF;) is replaced
by the labour productivity variabl€eC{DIFF;) the results are quite similar, implying
that both, differences in labor costs and/or labor productivities aenté3 But a
problem of the simple OLS regression technique could be individual, inakéscoun-
try-pair specific effects which would lead to biased estimateseliminate this short-
coming, fixed effects models are a suitable instrument, sinseafiproach permits to
consider unobserved heterogeneity of individuals. In the one-way fixertseffedel,
this heterogeneity is assumed to be constant over time for eaciduadli In the empiri-
cal analysis at hand, the pooled OLS model of equation (1) would chaagsm®sway
fixed effects model of the following form:

PCSHARE; = o + B Xii +ym Yi + 8 + wi (2)

As in equation (1)PCSHARE stands for the share of parts and components trade in to-
tal trade of SITC groups 7 and 8 between countries i and j in petigdi$, as above,

the set of n industry-specific variables arjdrepresents the set of m country-pair spe-
cific variables.s; represents the fixed effects of each country pair i and j vérelzon-

3 Results might be obtained on request.
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stant over time. Of course, in the fixed effects model due to cullitiearity problems
the variableDIST; andHIGHWAY$ do not appear in the model equation. Whether a
fixed effects model is superior to the pooled OLS regression calereed from the
likelihood ratio test. The test statistic (cross-section chivejud 407.26 underpins the
superiority of the fixed effects model over the pooled OLS reigrestherefore, the es-
timation shall be rerun. The results of the fixeg@@t estimation are presented in Table 2:

Table 2:
One-way Fixed Effects Estimation Results
Variable Coefficient Standardized t-statistic

(Beta-) Coeffi-

cient

Constant -1.0190 n/a -0.414
EoS 0.1987* 0,4177* 1.734
NoF; 0.1067 0,2656 1.001
LCDIFF; -0,0283 -0,0890 -0,710
mMiNWEBHOSTS 0.0611** 0,1605** 2.558
HTRDIFF; -0,0251 -0,0739 -0,659

Significance levels: ***(1%), *(5%), *(10%). — &= 0,55. — No. of Obs. = 408

Source: Own calculations

With the fixed effects model, most of the formerly significaxyplanatory variables turn
insignificant. According to the fixed effects estimation resdittgymentation of produc-
tion is neither influenced by endowment, productivity and/or factor pritereinces nor

by factors other than internet hosts influencing the costs of sligirige value chain in-
ternationally. But in light of the poor results of the fixed eSeestimation, another op-
tion shall be tested, namely the application of a random effects model.

Contrarily to the fixed effects approach, random effects modeélsrathe assumption
that the heterogeneity of observations is not based on individual fifess elbut is in-
stead randomly distributed. In the random effects model presented iorg(&), v
represents the random effects, which should be normally distributed.

PCSHARE; = a + Bn Xjit +vm Yijt + Vij + Wit )

The assumption that individual differences are now considered as ranstombaices
requires that the regressors and\thare uncorrelated. To control for this assumption,
the Hausman-Test is applied. The resulting chi-square testistatith a value of 5.85
indicates that the individual effects seem to be randomly distdlartd hence argues in
favor of the random effects model. In the random effects model, ttacksand high-
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way variables are re-integrated again. The results of the raetfents estimation are
shown in Table 3.

Table 3:
Random Effects Estimation Results
Variable Coefficient Standardized t-statistic

(Beta-) Coeffi-

cient

Constant 0.9493 n/a 1.544
EoS 0.0564* 0,1185* 1.752
NOF; 0.0542** 0,1348* 2.169
LCDIFF; 0.0566*** 0,1780*** 2,744
miNWEBHOSTS 0.0736*** 0,1935*** 3.955
DIST;; -0.0727** -0,1236** -2.059
HIGHWAYS;; 0.1259*** 0,2055*** 3.103
HTRDIFF; -0.0349* -0,1021* -1.720

Significance levels: ***(1%), *(5%), *(10%). — &= 0,17. —No. of Obs. = 408

Source: Own calculations

According to Table 3, all explanatory variables are again sogmfiwith the expected
sign. As the results of the statistically firm random effetiodel show, international
fragmentation of production measured by the share of parts and compoagais to-
tal bilateral trade depends on firm specific factors as agetn infrastructural and cost
determinants. As for the firm specific factors, firm sized aconomies of scale pro-
mote bilateral parts and components trade significantly. Althougbrding to new
trade theories economies of scale are supposed to foster traatemlgtheir influence
on trade in intermediate goods is apparently higher than averageforeeas postu-
lated by Jones and Kierzkowski (2001), greater levels of firms outgoueage greater
degrees of fragmentation due to strong increasing returns toiscaevice link activi-
ties. Moreover, increasing numbers of firms in trading partner cesrdagem to foster
intermediate goods trade and thus fragmentation of production. Like aasleeof firm
sizes, the number of firms’ influence on parts and components tréages than on
trade in final products. On first sight, this might appear & Ikit astonishing since a
growing number of firms in both trading partner countries would cgpandus dimin-
ish economies of scale. But the influence of the number of estabtishme bilateral
parts and components trade is quite manifold. First, with a growing mwhfiens a
countries’ potential either to offer intermediate products for §or@artners or to source
components from abroad rises. Second, search costs for potential pabtroerd di-
minish with increasing ‘market thickness’. In this context, rignugnbers of firms in
trading partner countries, similarly to the final goods case,tteat increasing supply
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of differentiated intermediate goods and thus increase intra-indtestiey not only in fi-
nal products, but also in parts and components. Finally, agglomeratiots effal net-
work externalities come into force leading to decreasing unit costs of ed&i® goods
producers in core regions.

As far as factor prices and endowments are concerned, labor destraiés do influ-
ence bilateral trade in parts and components significantly inxghected positive way.
But if the LCDIFF; variable is replaced by the labor productivity variable, the ledter
also highly significant, as was already the case in the si@p& estimation. Thus, la-
bor cost and factor endowment differences are crucial factorexfdaining interna-
tional fragmentation of production between countrigst interestingly, differences in
research and development expenditures chosen as an indicator for ditecgimgjogi-
cal capabilities and/or labor force qualifications do apparentlyenfie the establish-
ment of international production networks in a negative way. This canting empiri-
cal artifact that lacking abilities of potential partner cowstio adopt their production
processes qualitatively to the needs of principal firms in highlyeldped countries
limit the establishment of international production networks.

As far as service link costs are concerned, all variablesigméicant. A growing num-
ber of internet hosts (per ten-thousand inhabitants) reflecting theydeihnsommunica-
tion networks and communication and coordination costs between productioncsites
reases the share of parts and components trade in total bileddeal As expected, dis-
tance between countries as an indicator for transportation cosis s@@xert a larger
influence on intermediate than on final goods trade. Additionally, intenstfrag-
mentation of production is positively correlated with the quality oBstfucture measu-
red by the share of highways in total distance between countries, Sugppbe hypo-
thesis that not only transportation costs, but also times areial daator for relocating
parts of the production chain.

The standardized (beta-)coefficients in Table 3 show that labodifesiences (resp.
endowment differences) do have a comparatively large influence eonattmal frag-
mentation of production. But the influence of service link costs, esjyectadrdination
costs measured by the availability of communication infrastrucasresell as the qual-
ity of infrastructure and shipping times seem to exert an evgarlanfluence on the
share of parts and components in total trade than labor cost differéterece, although
labor cost and/or endowment differences between countries undoubtedyetmigoter-
national fragmentation of production in the last decades, low semicedsts are a
necessary by-product. The influence of market thickness in tradingepaduntries as
well as firm sizes is, albeit significant, of minor importance.

After all, a concluding remark on the estimation results has todoke with respect to
the dependent variable. Since not the absolute level of parts and compadtbut

its share in total trade in the SITC groups 7 and 8 was chosepersldat variable, the
significant influences of some of the explanatory variables beeve® more remark-
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able. Of course, especially distances, the quality of infrasteycfums sizes and
economies of scale or communication networks between countries do iefimade in
general in a positive way. But the empirical results confirmhgpothesis that their in-
fluence on parts and components trade is apparently by far largeorihtagade in gen-
eral. Put differently, the fact that the firm size variable is not highlyfsgigni does only
mean that the influence of economies of scale on the internatiatedrege of parts and
components is not extraordinarily higher than on trade in final gootsugh its influ-
ence on the absolute level of parts and components trade between comotii@és
probably be highly significanContrarily, the impact of the endowment variables on to-
tal trade is unclear, since differences in endowments or facb@sshould increase in-
ter-industry, but reduce intra-industry trade. In contrast, their mflieon parts and
components trade is theoretically more clear-cut and could be confirmed enypirical
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5 Conclusions

In the course of the last decades, international tradeaseniedremendously not only in ab-
solute, but also in relative terms, i.e. in relatio world GDP. Additionally, the pattern of
international trade changed, as the share of partsoamgonents in total trade increased at
the expense of final goods and amounted to at 8aper cent in total exports of OECD
countries. These high shares of intermediate gwotigal trade are associated with inter-
national fragmentation of production which coulddiserved during the last decades as a
consequence of further trade liberalization efforts andeast by the integration of Newly
Industrializing and Post-Communist Economies itite international division of labor.
Theoretically, factor price differences and senick costs are supposed to be the driving
forces behind the phenomenon of disintegratiorradyction.

Although in the European Union the shares of intermediate goods tradenaparati-
vely high in trade between Western and Eastern European countripsptiiar belief
that Western European countries are net-importers and Eastern BEucopedries are
net-exporters of parts and components is not supported by empirical findings. Moreove
Belgium is the only Western European country with considerable cotiveadksad-
vantages in parts and components trade with Eastern Europe, wherdagdleKing-
dom, Ireland and the Netherlands even seem to have comparative advaniatgs
mediate goods trade with this country group. In contrast, Slovenia mntheEastern
European country with considerable comparative advantages in parts aponeoits
trade with the Western European countries, whereas Hungary, Sloudkiaetionally
Poland show, against one’s expectations, comparative disadvantages.ofhusst
countries parts and components trade seems to take place eitieefamt of back and
forth transactions or, alternatively, the structure of intermediabels trade results from
vertical specialization of countries in parts and components production.

In the preceding analysis, a panel data set with bilateral imapi@rts and components
between 17 European countries as an indicator for international fragimoenf pro-
duction was applied to identify the main determinants of the estat#ist of internatio-
nal production networks. The analysis revealed that the influencetof facce and/or
endowment differences on shifting production to or sourcing components freignfor
countries can not be neglected. But apparently, labor cost (resp. endpwiffergnces
are only one out of many explanatory factors. Additionally, transpamtatists and de-
livery times seem to influence international fragmentation of prtamlusignificantly.
Moreover, firm sizes, the number of establishments in trading patoetries and ser-
vice link costs measured by the availability of telecommunicagchnologies affect
the extent of bilateral trade in parts and components. Last butasot tkfferences in
research and development expenditures and thus labor force qualificadigmoaluc-
tion technologies alleviate delocalization of production. As far asndugnitude of the
different explanatory factors on the share of intermediate goddtairbilateral trade is
concerned, the influence of the quality of infrastructure and the derisitynmunica-
tion networks is even larger than that of factor price and endownféeredces. Thus,
service link costs seem to be not least important than differences in production costs.
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