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Abstract: 

The aim of this paper is to advance knowledge of production sharing networks in the 
automobile sector in the European scope since the mid-nineties. The analysis is based on the 
examination of parts and components trade flows. Firstly, the descriptive analysis shows the 
significance of the European automotive production networks and the increasing new 
Eastern member countries’ role in them. Secondly, using an extended gravity panel data 
model, we find that the participation in European automotive networks responds to 
comparative advantage. But other factors such as EU membership, headquarter effect and 
good quality infrastructure emerge as important determinants of networking. In this sense, a 
middle-income country like Spain has been the only EU-15 country which has managed to 
maintain its position as producer and exporter in the European networks despite the 
increasing force of some of the new EU accession countries.  
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1. Introduction. 

 In recent decades, within a context of increasing trade liberalization, advances in 

information technology, communication and transportation have favoured an important 

geographical reorganization process of production. This has caused the profusion and 

intensification of international production networks. The incorporation of China and other 

emerging countries with clear production cost advantages into the world market, in addition 

to another 12 countries joining the European Union (EU) which work with obvious 

advantages in relation to the more senior members of the Union, along with their proximity 

to major European markets, gives an additional impetus to the process. Companies of all 

sizes and international dimension are becoming fragmented and relocating various 

manufacturing stages to locations which offer the greatest competitive advantages. Faced 

with growing competition from lesser developed countries, those who are more advanced 

attempt to use this strategy to improve their production efficiency and thus strengthen their 

competitive position. 

 One of the pioneer sectors which rely most heavily on international (or more 

precisely, on regional) production sharing networks with regards to activity organization is 

the automotive industry. For this sector, global operation has in fact become a requirement 

for success as it has permitted its companies to not only open up new market opportunities 

but also be capable of exploiting different experiences and regional resources. The 

automotive industry is a highly important sector for the EU economy as it accounts for 

approximately 8% of its gross added value and 16% of manufacturing exports. Furthermore, 

it is an especially sensitive sector from a social point of view as it draws a large amount of 

employment (6.4% of total manufacturing employment) and creates a significant spillover 

effect, becoming a strategic activity in regions where the sector´s businesses are located. 

Therefore, relocation processes associated with production fragmentation often arouse 

considerable public alarm in those territories. Hence, the strengthening of this industry is 

one of the primary industrial policy objectives of numerous governments. 

In this context, the objective of this paper is twofold. Firstly, it aims to analyze the 

production sharing networks in the automotive sector in the European scope. Specifically, 

we will research the extent to which the European automotive industry is making use of the 

new global division of labour that exploits international production networks and how the 

abovementioned globalization tendencies have changed the networks configuration in recent 

years. We are particularly interested in examining the consequences that the EU 
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enlargement has had for the competitive position of the senior EU members in automotive 

networking, especially of those peripheral countries like Spain. Secondly, through an 

extended gravity model and using panel data techniques, we will study what the determining 

factors of European automotive sector participation in networks of fragmented production 

are. 

The existence of automotive networks has been evidenced in numerous researches 

through several approaches, mainly using the case study methodology (e.g. Guiheux and 

Lecler, 2000 for ASEAN region, Freyssenet et al., 2002 for America and Asia; or Feyssenet 

et al., 2003 for Europe). In this sense, the contribution of this study is the analysis of EU-25 

automotive industry using trade in parts and components (P&C from here on), a novel line 

of investigation developed beneath the cover of revisions of the classifications of 

international trade, conducted at the beginning of the current decade. This type of trade 

appears to be especially suitable for the analysis of international production networks 

because, due to its intermediate nature, its exchanges must necessarily be headed towards 

assembly or to its incorporation in later stages of the production process in another 

economy. The period studied is between 1995 and 2008; that is, before the international 

financial crisis broke out.  

To date, there is scarse empirical evidence based on this new line of research regarding 

the nature of international production networks, and even less in the particular field of 

determining factors of participation in them. The majority of studies concentrate on the 

analysis of Asian countries (Ng and Yeats, 1999; Athukorala, 2005; Athukorala and 

Yamashita, 2006; and Kimura et al., 2007), or on Eastern Europe (Kaminski and Ng, 2001 

and 2005). Although, to a lesser degree, the most developed areas have also been subject to 

some studies, as is the case of the OECD in Yeats, (2001). 

In the scope of the European Union, one can emphasize the works of Görg (2000), 

Baldone et al. (2001), Barba Navaretti, Haaland and Venables, 2002; Helg  and Tajoli 

(2005), Egger and Egger (2005) and Zeddies, 2007. Of these papers, only those by Görg 

(2000), Egger and Egger (2005) and Zeddies (2007) attempt to analyze the determining 

factors of participation in international production networks. However, because of the 

limitations related to the variable which approximates the phenomenon of international 

3 
 



fragmentation of production of the first two papers1 and the exclusive use of only intra-EU 

flows of 17 EU countries for three years (1999, 2002 and 2005) of third, there is an 

incomplete view of production networks and, above all, their dynamics in the medium term. 

Additionally, to our knowledge, only the works by Kaminski and Ng (2001 and 2005) have 

approached the analysis of production networks in the European automotive sector using the 

P&C trade, but as we have previously stated, the scope of their study is limited to Eastern 

Europe and does not address the question of the determining factors of their participation.  

Our main data source is the United Nations Commodity Trade Statistics Database (UN 

COMTRADE), which offers detailed information on international trade flows for practically 

every country in the world. More specifically, we use the information classified and 

recorded using the Standard International Trade Classification Revision 3 (SITC Rev.3), 

which makes a distinction between trade in parts and components (auxiliary industry) and 

final goods. The particular headings of the SITC Rev. 3 within the automotive industry 

analysed in the work are listed in Table 1. 

The article is organized in the following manner. In section 2, an attempt is made to 

determine the position of the European automotive industry in a global context and to define 

which countries are the main players at the European level through the analysis of their 

shares in world trade. Section 3 deals with the study of the geographical dimension of the 

automotive trade and trade specialization in the EU-25. The extended gravity model to be 

estimated and the econometric results are given in section 4. Section 5 concludes. 

 

 

 

 

 

                                                 
1 These authors did not use trade in parts and components as a proxy for participation in production sharing 
networks, but rather the processing trade outside of (and within) the European Union. This trade refers to 
goods which are temporarily exported to another country for processing and re-imported back to the country of 
origin under a special pricing system. The use of this indicator implies two important limitations. First, the 
underestimation of the phenomenon of international fragmentation of production, since production can only be 
measured in foreign countries which partake in this pricing system. Production sharing with other Member 
States, while not subject to payment of fees, cannot be measured according to this indicator. Secondly, only 
data until 1999 is available. 
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Table 1: Automotive Parts and Components (SITC Rev. 3 headings included). 

PARTS AND COMPONENTS: 
 713.2,"Internal combustion piston engines for propelling vehicles" 
 713.82, “Other compression-ignition internal combustion engines (diesel or semi-diesel)” 
 713.9,"Parts, n.e.s, for the internal combustion piston engines" 
 744.19,"Parts of the trucks and tractors” 
778.3," Electrical equipment, n.e.s., for internal combustion engines and vehicles; parts thereof " 

 
778.31,"Electrical ignition or starting equipment of a kind used for spark-ignition or compression-
ignition internal combustion engines” 

 778.33,"Parts of the equipment of heading 778.31"  
 778.34," Electrical lighting or signalling equipment" 
 778.35," Parts of the equipment of heading  778.34"  
784," Parts and accessories of motor vehicles " 
 784.1,"Chassis fitted with engines, for motor vehicles" 
 784.2,"Bodies (including cabs), for motor vehicles" 
 784.3,"Other parts and accessories of motor vehicles" 
  784.31," Bumpers, and parts thereof " 
  784.32," Other parts and accessories of bodies (including cabs)" 
  784.33," Brakes and servo-brakes and parts thereof" 
  784.34," Gearboxes"  

  
784.35," Drive-axles with differential, whether or not provided with other 
transmission components" 

  784.36," Non-driving axles, and parts thereof" 
  784.39," Other parts and accessories" 

 

 

2. The automotive industry trade in the EU-25: main players. 
The trading of the automotive industry in the EU-25 was very dynamic from 1995-

2007, with the nominal value of its exports and imports growing by around 9% annual 

cumulative. This dynamism allowed the EU-25 to maintain a prominent role in world trade 

throughout the whole period, with world shares of 54% in exports and 47% in imports. It is 

also worth mentioning that, after experiencing a light fall in the nineties, both shares grew 

throughout this decade, which allowed the values reached in the mid-90s to be exceeded. It 

can therefore be affirmed that, in the expansive international context before the financial 

crisis, when the demand for cars grew steadily, the European automotive industry was able 

to maintain and expand its trade shares. This happened despite the firm competition from 

emerging countries such as Brazil, Russia, India, China and Mexico where the largest 

multinational firms of the sector have increased their investments with the objective of 

keeping costs down and supplying new markets. 

The predominance of the European automotive industry has been accompanied in the 

last decade by profound changes in the organization of production and in its competitive 
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position, which are reflected in the evolution of trade flows. Specifically, two basic features 

stand out that indicate the profound restructuring of the European industry recently. The first 

of these is the change of the composition of the trade. When the P&C trade of the 

automotive industry is distinguished from that of the final goods, it can be seen that 

although both have shown considerable growth, the advance of the first one has been greater 

(about 10% annual cumulative), which has allowed its participation in trade within the 

sector in the EU-25 to grow betwen 1995 and 2007 by three percentage points, reaching 

40%. The main prominence of the trading of P&C is the consequence of the intense 

development experienced by the international fragmentation of production in the automotive 

sector, to the point of being configured at present as one of the most globalized industries. 

The figures therefore indicate quite a relevant fact: more than half of the world trade of P&C 

of the automotive industry is carried out by the European Union. 

The second feature to be highlighted is the diverging competitive evolution that the 

two main areas in which the EU-25 can be divided have had: the EU-15 (countries that 

joined before the 2004 enlargement) and the EU-10 (countries that joined in 2004). While 

the EU-15 world shares fell substantially in the second half of the nineties, especially in 

exports, the EU-10 has experienced a notable and progressive increase since 1995. Its 

participation in the automotives world exports multiplied six times, from 1.1% in 1995 to 

6.7% in 2007, and its presence in imports rose from 1.6% in 1995 to 5.2% in 2007. This 

tendency reflects the transfer of activity from the more advanced countries in the area to the 

less developed ones. As predicted, the incorporation of the Eastern European countries into 

the community caused a geographic reorganization of the automotive industry in favour of 

the new members. These states have proved to be particularly active in attracting 

investments from large companies in the sector and have considerably intensified their trade 

by means of a growing participation in European production sharing networks. These 

investment flows have came not only from the Members States, but also from non-member 

states (Suzuki and Isuzu Motors of Japan, or Daewo, Hyundai and Kia of Korea) with the 

aim of supplying the Union market from inside the EU (Kamisky and Ng, 2001). 

 Therefore, it has been the dynamism of the activity in the Eastern European countries 

that has allowed the EU-25 to maintain and improve its competitive position in the global 

market. In fact, in what is refered to as the P&C trade, the increase of the EU world export 

share (from 46% to 54%), as well as the more moderate of the import share (from 44% to 

50%), are attributable exclusively to the new enlargement countries (Figure 1).  
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 As regards the final goods trade, it is observed that, although their nominal values 

have also increased significantly (around 8.5%), this rise has not been translated into a 

growth of EU-25 participation in world trade. Even more, its world export share has been 

practically stagnated since 1995. The expansion of automotive final goods in the new 

Member States has barely compensated the drops suffered by EU-15 from 1995 to 2007 

(with a decrease of 5 percentage points). 

Once the international participation of the EU-25 automotive trade has been 

analyzed, we should step down and ask ourselves who the leading countries are. According 

to P&C export and import shares shown in Figure 1, it is clear that the key countries in the 

auto industry are the larger economies of the EU-15: Germany, France, Italy, the United 

Kingdom and Spain. These five countries altogether account for 37% of the world 

automotive exports and 70% of the EU exports in 2007. 

Over and above all of these, Germany stands out, especially in reference to exports: 

16% of the world P&C exports (30% in the EU-25) in 2007. In imports, Germany is also 

dominant: more than a fifth of imports of P&C in the EU-25. As can be seen in Figure 1, the 

rest of the European economies are considerably behind Germany in this respect.  
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Figure 1. EU-25 automotive world trade shares 
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Automotive P&C world import share (%)
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Automotive Final Goods world export's share (%) 
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However, it is possibly more interesting to observe how, while the rest of the big 

European economies in general have slowly lost their influence in the world automotive 

trade, Germany have strengthened her position. The increase of their shares in the P&C 

market was especially important: around 3.5 percentage points. Considering this, it may be 

affirmed that the German automotive industry has been particularly active in the 

internationalization of production, leading the transformation that in this sense was 

produced in the EU-25. Together with the German economy, the main competitive 

improvements in P&C are produced in Poland, Hungary, the Czech Republic and Slovakia, 

who have gradually increased their participation in the European and world automotive 

market. Amongst the EU-15 countries, with a more developed auto industry, only Spain and 

was able to maintain their relative participation in the world market between 1995 and 2007, 

reinforcing also its position as an intermediate goods provider in the automotive production 

networks.  

Finally, a general decrease in final good export shares is also observed for all 

countries with a significant auto industry presence. Exceptions to this tendency are 

Germany; Sweden and Austria, positively affected by the spillover effects associated to their 

EU integration in 1995; and the four abovementioned new Member States. In this sense, the 

relocation of final production seems, in the light of data, unquestionable.  

 

3. Direction of P&Cs trade and trade specialization in the EU-25. 

With an aim to simplifying the analysis, the study of the geographic dimension of the 

automobile trade is limited to the aggregate of the EU-25 and a selection of countries: those 

with more presence in the production and trade of the European automobile industry 

(Germany, France, Italy, the United Kingdom and Spain); Belgium, which is smaller and 

does not have such an outstanding position as the others but has a solid automobile industry; 

and the four Eastern European countries who have shown more expansion of their 

production and trade capacity in the sector (Poland, Hungary, the Czech Republic and 

Slovakia). 

The destination and origin of P&Cs trade are included in Table 2. We observe that 

intra-UE flows prevail: it has gone up to 75% in exports and 86% in imports. This 

intraregional concentration responds to a strategic policy of companies in the sector that 

results in the formation of regional cluster. In this way, the automobile multinational 
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companies tend to manufacture their products in different regional areas with the aim to 

bringing final production closer to the consumers and to benefiting from scale economies. 

To this end, they have a wide group of independent providers in each of these areas (the 

auto auxiliary industry) which are part of regional, not global, production networks 

(Rugman, 2005). The intensity of the intraregional trade in each and every one of the chosen 

countries is the expression of their participation in the European automobile networks. 

A second fact to highlight is the restructuring of the European automobile networks 

that the EU enlargement caused, and that is shown in alterations in the direction of trade 

flows. Even though the main trading partners are the EU-15 economies, a movement 

towards the recently joined countries can be seen, and to a lesser extent towards Asia (in the 

export of P&Cs). Restructuring of the EU-10 countries’ automotive industry has been 

entirely foreign led. A combination of country specific factors (proximity to EU markets, 

socialist heritage in the automotive industry, skilled labour and privatisation policies) couple 

with strategies of automotive multinational have attracted large amounts of foreign direct 

investment since the beginning of the 90’s which gradually reshaped the pattern of 

comparative advantage and thus of trade in the automotive industry. Investors saw Central 

and Eastern Europe as a lower factor cost area close to major markets, with a skilled labour 

force and a potential domestic market. Additionally, prospects of EU accession have 

induced EU multinationals to rapidly enter in Eastern markets (VW) or deepen their 

presence (Fiat, Renault). Later, the EU accession facilitated them to build regional 

integration strategies i.e. to gradually integrate the new countries in their production 

network. This was also the strategy which they developed by integrating Spain in their 

production networks since the 1980’s (Radosevic and Rozeik, 2005; Jakubiak et al., 2008).  

The intra-regional character of the European automobile trade is repeated, to a large 

extent, for each one of the Member States. As a differential trend, the case of Germany 

stands out, where trade is the most diversified from a geographic point of view, a 

consequence mainly of the fast and intense turn of the production and trade towards the new 

European Members. In fact, Germany is the EU country with the strongest trading link in 

P&Cs with these countries that comes as a result of a lesser relative presence in the EU-15. 

The geographic proximity, the historical and cultural relations, and the notorious advantages 

they provide for the development of certain tasks of the automobile production cycle have 
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caused the extension of the production networks towards the expansion countries organized 

by German companies2. 

On P&Cs import side, the situation is not very different. As well as the EU-10, the 

supply of P&CS from Asia also stands outs. Spain is, as on export side, the country with the 

highest geographic concentration: more than 92% of their imports are from the EU-25 (83% 

from EU-15). In regards to changes, the reduction of the share of imports from the EU-15 is 

generalized in favour of the EU-10 and Asia. 

 
2 Data about the geographic distribution of direct foreign investment of the German automotive multinational 
companies also show it. If in the first 80 South America constitutes the most attractive area for German 
automobile companies, in the first 90 the advances in the European integration encouraged investments in 
Spain, being most recently Central and Eastern Europe that contributed the most advantages for localization 
(Spatz and Nunnenkamp, 2002). 
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Table 2. Direction of trade in automotive P&C in the EU-25 

(in percent and percentage point change) 
 

2007 Change 
95-07 2007 Change

95-07 2007 Change 
95-07 2007 Change

95-07 2007 Change 
95-07 2007 Change 

95-07 2007 Change
95-07 2007 Change

95-07
France 68,6 -9,1 8,4 6,1 10,2 6,0 12,7 -3,0 78,2 -8,9 7,7 6,6 8,4 3,9 5,7 -1,6
Germany 47,8 -18,0 18,5 13,5 12,4 3,9 21,3 0,6 52,4 -19,1 31,6 22,8 7,4 -0,9 8,5 -2,8
Italy 61,8 0,6 11,2 4,9 11,1 0,6 15,9 -6,1 65,8 -19,7 14,9 12,5 13,7 7,8 5,6 -0,5
UK 65,7 -1,8 3,3 2,4 14,0 1,4 17,0 -2,0 70,6 -5,2 8,8 7,6 13,4 -2,4 7,1 0,0
Spain 72,9 -14,7 7,1 5,3 7,4 4,7 12,6 4,7 83,3 -5,2 9,1 6,5 4,6 -2,0 2,9 0,7
Belgium 73,2 -14,5 3,7 2,4 6,9 3,8 16,2 8,4 80,1 -2,4 8,8 6,8 6,5 -0,1 4,6 -4,2
Slovak Rep. 77,0 48,1 11,9 -45,2 1,1 -2,9 10,0 -0,1 56,4 20,6 28,6 -31,2 14,5 13,5 0,5 -2,9
Hungary 69,5 16,5 17,1 13,6 9,1 6,3 4,3 -36,3 74,7 3,8 13,7 7,5 6,6 -6,1 5,0 -5,2
Poland 75,1 8,1 13,6 3,3 4,2 -2,8 7,2 -8,6 77,3 -6,4 7,5 -1,8 11,1 8,7 4,1 -0,4
Czech Rep. 72,4 19,2 15,9 19,2 4,1 -2,4 7,5 -3,9 66,1 -2,9 25,9 -1,1 5,8 3,9 2,3 0,1
EU-15 61,6 -10,9 11,2 7,5 10,3 3,3 16,9 0,1 71,1 -10,1 14,3 11,6 8,3 -0,1 5,9 -1,4
EU-10 72,6 19,5 15,1 -5,6 5,2 -0,1 7,0 -13,7 69,7 -8,7 18,0 4,9 9,0 5,5 3,2 -1,4
EU-25 63,4 -8,7 11,8 7,8 9,5 2,5 15,3 -1,6 70,9 -10,2 14,9 11,7 8,3 0,2 5,9 -9,8

P&C Exports
EU-15 EU-10 Asia Rest 

P&C Imports
EU-15 EU-10 Asia Rest

 

Source: Own elaboration with figures from COMTRADE (United Nations). 

 

 

 

 



To analyse more concretely the participation of EU countries in automotive 

production networks, we analyse their trade specialization in the world context. We follow 

the methodology proposed by Ng and Yeats (1999) and extended later by Kamiski and Ng 

(2001). The analysis is based on the estimation of indexes of trade specialization on P&Cs, 

interpreting that an export specialization reveals the existence of advantages in the 

production and exportation of P&Cs, whereas an import specialization would be indicative 

of the existence of comparative advantages in assembly operations. The justification for it is 

that the purchases of foreign P&Cs necessarily have to be destined for their incorporation 

into higher value added goods, other P&Cs or final goods.  

For some authors such as Kamiski and Ng (2001), the double specialization is the 

indicator that with major precision denotes the participation in production networking. But it 

is important to know what advantages prevail in this double specialization. In spite of its 

limitations, we use the sign of the trade balance as indicator of the predominance of one or 

another advantage, understanding that a positive balance reflects that the advantages in the 

production and exportation of P&C prevail whereas a negative balance implies that the 

advantages in assembly operations do. 

Some EU economies show this double specialization. By one hand, those countries 

with higher weight in the auto industry: Germany, France and Spain; by other hand, those 

Eastern European economies which are acquiring an increasing prominence in European 

networking: the Czech Republic, Poland, Hungary and Slovakia. Inside this wide group of 

countries, two subgroups can be distinguished, in turn. The first one, that shows positive 

balances in P&Cs trade, includes Germany, France, Poland, Czech Republic and Hungary. 

Therefore, all of them enjoy advantages mainly in the production and exportation of P&Cs. 

In case of Eastern European economies, their positive trade balances have not made but be 

extended. In these economies, advantages exist in assembly operations, since it reveals their 

increasing share in the P&Cs world imports, but, in addition, in the last years they have 

managed to develop a powerful auxiliary industry and nowadays the advantages in the 

production and exportation of P&Cs prevail.  

The second subgroup of countries includes Spain and Slovakia, where a double 

specialization is accompanied by a negative trade balance. We interpret that both economies 

enjoy certain advantages in assembly operations in the world area. They import P&Cs from 

other countries specializing in their production which are destined to be assembled at home 

in final goods that are mainly orientated to exportation. 
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Table 3. Trade specialization and Trade Balance in P&C for the automotive 
industry 

 
Export Specialization 

in P&C 
Import Specialization 

in P&C 
Trade Balance in 

P&C 
 1995 2007 1995 2007 1995 2007 
Italy 0.9 1.1 0.7 0.8 34.8 26.4 
Belgium 0.7 0.7 1.7 1.1 -35.5 -19.9 
United Kingdom 1.0 1.0 1.3 1.3 -15.0 -25.8 
Germany 1.0 1.4 0.8 1.4 27.3 20.6 
France 1.4 1.5 0.9 1.2 25.0 10.5 
Poland 0.3 2.3 1.1 1.4 -65.2 22.8 
Czech Rep. 0.8 2.1 0.6 1.7 8.2 17.4 
Hungary 0.8 3.2 0.5 2.3 15.0 20.4 
Spain 1.8 1.9 2.6 2.0 -24.1 -20.1 
Slovak Rep  0.7 1.4 0.5 3.1 26.9 -31.6 
EU-15 1.0 1.2 1.1 1.6 4.9 2.6 
EU-10 0.6 2.1 0.8 1.7 -21.7 11.2 
EU-25 1.1 1.3 1.2 1.6 4.1 4.0 

Source: authors' calculation, based on UN COMTRADE. 

 

4. ESTIMATING A GRAVITY MODEL FOR AUTOMOTIVE PARTS AND 
COMPONENTS TRADE 

 

4.1. Model specification 
In order to establish the effects of the explanatory factors on European trade linked 

to international production networks in automotive industry, we propose to estimate a 

gravity model. These models, initially developed by Tinbergen (1962) and Anderson (1979), 

explain the volume of bilateral trade flows according to the size of the trading economies 

(with a positive influence since it is associated with a wider available market) and the 

bilateral trade costs (which depend on variables such as the physical distance between 

trading partners, sharing a border or a language, or belonging to the same regional 

integration agreement). In the scarce empirical literature that examines the determining 

factors of parts and components, gravity models are widely used (Athukorala and 

Yamashita, 2006; and Kimura et al., 2007).   

Among the standard variables in gravity models of international trade, we are 

particularly interested in the membership of regional integration agreements, in our case of 

the European Union, since, as outlined in section 3, intra-EU flows are particularly 

important in the auto industry. We expect that the country’s EU membership, by virtue of 
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trade barriers reduction, will be a determining factor in explaining a country’s participation 

in European production networks. 

Additionally, the home country could benefit from a “headquarters effect”, that is, an 

unusually high concentration of production and exports. Moreover, final good exports 

reported by different firms can be assigned to the location of the headquarters. To capture 

this headquarters effect, we include a dummy variable in the regressions, equal to 1 if the 

parent company is from country i and zero otherwise.  

We augment the standard gravity model with additional explanatory variables 

pointed out by the theoretical literature on international production fragmentation. The first 

group of specific variables links trade associated with international fragmentation of 

production to the exploitation of comparative advantages (Arndt, 1997; Deardorff, 2001; 

Jones and Kierzkowski, 1990 and 2001). Therefore, some stages of the production process 

can be carried out more efficiently in specific locations, taking into account their 

comparative advantages. The existence of increasing returns to scale in production is crucial 

for understanding the renewed interest in this strategy (Jones and Kierzkowski, 1990 and 

2001). Increasing returns to scale are present not only in the production of final products, 

but also in the phases or tasks of the production cycle. Therefore, with sufficiently extensive 

markets and locations with different comparative advantages, certain areas or regions will 

specialise in providing specific phases or tasks.  

Although labour content is relatively low in the car industry (between 5 and 10 

percent), labour cost may remain a relevant factor as competition is tightening and the wage 

differential remains substantial between Eastern and Western Europe (Sachwald, 2005). In 

order to capture comparative advantages originating from differences in wages, we 

introduce the relative wage differences among countries in the model. The higher the wages 

in the auto industry in country i compared to country j, the greater the P&C exports from i to 

j, since country i will benefit from a comparative advantage in production and exportation of 

P&C. Or, similarly, the higher the automotive wages in country i compared to country j, the 

greater the P&C imports by j from i, since its lower wages would imply a comparative 

advantage in assembly activities. As a result, we would expect the relative wages variable to 

have a positive impact on P&C trade.  

While P&C trade, or more specifically, international production networks, can be 

driven by the existence of comparative advantages between countries, certain minimum 

conditions concerning technological or institutional capacity must be guaranteed in 
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countries in order for them to be incorporated into these networks. In this respect, an 

excessive gap in the economic development of trading countries could act as an obstacle to 

networking3. This is in accordance with the fact that, according to available empirical 

evidence, production sharing networks are integrated by countries with a medium level of 

development. In them, the minimum requirements that make the internationalisation of the 

value chain feasible in the best conditions of efficiency are guaranteed. In this paper we 

introduce the absolute differences in income per capita to capture the impact of the basic 

requirements for establishing networks. 

Nevertheless, efficiency gains derived from the exploitation of the comparative 

advantages at each stage of production can be reduced and even disappear if transport and 

insurance costs are excessively high. The costs of coordination and supervision of the 

connection of geographically dispersed production blocks can also cut those gains. Jones 

and Kierzkowski (1990 and 2001) named these costs “service link costs”, referring to the 

costs of connecting production blocks in different locations. The more complex the 

production fragmentation procedure and the wider the international production networks, 

the greater the exploitation of comparative advantages, but the costs of these services will 

also be greater. The balance between service link costs and benefits derived from maximum 

exploitation of the advantages of the international division of labour and from intra-product 

specialisation will determine the optimal degree of international fragmentation of 

production.   

Although trade liberalisation policies and technological advances have brought about 

a general decrease in the cost of the transport and communication of goods and services and 

in the cost of management, supervision and coordination of the phases or tasks located 

abroad, these service link costs continue to differ greatly between countries. To a great 

extent, it determines decisions for localising every stage of the production process and, 

therefore, the possibilities a country has of taking part in production sharing networks. For 

that reason, the standard gravity model is extended to include a second group of variables 

which introduces the service link costs, such as the quality of transport and 

telecommunications infrastructure. A positive sign in their coefficients is expected: the 

greater the infrastructure quality, the lower the service link costs and the higher the trade 

linked to production sharing networks. This hypothesis is contrasted in Jones et al. (2005) 
                                                 
3 The World Trade Organization states that, in general terms, a positive correlation can be observed between 
the per capita income level of countries and the quality of their institutional frameworks (WTO, 2008).    
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and Egger and Egger (2005). The former find that, for the World and for the three main 

economic regions (EU-15, NAFTA and Eastern Asia), trade associated with international 

fragmentation of production (estimated by P&C trade) depends negatively on the service 

link costs (estimated by the telephone rate for companies in each region), as predicted by the 

theoretical models. Egger and Egger (2005) consider that the impact of infrastructure (size 

of the road network, size of the telephone network and extent of electricity availability) is 

positive.  

Finally, dummy variables are added for Spain and CEEC-4 to capture their active 

role as assemblers of foreign models in the EU. Time dummy variables (Dt) are also 

included to control for the impact of time-varying factors that affect all the countries, such 

as technological improvements or the multilateral reduction of trade barriers that result in 

lower costs for connecting segmented stages of production process. 

Therefore, the gravity model specification that we propose is the following: 

[Specification 1] 

ln Xijt = β0 + β1 ln GDPit + β2 ln GDPjt + β3 ln Bilateral distanceij + β4 Shared borderij + β5 
Colonial pastij + β6 EUijt + β7 Headquarteri +β8 ln Relative-wagesijt + β9 ln PCI-abs-
differencesijt + β10 ln Infrastructureijt + DSpain + DCEEC-4 + Dt + εit 
 

where i and j respectively refer to the countries of origin and destination of the exports, and t 

to the year. The dependent variable Xijt represents the exports in nominal terms4. The model 

is estimated for bilateral trade of EU-25 countries with their main partners in auto P&C for 

the period 1995-20085.  

Regarding the expected signs of the explanatory variables, the GDPit and GDPjt 

variables measure the size of the trading economies. Therefore, if imperfect competition and 

economies of scale are important in P&C trade, we would expect a positive value for both 

coefficients. On the other hand, trade associated with international fragmentation of 

production will increase as the distance between the trading countries decreases (Bilateral 

distanceij). It will also increase if the countries share a border (Shared borderij), or a colonial 

past (Colonial pastij) or belong to the European Union (EUijt) or there is a headquarter effect 

(Headquarteri). As regards the more specific hypotheses of the international fragmentation 

                                                 
4 A common error in works that estimate gravity models is the deflation of exports. Baldwin et al. (2008, pg. 
15) qualify this as the “bronze medal” in the race of errors in gravity models in international trade. According 
to these authors, deflation in this case is an error because “all the prices in the gravity equation are measured in 
terms of a common numeraire, so there is no price illusion”. 
5 See Table A.1. in the Statistical Appendix.  
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models, we would expect a negative impact of the PCI-abs-differencesijt variable if the gap 

in the economic development of the trading countries is too wide for an adequate 

functioning of production sharing processes; and a positive impact of the Relative-wagesijt 

variable if a comparative advantage in terms of a lower wages favours the importation of 

P&C and, therefore, the assembly activities in motor vehicle industry. Finally, we would 

expect a positive coefficient for the Infrastructureijt variable if a greater quality of transport 

and communications infrastructure favours participation in cross-border automotive 

production networks6.  

 

4.2. Results of the estimates. 
The results of the estimates are presented in the first column of Table 4. It can be 

observed that all the coefficients are significant and display the expected sign. Concerning 

the standard variables in the gravity models, the economic size of the trading countries has a 

positive impact on the P&C trade with coefficients close to the unit as predicted by the 

theory, while the bilateral trade costs have a negative impact. In particular, the distance 

between countries discourages trade associated with production sharing networks (because it 

increases bilateral trade resistance), while sharing a border or a colonial past increases the 

trade value (given that it reduces the bilateral resistance). As a result, the EU P&C trade is 

greater with countries that are geographically closer and sharing a border or a colonial past. 

The coefficient of the EU dummy variable shows the expected (positive) sign and it is 

statistically different from zero. So, there is a clear evidence to support the hypothesis that 

regional trade agreements such as the EU promote cross-border networking. The reductions 

of trade barriers derived from the advances in the EU integration process have generate new 

incentives for fragmentation of production in the European context. The dummy variable to 

capture de headquarter effect is also positive and statistically significant. 

As regards the specific variables for models of international fragmentation of 

production, the negative and significant coefficient of the absolute differences in per capita 

income allows us to defend our hypothesis that an excessive gap in relative terms in the 

economic development of countries implies a restriction for auto P&C trade and for 

networking. 

                                                 
6 See Table A.2. in the Statistical Appendix for an explanation of the measurement of the model’s variables 
and the statistics used. 
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The proxy variable of comparative advantages or disadvantages (the relative wages) 

yields a positive and significant coefficient. The greater the EU country’s wages compared 

to a trading partner, the greater its P&C exports to that partner (or greater P&C imports to 

that partner from the EU country).  

The positive sign obtained for variables that approximate the quality of infrastructure 

supports the hypothesis that participation in automotive production networks increases with 

the quality of these infrastructures in the countries involved. This will guarantee that the 

service link costs associated with the fragmentation and dispersion of the production will 

not be as high as they cancel the profits derived from exploiting the comparative advantages 

of different locations. Specifically, we used two indicators to approximate the quality of the 

infrastructures. On the one hand, we considered the quality of overall infrastructure index 

offered in the Global Competitiveness Reports elaborated by the World Economic Forum. 

This index makes reference jointly to the quality of roads, railroad, port, air transport 

infrastructures, along with the available seat kilometres, quality of electricity supply and the 

number of telephones lines. On the other hand, we considered the technological readiness 

index, also build for the Global Competitiveness Reports, and refers to the availability of 

latest technologies, the firm-level technology absorption, the laws relating to ICT, the 

transfer of technology and foreign direct investments, the mobile telephone subscriptions, 

the number of Internet users, personal computers and broadband Internet subscribers. As 

expected, the correlation between both indexes is very high (0.78); hence we analysed the 

impact of these variables on the P&C trade in two different specifications (Colum 1 and 2 in 

Table 4). No matter the index used, the coefficients are positive and significant. 

Lastly, the coefficients of Spain and CEEC-4 dummies are significant and positive, 

suggesting that these areas trade more than would be expected, controlling for the relative 

sizes of the economies, distance, etc. The magnitude of these effects is large, particularly for 

the CEEC-4.  

 

4.3. Robustness analysis. 
To check the robustness of the obtained results, we have conducted some sensitivity 

analyses. Specifically, we estimate the model incorporating different types of fixed effects. 

First of all, we estimated the model introducing country-pair-specific dummy variables (Dij). 

Gravity models tend to include variables for establishing the impact of natural trade barriers 

(distance, shared border), cultural barriers (shared colonial past) or barriers imposed by the 
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trade policy (member of the same regional integration agreement). But, these variables 

included may not represent all such potential trade bilateral costs. It is very likely that other 

factors (specific to each country-pair) have an impact on bilateral trade; so that the 

estimation results will be biased when they are omitted from the model. To control for the 

impact of any time-invariant bilateral variables, gravity equation is estimated replacing 

time-invariant bilateral variables such as bilateral distance, common language or common 

borders with fixed country-pair effects7.  

Secondly, we estimate the model including time-varying exporter and importer fixed 

effects (Dit y Djt). As Anderson and van Wincoop (2003 and 2004) point out, the volume of 

trade between any two countries does not only depend on the cost of bilateral trade (or 

bilateral trade resistance). It depends, rather, on bilateral trade costs relative to the cost of 

trade with other economies (what they term multilateral trade resistance). Ceteris paribus, 

the greater the multilateral trade resistance, the greater the bilateral trade. These multilateral 

trade costs can be captured by the exporter and importer price indexes, Pit
1-σ y Pjt

1-σ, where σ 

is the elasticity of substitution between goods from different countries. Therefore, following 

Anderson and van Wincoop (2003), the model to be estimated would be8: 

ln [Xijt / GDPit GDPjt)]= β0+ β1EUijt + β2 Headquarteri + β3ln Relative-wagesijt + β4ln PCI-
abs-differencesijt+ β5ln Infrastructureijt + DSpain + DCEEC-4 - ln Pit

1-σ-  ln Pjt
1-σ + Dij +εit 

 

Nevertheless, these multilateral trade costs (which are captured by the exporter and 

importer price indexes) are unobserved, but biased estimates will be obtained when they are 

omitted from the gravity equation9. A simple method to control for this effect of multilateral 

trade resistance is to use time-varying exporter and importer dummy variables (Dit y Djt)10, 

                                                 
7 This would be the classic fixed effects estimator in panel data models. 
8 To ensure the unitary elasticity for income restriction (coefficients close to unity for GDPit and GDPjt 
variables) derived from the theoretical foundations of gravity equation, Anderson and van Wincoop (2003) 
divide the dependent variable by the product of exporter and importer GDP’s. Although Anderson (1979) 
proposes a theoretical model with non unitary income elasticities once non tradable goods are taking into 
account, moving exporter and importer GDPs to the left hand side allows us to control for potential 
endogeneity between GDP and bilateral trade flows, since exports and imports are part of GDP. This potential 
endogeneity is pointed out by Baier and Begstrand (2007) but they also defend that it could be ignored without 
affecting the results. 
9 “Bronze medal” error of gravity models (Baldwin et al., 2008). 
10 In a model with cross-sectional data Feenstra (2002) proves that the use of country fixed effects to measure 
price indexes enables unbiased estimates to be obtained. As a result, considering its easy implementation, it 
has become the preferred empirical method to approximate multilateral trade resistance compared to more 
complex alternative solutions such as those proposed by Baier and Bergstrand (2001) and Anderson and van 
Wincoop (2003). In a previous paper, Anderson and van Wincoop (2004) argue that, with panel data, time-
varing country fixed effects must be included since multilateral trade resistance can change over time.  
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then eliminating exporter and importer GDPs from the model. Taking into account these 

considerations, the specification to be estimated is the following: 

[Specification 2] 

ln [Xijt / GDPit GDPjt)]= β0 + β1EUijt + β2 Headquarteri + β3ln Relative-wagesijt + β4ln PCI-
abs-differencesijt+ β5ln Infrastructureijt + DSpain + DCEEC-4 + Dij + Dt + Dit + Djt +εit 

 

Table 4: Results of the extended gravity model estimates for the EU trade in auto P&C 

Coefficients Column (1) Column (2) Column (3) Column (4)
GDPi 1.187*** 1.069***

(0.022) (0.023)
GDPj 0.962*** 0.925***

(0.016) (0.017)
Bilateral distance -0.883*** -0.794***

(0.030) (0.031)
Common border 1.011*** 1.082***

(0.103) (0.101)
Colonial past 0.714*** 0.703***

(0.118) (0.121)
EU 0.657*** 0.794*** 0.717*** 0.678***

(0.065) (0.065) (0.068) (0.069)
Headquarter 0.583*** 0.661*** 1.003*** 0.980***

(0.065) (0.065) (0.049) (0.049)
PCI-abs-differencesij -0.036* -0.036* -0.046* -0.036

(0.021) (0.021) (0.024) (0.024)
Relative-wagesij 0.139*** 0.154*** 0.181*** 0.182***

(0.015) (0.015) (0.009) (0.009)
Infrastructure 0.225***

(0.024)
Technological Infrastructures 0.267***

(0.031)
Transport Infrastructure 0.002**

(0.001)
Telecommunications Infraestructuresij 0.011***

(0.002)
Spain 0.561*** 0.613*** 2.656*** 2.775***

(0.091) (0.091) (0.299) (0.298)
CEEC-4 1.431*** 1.030*** 0.561** 0.559**

(0.059) (0.058) (0.243) (0.242)
Time dummies Yes Yes Yes Yes
Country-pair specific fixed effects (Dij) No No Yes Yes
Time varying exporter and importer fixed effects (Dit, Djt) No No Yes Yes
Number of observations 6723 6356 10272 10118
Adjusted R2 0.672 0.649 0.859 0.861  

Note: Standard errors in brackets. ***, ** and * indicate significance levels of 1, 5 and 10 percent 
respectively.  

 

The introduction of exporter-time and importer-time dummies as well as time-

invariant country-pair fixed effects does not alter the sign and significance of the 
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coefficients as it is showed in the third column of Table 4 (dummy coefficients are omitted 

for brevity). So our results are robust to the introduction of different fixed-effects. As these 

fixed effects are added in the model, the impact of the Spain dummy increases whereas the 

CEEC-4 one decreases and results in a lower value than that of Spain. The coefficient of 

Spain dummy is above two, that is, Spanish bilateral trade in P&C is more than twice larger 

than trade between any two similar countries. The results for Spain and CEEC-4 clearly 

point to the need to look beyond other variables captured in our model in order to 

understand the role of these countries in European automotive networks. As noted by 

Athukorala and Yamashita (2006), the explanation could lie in economic history, the early 

choice of the country (Spain) by multinational companies as a location of assembly 

operations. They argue that multinational firm affiliates become increasingly embedded in 

host countries the longer they are present, the more supportive the overall investment 

climate of the host country becomes over time and the stronger are the links with other key 

market players in that country. A long tradition in the auto industry is also likely to matter. 

All these factors are particularly present in the Spanish economy.  

Since the used infrastructure indicators are index numbers (values from 0 to 7) and 

they hardly vary over time, when bilateral time-invariant dummies are included, these 

specific indicators should be removed. In the last column of the Table 4 (column 4), we 

introduce two different indicators to measure the quality of transport infrastructure (proxied 

by the minimum percentage of paved roads of trading partners i and j) and 

telecommunications infrastructure (proxied by the minimum percentage of Internet users of 

trading partners i and j). Both of them show a higher temporal variability and, for that 

reason, they are more adequate for specifications that include fixed country-pair effects. All 

the variables exhibit the expected sign and remain statistically significant. The only notable 

change is the loss of significance of the absolute differences in per capita incomes (although 

the coefficient is close to the 10 percent significant level). 
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Statistical  Appendix. 

 
 
 

Table A-1. Countries included in the model (EU’s main partners in automotive P&C 
trade). 

Regions Countries  

EU 

Austria, Belgium-Luxembourg, Bulgaria, Cyprus, Czech Rep., Denmark, 
Estonia, Finland, France, Germany, Greece, Hungary, Ireland, Italy, 
Latvia, Lithuania, Malta, Netherlands, Poland, Portugal, Romania, Slovak 
Rep., Slovenia, Spain, Sweden, UK. 

Rest of 
Europe Norway, Russia, Switzerland and Turkey. 

America Argentina, Brazil, Canada, Mexico and USA. 
Africa Morocco and South Africa. 
Asia China, India, Japan, Rep. of Korea and Thailand 
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Table A-2: Definition of variables and data source. 
Label Definition Source 

Xijt 
Value of the exports from country i to country j in 
nominal terms measured by the imports by j from i 
(US dollars). 

COMTRADE (United 
Nations) 

GDPit 
Gross Domestic Product of country i in nominal 
terms (US dollars). 

World Development 
Indicators. The World 
Bank. 

GDPjt 
Gross Domestic Product of country j in nominal 
terms (US dollars). 

World Development 
Indicators. The World 
Bank. 

Bilateral distanceij 
The Great Circle distance between capital cities of 
the two countries (i and j). 

CEPII  
<http://www.cepii.fr> 

Shared borderij 
Dummy variable, which is unity if i and j share the 
same border and zero otherwise.  

Colonial pastij 
Dummy variable, which is unity if i and j have a 
common colonial past and zero otherwise 

CEPII  
<http://www.cepii.fr> 

EUijt 
Dummy variable, which is unity if i and j belong to 
the EU and zero otherwise.  

Headquarteri 
Dummy variable, which is unity if the headquarter of 
at least one automotive company is sited in i and zero 
otherwise. 

Companies information

PCI-abs-
differencesijt 

Absolute differences in per capita incomes between i 
and j (in nominal US dollars). The conversion to 
dollars is done using the Atlas method.  

World Development 
Indicators. The World 
Bank. 

Relative-wagesijt 

Ratio of automotive sector’s wages and salaries paid 
to employees (heading 34 of ISIC classification Rev 
3: “Motor vehicles, trailers and semitrailers”) of 
country i to automotive sector’s wages and salaries 
paid to employees of country  j. 

UNIDO 

Infrastructureijt 
The minimum overall infrastructure quality index of 
trading partners i and j. 

Global 
Competitiveness 
Reports. World 
Economic Forum 

Technological 
Infrastructuresijt 

The minimum technological readiness index of 
trading partners i and j. 

Global 
Competitiveness 
Reports. World 
Economic Forum 
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Transport 
Infrastructureijt 

The minimum percentage of paved roads of trading 
partners i and j. 

World Development 
Indicators. The World 
Bank. 

Telecommunications 
Infraestructuresijt 

The minimum percentage of Internet users of trading 
partners i and j. 

World Development 
Indicators. The World 
Bank. 
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