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Abstract: 

The aim of this paper is to analyse the changes that have taken place in European 
production networks since the mid-nineties, when, simultaneously, a new impetus to the EU 
process and its enlargement occurred. Due to its characteristics, the automotive industry is 
particularly suitable for our analysis. Descriptive analysis suggests that advances in the 
European integration process have led to a spatial extension of the networks to the East rather 
than to a replacement of traditional locations. This finding is supported by our econometric 
analysis that, estimating an extended gravity panel data model, shows that, besides EU 
membership and comparative advantages, variables such as good quality infrastructure, a 
minimum threshold of development, a headquarter effect as well as other unobserved country 
characteristics are key determining factors to be integrated in cross-border production 
networks. Moreover, these results open the door to the implementation of regional and 
industrial policies in order to strengthen these European production networks.   
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1. INTRODUCTION. 

 In recent decades, trade liberalization, advances in information technology and the 

reduction in transport and communication costs have favored an increasing use of strategies 

of international production fragmentation. This process has encouraged the formation and 

intensification of international production networks. The establishment and strengthening of 

regional trade agreements has reinforced this trend. Particularly, lower trade barriers between 

Members have had a marked impact on the configuration of global networks, promoting their 

current regional configuration. Additionally, in accordance with the classical theory of 

international trade, comparative advantages play a noteworthy role in their structure. 

Consequently, within the European Union scope, the deepening of the integration process and 

the accession of twelve new Member States, with cost advantages over the senior members 

and close proximity to major European markets, would have given an additional impetus to 

the geographical reorganization of production in the region. 

However, there exist certain factors that favour the stability of the existing networks. 

The international production fragmentation decision depends largely on the costs of managing 

cross-border production blocks. Among them, transportation, communication and 

coordination costs of the fragmented production chain, i.e., the named “service link” costs 

(Jones and Kierzkowski, 1990), are particularly important. In general, transaction costs 

(Williamson, 1975) such as the costs of searching out for new business partners in new 

markets, bargaining and decision costs, costs of controlling and guarantying the quality and 

delivery timing, costs derived from incomplete contracts or the risky transfer of know-how to 

other firms, must be taken into account. These costs will be, at least partially, irrecoverable, 

leading to the stability of current networks. Therefore, although competitive conditions have 

changed, radical alterations in the networks configurations would not be expected, at least in 

the short-medium term. The scarcity of papers analysing production networks stability 

support this idea. This is the case of Obashi (2010), who shows that the parts and components 

trade in Asian machinery networks tends to be more stable than trade in final goods.  

In this context, the main objective of this paper is to analyse the changes in European 

automotive networks that have taken place since the mid-nineties. Specifically, we intend to 

determine whether the advances in the European integration process have led to the crowding 

out of senior countries participating in production sharing systems in favour of new Member 

States, in particular of those with costs advantages in the assembly stages (e.g., Spain); or 

whether they have just caused an expansion of production and trade capacity of those 
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networks. In the latter case, an extension rather than a replacement of networks would have 

taken place. In order to evaluate these expected changes, we estimate a gravity panel data 

model to study what are the determining factors of trade linked to cross-border production 

networks. Parts and components (P&C from here on in) trade appears to be especially suitable 

for the analysis of international production networks because, due to its intermediate nature, 

its foreign exchanges must inevitably be headed towards assembly or to its incorporation into 

a further stage of production in another economy. The period studied is between 1995 and 

2007; that is, before the international financial crisis broke out. 

 We focus our analysis on the automotive industry for several reasons; firstly because it 

is one of the most fragmented industries. Specifically, several studies have pointed to the 

strong regional structure of the auto networks (Dhiel, 2001; Sturgeon et al., 2009). Secondly, 

the European automotive industry plays a prominent role in the world economy. In addition, it 

is a highly important sector for certain EU countries, or even for certain European regions, 

where the threat of relocation often arouses considerable public alarm. Lastly, previous 

analyses for NAFTA have revealed that advances in regional integration constitute a stimulus 

for international fragmentation in the automotive industry (Türkan and Ates, 2011). 

Therefore, it can be expected that the deepening of European integration will translate into 

changes in networks in this field. Nevertheless, the geography of networks could be 

particularly stable in the case of auto industry, where quality, technology and security 

standards are particularly high, driving up the transaction costs.  

The reorganization of the automotive industry along with the propulsion of this sector 

in Eastern European countries since their EU accession has been the topic of numerous 

analyses. However, this paper contributes to literature in two ways. On the one hand, although 

the use of P&C trade as a proxy for participation in international production networks is 

commonplace, it has seldom been used in studies concerning the automotive sector. This 

approach constitutes, then, a novelty for the sector analysis, allowing for a finer estimate of 

the determining factors of its fragmentation strategies. On the other hand, the study provides a 

regional focus, taking into consideration the 25 EU countries as a study scope. This view 

enables the gathering of changes taking place in the whole European network, both in new 

and old Member States. 

The article is organized as follows. In section 2, we briefly describe the data and 

present descriptive evidence on the position of the European automotive industry in a global 

context and the main European players, through the analysis of their shares in world trade. In 
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this section we also deal with the study of the geographical dimension of the EU automotive 

trade. The extended gravity model to be estimated is detailed in Section 3 and the econometric 

results are presented in section 4. Some conclusions are provided in Section 5. 

2. DATA AND DESCRIPTIVE ANALYSIS. 
As we mentioned above, trade in auto P&C is used as a proxy for cross border 

production networks1. 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. Following SITC Rev.2 categories for automotive P&C 

and final products identified by Kaminski and Ng (2001), we provide a new code list 

corresponding to SITC Rev.3.  (table A.1 in Statistical Appendix). 

Automotive trade flows in the EU-25 have been very dynamic from 1995-2007, 

growing by 9 per cent annual cumulative in nominal terms. The dynamism of auto trade has 

been particularly high in P&C (around one percentage point over final goods), increasing its 

share up to 40 per cent in total auto trade in the EU-25. This fact is the consequence of intense 

processes of international fragmentation of production in the automotive sector, to the point of 

being considered at present as one of the most globalized industries. This growth has allowed 

the EU-25 to maintain a prominent role in world trade throughout the whole period, with 

shares around 50 per cent, both in final and P&C markets (Figure 1). That is, 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 tough 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 trade has been accompanied 

in the last decade by profound changes in the organization of production. Specifically, two 

features are highlighted (Figure 1). First, the diverging evolution experienced by the two main 

                                                 
1 It is important to note that this is a good proxy when P&C are mainly destined for further processing or 
assembly abroad, and not for replacement purposes. In this sense, the higher demand for replacement parts in 
auto industry could be considered a shortcoming for P&C trade as indicator of trade linked to cross-border 
production networks.  
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areas in which the EU-25 can be divided – 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 final goods exports and were steady in P&C trade, the EU-10 has 

experienced a notable and progressive increase since 1995 in both shares. Therefore, it has 

been the dynamism of the activity in the Eastern European countries that has allowed the EU-

25 to maintain (in final goods) and improve (in P&C) its competitive position in the global 

market. Specifically, the increasing share of the EU-25 in auto P&C world trade (from 46 to 

54 per cent on the export side and from 44 to 50 on the import side) is attributable exclusively 

to the new enlargement countries. As predicted, the incorporation of the Eastern European 

countries into the EU has caused a geographic reorganization of the automotive industry in 

favour of the New Members2. These countries have been particularly active in attracting 

foreign investment from large companies in the sector and have intensified their trade 

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

These investment flows have come not only from Members States’ firms, but also from non-

Members’ companies (Suzuki and Isuzu Motors of Japan; Daewo, Hyundai and Kia of Korea) 

with the aim of supplying the European market from inside (Kaminsky and Ng, 2001). 

A second feature to be highlighted is the dissimilar evolution of certain Member 

States. 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: first of all, Germany, 

and considerably behind, France, Italy, the United Kingdom and Spain. These five countries 

combined account for 37 per cent of world automotive exports and 70 per cent of EU exports 

in 2007 (with similar percentages when final goods and P&C are distinguished). Curiously 

enough, Spain is the only of these economies without its own car brand in her territory. After 

her accession to the EU, she attracted high FDI inflows, mainly from multinational companies 

which set up production plants in the country. Her emergence as a relevant supplier of both 

finished automobiles and auto P&C has been emphasized in several studies (e.g., Spatz and 

Nunnemkamp, 2002). 

 

 

 

                                                 
2 Some firm-level examples of this production reorganization in automotive industry are reported in Dicken 
(2003).  
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Figure 1. EU-25 automotive world trade shares 
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It is more interesting to observe how, while most advance economies have reduced 

their influence in world automotive trade, Germany has strengthened her position, especially 

in P&C markets. Considering this, it may be affirmed that the German automotive industry 

has been especially active in the internationalization and fragmentation of production, leading 

this transformation within the EU-25. Amongst the EU-15 countries with a higher world trade 

share in automotive industry, only Spain and Belgium, both of them with a solid auto 

auxiliary industry, have been able to face new competitors and to maintain their relative 

participation in the P&C world market from 1995 to 2007, although Belgium has lost part of 

her import share.  

Together with the German economy, the main competitive improvements are found in 

Poland, Hungary, the Czech Republic and Slovakia. Once again, their improvements are 

higher in P&C markets, showing their increasing participation in the European and world 

automotive market. In this context of competitive pressure from Easter Europe, Spain´s ability 

to maintain her position and to even increase her export share in P&C markets can be seen as 

a real success for this country. A priori, this evolution would indicate that the unquestionable 

extension of the European automotive networks towards the East is compatible with the active 

participation of other peripheral nucleus, whose main actor is Spain. 

It is important to note that integration into auto networks for these Central-Eastern 

European Member States, as well as previously for Spain, has been foreign-led (Radosevic 

and Rozeik, 2005; Jakubiak et al., 2008). Since the beginning of the 90s, a large amount of 

foreign investment has flourished because of country specific factors such as lower wage 

costs, proximity to core EU markets, socialist heritage in the automotive industry, skilled 

labour and privatisation policies. Additionally, accession into the EU has induced European 

multinationals to rapidly enter Eastern markets (VW) or deepen their presence therein (Fiat, 

Renault), in order to extend their regional networks.  

The calculation of the Balassa index of revealed comparative advantage (RCA) on 

P&C exports and imports shows that these four countries plus Germany, France and Spain 

have double RCA (above unity) which would indicate, following Kaminski and Ng (2001), an 

active involvement in production sharing activity3. RCA indexes exceeding unity for exports 

and imports mean more specialization in exports of P&C (revealing the existence of 

advantages in the production and exportation of P&C) and more specialization in imports of 

P&C (revealing the existence of comparative advantage in assembly operations).  
                                                 
3 See Table A.2. in Statistical Appendix. 
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The increasing integration of Central and East European countries into automotive 

production networks is also exhibited when we analyse the changes in the direction of auto 

P&C trade in the EU-25. Even though its main trading partners are the EU-15 economies, a 

movement towards the 2004 accession countries can be observed throughout the period 

(Figure 2). So, the restructuring of European automotive networks that EU enlargement has 

caused can be appreciated. Since the clear preponderance of intra-EU flows, the dominant 

trend is still towards a strong regional structure of automotive networks. But today this is a 

much larger regional-scale, as some East Europe Member States are incorporated.  

 

Figure 2: Direction of trade in automotive P&C in EU-25 

  

 

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

In order to establish the effects of the explanatory factors on European trade linked to 

international production networks in the 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 (a 

positive influence because 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 colonial past, or belonging to the same regional integration agreement). 

We are particularly interested in the last variable, since intra-EU trade is prevalent in the auto 

industry. We expect that the country’s EU membership will be a determining factor in 
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explaining its participation in European production networks. The reason is that trade between 

Member States will be less subject to both trade barriers and economic, legal and political 

uncertainties or exchange risks (Zeddies, 2007). Moreover, since P&C may cross borders 

more than once, the trade stimulating effect of EU membership will be particularly high for 

these intermediate goods.  

We augment the standard gravity model with several explanatory variables pointed out 

by the theoretical literature on international production fragmentation. The first group of 

specific variables links this strategy to the exploitation of comparative advantages (Arndt, 

1997; Deardorff, 2001; Jones and Kierzkowski, 1990 and 2001). That is, some stages of the 

production process can be carried out more efficiently in specific locations, taking their 

comparative advantages into account.  

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

cent), labour cost may remain as a relevant factor, mainly in a framework where competition 

is tightening and the wage differential is still substantial between Eastern and Western Europe 

(Sachwald, 2005). Hence, in order to capture comparative advantages from differences in 

wages, we introduce the relative wage differences among trading countries in the model. If we 

assume that production of P&C is a less labour-intensive activity than assembly, countries 

with higher relative wages in the auto industry will enjoy a comparative advantage in 

production and exportation of P&C, while those countries with lower relative wages will 

enjoy a comparative advantage in the importation of P&C and assembly stages. So, we expect 

the relative wages variable to have a positive impact on P&C exports.  

Moreover, although we assume that P&C trade, or specifically, international 

production networks, are driven by the existence of comparative advantages between 

countries, we can argue that certain minimum conditions concerning technological or 

institutional capacity at the country level must be guaranteed 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 networking. 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 efficiency conditions are assured. The need for minimum factor endowment requirements 

is even higher in the automotive industry, where suppliers and automakers maintain a close 

collaboration at the level of design and quality. In this paper we introduce the absolute value 
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of the difference in GDP 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, 

coordination and supervision costs are excessively high. That is, if “service link costs”, 

referring to the costs of connecting production blocks in different locations, are excessive. 

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 a general decrease of service link costs has been 

observed, these continue to differ greatly between countries, thus affecting an individual 

country’s possibility 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, proxied by the quality of transport and telecommunications 

infrastructure. These factors are especially important to an auto industry where quality control 

and delivery timing are essential to business. 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.  

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

unusually high concentration of production and exports. As Sturgeon et al. (2009) indicate, 

multinational automakers strongly influence on the location decisions in the auxiliary 

automotive industry. Parts and subsystems have tended to concentrate into a few geographic 

clusters, typically near the automaker companies. Physical proximity facilitates the increasing 

demand of product differentiation, the transport cost reduction, mainly in modules with higher 

size and weight, and the advantages of production systems as lean manufacturing. Economic 

globalization and changes in production strategies have opened the door to new possibilities 

of geographical organization of production; however, reasons to maintain some traditional 

location guidelines still exit. Among them, besides the technical reasons mentioned above, it 

is important to highlight political pressures to maintain “in house” industries with elevated 

employment levels, high unionization rates and a strong influence on the local economy. To 
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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. 

Finally, time dummy variables (Dt) are 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 ADif-GDPpcijt + β10 
ln Infrastructureijt + Dt + εit 
 

 

The dependant variable reflects a country’s participation in cross-border production 

networks. It is proxied by country j exports (imports) of auto P&C to (from) country i, that is, 

bilateral trade in auto P&C expressed in nominal terms4,5. The model is estimated for bilateral 

trade of EU-25 countries with their major partners in auto P&C for the period 1995-2007. 

Specifically, forty-six countries, mainly from Europe but also from America, Asia or Africa, 

are included as partners in the model (Table A.3 in the Statistical Appendix). There are hardly 

any zeros in our dataset (less than eight per cent of observations), since it involves only main 

trading partners.  The subscripts i and j respectively refer to the countries of origin and 

destination of the exports, and t to the year. 

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

variables measure the size of the trading economies and then a positive value for both 

coefficients is expected. Trade associated with international fragmentation of production will 

increase if the distance between the trading countries decreases (Bilateral distanceij), if the 

countries share a border (Shared borderij) or a colonial past (Colonial pastij) or belong to the 

                                                 
4 A common error in papers 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 In theory, country j exports of P&C to country i should be identically equal to country i imports of P&C from 
country j, but in practice are not for different reasons. Most authors estimate gravity model using import data 
because they are regarded to be more reliable than export data since imports are carefully collected for custom 
duties in each country. Although in our dataset this appreciation would be only important for extra-EU trade, we 
use import data.  
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European Union (EUijt) or if there is a headquarter effect (Headquarteri). As regards the more 

specific hypotheses of the international fragmentation models, we would expect a negative 

impact of the ADif-GDPpcijt 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 the 

motor vehicle industry. Finally, we would expect a positive coefficient for the Infrastructureijt 

variable if a greater quality of transport and communications infrastructure enhances 

participation in cross-border automotive production networks6.  

4. ECONOMETRIC RESULTS. 

The results of the estimates are presented in the first column of Table 1. 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). The coefficient of the EU dummy variable 

shows the expected positive sign and it is statistically different from zero. So, there is (omit 

“a”) clear evidence to support the hypothesis that regional trade agreements such as the EU 

promote cross-border networking. Moreover, the reductions of trade barriers derived from the 

advances in the EU integration process would have generated new incentives for 

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

headquarter effect is also positive and statistically significant. This result would indicate that 

hosting the companies’ headquarters is a powerful reason for several senior Member States to 

still show strong participation in the production networks.  

Regarding the specific variables for models of international fragmentation of 

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

capita allows us to defend our hypothesis that a large gap in the economic development 

between countries implies a restriction for auto P&C trade and discourages from establishing 

                                                 
6 See Table A4. in the Statistical Appendix for an explanation of the measurement of the model’s variables and 
the statistics used. 
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cross-border production networks. The idea that comparative advantage would only hold for 

countries that have reached a certain level of factor endowment (a minimum threshold of 

development) is also suggested by other papers such as Türkan and Ates (2011). These 

authors also obtain a negative effect of dissimilarities in GDP per capita on US vertical intra-

industry trade in auto-parts industry, suggesting that these capture the differences in public 

infrastructures, favorable policy environment, skilled labour and industrial agglomeration, 

which would hamper the creation of cross-border production networks.  

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: an overall infrastructure index and a technological readiness index, both of 

them offered in the Global Competitiveness Reports elaborated by the World Economic 

Forum7. 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 

(Column 1 and 2 in Table 1). No matter the index used, the coefficients were positive and 

significant. These indexes are available only from the year 2000 onward, reducing the number 

of observations appreciably. When they are omitted from the model and the whole sample is 

used, the other variables remain practically unchanged (Column 3 in Table 2).  

 

 

 

                                                 
7 The first 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; whereas the 
second one 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. 
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Table 1: Results of the extended gravity model estimates for the EU trade in auto P&C 

Coefficients Column (1) Column (2) Column (3) Column (4) Column (5)
GDPi 1.187*** 1.069*** 1.090***

(0.022) (0.023) (0.018)
GDPj 0.962*** 0.925*** 0.946***

(0.016) (0.017) (0.013)
Bilateral distance ‐0.883*** ‐0.794*** ‐1.041***

(0.030) (0.031) (0.025)
Common border 1.011*** 1.082*** 0.884***

(0.103) (0.101) (0.090)
Colonial past 0.714*** 0.703*** 0.577***

(0.118) (0.121) (0.101)
EU 0.657*** 0.794*** 0.546*** 0.749*** 0.781***

(0.065) (0.065) (0.052) (0.068) (0.069)
Headquarter 0.583*** 0.661*** 0.971*** 1.027***

(0.065) (0.065) (0.053) (0.049)
ADif-GDPpc ‐0.036* ‐0.036* ‐0.128*** ‐0.042* ‐0.054**

(0.021) (0.021) (0.017) (0.024) (0.024)
Relative-wages 0.139*** 0.154*** 0.141*** 0.180*** 0.204***

(0.015) (0.015) (0.013) (0.008) (0.009)
Infrastructure 0.225***

(0.024)
Technological Infrastructures 0.267***

(0.031)
Time dummies Yes Yes No No
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 10267 10272 10272
Adjusted R2

0.672 0.649 0.638 0.857 0.851  

Note: Standard errors in brackets. ***, ** and * indicate significance lev 

els of 1, 5 and 10 percent respectively.  

 

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 

trade policy (member of the same regional integration agreement). But, these variables may 

not represent the total 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 
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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 

effects.  

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

effects (Dit y Djt). As Anderson and van Wincoop (2003, 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 also depends 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. So, when these multilateral trade 

costs are omitted from the gravity equation, biased estimates will be obtained8. 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). 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. Taking these 

considerations into account, the specification to be estimated is the following9: 

[Specification 2] 

ln [Xijt / GDPit GDPjt)]= β0 + β1EUijt + β2 Headquarteri + β3ln Relative-wagesijt + β4ln ADif-
GSPpcijt+ β5ln Infrastructureijt + Dij + Dt + Dit + Djt +εit 

 

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 coefficients 

as it is showed in the fourth column of Table 2 (dummy coefficients are omitted for brevity). 

So, our results are robust to the introduction of different fixed-effects. Since the infrastructure 

indicators used are index numbers (values from 0 to 7) and they hardly vary over time, when 

bilateral time-invariant dummies are included, these specific indicators need to be removed. 

Additionally, considering that Headquarteri is a country-specific dummy variable and that 

                                                 
8 “Gold medal” error of gravity models (Baldwin et al., 2008). 
9 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. 
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there may be multicollinearity problems, we estimate the model omitting this variable. Also in 

this case, the results remain robust (last column of table 2).  

Taking into account that adding fixed effects improves the overall fit of the model, 

particularly in the case of time varying nation dummies, we can interpret that auto P&C trade 

is also explained by country-specific fixed effects. Among these country specific 

characteristics that could affect P&C trade, we may consider the domestic industrial policy for 

the automotive sector, anticipated liberalizing effects of the European integration process, a 

long tradition in car production industry or a different use of strategies of fragmentation and 

internationalization of production by firms10. 

 

5. CONCLUSIONS AND POLICY IMPLICATIONS. 
In this paper we present evidence regarding the changes in European production 

networks in the auto industry since the mid-nineties, when a new impetus to EU deepening 

and enlargement was given. The new Eastern European Members have significantly increased 

their participation in both auto P&C and final automotive trade. Amongst the Fifteen, only 

Germany, the unquestionable European automotive leader, has been able to appreciably 

increase her trade shares. The case of Spain is also remarkable since it has managed to 

maintain her position and even to increase her export share in P&C markets. These features 

show that the EU enlargement has led to a spatial extension of European automotive networks 

towards the East, which is compatible with the active participation of other peripheral 

nucleus, mainly Spain.  

Using an extended gravity panel data model, we have estimated the determining 

factors of P&C trade for the EU-25 as a proxy for participation in international production 

networks. The descriptive analysis suggests and our econometric results corroborate that EU 

membership and comparative advantages are key determining factors to be integrated into 

cross-border production sharing systems, but others factors also seem to matter: not only are 

some Central-Eastern new Member States really engaged in networking, but also other senior 

Member States such as Spain, whose labour cost advantages have disappeared in the Enlarged 

EU context, yet manage to preserve its involvement11. That would mean that the availability 

                                                 
10 We have estimated the model adding variables which try to capture some of these factors (e.g. FDI inflows 
into auto industry), but their coefficients are not significant and the overall fit of the model is not improved. This 
occurs because they are determining factors only for certain countries.  
11 Some authors (Bilbao and Camino, 2008; Aláez and Barneto, 2008) have stressed that automotive firms 
operating in Spain show a low risk of business relocation when factors influencing vulnerability to corporate 
restructuring processes (such as the importance of price as a significant factor for competitiveness in the 
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of cheap labour is not a sufficient factor to enter competitively in the process of international 

fragmentation of production, especially in relatively skill intensive industries, as suggested by 

Barba-Navaretti, Haaland and Venables (2002).  

Automotive companies have made use of opportunities created by the EU enlargement 

to reshape production networks for a better exploitation of comparative advantages within the 

region.  With this strategy, they have been able to maintain competitiveness despite the 

intense competition from less developed areas. As the European Commission (2007) argues, 

in the changing playing field of global commerce, competitive advantage lies in optimising 

the global value chain. So, the EU should continue removing trade barriers to encourage 

production fragmentation strategies in the global economy. It seems necessary to step up 

efforts to expand the single market in the area of goods and services, removing regulations 

that restrict their free movements and consequently facilitating the reorganization of 

networks.  

Besides EU membership and comparative advantages, other variables such as good 

quality infrastructure, a minimum threshold of development and a headquarter effect emerge 

as important determinants of networking in automotive industry.  The relevance of the first 

two variables points out how EU regional policy could contribute to strengthening European 

networks. It seems clear that development disparities between regions can be reduced by 

encouraging investment in transport and telecommunications infrastructure. This implies that 

an adequate regional policy could diminish largely the service link costs and promote the 

insertion of less developed Members into European networks. In doing so, it would facilitate a 

more efficient configuration of the European production networks, boosting European 

competitiveness and accelerating growth in lagging Members. In words, it would improve 

economic and social cohesion in the EU. 

Finally, the estimates also confirm that unobserved country-specific variables, which 

have been controlled by including time-varying nation fixed effects, play a key role in 

production sharing networks. Some of these country-specific variables could help to explain 

the geographical configuration of automotive production networks in the enlarged EU, 

particularly why some countries can preserve their position in the network even though they 

have lost their comparative advantages after the enlargement (the case of Spain). It may, 

therefore, be assumed that changes in the comparative advantages lead to an alteration in the 

                                                                                                                                                         
industry, the sunk costs associated with plan relocation and the distance of the from the corporative headquarter) 
are taken into account. 
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network configuration and the creation of new locations, but it does not necessary involve the 

replacement of traditional ones. 

A possible explanation can be found in the existence of sunk costs in the participation 

in production sharing networks, first and foremost when this is associated with the presence 

of foreign capital firms in the sector. Due to high investment in long-lived capital equipment 

and skills, and the close linkages between automakers and suppliers, the geography of 

automotive networks tends to be stable (Sturgeon et al., 2009). Although the early choice of a 

country by multinational firms as a location for assembly activities can be the result of 

economic history, multinational firm affiliates become increasingly embedded in host 

countries, making relocation more difficult. The importance of country-specific factors 

recommends the implementation of active domestic economic policies, such as encouraging 

investments to guarantee enough technological capacity and skilled labour, in short, enough 

level of productivity, to attract and retain leading firms in the industry; and when these are 

foreign capital firms, strengthening the linkages with the local economy in order to facilitate 

the integration of domestic firms into the network.  
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Statistical  Appendix. 

 

Table A.1: Automotive Parts and Components and Final Products  

(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 
FINAL GOODS 
 781, Motor cars and other motor vehicles principally designed for the transport of persons 
 782, Motor vehicles for the transport of goods and special-purpose motor vehicles 
 783, Other road motor vehicles 
 722, Tractors 
 744.11, Self-propelled trucks powered by an electric motor, fitted with lifting or handling equipment 
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Table A-2. Balassa RCA indexes for P&C imports and exports in the EU-25 

 RCA index for P&C 
Exports 

RCA index for P&C 
Imports 

  1995 2007 1995 2007 
Germany 1.0 1.4 0.8 1.4 
France 1.4 1.5 0.9 1.2 
Italy 0.9 1.1 0.7 0.8 
United Kingdom 1.0 1.0 1.3 1.3 
Spain 1.8 1.9 2.6 2.0 
Belgium 0.7 0.7 1.7 1.1 
Czech Republic 0.8 2.1 0.6 1.7 
Hungary 0.8 3.2 0.5 2.3 
Poland 0.3 2.3 1.1 1.4 
Slovak Republic 0.7 1.4 0.5 3.1 
EU-15 1.0 1.2 1.1 1.6 
EU-10 0.6 2.1 0.8 1.7 
EU-25 1.1 1.3 1.2 1.6 

Note: RCAij=(Xij/Xj)/(Xiw/Xw) with Xij as the exports of product i from country j; Xj total exports of 
manufactures from country j; Xiw the world exports of product i; and Xw the world total exports of manufactures. 
Similarly, the RCA index is calculated for import of P&C and export of final goods. 
 
 
 
 
 
 
 
 
 

Table A-3. Countries included in the model (EU’s main partners in auto 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-4: 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 

ADif-GDPpcijt 
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. 

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. 

 


