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1. Introduction

The increasing fragmentation of production registered during the last decades has deeply changed trade

flows, by emphasizing the importance of trade in intermediate inputs and triadic flows as well as the concept

of added value. Being the gravity equation typically employed to explain bilateral trade flows, its use in this

new context requires further investigation. As underlined also by Baldwin and Taglioni (2014), when parts

and components are important, as it especially happens for regional trade, the traditional gravity model

needs to be enhanced. This analysis goes in this direction by presenting an augmented version of the gravity

equation in order to capture some features of the new globally integrated production and trade system.

The focus of this paper is Factory Europe, an hub and spoke system centered on Germany and charac-

terized by strong supply chain connections between countries (Baldwin and Lopez-Gonzalez, 2014). In order

to investigate the trade implications of country production fragmentation, triadic or higher dependence, and

trade in added value in the EU, this paper proposes an augmented dynamic gravity equation by adding

proxies for supply chain interdependence and fragmentation. To this end, we refer to the new indices derived

from the Koopman et al. (2014)’ decomposition as well as to the network centrality measures that allow to

consider the effects of other countries on each bilateral relation (Anderson and van Wincoop, 2003). We

carry out our empirical exercise in a dynamic setting through a System GMM, in line with the growing

interest for the persistence of trade (Head and Mayer, 2013) as well as to face the issue of endogeneity that

arises when the traditional equation is augmented with variables that are determined simultaneously along

with the dependent variable.

Trade data come from the new World Input Output Database WIOD (Timmer et al., 2012). WIOD

provides bilateral trade flows at the industry level distinguished according to their final and intermediate

use - for 40 countries from 1995 to 2011.

Preliminary results show that the impact of the EU trade integration process is better specified and

soundly interpretable when regressions properly account for the amount of vertical specialization and the

effects of other countries on each bilateral trade relation. However, some additional efforts are required in

order to improve estimation results, especially solving the tradeoff between the endogeneity of supply chain

variables, on one hand, and the issue of instrument proliferation, on the other hand (Roodman, 2009).

The work is organized as follows: Section 2 introduces the new indicators of global value chains and value

added trade as well some network measures; Section 3 presents a descriptive analysis of the EU global value

chains and some useful network visualizations; Section 4 shows the regression results; Section 5 concludes.
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2. Trade implications of GVCs: trade in value added and network interdependence

The availability of global input-output matrices led to methodological contributions on new metrics of

GVCs. Several recent articles generalise the concept of vertical specialisation and capture different dimensions

of value added embedded in trade (see for instance Johnson and Noguera (2012), Daudin et al. (2011) and

Koopman et al. (2014)). The aim of this section is to introduce new data sets and approaches to describe

the network of trade relations among EU member countries by accounting for their actual involvement in

global value chains. This is done by presenting both some indices derived from the decomposition of gross

exports into value-added components developed by Koopman et al. (? and 2014) that measure trade in

value added and involvement in GVCs, and some indices derived from network analysis that measure the

degree of trade interdependence across EU member countries. These measures are then employed to describe

supply chain patterns in Europe (see section 3) as well as to provide evidence of their relevance in assessing

regional bilateral trade (see section 4).

2.1. GVC and Trade in value added: new indicators

In a world characterized by the development of value chains, traditional trade statistics tend to overes-

timate the value created in each country in the production of its exports (Amador et al. (2014)). As argued

by Cappariello and Felettigh (2014), there are two main reasons why gross exports need to be integrated

with value added data: first of all, when processing trade is relevant, a decrease in the domestic share of

gross exports is explained by an increase in both the foreign and the double counted components. Tradi-

tional statistics do not allow to capture this effect since they double count goods that cross international

borders more than once; secondly, triangular production sharing prevent identifying the final demand that

activates a country’s exports. A new literature has emerged recently with the idea of tracing the value added

of a country’s trade flows by combining input-output tables with bilateral trade statistics and proposing

new indicators (Hummels et al., 2001; Johnson and Noguera, 2012a, 2012b; Miroudot and Ragoussis, 2009;

Koopman et al., 2011 and 2014; De La Cruz et al., 2011; Stehrer, 2013). In addition, advanced research

on constructing appropriate databases is also being conducted by several institutions and research groups

(see Johnson, 2014). As pointed out by Koopman et al. (2014), in order to decompose gross exports, input-

output tables have to include three main elements: data distinguishing intermediate and final flows at the

industry level within and between each country; the direct value added in production of each industry in

all countries; the gross output of each industry in all countries. Data with these features are available in
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WIOD1 2. They provide global input output tables with transactions at industry level specifying origin and

destination. WIOD provides all the essential information to decompose gross exports: bilateral trade flows

(including domestic transactions) at the industry level are distinguished according to their final and inter-

mediate use; moreover, the dataset provides data concerning gross output by industries. WIOD concerns 40

countries (all the EU members included) together with a residual group (called Rest of the World) and 35

industries; it allows to identify the full gross export decomposition for a large period, from 1995 to 2011. All

data collected form national sources are converted into US dollars.

By using these new data, scholars can now face the challenge of defining GVCs and trade in added

value in statistically measurable elements and try to answer to some important research questions, such

as: to what extent countries are involved in a vertically fragmented production? What is the position of a

country/industry in the value chain? What is the actual production of value added of a country/industry?

To this end, we apply the decomposition of the value added embodied in national gross exports proposed by

Koopman et al. (2014).

Figure 1: Koopman et al. (2014)’s Gross Export Decomposition

Source: Elaboration of the authors from Koopman al. (2014)

The components derived from the above decomposition can be combined to derive other useful indices that

1World Input Output Database, http://www.wiod.org/new_site/data. See Timmer et al. (2012) for details.
2Another possibility is to use data from GTAP, Global Trade Analysis Project, https://www.gtap.agecon.purdue.edu/.

However, GTAP seems to be less appropriate for the aim of this essay because, even though it is a global database with Multi-
Country Input-Output (MCIO) tables, it does not distinguish intermediate and final use of trade flows, requiring additional
data manipulation (see Koopman et al. (2014) for details.)
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help studying the involvement of each country in cross-border production chains. Two important measures

can be derived to assess the involvement of a country/industry into a GVC: the GVC participation index and

the GVC position index. The GVC participation indicator takes into account the indirect domestic value

added exports (IVA)3 and the foreign value-added exports (FVA)4 to summarize the importance of global

production chains in country (or industry) exports. Specifically, the GVC participation index for country i

and industry k is:

GV Cparik = FV Aik

Eik
+ IV Aik

Eik

where E stands for gross exports, FVA is foreign VA and IVA is the domestic VA embodied in third countries’

gross exports. The higher (lower) the value of the index, the larger (lower) is the participation of a country

in GVCs.

The GVC position indicator is given by the ratio of the IVA exports and the FVA exports and measures

the level of involvement of a country (or industry) in vertically fragmented production. It helps us to gauge

whether a country is likely to be in the upstream or downstream of GVCs. Since at the global level IVA

and FVA equal each other, the higher (lower) the value of the index, the more upstream (downstream)

the country exporters are situated in global value chain. The country lies upstream in the GVC, either by

producing inputs and raw materials for others, or by providing manufactured intermediates or both; it lies

downstream if it is a downstream processor or assembler adding inputs and value towards the end of the

production process. Following Koopman et al. (2011) the GVC position index for country i and industry k

is:

GV Cposik = IV Aik

Eik
/FV Aik

Eik

2.2. GVC and trade interdependence: network measures

In order to measure the interactions between countries and their effect on bilateral trade relations we

resort to Network analysis (NA). NA enables to represent the network of trade flows by giving emphasis to

the relationship between the countries in the network and the structure of the network itself. The specificity

of networks is that the relation between two nodes (i.e. countries in our case) is not analyzed in isolation,

but it is studied focusing on its structural dimension, that is taking into account the ’effect of others’ in the

3IVA reflects the indirect contribution of domestic supplier industries of intermediate goods or services used in other countries
exports (i.e. value added exported in intermediates re-exported to third countries)

4FVA reflects the foreign value added content of intermediate imports embodied in gross exports (i.e., other countries
domestic value added in intermediates used in exports).
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relation between them (i.e. taking into account the set of all possible trade relations with other partners that

affect a dyadic flow) (De Benedictis et al., 2014). NA provides several indicators to assess the importance

of a node (a country), capturing different aspects of its position (Borgatti, 2005). In this work, to take into

account the ’interdependence’ issue, we focus on centrality measures or ’ego’ measures that give information

about how and how much each single country is relatively positioned in the overall network, considering

the trade relations with all countries inside and outside the geographical region to which it belongs (see De

Benedictis et al., 2014 for more details on application of NA to international trade).

Focusing on these centrality indices, a preliminary distinction is between unweighted and weighted mea-

sures. While unweighted measures look at the number of existing links between countries, weighted indices

consider trade volumes disregarding the number of the partners that a country has. The second important

distinction is between local and global centrality measures. Only the latter considers the effects of other

nodes on the country of interest; this makes global centrality measures more suitable for the purpose of this

analysis. Among global centrality measures, we use the betweenness centrality. The betweenness centrality

(CB) measures how much a given node acts as intermediary or gatekeeper in the network. A node is central

if it is essential in the indirect link between i and j. As explained above, the dispersion of the production

process has increased trade between low-wage European Union economies and advanced Eurozone countries,

apparently reducing bilateral flows within the euro area. This has to be interpreted carefully: if what a

Eurozone country buys from one of its partner abroad is something that either itself or another Eurozone

country is producing there, bilateral trade hides a triangular structure. In general, when the production

process is organized in stages performed in different places, there are multilateral connections between coun-

tries that affect bilateral links. Betweenness centrality (CB) seems to be particularly useful for the aim of

this research both because it takes into account whether a country is an intermediary in the network and

for its ability to capture the set of all possible trade relations that affect bilateral flows. It is defined as the

proportion of all shortest paths between any two nodes that pass through a given node:

CB =
∑
j 6=i

δijk
δjk

(1)

where the denominator is the total number of shortest paths joining any two nodes k and j while the

numerator is the number of shortest paths that connect k and j but also go through i. Betweenness centrality

is a useful measure in the case where a node is important as an intermediary: this is of main importance

in supply chain trade to capture the role of countries that act as suppliers of intermediate flows of goods
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and services. A vertex located on the geodesic distance between many pairs of nodes is central because it is

necessary for all periphery vertices to be mutually reachable.

3. The EU global value chains: a descriptive analysis

By using the basic decomposition proposed by Koopman et al. (2014) and the indicators deriving from the

same decomposition we can draw some insights about the value chain patterns for the EU member countries.

Figure A.1 shows the average evolution of the DVA and FVA components for the EU member countries from

1995 to 2011. DVA still represents the main component of the EU gross exports even if during the last years

the share of FVA has increased up to near 40 percentage points. This shows the tendency - with a break

because of the crisis in 2008 - of the EU countries to increase their degree of vertical specialization over time.

The average picture can be further investigated looking at the heterogeneous behaviour of individual EU

members. Tables A.1 and A.2 show the domestic and the foreign value added shares for each EU country

(and the average share for the EU-27) in four years, 1995, 2000, 2005 and 2010. As it is apparent from the

tables, the main Eurozone economies (such as Italy, Germany and France) together with United Kingdom

present the highest levels of DVA component. Conversely, the Central Eastern European countries (CEECs),

with the relevant exception of Poland and Romania, show high shares of FVA (above the EU-27 average).

Also the share of IVA has increased from 1995 to 2008 while it has slightly declined from 2009. It gives

relevant information about a country’s upstream activities relative to its trade partners. The re-imported

share appears to be of modest importance for total exports, apart from Germany and, to a lower extent,

Italy, France and Spain. Even if this value is small in absolute term, it is of main importance implying

the existence of supply chain connections where some intermediates are sent abroad to be processed before

the final stage of production in the initial country (Amador et al. (2014)). Returning flows for advanced

EU economies mainly comes from countries that joined the EU after 2004 (Koopman et al. (2010)); the

re-imported share is particularly high for Germany: according to Amador et al. (2014) this depends on the

German specialization in transport equipment, a sector characterized by a spider-shaped production process5

in which both the most upstream stages and the final assembly remain in the home country. Even if the

domestic component accounts for the largest part of gross exports, the data also testify the growing backward

integration of the production process for advanced Eurozone economies. Finally, also the double counting

5Baldwin and Venables (2010) define spider the production process in which separate parts are assembled into a final good
without a specific order; on the contrary, the snake is a vertical flow of production in which the sequence of stages is determined
by the engineering.
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component has increased, even though the share is modest relative to both the direct domestic value added

and the foreign one; for the majority of EU countries it accounts on average for the 5 per cent of gross

exports. Poland and Romania share with main Eurozone economies the importance of upstream activities:

their share of indirect value added is on average, around 10 per cent. United Kingdom seems to represent

a specific case in which the direct domestic component has remained around 70 percentage points for the

whole period and its share of foreign value added is very small with respect to the other countries. Moreover,

it has a significant share of both indirect domestic and re-imported value added. As suggested by Rahman

and Zhao (2013), while the direct domestic value added (i.e. the first two items in the basic decomposition)

is created outside the value chain, both the indirect and the re-imported domestic value added, together with

the foreign component and the double counted items concern exports generated through the participation

in global value chains. A combination of these items gives a measure of the international fragmentation of

production. The data show that the dispersion of the production process has increased a lot in each EU

country leading to a strong integration in the international production network. However, even if the share

of international fragmentation for advanced EU members is rising, it is small relative to both partners in

Central Eastern Europe and other advanced economies such as Belgium and Ireland.

To identify both the involvement of each country in the value chain and the role that EU members

play in the production network, identifying upstream and downstream economies, figures A.2 - A.5 show

participation and position index for each EU country in 4 reference years (1995, 2000, 2005 and 2010).

Each figure reports the GVC participation index on the left axis and the GVC position index on the right

one. Countries are ordered according to the position: countries on the right side are the most downstream

producers while those on the left side are upstream economies. As expected, countries with the highest

shares of FVA are the most downstream economies. Conversely, the index has larger values for countries

with a relative high share of indirect value added such as United Kingdom that is the most upstream country

in Europe, Romania and advanced Eurozone economies (mainly Germany, France, Italy and Finland). The

position of these countries as upstream producers has increased during the analysed period even if for the

majority of them, it has reduced during the crisis. Romania is an exception since its position as input supplier

kept growing during the last years. On the contrary, for Poland the index has gradually decreased meaning

that the country has changed its role in the value chain specializing in downstream activities. European

Union countries are increasingly backward integrated; this is confirmed by the increase in the participation

index that is larger for countries with the highest shares of FVA. For some EU members, the index has

increased a lot: for Czech Republic and Hungary, for instance, it has risen from 30 to almost 50 per cent.
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Recent analyses (Baldwin and Lopez-Gonzalez (2014), Iossifov (2014), Koopman et al. (2010), Miroudot

et al. (2009)) have shown that there is a pan-European cross-border value chain characterized by large flows

of intermediate goods and services that joins advanced EU economies (mainly Germany but also France,

Italy and United Kingdom) and Central Eastern European countries. Based on this framework, we can also

analyse connections between EU countries within cross border production chains. This is done using data

and statistics from Trade in Value Added (TiVA) that provide detailed information at the bilateral level.6

Based on Iossifov (2014), interdependence has been analysed by looking at the participation of world

partners in value chains for both main Eurozone economies7 and Central Eastern European countries showing,

for each reference country, the rank of its first 15 partners. Results are shown in table A.3. A number of

considerations arise. First, top partners for Eurozone countries are other EMU members. This is consistent

with Amador and Cabral (2014)8 who find that global value chains are very relevant for Eurozone countries

taken as a whole; this system has shown a strong resilience also during the trade collapse. Germany lies

in the first position for the majority of Eurozone countries: this confirms its role of manufacturing giant

in the European value chain (Baldwin and Lopez-Gonzalez (2014)). Amador and Cabral (2014) compute a

measure of trade in value added balance finding that Germany shows a surplus with respect to its Eurozone

partners. Also United Kingdom plays an important role together with some Central Eastern EU countries

(i.e. Czech Republic and Poland). CEE economies have gradually become sources of value added for the euro

area, maintaining this role also during the trade collapse (Amador and Cabral (2014)). From the other side,

when CEE economies are taken as reference, table A.4) shows that Eurozone countries, especially Germany,

France and Italy account for a great amount of their supply chain trade. Even though some extra-EU

countries occupy main positions in the ranks of both Eurozone and CEE economies (Russia, United States,

Switzerland, China and Japan are usually in the top 15 positions), it is straightforward that EU countries

are strongly integrated in their regional supply chain. Moreover, for both Eurozone and CEE economies,

the residual group ”rest of the world” usually lies in the first positions of the rank; it mainly refers to oil

producers. An interesting point that comes from the data is that CEE economies share strong connections

6TiVA dataset covers 57 countries and 18 industries that traces the sources and uses of value-added in international trade, also
showing connections between countries along the chains. It allows to compute value added components for aggregate exports,
but also at the bilateral and sector level. However, the dataset prevents distinguishing all the items identified in equations
8 and 10 since it has been built according to the 2010 decomposition (Koopman et al. (2010)). Moreover, data availability
is restricted to 5 years (1995, 2000, 2005, 2008 and 2009). For additional details see http://www.oecd.org/industry/ind/

measuringtradeinvalue-addedanoecd-wtojointinitiative.htm.
7Main Eurozone countries are those who adopted the euro before 2002: Austria, Belgium, Finland, France, Germany, Greece,

Ireland, Italy, Luxembourg, Netherlands, Portugal and Spain.
8They analyze supply chain connections in the euro area employing the same decomposition we use in this section (Koopman

et al. (2010)) but for a longer period (from 2000 to 2011)
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in terms of participation with each other: as suggested by Iossifov (2014), they are setting up their own

production chain.

Interconnections between EU countries have also been analysed looking at the relative position of Euro-

zone and CEE countries9 with respect to EU partners (A.5). The index is defined as the ratio of foreign and

indirect domestic value added, i.e. as the share of value added from a trade partner embodied in reference

country total exports on the domestic value added from reference country exported and then embodied in

trade partner exports. Values of the index above 1 suggests that the trade partner is situated more upstream

in the chain relative to the reference country, providing production inputs for exports; the opposite holds

for values lower than 1. When the index is equal to 1, it means that the trade partner and the reference

country play a similar role in the value chain. Focusing on EMU countries, it is possible to identify at least

three groups in terms of position: first of all, there are some countries relative to which their partners are

mainly located in downstream positions; this happens for Italy, France, Spain, Germany, Greece and Nether-

lands suggesting that these economies provide large amount of production inputs to other EU members.

This results is consistent with the relative low share of foreign value added found for these countries and

described above. The third group refers to remaining EU countries with respect to which their partners

are located both upstream and downstream. In some cases, main upstream positions are occupied by CEE

economies: Romania and Poland lie upstream with respect to Germany indicating that they act as input

supplier for German producers; Latvia, Lithuania and Romania are located upstream with respect to Spain.

When taking CEE economies as reference countries, four different situations appear: as for Luxembourg,

each EU country is located upstream with respect to Hungary; the majority of EU partners are located

upstream also with respect to Bulgaria, Slovak Republic and Slovenia. This is in line with the high shares

of foreign value added found when decomposing gross trade confirming the dependence of these countries

on imported inputs to produce goods for exports. On the contrary, there are many EU members that lie

downstream with respect to Romania and Poland: differently form their partner in Central Eastern Europe,

these two economies mainly act as input providers in the European production chain. Finally, the amount

of EU partners located upstream and downstream relative to Czech Republic is balanced. Indeed, the basic

decomposition shows that this country has both a significant and increasing share of foreign value added and

a relatively high share of the indirect component; he acts as both an upstream and downstream producer

9The countries considered are the same as for the participation index. Measures in tables A.3 and A.4 are computed taking
reference country’s total exports as denominator.
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in the European value chain. Apart from some exceptions10, Euro area countries and United Kingdom lie

upstream relative to each CEE country indicating that there are intense flows of intermediate inputs from

the original EU members to them. As pointed out by Iossifov (2014), CEE economies mainly buy industrial

equipment and value added components from euro area partners to produce both intermediate and final

goods that are sold to final consumers worldwide through the value chain. Moreover, this could also be

explained by the activity of multinational corporations that have offshored some production stages there.

In order to describe also the structure dimension of the EU countries trade, we use sociograms as a

visual tool that allows to capture the multilateral effect on bilateral flows. It gives a visual representation of

the network considering the relative position of each country in the European trading system based on the

topological space rather than the geographical one. This choice gives a representation in which countries that

are more connected tend to stay close, while those less connected are at the edges of the figure. However, the

position in the figure is also influenced by the indirect effect of others because the position of each country

also depends on that of the partners of its partners. Countries are represented by vertices or nodes and their

trade relations by links. The strength of the flows is represented on a grey scale (only flows higher than 10th

percentile are represented). Figure A.6 presents the European FVA network in 2009 where the size of the

nodes are proportional to the weighted in-degree (VA import market share). The graph confirms the stylized

facts described so far: i) the EU economies are deeply connected to each other in terms of input supply; ii)

the role of Germany, France and Italy as main European buyers clearly emerges.

4. Empirical analysis

The aim of this empirical analysis is to assess the empirical importance of the supply chains connection

in Europe for the elasticity of bilateral trade flows across European member countries. To this end, the

usual dummy strategy to assess the policy impact of the European membership using the baseline gravity

equation has been augmented with two indices: the share of foreign value added in gross exports (FVA)

and the betweenness centrality (BC). In the Koopman et al. (2014)’s framework, FVA measures the degree

of vertical specialization in gross exports (i.e., the sum of the foreign value added in a country’s gross

exports, included the double counted item). In NA, BC takes into account the effects of other countries on

each bilateral relation by assessing the degree of country’s role as intermediary in the full network of trade

10As seen before, Germany lies downstream relative to both Poland and Romania.
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flows.11 Consistently with the dynamic nature of trade flows Head and Mayer (2013), and to face the issue

of endogeneity that arises when the traditional equation is augmented with variables that are determined

simultaneously along with the dependent variable, we work in a dynamic setting.

4.1. The dynamic augmented gravity equation

The dynamic specification of our gravity equation takes the following log-linear form:

lnXijt = β0 + β1lnXijt−1 + β2gdpxt + β3gdpmt + β4ETAijt + β5fit + β6fjt

+β7posit + β8posjt + β9ηst + β10ηtt + δij + αt + εijt

(2)

where Xijt is bilateral trade flows from exporting country i to importing country j; dETAs is a set of

dummies for controlling for the presence of European trade agreements (i.e., EMU, EU and others regional

memberships); fit and fjt are indices of internationally fragmentation of production; posit and posjt are

indices of country position along the GVCs; ηst and ηtt are centrality measures for the source and the target

countries, respectively; δij and αt are a set of country-time fixed effects (Head and Mayer, 2013).

It is worth noting here some important differences with the standard gravity specification: first, the issue

of persistence, i.e., bilateral trade is here explained also by its past levels; second, the absence of time-varying

country fixed effects. This for two reasons: i) only removing country-time dummies, the effect of variables

such as FVA (and GDP) that are country specific and vary over time can be estimated; ii) network indicators

are here used as an alternative empirical approach to control for the effects of third countries ((De Benedictis

and Tajoli, 2011) and (De Bruyne et al., 2013)). Ward et al. (2013) recognize that while the network of

world trade is highly interdependent, all the techniques employed to capture MR terms can be viewed as

attempts to hold the rest of the world constant, assuming conditional independence at the dyadic level. On

the contrary, the logic behind network is that having information about the relationship between i and j

and between j and k may reveal something more about the relationship between i and k, even when we do

not observe it.Time fixed effects are kept to control for cyclical components.

This augmented gravity equation has some possible sources of endogeneity: first, estimating it with OLS

faces the traditional dynamic panel bias since the lagged dependent variable is correlated with the error term;

second, additional endogeneity arises since the standard gravity equation is here augmented with variables

that are determined simultaneously along with the dependent variable (FVA and BC); third, the presence of

11This work makes use of a weighted betweenness centrality that has been computed taking into account the inverse of the
trade flow. This is done because, as suggested by De Benedictis et al. (2013), when computing adjacency based centrality
measures that are based on an adjacency matrix, an higher trade flow among two countries is interpreted as higher distance.
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the policy variables (ETAs) introduce additional sources of endogeneity given by the possibility of omitted

variables bias due to the presence of possible other events specific to the country pair and contemporaneous

to the treatment as well as the likely selection-bias of countries that join ETAs that can be explained by

the same characteristics used by the gravity equations to explain trade flows (Persson, 2001; Baier and

Bergstrand, 2004; De Benedictis and Taglioni, 2011). The attempt to overcome these problems by entering

dummies and estimating a LSDV specification can be not sufficient to remove the bias in this particular case.

12. We have in fact a few time periods13 and independent variables that are not strictly exogenous. Hence we

risk to produce LSDV estimates which are downward bias with respect to using the Arellano-Bover/Blundell-

Bond system generalised method of moments (SGMM) estimator (Arellano and Bover 1995; Blundell and

Bond 1998). This latter helps also to control for other potential sources of unobserved heterogeneity which

may be correlated with the other explanatory variables (including measurement errors, see Ponomareva and

Katayama, 2010).The Arellano-Bover/Blundell-Bond SGMM estimator augments the Arellano and Bond

(1991) GMM estimator built on Holtz-Eakin et al. (1988) by including lagged level as well as lagged difference

in a system of two equations (the original and the transformed ones). The first difference transformation

is applied here since our panel is strongly balanced (Roodman, 2009). The SGMM estimator increases

dramatically the efficiency of the Arellano-Bond Difference GMM by involving a set of additional restrictions

on the initial conditions of the process generating the dependent variable. It relies on the assumption that

the first level lags of the variables in levels should be uncorrelated with observed country fixed effects (i.e.,

countries are not too far from steady states, in the sense that deviations from long-run means are not

systematically related to fixed effects). The motivation for using the SGMM estimator instead of the GMM

one, stands in the recognition that lags are likely to be weak instruments in the context of the Arellano and

Bond (1991) GMM estimator if trade is expected to be persistent (past levels convey little information about

future changes). In the SGMM estimates pair dummies are dropped from the estimates because of the likely

endogeneity of the RTA is here controlled through the SGMM;

4.2. Estimation results

Our dynamic gravity equation has been estimated for the 40 countries for which WIOD trade value added

data are available14 in the period 1995-2009.

12see Olivero and Yotov (2012) and De Nardis et al. (2008) for details.
13The need to instrument the lagged dependent variable disappears when T is large enough that averaging over time yields

stable results, Roodman, 2009
14Austria, Belgium, Bulgaria, Cyprus, Czech Republic, Denmark, Estonia, Finland, France, Germany, Greece, Hungary,

Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta, the Netherlands, Poland, Portugal, Romania, Slovakia Republic, Slovenia,

13



Table 1 reports both LSDV and SGMM estimates for different gravity specifications. As apparent from

the table, in all specifications the mass variable parameters are significant, show the expected signs and lie

in the usual range. Conversely, EMU and EU membership show weak significance, especially when we add

the indices for supply chains connection. Since they capture mainly flows with countries that joined the EU

in 2004 and 2007, this seems to suggest that the relations between former EU countries (the majority of

which are Eurozone economies) and later EU members are better explained by production fragmentation.

As a matter of fact, the striking feature of our empirical exercise is that the indices of fragmentation and

GVC position keep significance in all the specifications for both the importer and the exporter countries.

They show positive and significant coefficients with the relevant exception of the upstream position of the

importing countries which is, as expected, negative and not always significant. Moreover, fragmentation

and GVC position of the exporters are still positive and significant controlling for centrality measures. Also

the coefficients of these latter are positive and significant for the exporters (while they are not significant

for the importing countries suggesting that being an intermediary in the network matters the most for the

exporters) suggesting the reliability of network measures to get rid the bilateral relations from the structure

of the world trade network. The last three columns of table 1 report also the LSDV estimates replacing

country time FVA with country pair time varying indicators (see table A.3). Notwithstanding these variables

have been computed only for some selected years (and hence we can count on a reduced set of observations)

the empirical outcomes are highly consistent with the previous ones.

The consistency of the GMM estimates cannot be taken for granted and depends strictly on the validity

of the moment conditions used. As shown in table 1 that reports the p-value of the Arellano-Bond test,

the null hypothesis of no AR(2) errors strongly supports the hypothesis of no serial correlation in the first-

differenced errors for our system GMM empirical estimates.15 Arellano and Bond demonstrated that this

test has greater power than the Sargan and the Hansen tests to detect lagged instruments when they are

invalid because of autocorrelation. The test is valid for any GMM regression using panel data and it is based

on the assumption that errors are not correlated across individuals; this explains why it is important to use

Spain, Sweden, United Kingdom, Canada, United States, China, India, Japan, South Korea, Australia, Brazil, Mexico, Taiwan,
Turkey, Indonesia. Russia has been dropped from the large sample because there are problems in the computation of the FVA.

15The presence of autocorrelation in the idiosyncratic disturbance term would render some lags invalid as instruments. Of
course, the full disturbance is presumed to be autocorrelated because it contains fixed effects. Hence rejecting the null hypothesis
of first-order serial correlation in the first-differenced errors does not imply model misspecification because the first-differenced
errors are serially correlated even if the idiosyncratic errors are independent and identically distributed (and the GMM estimation
procedure is specifically designed to eliminate this source of trouble). It is only rejection of the null hypothesis of no serial
correlation in the first-differenced errors at an order greater than one which implies model misspecification. In fact, if some
instruments are endogenous to the error term in differences they become potentially invalid instruments after all (Roodman,
2009).
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time dummies: removing time related shocks from the errors, time fixed effects prevent the contemporaneous

correlation. On the contrary, the validity of both the Sargan and the Hansen tests in gravity estimates is

limited by two main problems: first of all, the Sargan test requires homoskedastic errrors for consistency

(Roodman (2009a)). Therefore, since the log-linear gravity equation is characterized by heteroskedasticity,

the Sargan test becomes inconsistent. Moreover, the Hansen test is vitiated by instrument proliferation.

When there are many instruments, they can overfit the number of instrumented variables making the test

misleading. Since sometimes the bias is present also whit few instruments, it is not possible to define when

the instruments are ”too many” (Roodman (2009b)).

5. Conclusions

This work is an attempt to assess the empirical importance of the supply chains connection in Europe for

the elasticity of bilateral trade flows across European member countries by using an augmented specification

of the gravity equation in a dynamic setting. The main finding is that estimating a dynamic gravity equation

augmented with indices that take into account both vertical specialization and multilateral connections we

can derive a better specified and soundly interpretable modelling of the EU trade linkages. Notwithstanding

additional efforts could be made to improve estimation results, especially solving the trade-off between the

endogeneity of supply chain variables from one hand, and instrument proliferation from the other hand,

some conclusive remarks can be drawn. First, along with the deepening of the European integration, and

the adoption of a common currency, an increasing process of production unbundling seems to be currently

in place in the yEU, together with a reduction of bilateral trade flows. This is consistent with predictions

of the new economic geography (Hummels et al. (2001)). Second, the ability of the gravity equation to

explain the properties of the international trade network is to be tested. This is also consistent with the

strand of the literature that highlights how the performance of the gravity model actually decreases when

it is used to estimate higher order statistics such as triadic structures comparing the topological properties

of the observed international trade network to the ones estimated through a gravity equation (Dueñas and

Fagiolo (2013);Ward et al. (2013)).
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Rahman J. and Zhao T. (2013) Export Performance in Europe: What Do We Know from Supply Links?,

IMF Working Papers, 13, 62, 1.

Roodman D. (2009a) A Note on the Theme of Too Many Instruments, Oxford Bulletin of Economics and

Statistics, 71, 1, 135–158.

Roodman D. (2009b) How to do xtabond2: An introduction to difference and system GMM in Stata, The

Stata Journal , 9, 1, 86–136.

Timmer M., Erumban A. and Los B. (2012) New measures of European Competitiveness: A Global Value

Chain Perspective, Groningen Growth and . . . , 1–38.

Ward M.D., Ahlquist J.S. and Rozenas A. (2013) Gravity’s Rainbow: A dynamic latent space model for the

world trade network, Network Science, 1, 01, 95–118.

18



Appendix A. Tables & Figures

Figure A.1: Basic decomposition, EU27 as a group
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Table A.1: Domestic value added by country (1995-2000-2005-2010).

1995 2000 2005 2010

DEU 82.90 GBR 81.08 GBR 82.30 GBR 79.62
POL 82.78 ITA 79.18 ITA 77.85 ROM 75.95
ITA 81.30 DEU 77.80 CYP 77.62 GRC 75.78
GRC 80.90 FRA 75.58 DEU 75.81 LVA 75.39
GBR 80.72 LVA 73.83 FRA 75.22 ITA 74.46
FRA 80.50 POL 73.73 GRC 73.80 DEU 73.91
ESP 79.44 ROM 73.29 ESP 73.61 FRA 73.19
ROM 76.68 ESP 72.78 ROM 70.45 CYP 72.86
FIN 76.59 FIN 72.45 SWE 69.92 ESP 72.69
AUT 76.14 AUT 71.81 LVA 69.83 PRT 72.46
LVA 74.91 SWE 70.17 POL 69.83 SWE 68.35
SWE 74.34 DNK 70.02 FIN 69.63 AUT 67.81
DNK 73.71 PRT 69.98 PRT 69.29 POL 67.63
CYP 73.15 GRC 69.34 AUT 68.29 FIN 67.32
PRT 72.45 CYP 67.73 DNK 67.53 EST 66.81
EU27 71.65 LTU 66.06 NLD 66.36 LTU 66.15
HUN 71.18 EU27 66.15 EU27 66.18 EU27 66.14
CZE 70.10 NLD 65.54 BGR 65.60 BGR 65.32
NLD 68.60 BGR 63.47 LTU 63.68 DNK 64.46
SVK 68.46 SVN 63.11 EST 60.27 SVN 63.50
BGR 67.56 CZE 61.63 SVN 59.67 NLD 62.35
LTU 67.07 BEL 58.48 BEL 59.35 MLT 60.38
SVN 66.15 SVK 57.29 IRL 57.93 SVK 58.09
EST 62.08 EST 55.46 CZE 56.77 BEL 56.80
IRL 61.46 IRL 55.21 MLT 56.05 IRL 56.27
BEL 61.30 HUN 52.00 HUN 54.78 CZE 54.88
LUX 54.85 MLT 47.43 SVK 54.26 HUN 54.53
MLT 49.17 LUX 41.68 LUX 41.13 LUX 38.76

Source: Author’s calculations from WIOD
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Table A.2: Foreign value added by country (1995-2000-2005-2010).

1995 2000 2005 2010

MLT 50.83 LUX 58.36 LUX 58.88 LUX 61.24
LUX 45.14 MLT 52.57 SVK 45.74 HUN 45.47
BEL 38.70 HUN 48.00 HUN 45.22 CZE 45.12
IRL 38.54 IRL 44.79 MLT 43.95 IRL 43.73
EST 37.92 EST 44.54 CZE 43.23 BEL 43.21
SVN 33.85 SVK 42.71 IRL 42.07 SVK 41.91
LTU 32.93 BEL 41.53 BEL 40.65 MLT 39.62
BGR 32.44 CZE 38.37 SVN 40.33 NLD 37.65
SVK 31.54 SVN 36.89 EST 39.73 SVN 36.50
NLD 31.40 BGR 36.53 LTU 36.32 DNK 35.54
CZE 29.90 NLD 34.46 BGR 34.40 BGR 34.69
HUN 28.82 LTU 33.94 EU27 33.82 EU27 33.86
EU27 28.35 EU27 33.85 NLD 33.65 LTU 33.85
PRT 27.55 CYP 32.27 DNK 32.47 EST 33.19
CYP 26.85 GRC 30.66 AUT 31.71 FIN 32.68
DNK 26.29 PRT 30.02 PRT 30.71 POL 32.37
SWE 25.66 DNK 29.99 FIN 30.37 AUT 32.19
LVA 25.09 SWE 29.83 LVA 30.17 SWE 31.66
AUT 23.86 AUT 28.19 POL 30.17 PRT 27.54
FIN 23.41 FIN 27.55 SWE 30.08 ESP 27.31
ROM 23.32 ESP 27.22 ROM 29.55 CYP 27.14
ESP 20.56 ROM 26.71 ESP 26.39 FRA 26.81
FRA 19.50 POL 26.27 GRC 26.20 DEU 26.09
GBR 19.28 LVA 26.17 FRA 24.78 ITA 25.54
GRC 19.10 FRA 24.42 DEU 24.19 LVA 24.61
ITA 18.70 DEU 22.20 CYP 22.38 GRC 24.22
POL 17.22 ITA 20.82 ITA 22.15 ROM 24.06
DEU 17.10 GBR 18.92 GBR 17.70 GBR 20.39

Source: Author’s calculations from WIOD
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Figure A.2: Participation and Position (1995), EU countries

Source: Author’s calculations from WIOD

Figure A.3: Participation and Position (2000), EU countries

Source: Author’s calculations from WIOD
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Figure A.4: Participation and Position (2005), EU countries

Source: Author’s calculations from WIOD

Figure A.5: Participation and Position (2010), EU countries

Source: Author’s calculations from WIOD
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Table A.3: Top 15 trade partners of Eurozone countries in cross-border production chains (2009)

Austria Belgium Finland France
Germany 16.88 Germany 8.16 Germany 7.63 Germany 7.58
Italy 3.57 France 6.23 Russian Fed. 6.71 United States 3.74
Switzerland 2.99 Netherlands 6.14 Sweden 4.21 Rest of the World 3.35
RoW 2.96 USA 3.84 China 4.06 Italy 3.11
USA 2.84 UK 3.09 USA 4.04 Belgium 2.71
China 2.28 RoW 2.96 UK 2.59 China 2.30
France 2.25 Italy 2.25 RoW 2.08 Spain 2.15
Czech Rep. 1.54 China 2.20 France 1.84 United Kingdom 2.10
UK 1.54 Ireland 1.92 Netherlands 1.80 Netherlands 1.76
Hungary 1.37 Luxembourg 1.82 Italy 1.53 Switzerland 1.38
Netherlands 1.35 Russian Fed. 1.52 Norway 1.40 Russian Fed. 1.37
Belgium 1.22 Spain 1.45 Belgium 1.39 Ireland 0.97
Russian Fed. 1.17 Sweden 1.27 India 1.37 Sweden 0.94
Poland 1.04 Japan 1.26 Spain 1.25 Japan 0.90
Spain 1.03 Norway 1.10 Denmark 1.19 Norway 0.69
Japan 0.91 Switzerland 0.97 Japan 1.12 Poland 0.66

Germany Greece Ireland Italy
France 3.82 RoW 4.85 USA 13.70 Germany 6.71
USA 3.47 Germany 3.99 UK 7.29 RoW 4.31
Italy 2.89 Russian Fed. 3.16 Germany 5.63 France 3.63
UK 2.83 USA 2.78 Netherlands 3.55 USA 2.10
China 2.73 Italy 2.25 RoW 3.52 Switzerland 1.91
Netherlands 2.70 Singapore 1.82 France 2.88 China 1.88
Switzerland 2.55 China 1.61 Belgium 2.48 Russian Fed. 1.60
Austria 2.40 UK 1.58 China 2.21 UK 1.52
RoW 2.33 France 1.55 Italy 2.00 Spain 1.40
Belgium 1.79 Turkey 1.15 Switzerland 1.93 Netherlands 1.26
Spain 1.63 Belgium 1.11 Spain 1.48 Austria 1.18
Russian Fed. 1.63 Denmark 1.07 Japan 1.15 Belgium 1.14
Poland 1.53 Spain 0.94 Singapore 0.93 Poland 0.98
Czech Rep. 1.51 Netherlands 0.92 Luxembourg 0.93 Ireland 0.79
Sweden 1.21 Japan 0.84 India 0.87 Sweden 0.65
Japan 1.12 Korea 0.83 Norway 0.80 Japan 0.62

Luxembourg Netherlands Portugal Spain
Germany 10.94 Germany 8.61 Spain 8.98 Germany 6.06
UK 7.82 RoW 4.68 Germany 7.04 RoW 4.07
USA 7.00 USA 4.62 RoW 4.15 France 4.01
Switzerland 6.98 UK 4.40 France 4.01 UK 2.46
Belgium 5.81 Belgium 4.29 Italy 2.53 Italy 2.24
France 3.88 Russian Fed. 2.92 UK 2.18 USA 2.13
Italy 3.55 France 2.83 USA 2.02 Portugal 1.78
Netherlands 2.97 Norway 2.09 China 1.95 China 1.61
Singapore 2.85 China 1.94 Netherlands 1.54 Netherlands 1.47
Spain 2.67 Ireland 1.92 Singapore 1.33 Belgium 1.18
Ireland 2.30 Italy 1.74 Belgium 1.20 Russian Fed. 1.16
Hong Kong 2.25 Spain 1.26 Russian Fed. 1.10 Switzerland 0.93
RoW 2.10 Switzerland 1.14 Sweden 0.83 Ireland 0.93
China 1.58 Sweden 1.03 Japan 0.82 Sweden 0.74
Austria 1.20 Japan 1.02 Norway 0.78 Luxembourg 0.68
India 1.12 Brazil 0.77 Hong Kong 0.77 Japan 0.63

Source: Author’s calculations from TIVA
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Figure A.6: The EU FVA network: the main buyers

Authors’ elaboration from WIOD
Only flows higher than 10th percentile are represented
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