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Abstract: 

This paper explores the phenomenon of functional upgrading in Global Value Chains 

for the period from 1995 to 2015 by applying empirical techniques of Social Network 

Analysis and graph theory to data from the TiVA database as well as dynamic panel 

methods. We focus on one of the more complex types of GVC participation, the supply 

of business services to be embodied in other countries’ exports of manufacturing and 

the dynamic of becoming global providers of such intermediate business services. 

Results from the empirical model suggest that the role of a country as a global 

supplier of manufacturing inputs in GVCs plays an important part in explaining the 

country’s hub value as a global supplier of intermediate business services. Moreover, 

that positive impact is stronger for the 1995-2011 period than for the most recent 

years. 
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1. Introduction 

The expansion and development of cross-border production sharing and GVCs have 

gone through several stages in the last thirty years. After the initial international 

fragmentation of production within vertically integrated manufacturing industries, 

during the 1990’s the process accelerated with international companies embarked on 

a “second unbundling” process of business functions. This second stage is 

characterised by an increasing importance of services in the global economy as 

companies have outsourced their more standardised service functions and focused 

on their core competences (Baldwin, 2011). Since then, the range of those non-core, 

more readily sourced externally service functions has widened steadily, appearing 

new global service providers located mainly in developed countries but also in 

developing economies (Sturgeon, 2013). This increasing demand for services inputs 
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has coincided with both the offshoring and outsourcing of manufacturing and its 

growing servicification. That is how manufacturing and services are becoming 

intertwined, an interconnection which is more evident within Global Value Chains 

(GVCs). The phenomenon has grown to the extent that works like Lopez González et 

al. (2019) consider the increasing involvement of services in GVCs as a sort of “third 

unbundling”. It is also remarkable to note that this entire process has happened in a 

context of continuous liberalisation of the international services trade, which has 

presumably facilitated the progression.   

It is interesting to distinguish between two categories of services in their continuous 

incorporation into the GVC. On the one hand, the dependence on the manufacturing 

production of more traditional services such as transportation or trade/distribution is 

inherent to the essence of cross-border production sharing and the existence of 

GVCs. Such services inputs are embodied in the components or tasks in which the 

manufacturing production process has been segmented and dispersed in different 

geographical locations. On the other hand, and simultaneously to the traditional ones, 

“modern” services inputs1 (typically more knowledge- and ICT-intensive) are 

becoming an integral part of GVCs. One of the most noteworthy differences between 

the two categories is that, in contrast to the relatively lesser degree of sophistication 

of traditional services, the growing complexity and specialisation of modern business 

services makes them not only a facilitator of global production networks but also a 

major source of value creation for companies (De Backer and Flaig, 2017). 

Manufacturing companies incorporate them in order to differentiate their productions 

and thus add value in the process and give them a competitive premium. It does not 

come as a surprise that they have recorded high growth rates since the beginning of 

the 2000s. Also, according to this higher complexity, these business services need to 

be served by global, expertise providers. Hence, the higher the incorporation of these 

business services into GVCs, the more intense the participation of specialised 

suppliers in them (OECD, 2013; Damuri, 2014), and the greater the competitiveness-

enhanced effect for manufacturing (Blazquez et al., 2020)2.  

Also noteworthy is the role that access to higher quality and value added services 

plays in favouring countries’ upgrading in GVCs. Bamber et al. (2017) explain that a 

common pattern is that countries, mainly developing ones, start their integration into 

 
1Modern services were labelled such as by Mishra et al. (2011). These services are more similar to 

manufacturing goods in the sense that they can be digitally stored and more easily traded, even 

internationally (De Backer et al., 2015). 
2A positive and significant effect of services content on manufacturing competitiveness has also been found 

in Francois and Woerz (2008), Wolfmayr (2012), Landesmann and Leitner (2015) and Kowalski et al. 

(2015). For a review of recent works that explore the connections between service inputs and manufacturing 

competitiveness, see the WTO (2019). 
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GVCs by assembling final products and then, once their comparative advantage has 

been clearly established at that stage, they move upstream into intermediate goods 

needed to produce those final goods. At this phase, it is when access to specialised 

service inputs, initially supplied mostly by foreign providers, becomes a key factor in 

the upgrading process in GVCs. The next step would be that these countries 

themselves shift into some of those GVC-related service activities, first at a domestic 

level, and later globally, providing such services for any given industry. 

Consequently, companies and countries may reposition themselves in global markets 

by carrying out new and higher value added functions within the value chain, i.e., 

those located at the beginning and the end of the value chain (Cattaneo et al., 2013). 

This functional upgrading3 would be the pathway to GVC leadership. It is what 

Taglioni and Winkler (2016) name the new paradigm for development (development 

by functional upgrading) versus the “old” paradigm (development in broad sectors). 

Additionally, Nordas and Kim (2013) show that the contribution of better services to 

moving up the value chain is more likely to occur in industries where a country has 

technological capacity and comparative advantage, creating a sort of virtuous circle. 

In this vain, Zaccaria et al. (2018) and Mishra et al. (2020) point that the complex 

services and complex manufacturing are clustered closely together in the so-called 

universal matrix of world trade, implying that gaining specialization in one (or the 

other) can directly aid discovering other nearby specializations. In particular, they 

show how adding services improves the competitiveness and economic fitness of 

selected developing countries.  

To determine which of these phases countries are positioned in, the World Bank 

(2020) distinguishes four different types of countries’ GVC participation: 

commodities, limited manufacturing, advanced manufacturing and services, and 

innovative activities. It identifies upgrading trajectories from less to more 

sophisticated forms of GVC participation between 1990 and 2015. The point here is 

that, because of the way this study defines these trajectories, they are sequential or 

mutually exclusive. However, it should not necessarily be so. The upgrading 

trajectories could overlap each other in time and evolve simultaneously at the country 

level. Moreover, the process may be not lineal; that is, countries can go back and 

forth in a dynamic process as they can develop or lose the specific capabilities 

required in each stage.  

China is one of the clearest cases of the pathway to GVC leadership described above. 

This economy has undergone a well-defined process of upgrading, moving from an 

assembler position to a global supplier of parts and components and, recently, also 

 
3This is one of the upgrading trajectories in GVCs suggested by Humphrey and Schmitz (2004).  
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a provider of intermediate services embodied in manufacturing. Moreover, both 

stages seem to have developed and coexist simultaneously4. The process has been 

guided by the Chinese government’s commitment to build an innovation system to 

induce indigenous R&D and technical services and also improve intellectual property 

rights within multinational companies in order to attract foreign R&D (Jiang, 2016). 

The role played by countries in providing, as inputs, either goods or services in GVCs 

has hardly been explored in the literature. Only Amador and Cabral (2017), by using 

empirical techniques of Social Network Analysis and graph theory, analytically and 

graphically examine both types of international flows of value added and countries’ 

positions in these GVC networks in the year 2011. According to their results, China 

and Germany are the main suppliers of intermediate goods and the US and Germany 

are the main providers of intermediate services. As their analysis is only for one year, 

these authors cannot describe changes over time and the interrelation between the 

evolutions of the two networks. Hence, our knowledge about how the different stages 

of functional upgrading evolve and the connection between their respective 

progressions is still very limited and more research is needed.  

The contribution of our paper is to shed light on this complex process of functional 

upgrading in GVCs by disentangling the establishment of leaderships within them. 

Specifically, our objective is twofold. Firstly, we focus on identifying which countries 

are the main global providers in embodied business services and which are the main 

global providers in intermediate manufacturing inputs within GVCs, analysing their 

evolutions over time and the relationship between both progressions. To do this, we 

will apply empirical techniques of Social Network Analysis and graph theory. 

Secondly, we intend to determine the factors that influence a country to become a 

global supplier in the provision of specialised and complex intermediate services 

linked to manufacturing GVCs. In order to find these drivers, we estimate both a least 

squares dummy variable (LSDV) model and an empirical dynamic classical GMM panel 

model. Additionally, for robustness purposes, a cross-lagged dynamic panel model is 

also estimated (Moral-Benito, 2013; Allison et al., 2017).  

The paper is structured as follows. After this introduction, the second section explains 

the data and indicators used to identify which countries are global suppliers of 

intermediate material inputs and which ones are global suppliers of intermediate 

 
4 The increasing involvement of some developing Asian economies in supplying a wide range of modern 

services is pointed out by UNCTAD (2008), although suppliers of intermediate business services are 

concentrated in headquarter economies such as the US, Germany and the United Kingdom (Lopez González 

et al., 2019). According to Winkler (2009), certain developing economies are among the largest net 

exporters of one or two specific service categories (India in IT services and China in other business 

services). 
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business services in GVCs during the period 1995-2015. The analysis of the level and 

evolution of both indicators for a wide sample of developed and developing countries 

is provided in Section 3. Section 4 presents the empirical model to test the 

determining factors in becoming a global supplier of intermediate business services 

in GVCs and the specific role of being a relevant global actor in manufacturing GVCs. 

The econometric approach and the results obtained are discussed in Section 5. Final 

considerations are reported in Section 6. 

2. Data and indicators 

In order to measure the central role that countries play within GVCs as both global 

suppliers of intermediate embodied complex services and global providers of 

intermediate manufacturing inputs, we will use data on foreign value added which 

come from either complex services or manufacturing sectors and are incorporated 

into manufacturing exports. The complex or modern services are proxied by the 

Business Services (BS hereafter) categories that cover ICT-related services (ISIC 

code 72), Research and Development (code 73) and all intermediate services such 

as professional and technical services (code 74) according to the ISIC Rev.3 

classification. This information is derived from the December 2016 edition of the 

Trade in Value Added (TiVA) database from OECD Inter-Country Input-Output (ICIO) 

tables. It covers the period 1995-2011 and is available for 64 countries (see Table 

A.1 in the Statistical Appendix). More recently, the OECD published the December 

2018 edition of the TiVA database, which offers data for the period 2005-2015. This 

updated statistical information has also been incorporated into the analysis, although 

independently of the previous data.5 

The statistics of trade in value added capture the value of intermediate services  and 

manufacturing inputs embodied in manufacturing exports and its geographical origin, 

distinguishing between foreign and domestic content. Specifically, it is based on the 

Leontief inverse matrix to capture those final foreign value-added flows in exports 

after all stages of production have propagated through the world (Amador and Cabral, 

2017). In this paper, we denote it as FBSVAoinXM
i for intermediate BS sectors, where 

o is the origin or source country of the foreign BS value added (FBSVA) and i is the 

destination country whose manufacturing exports (XM
i) embody that foreign BS value 

 
5As the OECD explains, there are many differences compared with the previous set of published TiVA 

indicators (2016 edition). The main reason is that, for the 2008 edition, the underlying Inter-Country Input-

Output (ICIO) tables are based on statistics compiled according to the 2008 System of National Accounts 

(SNA 2008) from national, regional and international sources and use an industry list based on the 

International Standard Industrial Classification (ISIC) Revision 4. Previous editions of TiVA indicators 

were based on SNA 1993 and an ISIC Rev.3 industry list.  
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added content. For manufacturing inputs embodied in manufacturing exports, the 

variable is denoted as FMVAoinXM
i . 

As mentioned in the Introduction, we will apply Social Network Analysis (SNA) to 

identify the countries which are the main global providers within the two networks. 

This methodology is based on mathematical graph theory and thus we start with the 

construction of two networks with nodes and edges, one for intermediate BS sectors 

and another for intermediate manufacturing sectors. In this analysis, for both 

networks, the nodes are the 64 economies included in the TiVA database. For the 

intermediate BS network, the edges are the countries’ shares of foreign BS value 

added embodied in their manufacturing exports (FBSVAoinXM
i) in world BS value 

added embodied in world manufacturing exports values (∑o ∑i FBSVAoinXM
i). For the 

manufacturing inputs network, the construction of the edges is similar but with data 

of embodied manufacturing inputs instead of embodied intermediates BS. These 

shares used to calculate the edges are denoted by wBSoi for the BS sector and wMoi for 

the manufacturing sector, respectively6, and their expressions are the following: 

𝑤𝐵𝑆𝑜𝑖 =
(𝐹𝐵𝑆𝑉𝐴0𝑖𝑛𝑋𝑖

𝑀)

(∑ ∑ 𝐹𝐵𝑆𝑉𝐴0𝑖𝑛𝑋𝑖
𝑀

𝑖𝑜 〗
        (1) 

𝑤𝑀𝑜𝑖 =
(𝐹𝑀𝑉𝐴0𝑖𝑛𝑋𝑖

𝑀)

(∑ ∑ 𝐹𝑀𝑉𝐴0𝑖𝑛𝑋𝑖
𝑀

𝑖𝑜 〗
        (2) 

Since we will compare these two networks at different moments of time, we will 

eliminate trend effects and obtain adimensional weights that are automatically 

deflated, allowing for consistent comparisons across different years and country types 

(Squartini et al., 2011).  

We will evaluate the networks from both qualitative and quantitative perspectives 

that offer two complementary standpoints. First, we build a directed weighted 

network where each directed link is woi. Additionally, we explore the properties of the 

binary projection of the weighted generic matrix (W) by analysing the mere presence 

or absence of a flow of either BS or manufacturing value added embodied in 

manufacturing exports between two countries. The elements of this binary matrix (A) 

will be: aoi=1, when woi>0; and aoi=0, when woi=0. For each year, we obtain an input-

output table which records those woi for any pair of connected economies.7 

As long as the networks are directed, we can consider the flows of embodied either 

BS or manufacturing valued added from two different perspectives: outgoing edges 

or forward links, and incoming edges or backward links. The first ones identify the 

clients of each source country, i.e., those countries which embody valued added that 

 
6 We denote as woi to refer generically to either of these two networks.  
7An example of this input-output table can be found in Blazquez et al. (2020). 
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comes from the source country into their manufacturing exports. In the SNA 

nomenclature, the number of those destination countries will be the outdegree of 

each node  (∑ 𝑎𝑖 𝑜𝑖
), and the total amount of either BS or manufacturing value added 

that each country provides to all destination countries to be embodied in their 

manufacturing exports (as a percentage of the world total) will be its outstrength 

(∑ 𝑤𝑖 𝑜𝑖
). Conversely, the backward links identify the providers of foreign value added 

of each manufacturing exporting country. The number of those provider countries 

will be the indegree of each node in the SNA terminology (∑ 𝑎𝑜 𝑜𝑖
), and the total 

amount of foreign BS or manufacturing value added that each manufacturing 

exporting country embodies from all its provider countries (as a percentage of the 

world total) will be its instrength (∑ 𝑤𝑜 𝑜𝑖
). 

By analysing the changes in the dynamic of the networks, we will be able to identify 

which countries have played a prominent role in those networks, that is, the central 

suppliers of embodied either BS or manufacturing value added within them. Many 

different measures have been developed to measure the node centrality in the 

network (Lu et al., 2016). All of them assign a value to each node, ranking the nodes 

according to their importance. In our analysis, we will use the HITS algorithm 

(originally introduced by Kleinberg, 1999), which rates the importance of a node in a 

complex directed network considering the different roles played by nodes: authorities 

and hubs. We will specifically apply the Weighted HITS algorithm, that is, the 

quantitative measures of hubs and authorities, to clarify the network topology 

changes more exactly in terms of network science than the original HITS does (Wei 

and Liu, 2012).8 

In particular, we will use both the ranking and the score obtained for the economies 

as hubs. An economy is considered a prominent hub within a network when it points 

to many nodes with high authority values, in other words, when it is a provider of 

prominent customers. In our networks, the hubs will be those economies that not 

only supply either BS or manufacturing value added to other economies which do not 

produce them domestically, but also are the origin of a very intense flow from them 

towards other countries which are sophisticated recipients themselves, central 

countries within the network as suppliers, i.e., the more discerning customers that 

choose the best suppliers. Therefore, it is important to note that although the 

weighted hub measures are usually correlated with countries’ economic sizes, their 

values also depend on their network location. It is possible that a country has a 

significant share in the BS or manufacturing input world trade, but this is not a 

 
8For a discussion on the choice of the HITS algorithm to measure the centrality of countries, see Blázquez 

et al. (2020). 



8 

 

sufficient condition to be considered a hub within those networks: it is necessary for 

its customers to be authorities. In other words, it is not enough for countries simply 

to sell a lot; what is really important is to sell well, selectively. In consonance with 

this condition, being a hub in the manufacturing network in no case necessarily 

implies being a hub in the BS network (and vice versa). 

3. Hubs in manufactures and hubs in business services: hand in hand?  

We start the first part of our analysis by studying the evolution of structural 

characteristics of the networks from 1995-2011. The main topological indicators of 

the SNA for the BS and manufacturing networks are showed in Table A.2 (Statistical 

Appendix) and Figs. 1 and 2. They reveal that the intermediate BS network has 

become slightly denser and more extensive, so we can appreciate a clear 

convergence between the two in terms of connectivity. However, we have also 

observed that while providers increasingly diversify in both networks, the network of 

recipients became less concentrated over time for the BS network, but this is not the 

case in the manufacturing network.  

Accordingly, we have detected that in the manufacturing network, the most 

connected and integrated countries are also the most intensely connected and the 

ones with a larger role as intermediaries in the network. Consequently, these 

countries will be the ones that bolster their integration in the future. However, for 

the BS network, it will presumably be the new, less central countries which will 

perform this task to a greater extent. In fact, while in the service network the central 

countries are extending their links towards other more poorly connected economies, 

this is not the case in the manufacturing network. These results would suggest that 

some economies are boosting the international terciarisation of manufactures in a 

firmer way than others. 

Fig. 1: BS network evolution, 1995 and 2011 

 

 

 

 

 

 

 

 
 

 
Note: The size of the nodes (countries) is related to their total number of links (all node degrees). The 
links between countries reflect the flows of intermediate services embodied in manufacturing exports. 
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Source: Authors’ calculation based on OECD-OMC TiVA Database (December 2016) using the program 
package Pajek for analysis and visualisation of large networks (http://mrvar.fdv.uni-lj.si/pajek/) 

Fig. 2: Manufacturing network evolution, 1995 and 2011 

 

According to the results for aggregate centrality measures, none of the two 

networks would respond to a traditional centre-periphery structure in terms of 

connectivity and intensity. However, while the centralization (degree centralisation 

indexes) in the manufacturing network has remained unchanged over time, the 

intermediate BS network is becoming increasingly centred, to the extent that in 2011 the 

indexes were very similar. This would indicate that the new countries that have been 

gradually embodied in the BS network have done so playing a less prominent role than 

the central countries do.  

Note: The size of the nodes (countries) is related to their total number of links (all node degrees). The 

links between countries reflect the flows of intermediate services embodied in manufacturing exports. 
Source: Authors’ calculation based on OECD-OMC TiVA Database (December 2016) using the program 

package Pajek for analysis and visualisation of large networks (http://mrvar.fdv.uni-lj.si/pajek/) 

 

According to the results for aggregate centrality measures, neither of the two 

networks would respond to a traditional centre-periphery structure in terms of 

connectivity and intensity. However, while centralisation (degree centralisation 

indexes) in the manufacturing network has remained unchanged over time, the 

intermediate BS network is becoming increasingly centred, to the extent that in 2011 

the indexes were very similar. This would indicate that the new countries that have 

been gradually embodied in the BS network have done so playing a less prominent 

role than the central countries do.  

Once we have analysed the main structural characteristics of the two networks 

studied, we focus our attention on the central role of countries as hubs within them 

and the relation between these dynamics over time. In Table 1, we can observe 

essential changes in both the positions that countries have in the networks over time 

and the hub scores that they display. What is more interesting for the objective of 

this paper is the interrelation between the dynamics of the intermediate BS and the 

manufacturing networks and the different combinations and pathways over time that 

we can detect between both. In Table 1, we have classified the countries according 

to the different interplays detected.  

The first group (G.1.) of countries would include China, Korea and Mexico. These 

three countries occupy the three highest positions in the ranking of hubs of embodied 

http://mrvar.fdv.uni-lj.si/pajek/
http://mrvar.fdv.uni-lj.si/pajek/
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manufacturing inputs and are at the top of the ranking of hubs of embodied BS, 

occupying the first, fourth and seventh positions, respectively. The three countries 

started being hubs of embodied manufacturing inputs, and some years later, became 

hubs of embodied BS. This process of functional upgrading in GVCs for these three 

hubs can be observed by graphically representing the position they occupy in the 

ranking of hub countries of embodied manufacturing inputs and in the ranking of hub 

countries of embodied BS (see Fig. 3). A distinctive dynamic can be appreciated 

between, on one side, China and Korea and, on the other side, Mexico. While the 

Asian economies have risen in both rankings quite dramatically, this is not the case 

of Mexico. According to its evolution, the case of this Latin American country could 

be an example of stagnation or even regression in the GVC upgrading process. 

Table 1. Ranking and Hubs scores of the BS and Manufacturing networks, 
1995 and 2011 

 
Ranking hubs 

manuf. 
Ranking hubs 

BS 
 

Hub score manuf. Hub score BS 

 

2011 
Change 

95-11 
2011 

Change 

95-11 

 

2011 

Change 
95-11 

(mult. 
factor) 

2011 

Change 
95-11 

(mult. 
factor) 

 G.1. First hubs in manufacturing, then in BS  

China 1 6 1 15  0.821 3.750 0.546 4.360 

Korea 2 7 4 10  0.240 1.228 0.218 1.644 

Mexico 3 -1 7 3  0.209 0.612 0.175 0.966 

 G.2. Hubs in manufacturing, much less in BS  

USA 5 -2 12 0  0.176 0.608 0.128 0.749 

Taiwan 4 0 15 -2  0.178 0.688 0.109 0.795 

Malaysia 9 8 20 2  0.119 1.279 0.083 1.514 

Thailand 11 8 25 -1  0.102 1.279 0.058 1.230 

 G.3. Hubs in BS, much less in manufacturing  

Ireland 30 -14 3 1  0.025 0.252 0.298 0.970 

Netherland 16 -5 8 -5  0.058 0.394 0.175 0.569 

Singapore 21 -11 13 -4  0.121 0.289 0.121 0.655 

 G.4. Hubs in manufacturing and BS simultaneously, but 
more in BS 

Germany 6 0 2 0  0.176 0.783 0.453 1.275 

France 8 0 5 0  0.128 0.620 0.217 0.722 

Italy 12 0 10 -3  0.090 0.687 0.168 0.676 

Spain 17 3 11 4  0.056 0.727 0.128 0.968 

Sweden 25 -7 17 -5  0.034 0.409 0.093 0.573 

Belgium 29 -16 18 -10  0.026 0.207 0.093 0.417 

 G.5. Hubs in manufacturing and BS simultaneously, but 
more in manufacturing 

Japan 14 0 16 1  0.087 0.798 0.108 0.874 

Czech Republic 15 17 22 7  0.059 2.847 0.072 2.454 

Russia 18 7 27 1  0.053 1.690 0.056 1.883 

 G.6. Hubs in manufacturing and BS simultaneously and 
analogously 

Canada 7 -6 6 -5  0.154 0.263 0.198 0.520 

UK 10 -5 9 -3  0.103 0.448 0.174 0.616 

Switzerland 20 1 14 5  0.049 0.635 0.113 1.182 

Poland 19 17 21 13  0.051 3.670 0.076 3.743 

Source: Authors’ calculation based on OECD-OMC TiVA Database (December 2016) 
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Fig. 3: Hubs scores of BS and manufacturing network for China, Korea and 

Mexico, 1995 and 2011 
China      Korea 

  

 

México 

 

Source: Authors’ calculation based on OECD-OMC TiVA Database (December 2016) 

China rose six positions in the ranking of hubs of manufacturing and fifteen in the BS 

ranking. Moreover, it almost quadrupled its hub score during the period of analysis 

in the manufacturing ranking and more than quadrupled in the BS ranking. 

Additionally, it is interesting to observe that the differences in 2011 between the 

score value of China and the second country in the ranking are very large, especially 

in the case of manufacturing: its hub score is four times higher than Korea’s, while 

its value as a hub in embodied modern services is only 20% higher than the second 

country, Germany. However, the distance between the remaining countries is much 

smaller. Korea gained seven and ten positions, respectively, and also increased its 

scores but to a much more modest extent than China. Mexico, on the other hand, 

lost one position in the ranking of hubs of manufacturing and rose three places in the 
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services ranking, while its scores fell significantly in the case of manufacturing and 

remained almost constant in the case of the BS ranking.  

As mentioned in Section 2, the most recent edition of the TiVA database offers 

information for the period 2005-2015. Although the two databases would not be 

directly comparable, we observe that the tendencies described above remain fairly 

valid: the three countries continue to be hubs of both embodied manufacturing inputs 

and BS, with China keeping the top ranking in both networks (see Table A.3 in the 

Statistical Appendix). However, although China and Korea are leaders in the BS 

network, the two countries provide different value-added services. China’s services 

are generally at a comparatively lower end, although some of its export-oriented 

services seem to have been progressively and eagerly developed in some specialised, 

higher value-added segments. China’s factor conditions in ICTs and 

knowledge/human capital resources have generally contributed to its fast-rising 

potential in ICT-enabled services supply. Although the country is still lagging behind 

developed countries in terms of these aspects, its growth poles in the coastal region, 

particularly Beijing and Shanghai, have developed rapidly and successfully drawn in 

high-quality talent for their fast-growing business services sectors. The tremendous 

rise of foreign-invested and indigenous MNCs in the country has helped the clustering 

of some services industries in these particular fast-growing regions. For lower-end 

services, other lower-tier cities generally generate an ‘inexhaustible’ supply of low-

cost graduate workers (Wan, 2012). This is very much in consonance with the last 

taxonomy published by the World Bank (2020) about GVC participation and 

upgrading trajectories, which includes China in the group of countries that moved 

into advanced manufacturing and services from limited manufacturing GVCs in the 

period of analysis. On the other hand, Korea is already in a superior stage, as it has 

been sorted by this taxonomy into the group of countries which moved into innovative 

GVC activities.  

At this point, it is interesting to emphasise the impact that China has had over time 

on all intermediate networks, particularly on the role that most of the other countries 

are playing in them. As an illustration, when we analyse how the structure of the 

intermediate BS network for different economic areas in the world has changed by 

comparing these sub-networks with and without China, some effects are 

astonishing9. For instance, if we compare the density and the average degree of the 

European network in 1995 and 2011, we observe that they remained unaltered. 

However, if we consider China in the network, both increase substantially over time, 

which suggests how Europe’s value chain increasingly depends on China at the 

 
9 These sub-networks graphs are not presented here for reasons of space, but are available upon request. 
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expense of its own regional integration, as some analyses indicate (e.g. Natixis, 

2019). Another interesting effect observed is the dynamics depicted in the Asian sub-

network. Excluding China, this area has increased its density and average degree 

significantly, which would indicate a higher regional integration. However, when 

China is included, the two indicators double. In other words, China boosts the still 

high dynamism exhibited on the continent. Finally, it is curious to observe how the 

interaction between China and NAFTA has steadily increased over time, but this has 

happened only through the increasing trade exchanges between China and the USA. 

In this sense, as Baldwin et al. (2015) note, the story behind the positioning of the 

two countries within the two networks is quite different. Most of the intermediate 

goods sourced from the US contain a rising share of service value added, even with 

no change in the products or production methods. The trend towards embodying 

services in manufactured goods (software, design, etc.) would also explain the rise. 

For China, since its role as a supplier of value added has risen so rapidly across the 

board, it is not surprising that it is also an important source of service value added. 

To the extent that Chinese intermediate goods include services, the rapid rise in 

sourcing intermediate goods from China would also imply a rapid rise in Chinese 

service value added in the nation’s exports. However, as noted in section 2, the 

improvement of China as a hub in the BS network has to do with the two dimensions 

of the indicator: not only with an increase in its intermediate services value added 

but also with the provision of them to prominent suppliers.   

In fact, the USA belongs to a second group of countries (G.2.) along with three other 

Asian economies: Taiwan, Malaysia and Thailand. What they have in common is that 

all of them can be considered important hubs of embodied manufacturing inputs, and 

also, but to a much lesser degree, hubs of embodied BS during the period of analysis. 

The USA occupies the fifth position in the ranking of manufacturing in 2011, while it 

is in twelfth place in the ranking of BS. Taiwan is the fourth most important country 

in the ranking of manufacturing and just the fifteenth in the corresponding BS 

ranking. Malaysia is the ninth hub in the manufacturing ranking and occupies a 

modest position, twentieth, in the BS ranking. Finally, Thailand is the eleventh hub 

in the manufacturing ranking and the twenty-fifth in the services ranking. The USA 

and Taiwan were very stable over the years in both networks: the USA lost two 

positions in the manufacturing ranking and remained in the same place in the BS 

ranking; for Taiwan, it was the other way around. Both countries’ scores decreased 

significantly in both networks. Malaysia and Thailand gained eight positions in the 

manufacturing ranking, but Malaysia gained two in the BS ranking while Thailand lost 

one in it. These two countries improved their hub scores in both networks. 
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Similar to the first group, the newest TiVA database for the period 2005-2015 reveals 

the same dynamics. Only two Asian economies exhibited noteworthy changes: 

Malaysia and Taiwan lost some positions as hubs in both networks (Table A.3 in the 

Statistical Appendix).  

A third group of countries (G.3.) is formed by Ireland, the Netherlands and Singapore, 

three small economies with several specificities. Their common feature is the fact 

that all have been hubs in the BS network, but their centrality in the manufacturing 

network has been less prominent and has decreased over time. In 2011, Ireland was 

the third hub in the BS network, the Netherlands the eighth and Singapore the 

thirteenth. Out of the three, only the Netherlands is in the top twenty of the ranking 

of the manufacturing network, occupying the sixteenth position. Both Ireland and 

Singapore dropped their centrality in the manufacturing network sharply, falling 14 

and 11 places, respectively, and with a substantial reduction in their hub scores. The 

Netherlands also fell, but to a lesser degree: five places. Simultaneously, the 

Netherlands and Singapore lost centrality in the BS network as well —five and four 

places, respectively—while Ireland moved up one place during the period analysed. 

Once again, it is remarkable that the countries in this group behave very similarly to 

the dynamics described when the TiVA 2005-2015 is considered. The only significant 

aspect is that Ireland fell several places in the manufacturing network while it gained 

some (as did Singapore) in the BS network. This result is in consonance with the 

taxonomy of the World Bank (2020), which classifies Ireland and Singapore as 

economies which have moved into innovative GVC activities.  

A fourth group (G.4.) is composed of European countries. All of them are central 

countries in the BS network, and some of them are also hubs in the manufacturing 

network, although they are in lower positions in the ranking. This is the case of 

Germany, France, Italy and Spain. Germany occupies second place in the ranking of 

hubs of the BS network and is in sixth in the manufacturing network. France is sixth 

in the ranking of the BS and eighth in the manufacturing network. Both countries 

maintained their positions over time in both networks. The case of Italy is slightly 

different. This economy maintained its position in the manufacturing network—

twelfth—but it fell three places in the BS network, occupying tenth place in 2011. 

Spain rose in both networks, to seventeenth in the manufacturing network and 

eleventh in the BS network. The taxonomy of the World Bank (2020) considers Italy 

and Spain to have moved into innovative GVC activities in the period of analysis. In 

this same group, there are some other countries, such as Sweden, Belgium, Finland, 

Denmark, Norway, Luxembourg and Portugal, whose centrality has dropped 

substantially in both networks over the years. Only Sweden and Belgium have 

remained in the twenty top of the ranking of the BS network.  
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Considering the 2005-2015 database, no significant changes in this group of 

countries have been observed, as both networks exhibit very similar patterns. The 

majority of countries fell in the rankings in both of them, and more generally in the 

manufacturing network. The exception to this trend is Germany, which consolidated 

and strengthened its centrality in the manufacturing network while its high position 

in BS remained practically unaltered, although it was displaced by China. 

Another group of countries (G.5.) have been relatively central countries in both 

networks, but their relevance has been higher in the manufacturing network. That is 

the case of Japan, the Czech Republic and Russia. However, while Japan’s rankings 

remained stable over time, the rankings and hub scores of the other two countries 

rose substantially in the manufacturing network. Their centrality in the BS network 

also improved, although more modestly. Especially significant is the rise of the Czech 

Republic in the manufacturing network, in which it rose 17 places. The country has 

risen two categories according to the taxonomy of the World Bank (2020): from 

limited manufacturing GVCs to the innovative activities group, passing through 

advanced manufacturing and services on the way. For the most recent period 

analysed, 2005-2015, few changes have been observed in this group. Only the 

improvement of the Czech Republic in the manufacturing network is noteworthy in 

these years.  

Finally, there is a group of countries (G.6.) that have shown parallel dynamics in both 

networks over time. Countries such as Canada and the UK have occupied analogous 

positions in the two rankings, losing centrality in both networks. This also generally 

applies to Switzerland, although in recent years this country has improved its position 

in the service network and worsened in the manufacturing network. Also, the 2005-

2015 database shows the dynamics described remain in this group as parallel 

changes in the behaviour of both networks can be detected. That is, the countries 

which worsened as hubs did so in both networks, and vice versa. Poland, India and 

Turkey would be in the first case; Austria, Hungry, the UK and Canada would be in 

the second situation. Switzerland remains unique: it maintained its ranking in 

manufacturing and rose some places in the BS network. 

As a conclusion, we can say that, in general, from the mid-1990s to the early 10s of 

the 21st century, there was a high correlation between the changes exhibited by 

countries in their rankings in both the manufacturing and BS networks. This 

correlation continued, albeit more weakly, until 2015 (see Fig. 4). Furthermore, when 

instead of the ranking, the score changes of countries are considered in the analysis, 

these patterns of correlation remain. The next section will more thoroughly analyse 

this relation and the variables which determine it over time.  
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Fig. 4: Changes in countries hubs positions of BS and manufacturing 
networks. Trends 1995-2011 and 2005-2015 

Source: Authors’ calculation based on OECD-OMC TiVA Database 
Note: The size of the countries is related to their hubs scores in BS network in the last year. 

 
 

4. Empirical model 

In what follows, we present the empirical model to test the determining factors to 

become a global supplier of intermediate BS in GVCs and briefly explain the 

motivation and definitions of the selected variables. We are particularly interested in 

empirically analysing the role of being a relevant global actor in manufacturing GVCs 

in the establishment of leadership in BS networks. Our hypothesis is that the two are 

very much interrelated: in the absence of a strong presence in manufacturing GVCs 

as a global supplier of manufacturing inputs, it appears unlikely that a country would 

join manufacturing GVCs by specialising in BS.  

To measure the relevance of a country as a global supplier of embodied BS or as a 

global supplier of intermediate manufacturing inputs in GVCs, we use the country’s 

hub score in each respective network. The first one is the dependent variable 

(𝐻𝑢𝑏𝐵𝑆
𝐺𝑉𝐶𝑖𝑡

). The second one is our main explanatory variable of 

interest (𝐻𝑢𝑏𝑀𝑎𝑛𝑢𝑓
𝐺𝑉𝐶𝑖𝑡

). Moreover, we include additional variables to capture enabling 

factors for a country to become a global provider of embodied BS. The list and 

definition of variables included in the model are provided in Table A.4 and their main 

descriptive statistics are summarised in Table A.5 (see the Statistical Appendix). 

As mentioned in the Introduction and according to previous literature, the importance 

of domestic industries with BS backward linkages seems to be a precondition for 

countries’ participation in BS GVCs (e.g., Lopez González et al., 2019). Those authors 

argue that that is the very much the case, particularly for developing and emerging 

economies. Based on this argument, we include the share of domestic BS embodied 

in a country’s manufacturing exports (𝐷𝐵𝑆𝑉𝐴𝑖𝑛𝑋𝑖𝑡
𝑀) as an explanatory variable in the 
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empirical model. Our hypothesis is that a strong domestic presence in BS user sectors 

will have a positive effect on countries’ participation in BS GVCs as central providers. 

It also seems that the more technologically advanced the country is, the more likely 

it is to take advantage of more sophisticated and complex services to move up the 

value chain (Nordas and Kim, 2013). Accordingly, Hollweg and Saez (2019) maintain 

that countries that are better endowed with high-skilled labour are more prone to 

become a competitive exporter of those modern services. Therefore, we include a 

variable related to factor endowments which would be relevant for specialisation in 

BS such as human capital endowments: the share of high-skill employment over total 

employment (𝐻𝑖𝑔ℎ_𝑠𝑘𝑖𝑙𝑙𝑒𝑑𝑙𝑎𝑏𝑜𝑟𝑖𝑡). High-skill employment refers to groups 3 and 4 of 

the International Standard Classification of Occupations, ISCO-08: managers, 

professionals and technicians and associated professionals from the ILO Key 

Indicators of the Labour Market. Data were extracted from the OECD’s World 

Indicators of Skills for Employment (WISE) database10. Alternatively, we use each 

country’s R&D intensity (measured by the ratio of R&D spending to GDP) in order to 

explore whether innovation is positively related to becoming a global supplier of BS 

(𝑅&𝐷_𝑖𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦𝑖𝑡). Furthermore, we consider the economic size of the country and its 

development level using GDP and GDP per capita, respectively, both of them in 

logarithms. 

Finally, as the increasing involvement of services in GVCs in the period analysed 

happens in an open regulatory environment for trade in services, we include a 

variable which captures its effects on the probability of countries’ becoming central 

actors in the BS networks. Hollweg and Saez (2019) suggest that this liberalisation 

context is a crucial driver of exports of BS. To proxy it, we use the Design of Trade 

Agreements (DESTA) Database, which collects data on more than 700 preferential 

trade agreements (PTAs) with information on sector coverage, depth of 

commitments, trade integration and compliance from 1947 onward (Dür et al., 

2014). Specifically, we construct a variable named PTAservices by adding the number 

of partner countries with which country i has PTAs that contain substantive services 

liberalisation measures for trade in services. 

We add country fixed effects to control for unobserved time-invariant country 

characteristics (ai) and time fixed effects to control for unobserved factors that are 

common to all countries (at). Robust standard errors are clustered by country to 

 
10A more specific variable to be included in the model could be the share of hours worked by high-skilled 

persons engaged (share in total hours) in the business services sector from the WIOD Socio Economic 

Accounts. However, the shortcoming of this variable is that it is available for fewer countries than skilled 

labour data from the WISE database. 
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control for potential heteroscedasticity and country-level serial correlation in the error 

terms. 

In line with the aforementioned arguments and the availability of data, we estimate 

the following two model specifications:  

𝐻𝑢𝑏𝐵𝑆
𝐺𝑉𝐶𝑖𝑡

= 𝛽0 + 𝛽1𝐻𝑢𝑏𝑀𝑎𝑛𝑢𝑓
𝐺𝑉𝐶𝑖𝑡

+ 𝛽2𝐷𝐵𝑆𝑉𝐴𝑖𝑛𝑋𝑖𝑡
𝑀 + 𝛽3𝐻𝑖𝑔ℎ_𝑠𝑘𝑖𝑙𝑙𝑒𝑑𝑙𝑎𝑏𝑜𝑟𝑖𝑡 + 𝛽4𝐺𝐷𝑃𝑖𝑡 +

𝛽5𝐺𝐷𝑃𝑝𝑐𝑖𝑡 + 𝛽6𝑃𝑇𝐴𝑠𝑒𝑟𝑣𝑖𝑐𝑒𝑠𝑖−1 + 𝑎𝑖 + 𝑎𝑡 +  ԑ𝑖𝑡 (3) 

𝐻𝑢𝑏𝐵𝑆
𝐺𝑉𝐶𝑖𝑡

= 𝛽0 + 𝛽1𝐻𝑢𝑏𝑀𝑎𝑛𝑢𝑓
𝐺𝑉𝐶𝑖𝑡

+ 𝛽2𝐷𝐵𝑆𝑉𝐴𝑖𝑛𝑋𝑖𝑡
𝑀 + 𝛽3𝑅&𝐷_𝑖𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦𝑖𝑡 + 𝛽4𝐺𝐷𝑃𝑖𝑡 +

𝛽5𝐺𝐷𝑃𝑝𝑐𝑖𝑡 + 𝛽6𝑃𝑇𝐴𝑠𝑒𝑟𝑣𝑖𝑐𝑒𝑠𝑖−1 + 𝑎𝑖 + 𝑎𝑡 +  ԑ𝑖𝑡 (4) 

 

5. Econometric approach and estimation results 

The relation between a country’s hub value for embodied manufacturing and for 

embodied BS could be affected by the presence of omitted variables and reverse 

causality. As mentioned, in all specifications we add country fixed effects in order to 

control for time-invariant unobserved country characteristics that influence both 

variables. To take them into account, this fixed effect model can be estimated by 

least squares dummy variable (LSDV) regression (OLS with a set of country 

dummies).  

Table 2 displays the estimation results of the two specifications of the proposed model 

using the LSDV estimator. The first two columns show the results for the period 1995-

2011 and the third and fourth columns present the results for the period 2005-2015. 

In all of them, the variable hub in the intermediate manufacturing networks is positive 

and statistically significant. That result confirms our hypothesis: the higher the 

importance of a country as a global supplier of manufacturing inputs in GVCs, the 

higher its relevance as a global supplier of intermediate BS.  

Also, according to our results and as we presumed, the domestic BS embodied in a 

country’s manufacturing exports also show a positive and statistically significant 

coefficient. This outcome seems to confirm that a strong domestic presence of BS in 

a country’s manufacturing exports enhances its role as a global supplier of embodied 

BS. However, we observed that the effect of the variable PTAservices is only positive 

and statistically significant for the estimates obtained from the 2005-2015 period, 

suggesting that the more extensive PTAs with substantial provisions in services are, 

the higher the hub’s value of embodied BS, although the size of the impact is very 

small. One reason for this result might be that services inputs that are incorporated 

and traded internationally as part of exported manufactured goods are not covered 

by the four traditional General Agreement on Trades in Services (GATS) modes of 
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services supply11. In line with the existing GATS terminology, some authors have 

labelled that indirect mode of supply “mode 5: services” (Cernat and Kutlina-

Dimitrova, 2014). Since that services content is embodied in goods exports, its value 

is ultimately treated as a good under the General Agreement on Tariffs and Trade 

(GATT) and faces a tariff (Antimiani and Cernat, 2017). Consequently, it is unlikely 

that flows of services inputs that make up part of exported manufacturing goods 

would be largely affected by those service trade restrictions. 

Table 2: Empirical model estimation results (LSDV estimates).  

VARIABLES 
1995-2011 sample 2005-2015 sample 

Column (1) Column (2) Column (3) Column (4) 

𝐻𝑢𝑏𝑀𝑎𝑛𝑢𝑓
𝐺𝑉𝐶𝑖𝑡

 0.701*** 0.712*** 0.614*** 0.587*** 

  (0.0158) (0.0144) (0.0330) (0.0313) 

𝐷𝐵𝑆𝑉𝐴𝑖𝑛𝑋𝑖𝑡
𝑀 0.015 0.033* 0.144*** 0.165*** 

  (0.0206) (0.0176) (0.0270) (0.0258) 

𝐻𝑖𝑔ℎ_𝑠𝑘𝑖𝑙𝑙𝑒𝑑 𝑙𝑎𝑏𝑜𝑟𝑖𝑡 0.0170  0.0244  

  (0.0195)  (0.0312)  

𝑅&𝐷_𝑖𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦𝑖𝑡  -0.011   -0.002 

   (0.0212)   (0.0234) 

𝐺𝐷𝑃𝑖𝑡 0.141*** 0.142*** -0.005 0.013 

  (0.0369) (0.0315) (0.0681) (0.0586) 

𝐺𝐷𝑃𝑝𝑐𝑖𝑡 -0.105 -0.0630 -0.215 -0.154 

  (0.0735) (0.0602) (0.145) (0.135) 

𝑃𝑇𝐴𝑠𝑒𝑟𝑣𝑖𝑐𝑒𝑠𝑖−1 0.001 -0.0016 0.001 0.002* 

  (0.0020) (0.0015) (0.0018) (0.0014) 

Observations 826 908 546 626 

R-squared 0.995 0.996 0.995 0.995 

Country dummies Yes Yes Yes Yes 

Time dummies Yes Yes Yes Yes 

Notes: The dependent variable is the country’s value as a hub in the global network of foreign business 

services value added embodied in manufacturing exports. All variables are expressed in logs. Coefficient 

on the constant term is not reported for reason of space. Standard errors in brackets. Robust standard 

errors clustered by country. *p <0.05; **p < 0.01; ***p < 0.001.  

 

Finally, our results would indicate that the country’s economic size, measured by its 

GDP, positively affects its hub value for embodied BS. Hence, larger economies are 

more likely to be major hubs of intermediate BS. This result, however, is found for 

the estimates derived only from the 1995-2011 sample, whereas that variable is not 

statistically significant for the most recent period. The remaining variables, related 

to the technical and human development of countries, are non-significant in any 

model.  

 
11 The GATS regulations are structured according to those four modes (mode 1: through cross-border 

delivery; mode 2: through the consumption of services abroad; mode 3: through establishing a commercial 

presence; and mode 4: through the presence of a natural person).   
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An additional potential problem in the above-mentioned estimation of the models is 

reverse causality. This may exist when one of the independent variables is jointly or 

simultaneously determined by the dependent variable. As we discuss in the 

Introduction and saw in section 3, reverse causality is likely to be relevant for the 

variable hubs for embodied manufacturing. The reason is that being a global supplier 

of intermediate BS could also affect the country’s role as a hub for manufacturing 

inputs in the present and in the future. Hence, a country’s hub value for 

manufacturing is likely to be a non-strictly exogenous variable (predetermined 

variable) since the error term could be correlated with contemporaneous or future 

values of the independent variable. Strict exogeneity forbids current values of the 

error term to be correlated with past, present or future values of the explanatory 

variables. A lagged explanatory variable is commonly used as an instrumental 

variable to mitigate potential reverse causality concerns in empirical studies. 

However, some authors have recently pointed out that there are few formal analyses 

that establish whether lagged explanatory variables effectively address endogeneity 

concerns, and they provide such an analysis (Reed 2015; Bellemare et al., 2017). 

However, these estimates may still be biased in the presence of reverse causality. 

According to Bellemare et al. (2017), lagging the independent variable helps to 

eliminate the strong and untestable strict exogeneity assumption, but it introduces 

the similarly strong and untestable assumption that unobserved variables are serially 

uncorrelated. Hence, simply lagging the independent variable in fixed effects models 

rarely solves the endogeneity problem posed by unobserved variables (Leszczensky 

and Wolbring, 2019). 

To address the endogeneity problem caused by reverse causality, dynamic panel 

models are being widely used. Dynamic panel estimators take first differences to 

remove time-invariant unobserved heterogeneity and internal instruments for the 

lagged dependent variable, and other potential non-exogenous variables are used. 

All preceding levels of the non-exogenous variables are recommended to be used as 

instruments for the panel model in first differences (difference Generalized method 

of moments (GMM), Arellano and Bond, 1991) and combined with first-differences of 

the non-exogenous variables for the panel model in levels (system GMM, Arellano 

and Bover, 1995; Blundell and Bond, 1998). In our model, it is reasonable to assume 

that the central position as global provider of BS in manufacturing GVCs (its hub 

value) is greatly influenced by its lagged hub value since that depends on economic 

links with other economies that are difficult to set up and, once they have been 
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consolidated, they are quite stable12. This suggests that there might be dynamic 

effects which call for the inclusion of the lagged dependent variable as a regressor. 

Therefore, a dynamic model would be more appropriate.  

Table 3 reports the estimation results of the two model specifications in equations 

(3) and (4) using the system GMM estimator. As in Table 2, the first two columns 

show the results for the period 1995-2011 and the third and fourth columns present 

the results for the period 2005-2015.  

Since instrument proliferation is a common problem of applying system GMM, 

following Roodman (2009), we restricted the number of lags to use as instruments 

for each potentially endogenous variable and we collapsed the instrument matrices. 

Moreover, we performed a variety of different validation tests on the adequacy of the 

instruments used in the regressions. The first one is a test on second-order serial 

correlation that checks for the lack of correlation of the instruments with the error 

term, which would lead to the serial correlation of the residuals. The second one is 

the Hansen-Sargan test of over-identifying restrictions that checks whether the 

instruments are exogenous and not correlated with the residuals. Lastly, the 

difference-in-Hansen test checks the validity of additional instruments used in the 

level equations. In all estimations, according to the p-values of the tests that are 

reported in the bottom lines of Table 3, the null hypothesis of no second-order serial 

correlation is not rejected, and the validity of the instruments cannot be rejected, 

either.  

The results from Table 3 show that the lagged dependent variable is highly persistent. 

This would indicate that the hub value for intermediate BS in the previous year is 

found to positively affect the hub value of the subsequent year. It is significant at the 

one per cent level in each regression. The implication is that improving the country’s 

position as a global supplier of intermediate BS in the past will improve its future 

position. As mentioned above, this high degree of persistence of the dependent 

variable is consistent with more stable GVC-related trade relationships between 

countries.  

Again, the variable hub in intermediate manufacturing networks is positive and 

statistically significant in all specifications. Hence, results from system GMM 

estimation corroborate the role of a country as a global supplier of manufacturing 

inputs in explaining its hub value as a global supplier of intermediate BS. 

Furthermore, for the 1995-2011 sample, the estimated coefficients for this variable 

 
12Córcoles et al. (2015) find that GVC-related trade flows show a higher export survival. Moreover, Díaz-

Mora et al. (2018) show that foreign services value added embodied in manufacturing exports contributes 

positively to more resilient exports relationships.  
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are very similar to those obtained from country fixed effects models. However, for 

the 2005-2015 sample, their value is notably lower and only statistically significant 

at 10 per cent in one of the two specifications and at 5 per cent in the other.  

Table 3: Empirical model estimation results (System GMM estimates). 
Dynamic model. 

VARIABLES 
1995-2011 sample 2005-2015 sample 

Column (1) Column (2) Column (3) Column (4) 

𝐻𝑢𝑏𝐵𝑆
𝐺𝑉𝐶𝑖𝑡−1

 0.515*** 0.524*** 0.827*** 0.819*** 

 (0.0740) (0.0739) (0.0785) (0.0806) 

𝐻𝑢𝑏𝑀𝑎𝑛𝑢𝑓
𝐺𝑉𝐶𝑖𝑡

 0.493*** 0.498*** 0.170* 0.176** 

  (0.0675) (0.0775) (0.0920) (0.0851) 

𝐷𝐵𝑆𝑉𝐴𝑖𝑛𝑋𝑖𝑡
𝑀 0.011 -0.006 0.036 0.025 

 (0.0345) (0.0398) (0.0354) (0.0249) 

𝐻𝑖𝑔ℎ_𝑠𝑘𝑖𝑙𝑙𝑒𝑑 𝑙𝑎𝑏𝑜𝑟𝑖𝑡 0.019  -0.010  

 (0.0293)  (0.0520)  

𝑅&𝐷_𝑖𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦𝑖𝑡  0.0626  -0.088 

  (0.0759)  (0.0721) 

𝐺𝐷𝑃𝑖𝑡 -0.019 -0.0357 -0.022 -0.011 

 (0.0546) (0.0428) (0.0350) (0.0294) 

𝐺𝐷𝑃𝑝𝑐𝑖𝑡 0.128*** 0.119* 0.0365 0.099 

 (0.0449) (0.0692) (0.0308) (0.0617) 

𝑃𝑇𝐴𝑠𝑒𝑟𝑣𝑖𝑐𝑒𝑠𝑖−1 0.008*** 0.008*** 0.003** 0.004** 

  (0.0027) (0.0028) (0.0013) (0.0019) 

Observations 787 721 492 443 

Number of countries 61 57 58 56 

Time dummies Yes Yes Yes Yes 

Test p-values:     

Wald chi-sq 0.000 0.000 0.000 0.000 

AR(2) 0.189 0.248 0.985 0.846 

Sargan-Hansen 0.870 0.903 0.197 0.198 
Difference-in-Hansen 
   GMM instruments for levels 0.144 0.110 0.218 0.145 

   Lagged dependent variable  0.329 0.296 0.166 0.183 

   HubManuf_GVC 0.910 0.889 0.511 0.203 

   PTAservices 0.148 0.159 0.309 0.533 

Notes: The dependent variable is the country’s value as a hub in the global network of foreign business 
services value added embodied in manufacturing exports. All variables are expressed in logs. Windmeijer-

Corrected Robust standard errors from the two-step GMM estimation shown in parenthesis. *p <0.05; **p 
< 0.01; ***p < 0.001. Lagged dependent variable, HubManuf_GVC variable and PTA-services variable are 

treated as endogenous. AR(2) is second-order test of serial correlation, and Sargan-Hansen is a test of 
over-identification of restrictions; p-values below 0.05 means rejecting the validity of the instruments 

used in the estimation. Due to the possible problem of too many instruments, the number of lags used as 

instruments is restricted to 2. 

The coefficient of the extensive PTAs in services remains positive and statistically 

significant in most specifications. However, according to the low value of the 

estimated coefficient, the impact of this variable on the dependent variable is small. 

The per capita GDP variable is positive and statistically significant for the 1995-2011 
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sample, suggesting that richer economies are more prone to become global providers 

of embodied BS at least in that period. None of the remaining variables are 

significant13. 

However, although GMM estimators allow sequentially exogenous variables and 

provide consistent estimates even in reverse causality, Leszczensky and Wolbring 

(2019) argue that they have several limitations, such as suffering from downward 

bias in the face of a large number of moment conditions, weak instrument problems 

and small sample bias. These authors pointed out that some of those concerns are 

addressed by the cross-lagged panel model with fixed effects developed by Moral-

Benito (2013) and Allison et al. (2017). The first study suggests a maximum 

likelihood method to estimate a dynamic panel model with lagged independent 

variables and fixed effects without taking first differences and without any 

assumptions about initial observations of X and Y. The second work implements it in 

a structural equation framework (ML-SEM method). However, as Leszczensky and 

Wolbring (2019) recognise, ML-SEM has several limitations. For our empirical model, 

the most relevant limitation is that all proposed model specifications suffer from 

computational problems (non-convergence problems). Following the suggestions of 

Allison et al. (2017) to facilitate convergence, we restrict our data to a smaller range 

of time periods and fewer variables are included in the model. Specifically, we reduce 

the number of time observations for each country to five for the 1995-2011 sample 

and four for the 2005-2015 sample, and we exclude explanatory variables with no 

statistical significance in any of the previous regressions.  

Estimation results using the ML-SEM method are reported in Table 4. These results 

corroborated our earlier results about the impact of being a global provider of 

manufacturing inputs on the country’s hub value as a global supplier of embodied 

BS. The positive relationship between them is statistically significant for the two-time 

subsamples for which the regressions were conducted.  

Following Newsom’s (2015) recommendations, we use several model fit indices to 

examine the goodness-of-fit of the model: the Root Mean Squared Error of 

Approximation (RMSEA), the Standardized Root Mean Square Residual (SRMS), the 

Comparative Fit Index (CFI) and the Tucker Lewis Index (TLI). The values of these 

indices, which are offered at the bottom of Table 4, were indicative of an acceptable 

model, except for the RMSEA index (above its ideal score of < 0.10). 

 
13 We have also run regressions omitting the lagged dependent variable (static model), and the results are 

not qualitatively different. For brevity, the results are omitted and can be obtained from the authors upon 

request. 
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As additional robustness checks, we have run the cross-lagged dynamic panel model 

using different time subsamples, and the main results hold. These estimation results 

are not presented here for reasons of space, but are available upon request. 

Table 4: Empirical model estimation results. Cross-lagged dynamic panel 
model (ML-SEM method). 

 
VARIABLES 

1995-2011 2005-2015 

Column (1) Column (2) Column (3) Column (4) 

𝐻𝑢𝑏𝐵𝑆
𝐺𝑉𝐶𝑖𝑡−1

 0.245*** 0.515*** 0.303*** 0.288*** 

 (0.0646) (0.0740) (0.1107) (0.0994) 

𝐻𝑢𝑏𝑀𝑎𝑛𝑢𝑓
𝐺𝑉𝐶𝑖𝑡

 0.622*** 0.493*** 0.503*** 0.531*** 

  (0.0875) (0.0675) (0.1406) (0.1225) 

𝐷𝐵𝑆𝑉𝐴𝑖𝑛𝑋𝑖𝑡
𝑀 0.0578 0.011 0.181 0.172 

  (0.0463) (0.0345) (0.1204) (0.1221) 

𝐺𝐷𝑃𝑖𝑡 0.082* -0.019 0.113 0.031 

 (0.0437) (0.0546) (0.1032) (0.0831) 

𝐺𝐷𝑃𝑝𝑐𝑖𝑡 -0.161  -0.255  

 (0.1085)  (0.1692)  

𝑃𝑇𝐴𝑠𝑒𝑟𝑣𝑖𝑐𝑒𝑠𝑖−1  0.008***  0.002 

   (0.0027)  (0.0032) 

Observations 315 315 256 256 

Number of countries 63 63 64 64 

Number of periods 5 5 4 4 

Model fit     

RMSEA .11 .12 .14 .13 

SRMS .008 .01 .003 .005 

CFI/TLI .94 / .91 .93 / .90 .96 / .92 .96 / .93 

 
Notes: The dependent variable is the country’s value as a hub in the global network of foreign business 

services value added embodied in manufacturing exports. All variables are expressed in logs. Robust 
standard errors shown in parenthesis. *p <0.05; **p < 0.01; ***p < 0.001.  
𝐻𝑢𝑏𝑀𝑎𝑛𝑢𝑓

𝐺𝑉𝐶𝑖𝑡
variable is treated as predetermined. For the 1995-2011 sample, the model is run for the 

years 1995, 1999, 2003, 2007 and 2011. For the 2005-2015 sample the model is run for the years 2005, 
2008, 2011, 2015. Model fit is determined by the RMSEA and the SRMS, where values of 0.08 or less are 

considered acceptable; and CFI and TLI, where values greater than 0.9 are considerable good. 
 

6. Concluding remarks 

In this paper we have explored the dynamic process that economies usually undergo 

to develop competencies along the supply chain of a given GVC. In many cases, these 

transitions from one stage to another make them reposition themselves in global 

markets, carrying out new and higher value functions within the value chain. The 

process is far from being lineal and sequential in all economies. On the contrary, it 

might describe upgrading trajectories from less to more sophisticated forms of GVC 

participation, but they can overlap, or go back and forth. One type of complex GVC 

participation is the supply of business services to be embodied in other countries’ 

exports of goods and the trajectory of countries to become central actors within these 
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intermediate service networks. In this paper we have investigated to what extent 

country participation in the GVC by providing embodied manufacturing inputs can 

affect their participation by providing embodied business services inputs. 

By applying empirical techniques of Social Network Analysis and graph theory to data 

from the TiVA database, we have observed a high correlation between the changes 

exhibited by countries in their positions as hubs in both manufacturing and BS 

networks. However, both the structural characteristics of the two networks and the 

evolution of countries within the two is less than homogenous. We have detected that 

in the manufacturing network the most connected and integrated countries will be 

the ones that bolster their integration in the future. However, in the BS network, the 

new, less central countries will presumably perform this task, as central countries are 

expanding their links towards them. 

Moreover, we have identified the countries that have played a prominent role in these 

networks, that is, the hubs or central suppliers of embodied BS or manufacturing 

value added within the network. We have observed that most countries that occupy 

the top positions of both networks —China, Korea, Germany, France, Canada and 

Mexico—either were first hubs in the manufacturing networks and then in the BS 

network or were leaders in both networks simultaneously. In this sense, the 

trajectories of China and Korea are noteworthy, as these countries increased their 

role as hubs between 1995 and 2015, heading both rankings. China’s leadership is 

more evident for embodied manufacturing inputs than for business services.  

Going further in the analysis, the results of the empirical model proposed in the paper 

to test the determining factors to become a global supplier of intermediate BS in 

GVCs has corroborated that evidence. Results from the system GMM estimation have 

revealed that the role of a country as a global supplier of manufacturing inputs in 

manufacturing GVCs is an important factor in explaining its hub value as a global 

supplier of intermediate BS. The impact is stronger for the 1995-2011 period than 

for the most recent years. As a robustness check, we have also used a cross-lagged 

dynamic panel model (ML-SEM method), and the main results hold. These empirical 

findings emphasise the relevance for companies and countries of playing a central 

role as global providers in manufacturing inputs as a trait related to becoming global 

suppliers of intermediate BS and therefore improving their positions in GVCs. The 

model has also shown the importance of being a relevant domestic BS provider in 

order to jump to global markets. Therefore, these results contribute to more 

accurately drawing the path followed by countries in their participation in GVCs. This 

track seems to form a virtuous circle: access to higher quality and value-added 
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services favours countries’ upgrading in GVCs since these countries are dealing with 

more complex and higher value-added tasks of the value chain. 
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Fig. 1: BS network evolution, 1995 and 2011 

 

 

 

 

 

 
 

 

 

 
Note: The size of the nodes (countries) is related to their total number of links (all node degrees). The 
links between countries reflect the flows of intermediate services embodied in manufacturing exports. 

Source: Authors’ calculation based on OECD-OMC TiVA Database (December 2016) using the program 
package Pajek for analysis and visualisation of large networks (http://mrvar.fdv.uni-lj.si/pajek/) 

Fig. 2: Manufacturing network evolution, 1995 and 2011 

 

According to the results for aggregate centrality measures, none of the two 

networks would respond to a traditional centre-periphery structure in terms of 

connectivity and intensity. However, while the centralization (degree centralisation 

indexes) in the manufacturing network has remained unchanged over time, the 

intermediate BS network is becoming increasingly centred, to the extent that in 2011 the 

indexes were very similar. This would indicate that the new countries that have been 

gradually embodied in the BS network have done so playing a less prominent role than 

the central countries do.  

Note: The size of the nodes (countries) is related to their total number of links (all node degrees). The 

links between countries reflect the flows of intermediate services embodied in manufacturing exports. 
Source: Authors’ calculation based on OECD-OMC TiVA Database (December 2016) using the program 

package Pajek for analysis and visualisation of large networks (http://mrvar.fdv.uni-lj.si/pajek/) 
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Fig. 3: Hubs scores of BS and manufacturing network for China, Korea and 
Mexico, 1995 and 2011 

China      Korea 

  

 

México 

 

Source: Authors’ calculation based on OECD-OMC TiVA Database (December 2016) 

 

Fig. 4: Changes in countries hubs positions of BS and manufacturing 
networks. Trends 1995-2011 and 2005-2015 

Source: Authors’ calculation based on OECD-OMC TiVA Database 
Note: The size of the countries is related to their hubs scores in BS network in the last year. 
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Quitar los asteriscos de Suiza y meter escala eje vertical en el primer gráfico 

 

Table 1. Ranking and Hubs scores of the BS and Manufacturing networks, 
1995 and 2011 

 
Ranking hubs 

manuf. 
Ranking hubs 

BS 
 

Hub score manuf. Hub score BS 

 

2011 
Change 

95-11 
2011 

Change 

95-11 

 

2011 

Change 
95-11 

(mult. 
factor) 

2011 

Change 
95-11 

(mult. 
factor) 

 G.1. First hubs in manufacturing, then in BS  

China 1 6 1 15  0.821 3.750 0.546 4.360 

Korea 2 7 4 10  0.240 1.228 0.218 1.644 

Mexico 3 -1 7 3  0.209 0.612 0.175 0.966 

 G.2. Hubs in manufacturing, much less in BS  

USA 5 -2 12 0  0.176 0.608 0.128 0.749 

Taiwan 4 0 15 -2  0.178 0.688 0.109 0.795 

Malaysia 9 8 20 2  0.119 1.279 0.083 1.514 

Thailand 11 8 25 -1  0.102 1.279 0.058 1.230 

 G.3. Hubs in BS, much less in manufacturing  

Ireland 30 -14 3 1  0.025 0.252 0.298 0.970 

Netherlands 16 -5 8 -5  0.058 0.394 0.175 0.569 

Singapore 21 -11 13 -4  0.121 0.289 0.121 0.655 

 G.4. Hubs in manufacturing and BS simultaneously, but 

more in BS 

Germany 6 0 2 0  0.176 0.783 0.453 1.275 

France 8 0 5 0  0.128 0.620 0.217 0.722 

Italy 12 0 10 -3  0.090 0.687 0.168 0.676 

Spain 17 3 11 4  0.056 0.727 0.128 0.968 

Sweden 25 -7 17 -5  0.034 0.409 0.093 0.573 

Belgium 29 -16 18 -10  0.026 0.207 0.093 0.417 

 G.5. Hubs in manufacturing and BS simultaneously, but 
more in manufacturing 

Japan 14 0 16 1  0.087 0.798 0.108 0.874 

Czech Republic 15 17 22 7  0.059 2.847 0.072 2.454 

Russia 18 7 27 1  0.053 1.690 0.056 1.883 

 G.6. Hubs in manufacturing and BS simultaneously and 

analogously 

Canada 7 -6 6 -5  0.154 0.263 0.198 0.520 

UK 10 -5 9 -3  0.103 0.448 0.174 0.616 

Switzerland 20 1 14 5  0.049 0.635 0.113 1.182 

Poland 19 17 21 13  0.051 3.670 0.076 3.743 

Source: Authors’ calculation based on OECD-OMC TiVA Database (December 2016) 
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Table 2: Empirical model estimation results (LSDV estimates).  

VARIABLES 
1995-2011 sample 2005-2015 sample 

Column (1) Column (2) Column (3) Column (4) 

𝐻𝑢𝑏𝑀𝑎𝑛𝑢𝑓
𝐺𝑉𝐶𝑖𝑡

 0.701*** 0.712*** 0.614*** 0.587*** 

  (0.0158) (0.0144) (0.0330) (0.0313) 

𝐷𝐵𝑆𝑉𝐴𝑖𝑛𝑋𝑖𝑡
𝑀 0.015 0.033* 0.144*** 0.165*** 

  (0.0206) (0.0176) (0.0270) (0.0258) 

𝐻𝑖𝑔ℎ_𝑠𝑘𝑖𝑙𝑙𝑒𝑑 𝑙𝑎𝑏𝑜𝑟𝑖𝑡 0.0170  0.0244  

  (0.0195)  (0.0312)  

𝑅&𝐷_𝑖𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦𝑖𝑡  -0.011   -0.002 

   (0.0212)   (0.0234) 

𝐺𝐷𝑃𝑖𝑡 0.141*** 0.142*** -0.005 0.013 

  (0.0369) (0.0315) (0.0681) (0.0586) 

𝐺𝐷𝑃𝑝𝑐𝑖𝑡 -0.105 -0.0630 -0.215 -0.154 

  (0.0735) (0.0602) (0.145) (0.135) 

𝑃𝑇𝐴𝑠𝑒𝑟𝑣𝑖𝑐𝑒𝑠𝑖−1 0.001 -0.0016 0.001 0.002* 

  (0.0020) (0.0015) (0.0018) (0.0014) 

Observations 826 908 546 626 

R-squared 0.995 0.996 0.995 0.995 

Country dummies Yes Yes Yes Yes 

Time dummies Yes Yes Yes Yes 

Notes: The dependent variable is the country’s value as a hub in the global network of foreign business 

services value added embodied in manufacturing exports. All variables are expressed in logs. Coefficient 
on the constant term is not reported for reason of space. Standard errors in brackets. Robust standard 

errors clustered by country. *p <0.05; **p < 0.01; ***p < 0.001.  
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Table 3: Empirical model estimation results (System GMM estimates). 
Dynamic model. 

VARIABLES 
1995-2011 sample 2005-2015 sample 

Column (1) Column (2) Column (3) Column (4) 

𝐻𝑢𝑏𝐵𝑆
𝐺𝑉𝐶𝑖𝑡−1

 0.515*** 0.524*** 0.827*** 0.819*** 

 (0.0740) (0.0739) (0.0785) (0.0806) 

𝐻𝑢𝑏𝑀𝑎𝑛𝑢𝑓
𝐺𝑉𝐶𝑖𝑡

 0.493*** 0.498*** 0.170* 0.176** 

  (0.0675) (0.0775) (0.0920) (0.0851) 

𝐷𝐵𝑆𝑉𝐴𝑖𝑛𝑋𝑖𝑡
𝑀 0.011 -0.006 0.036 0.025 

 (0.0345) (0.0398) (0.0354) (0.0249) 

𝐻𝑖𝑔ℎ_𝑠𝑘𝑖𝑙𝑙𝑒𝑑 𝑙𝑎𝑏𝑜𝑟𝑖𝑡 0.019  -0.010  

 (0.0293)  (0.0520)  

𝑅&𝐷_𝑖𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦𝑖𝑡  0.0626  -0.088 

  (0.0759)  (0.0721) 

𝐺𝐷𝑃𝑖𝑡 -0.019 -0.0357 -0.022 -0.011 

 (0.0546) (0.0428) (0.0350) (0.0294) 

𝐺𝐷𝑃𝑝𝑐𝑖𝑡 0.128*** 0.119* 0.0365 0.099 

 (0.0449) (0.0692) (0.0308) (0.0617) 

𝑃𝑇𝐴𝑠𝑒𝑟𝑣𝑖𝑐𝑒𝑠𝑖−1 0.008*** 0.008*** 0.003** 0.004** 

  (0.0027) (0.0028) (0.0013) (0.0019) 

Observations 787 721 492 443 

Number of countries 61 57 58 56 

Time dummies Yes Yes Yes Yes 

Test p-values:     

Wald chi-sq 0.000 0.000 0.000 0.000 

AR(2) 0.189 0.248 0.985 0.846 

Sargan-Hansen 0.870 0.903 0.197 0.198 
Difference-in-Hansen 
   GMM instruments for levels 0.144 0.110 0.218 0.145 

   Lagged dependent variable  0.329 0.296 0.166 0.183 

   HubManuf_GVC 0.910 0.889 0.511 0.203 

   PTAservices 0.148 0.159 0.309 0.533 

Notes: The dependent variable is the country’s value as a hub in the global network of foreign business 
services value added embodied in manufacturing exports. All variables are expressed in logs. Windmeijer-

Corrected Robust standard errors from the two-step GMM estimation shown in parenthesis. *p <0.05; **p 
< 0.01; ***p < 0.001. Lagged dependent variable, HubManuf_GVC variable and PTA-services variable are 

treated as endogenous. AR(2) is second-order test of serial correlation, and Sargan-Hansen is a test of 
over-identification of restrictions; p-values below 0.05 means rejecting the validity of the instruments 

used in the estimation. Due to the possible problem of too many instruments, the number of lags used as 

instruments is restricted to 2. 
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Table 4: Empirical model estimation results. Cross-lagged dynamic panel 
model (ML-SEM method). 

 
VARIABLES 

1995-2011 2005-2015 

Column (1) Column (2) Column (3) Column (4) 

𝐻𝑢𝑏𝐵𝑆
𝐺𝑉𝐶𝑖𝑡−1

 0.245*** 0.515*** 0.303*** 0.288*** 

 (0.0646) (0.0740) (0.1107) (0.0994) 

𝐻𝑢𝑏𝑀𝑎𝑛𝑢𝑓
𝐺𝑉𝐶𝑖𝑡

 0.622*** 0.493*** 0.503*** 0.531*** 

  (0.0875) (0.0675) (0.1406) (0.1225) 

𝐷𝐵𝑆𝑉𝐴𝑖𝑛𝑋𝑖𝑡
𝑀 0.0578 0.011 0.181 0.172 

  (0.0463) (0.0345) (0.1204) (0.1221) 

𝐺𝐷𝑃𝑖𝑡 0.082* -0.019 0.113 0.031 

 (0.0437) (0.0546) (0.1032) (0.0831) 

𝐺𝐷𝑃𝑝𝑐𝑖𝑡 -0.161  -0.255  

 (0.1085)  (0.1692)  

𝑃𝑇𝐴𝑠𝑒𝑟𝑣𝑖𝑐𝑒𝑠𝑖−1  0.008***  0.002 

   (0.0027)  (0.0032) 

Observations 315 315 256 256 

Number of countries 63 63 64 64 

Number of periods 5 5 4 4 

Model fit     

RMSEA .11 .12 .14 .13 

SRMS .008 .01 .003 .005 

CFI/TLI .94 / .91 .93 / .90 .96 / .92 .96 / .93 

 

Notes: The dependent variable is the country’s value as a hub in the global network of foreign business 
services value added embodied in manufacturing exports. All variables are expressed in logs. Robust 

standard errors shown in parenthesis. *p <0.05; **p < 0.01; ***p < 0.001.  
𝐻𝑢𝑏𝑀𝑎𝑛𝑢𝑓

𝐺𝑉𝐶𝑖𝑡
variable is treated as predetermined. For the 1995-2011 sample, the model is run for the 

years 1995, 1999, 2003, 2007 and 2011. For the 2005-2015 sample, the model is run for the years 2005, 

2008, 2011, 2015. Model fit is determined by the RMSEA and the SRMS, where values of 0.08 or less are 
considered acceptable; and CFI and TLI, where values greater than 0.9 are considerable good. 
 
 

 
STATISTICAL APPENDIX 
 

Table A.1. Countries list 
Argentina (ARG) Czech Republic (CZE) Latvia (LVA) Saudi Arabia (SAU) 

Australia (AUS) Denmark (DNK) Lithuania (LTU) Singapore (SGP) 

Austria (AUT) Estonia (EST) Luxemburg (LUX) Slovak Republic (SVK) 

Belgium (BEL) Finland (FIN) Malaysia (MYS) Slovenia (SVN) 

Brazil (BRA) France (FRA) Malta (MLT) South Africa (ZAF) 

Brunei Darussalam (BRN) Germany (DEU) México (MEX) South Korea (KOR) 

Bulgaria (BGR) Greece (GRC) Morocco (MAR) Spain (ESP) 

Cambodia (KHM) Hong Kong (HKG) Netherlands (NDL) Sweden (SWE) 

Canada (CAN) Hungary (HUN) New Zealand (NZL) Switzerland (CHE) 

Chile (CHL) India (IND) Norway (NOR) Thailand (THA) 

China (CHN) Indonesia (IDN) Peru (PER) Tunisia (TUN) 

Chinese Taipei (TWN) Ireland (IRL) Philippines (PHL) Turkey (TUR) 

Colombia (COL) Iceland (ISL) Poland (POL) United Kingdom (GBR) 

Costa Rica (CRI) Israel (ISR) Portugal (PRT) United States (USA) 

Croatia (HRV) Italy (ITA) Romania (ROU) Viet Nam (VNM) 

Cyprus (CYP) Japan (JPN) Russian Federation (RUS) Rest of the World (RoW)  
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Table A.2. Topological Measures of the BS and Manufacturing networks, 

1995 and 2011 

 Business Services Manufacturing 

Binary network 1995 2011 1995 2011 

First-order indicators         

Arcs (#) 457 563 584 629 

Density 0,111 0,139 0,128 0,139 

Average Node Degree (average number of arcs) 14,281 17,593 16,187 17,562 

Indegree/Outdegree (Average) 7,14 8,796 8,094 8,781 

Degree Centralization 0,277 0,306 0,314 0,312 

Indegree Centralization 0,336 0,487 0,434 0,487 

Outdegree Centralization 0,562 0,599 0,547 0,483 

Closeness Centrality (Average) 0,35 0,398 0,376 0,365 

Betweenness Centrality (Average) 0,006 0,008 0,008 0,007 

Random Walk Betweenness Centrality (RWBC) 25,891 30,5 0,167 0,148 

k-core 
15 

(k=20) 
21 

(k=22) 
23 

(k=22) 
22 

(k=20) 

Clustering Coefficient 0,557 0,568 0,573 0,516 

Second-order indicators         

Average Nearest-Neighbor Degree (ANND) 61,668 74,613 95,329 68,27 

Weighted network 1995 2011 1995 2011 

First-order indicators         

Average Node Strength 2,766 2,69 2,71 2,68 

Instrength/Outstrength (Average) 1,383 1,345 1,36 1,34 

Random Walk Weighted Betweenness Centrality 
(RWWBC) 

0,075 0,157 0,14 0,13 

Weighted Clustering Coefficient  0,08 0,07 0,07 0,07 

Second-order indicators         

Average Nearest-Neighbor Strength (ANNS) 16,834 16,719 13,96 15,1 

Source: Authors’ calculation based on OECD-OMC TiVA Database using the program package Pajek for 
analysis and visualization of large networks (http://mrvar.fdv.uni-lj.si/pajek/) 

 
Notes: A detailed description of these topological measures can be found in the seminal book by 

Wasserman et al. (1994). a It measures the fraction of the shortest paths between pairs of nodes that go 
through the analysed node. In particular, we use in this study the Random-walk betweenness centrality 

index proposed by Newman (2005) and Fisher and Vega-Redondo (2006). b It measures in which extent 
the partner of a country are also themselves partners and it calculates the number of triangles that are 

formed around a node, divided by the maximum number of triangles that could conform around it. 

 

 

 

 

 

 

 

 

 

 

 

 

http://mrvar.fdv.uni-lj.si/pajek/


36 

 

Table A.3. Ranking and Hubs scores of the BS and Manufacturing networks, 
2005 and 2015  

 

Ranking 

hubs 

Manuf. 
2015 

Change 

ranking 

hubs 

manuf. 
2005-

15 

Ranking 

hubs BS 

2015 

Change 

ranking 

hubs 

BS 
2005-

15 

Hub 

score 

Manuf. 
2015 

Change 

2005-

15 

(mult. 
factor) 

Hub 

score 

BS 
2015 

Change 

2005-

15 

(mult. 
factor) 

G.1. First hubs in manufacturing, then in BS  

China 1 0 1 -1 0,65 1,035 0,425 1,277 

Korea 3 0 7 -1 0,329 1,089 0,255 1,121 

Mexico 2 0 4 1 0,401 1,122 0,293 0,986 

G.2. Hubs in manufacturing, much less in BS  

USA 5 -2 19 -1 0,205 1,021 0,072 0,748 

Taiwan 6 2 16 4 0,159 0,603 0,098 0,659 

Malaysia 11 5 17 6 0,130 0,567 0,084 0,540 

Thailand 9 -1 20 -1 0,145 1,140 0,065 0,886 

G.3. Hubs in BS, much less in manufacturing  

Ireland 33 11 2 -2 0,023 0,504 0,387 1,338 

Netherlands 24 3 6 0 0,045 0,965 0,272 0,971 

Singapore 22 -1 5 -2 0,047 1,031 0,276 1,019 

G.4. Hubs in manufacturing and BS simultaneously, but more in BS 

Germany 4 -4 2 1 0,208 1,137 0,360 0,910 

France 10 1 9 0 0,143 0,907 0,187 0,856 

Italy 14 3 11 1 0,104 0,945 0,126 0,636 

Spain 18 3 18 2 0,067 0,889 0,082 0,728 

Sweden 31 11 22 3 0,026 0,541 0,052 0,491 

Belgium 23 6 13 -2 0,046 0,706 0,119 0,980 

Finland 38 13 24 -6 0,014 0,448 0,032 0,556 

Denmark 40 3 33 4 0,022 0,684 0,012 0,801 

G.5. Hubs in manufacturing and BS simultaneously, but more in manufacturing 

Japan 12 0 12 -1 0,122 1,122 0,124 0,853 

Czech Republic 19 -5 24 -1 0,065 1,517 0,051 0,991 

Russia 30 -1 29 2 0,026 1,060 0,033 0,926 

G.6. Hubs in manufacturing and BS simultaneously and analogously 

Canada 7 2 8 3 0,156 0,618 0,232 0,814 

United Kingdom 15 2 15 1 0,091 0,901 0,108 0,771 

Switzerland* 16 0 10 -7 0,080 1,176 0,147 1,350 

Poland 20 -6 23 -3 0,058 1,899 0,052 1,355 

India 17 -12 21 -9 0,072 2,650 0,055 1,785 

         

Hungary 21 3 27 5 0,047 0,769 0,047 0,719 

Austria 25 7 26 3 0,044 0,895 0,049 0,755 

Turkey 28 -7 32 -4 0,023 1,243 0,033 1,750 
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Table A.4. Dependent and explanatory variables: definition and sources 

Variable Definition Source 

HubBS_GVCit 

The value as a hub of country i in the global 

network of foreign business services value added 

embodied in manufacturing exports.  

OECD-WTO TiVA 

Database 

(December 2016) 

HubManuf_GVCit 

The value as a hub of country i in the global 

network of foreign manufacturing value added 

embodied in manufacturing exports.  

DBSVAinXM
it 

Domestic business services value added 

embodied in a country’s manufacturing exports as 

a share of those manufacturing exports. 

High-skilled 

laborit 

Share of high-skill employment (to groups 3 and 

4-managers, professionals and technicians and 

associated professional- of the International 

Standard Classification of Occupations, ISCO-08) 

over total employment. 

World Indicators of 

Skills for 

Employment (WISE) 

database, OECD 

R&D-

intensityit 
Ratio of R&D spending to GDP World Development 

Indicators. The 

World Bank. 
GDPit Gross Domestic Product of country i. 

GDPPCit Gross Domestic Product per capita of country i. 

PTAservicesit 

Number of partner countries with which country i 

has PTAs containing substantive services 

liberalization measures for trade in services. 

DESTA database 

 
 

Table A.5. Some descriptive statistics of the model variables 
1995-2011 sample 

Variable Obs. Mean Std. Dev. Min. Max. 

HubBS_GVCit 1,088 0.072 0.102 0.00003 0.546 

HubManuf_GVCit 1,088 0.059 0.109 0.00003 0.833 

DBSVAinXM
it 1,088 3.459 2.701 0.555 16.735 

High_skilled laborit 826 25.161 18.625 5.800 55.600 

R&D-intensityit 908 1.062 0.986 0.0423 4.428 

GDPit 1,088 6.61x1011 1.81x1010 3.12x109 1.55x1013 

GDPPCit 1,088 27,287 15,939 2,143 107,008 

PTAservicesit  088     20.975     16.138           0 45 

2005-2015 sample 

HubBS_GVCit 715 0.074 0.099 0.000006 0.451 

HubManuf_GVCit 715 0.065 .0106 0.000006 0.698 

DBSVAinXM
it 715 3.952 2.375 0.105 11.861 

High_skilled laborit 715 26.578 20.011 2.7 99.3 

R&D-intensityit 715 1.232 1.051 0.042 4.429 

GDPit 715 9.41x1011 2.20x1012 6.29x109 1,82x1013 

GDPPCit 715 25,911 22,202 613.133 111,968 

PTAservicesit 741 23.696 15.942 0 47 
 

 


