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Summary  

  
This deliverable investigates the relationship of four types of intangibles (R&D, software and databases, 

design and economic competencies) and global value chain (GVC) participation and their contribution to 

productivity. The deliverable uses an industry level panel consisting of 14 countries and 16 industries 

observed for the period 2000–2014, with data collected from multiple sources, such as the World 

InputOutput Database (WIOD), the INTAN-Invest database and the World Bank database.  
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The analysis is conducted proxying GVC participation with network centrality measures calculated using 

intermediate input exchanges between country-industries and retrieving a total factor productivity (TFP) 

proxy with production function estimation methods. The impact of intangibles and GVC is evaluated both 

separately and combinedly, via interaction terms that allow evaluating the role of intangibles in the 

transmission mechanism between GVC and productivity. Both GVCs and intangibles are found to be 

significant drivers of productivity, and intangibles are found to moderate the relation between GVC and 

productivity.  

    

1. Introduction  

The increased fragmentation of production chains across countries is a phenomenon that has attracted 

considerable interest in recent times. The whole set of activities that contribute to the production of a 

product and that are increasingly “global”, in the sense that are managed in different locations all over the 

world, are commonly referred as Global Value Chains (henceforth, GVCs).  The implication for productivity of 

GVCs are object of analysis by many researchers and policy makers. In practical terms, GVCs translate into 

exchanges of material, services and information that are used in the production process. All these exchanges 

can be seen as huge networks that connect firms, industries and countries together. As noted by Porter (1990) 

the main advantage of this type of production organization is that countries and firms can specialize in specific 

portion of the production chains, relying on imports for those activities in which they are not specialized, with 

obvious advantages in terms of efficiency.  

In these circumstances, a central role is played by intangible capital. From one side, intangibles are 

replacing traditional inputs as main drivers of productivity; from the other, they favor the organization of 

production through GVCs. Most of the value added created in production chains is created in early and later 

stages, which strongly involve intangible capital. The delocalization of these stages is of course easier, 

because feasible at a distance, and their increase in importance is one of the factors that explain the rise of 

GVCs.  
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In this deliverable, we aim at assessing the impact of intangibles and GVC participation both separately 

and combinedly. In fact, in the literature, the two factors have been studied mostly separately, with some 

concentrating on how GVCs improves productivity (Baldwin et al., 2014) and some others on how intangibles 

encourage participation in GVCs (Jona-Lasinio et al., 2016). Instead, we test the linkage between these two 

factors in improving productivity efficiency via interaction terms.  

In order to proxy for GVC participation, we exploit industry-level data on exchanges of intermediate 

inputs between industries, extracted from the World Input Output Database (WIOD) and build network 

centrality indicators. As proxy for productivity, we estimate a measure of total factor productivity (TFP), with 

production function estimation methods. Using the INTAN-Invest database, four types of intangible capital 

investment are considered, following the classification in Corrado et al. (2005): R&D, software and databases, 

design and economic competencies, which includes brand, organizational capital and training. The final panel 

consists of 14 countries and 16 industries, for the period from 2000 to 2014.  

The deliverable is structures as follows. The next section reviews the relevant literature, section 3 

describes the data and the econometric framework, section 4 presents the results and section 5 concludes.  

2. Intangible capital and Global Value Chain participation  

Intangible capital is playing a role of growing importance as driver of productivity in modern economies.  

There is a wide literature that recognizes this fact (Bounfour, 2003; Corrado et al., 2005; Gu and Lev, 2011; 

Marrocu et al, 2012; Ståhle et al., 2015). However, measurement issues are still at the center of the 

intangibles debate, as they are by nature difficult to measure and their lack of recognition in national account 

creates possible issues when measuring productivity growth. The general consensus is that treating 

intangibles as investment rather than expenditure (Corrado et al., 2005) can help correct for these issues.  

This is why some intangible types, such as R&D, have recently started to be included in national accounts. 

However, the strand of literature on intangibles to which this deliverable is mostly connected is the one that 

recognizes their role in enhancing productivity (Arrighetti et al., 2014; Corrado et al., 2016; Hall et al.,2005; 

Oliner et al., 2007; O’Mahony and Vecchi, 2009; Sandner and Block, 2011).  
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On the other hand, there are less studies that analyze GVCs and intangibles together. Some authors 

concentrate on specific case studies. Some examples are Chen et al. (2017) and Dedrick (2010). Among 

macroeconomic studies, we mention Jona-Lasinio et al. (2016) whose work, to our knowledge, is the most 

similar to ours in the scope, among those present in the literature.  

Another issue is related to the ways GVC participation can be proxied. Most of the GVC works emphasized 

how GVCs help enhancing productivity (Sturgeon and Kawamaki, 2010; OECD, 2013; WIPO, 2017; UNCTAD, 

2013; Roos, 2017). In order to build indicators that represent the participation of agents into GVCs, Input-

Output (I-O) tables have frequently been employed. These summarize exchanges of inputs between agents 

(usually countries or industries) in a compact way and allow to build indicators that measure how much each 

unit makes use of GVCs in its production process. Some examples of I-O tables are provided by Koopman et 

al. (2014), which provide data on export exchanges; Yamano (2016), on within-countries sales and purchases 

of goods; Lenzen et al. (2012) and Tukker et al. (2013), in the environmental technologies context. Finally, the 

World Input-Output Database (WIOD) of Timmer et al. (2015), which provides data on intermediate input 

exchanges of 56 industries located in 43 different countries, is the database used in this study.  

  

3. Methodology  

3.1 Data   

We use yearly data for 14 countries1 and 16 sectors2  for the period 2000-2014. In particular, GVC indicators 

are built using data on bilateral trade collected from the World Input-Output Database (WIOD), developed 

by Timmer et al. (2015). Network centrality measures, that represent the degree of integration of each sector 

into GVCs, are computed based on this data information (Bloch et al., 2016). Different centrality measures 

reflect the different roles that nodes can have in a network. In particular, we focus on two indicators: strength 

 
1	Austria, the Czech Republic, Denmark, Finland, France, Germany, Greece, Hungary, Italy, Luxembourg, Slovakia, Slovenia, Spain 
and Sweden. 	
2	We follow the Industrial Classification of All Economic Activities (ISIC Rev. 4) classification of industries.  	
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centrality, calculated as the sum of all transactions flowing in and out an industry, and betweenness 

centrality, which measures each node’s importance in linking other nodes (Brandes, 2001; Freeman, 1978). 

Moreover, within strength centrality, we distinguish transactions that flow in and out industries considering 

separately backward and forward GVC participation.  

Data on intangible investment are collected from the INTAN-Invest database, developed by Corrado et al. 

(2016). The intangible categories considered are R&D, software and databases, design, and economic 

competencies, which include brand, organizational capital and training.   

For the estimation of the production function, we use value added adjusted for intangibles from INTAN-

Invest, labor (hours worked) and non-ICT capital stock3 from EU Klems (Jäger, 2016). Finally, some country 

level control variables that are believed to affect productivity in the literature are obtained from the World 

development indicators of the World Bank. These variables are: imports, tertiary education attainment as 

proxy for human capital, domestic credit to private sector as proxy for financial development and the 

corporate income tax as proxy for taxation. Data sources are summarized in Table 1.  

Table 1: Data sources  

  Database  Variables  

Global Value Chain  World Input-Output  

Database (WIOD)  

Intermediate inputs, trade flows  

Intangibles  INTAN-Invest   Investment (at 2010 prices) in R&D, computers 
and software, design and economic competencies 
(including organizational capital, branding and 
training); value added corrected for intangibles.  

Production factors  

  

EU Klems  Labor (hours worked by industry) and non-ICT 
capital stock (real fixed capital stock at 2010 
prices)  

 
3	Non-ICT capital stock is computed as total capital stock minus Software, Information Technology and Communication Technology 
capital. 	
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Control variables  World development 

indicators (World  

Bank)  

Imports, Tertiary education attainment, domestic 
credit to private sector and corporate income 
taxation.  

  

3.2 Econometric model  

Prior the econometric estimation, a TFP proxy is retrieved by considering a Cobb-Douglas production function 

in logarithms with labor and capital as productive factors, as in equation (1).   

  

    (1)  

In the equation, Y represents value added, K capital stock and L is labor measured as total hours worked by 

employees, while the subscripts c, i and t denote country, industry and year.4 The residual of the equation is 

our proxy for TFP. In order to correct several typical issues related to production function estimations, such 

as the endogeneity of capital, we estimate the equation with the Olley and Pakes (1992) method, using capital 

investment to correct for productivity shocks.  

The TFP measure retrieved from equation (1) is later used to assess the impact of the independent 

variables, namely GVC indicators and intangible investment variables, via fixed effect panel regressions. The 

estimated model is:  

  TFPt = β0 + β1GVCt
j + β2intm

t + γXt + et  (2)  

where GVCt
j is one of the above mentioned GVC indicators that are tested separately, intm

t  are intangible 

investment variables and Xt are control variables. The GVC measures, denoted with the notation j, are 

strength centrality, forward and backward centrality, and betweenness centrality. The intangible 

components, denoted with the notation m, are software and databases, R&D and economic competencies.  

 
4	In the estimation, lagged values for capital stock, labour and investment are used. 	
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Secondly, we test the hypothesis that intangibles moderate the relation between GVC and TFP, by adding 

interaction terms between each type of intangible and GVC.  

In formulas, we estimate the following model for each GVC-intangible combination:  

  TFPt = β0 + β1GVCtj + β2intmt + β3intmt GVCtj + γXt + µt  (3)  

4. Results  

The output from fixed effects estimations 5  are presented in Tables 2 and 3. As mentioned, in every 

specification, we test a measure of GVC and one type of intangible. We also add interaction terms to test 

moderation effects. Controls and year dummies are shown at the bottom of the tables.6 In table 2, strength 

centrality, our main measure of GVC, is used. The results suggest that both GVC and all the types of intangibles 

considered are strong and significant drivers of productivity in every specification. In addition, interaction 

terms are positive and significant in three out of four cases, namely software and databases, R&D and 

economic competencies, while the design interaction term is not. This means that three of the four types of 

intangibles considered moderate the relation between GVC and productivity. In other words, for each GVC-

intangible type pair, we find that the effect of GVC on TFP is different for different levels of the investment 

in the intangible considered.   

In addition, also the sign of the coefficients of the control variables is as expected, even if often nonsignificant. 

Imports, financial development and human capital tend to have a positive impact on TFP, while taxation tend 

to negatively affect productivity.  

We are also able to distinguish between two components of strength centrality7, and capture the distinction 

between forward and backward integration.8 Forward integration measures the goods that flow out from a 

sector, while backward integration indicates the goods flow into that sector. Forward integration happens 

when industry i provides inputs to sector j (exports along the GVC), while backward integration occurs when 

 
5	The	choice	between	random	and	fixed	effects	has	been	taken	after	running	the	Hausman	test.		
6	Industry	and	country	dummies	have	been	tested	but	not	included	as	non-significant.		
7	The	network	literature	often	refers	to	these	measures	as	in-strength	and	out-strength	centrality.		
8	The	distinction	between	the	two	components	is	recurrent	in	the	GVCs	literature.	See,	for	example,	Jona-Lasinio	et	al.	(2016)	
and	Koopman	et	al.	(2010).		
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industry i receives inputs from sector j (imports along the GVC).9 Our results suggest that both forward and 

backward integration matter for productivity. We show the output of these estimations in Tables 3 and 4.  

Table 5 uses a second measure of centrality, namely betweenness centrality, which captures the extent 

to which a node is important in linking other nodes in the network. Here, betweenness is not significant, 

meaning that acting as a bridge for other industries does not have any direct effect on productivity, even 

though some moderating effects are detected. This suggests that while having many connections matters for 

productivity, being a bridge for other industries does not.   

Table 2: GVC strength centrality 

 
9	For	 the	purpose	of	 this	 study,	we	use	 the	 terms	 imports	 and	 exports	 in	 a	more	broad	way	beyond	 their	 conventional	
understanding,	as,	in	our	analysis,	transactions	also	include	exchanges	between	industries	within	the	same	country.		
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Table 3: Backward GVC integration  
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Table 4: Forward GVC integration 
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Table 5: GVC betweenness centrality  
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Finally, for robustness purposes, we estimate our model with the GMM estimator of Arellano and Bond 

(1991). We do this mainly to overcome the possible remaining endogeneity in the intangible inputs 

considered in our model. The output, presented in Table 6, confirms the results previously obtained, with 

three out of four intangibles that moderate the relation between GVC and productivity.  

  

  
Table 6: GMM estimates  
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5. Concluding remarks  

This deliverable highlighted the combined impact of GVC and intangible capital on productivity. Using 

industry level data and a panel of 14 countries observed from 2000 to 2014, network-based indicators are 

constructed to measure GVC participation, while intangible capital effects are evaluated using investment 

data on four categories of intangibles.  

Positive effects are found both for all types of intangibles considered and for GVC measures. Furthermore, 

the results demonstrated the moderating role of intangibles in the relationship between GVC and 

productivity. From the GVC side, both backward and forward integration measures are found to be 
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significantly effective in enhancing productivity, meaning that participating to GVC is beneficial both when 

receiving and when providing intermediates from and to others. This confirms the theory according to which 

it is beneficial for industries and countries to specialize on specific portions of the production chain, relying 

on trade for those portions on which they are not specialized. From the intangibles side, software, R&D, 

design and economic competencies are all found to positively drive productivity. However, significant 

differences are found when considering interactions, with design that is found to be the only intangible type 

whose combined effect is not significant.  
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