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2. Centrality Measure1. R&D contents

Empirical Strategy and Results

• To solve the problem 1, I use the R&D contents embodied 
in intermediates, following Nishioka and Ripoll (2012). 
Those are defined as follows: 
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V = D(I �B)�1f

where D is the ratio of the R&D stock to output, B is a global 
intermediate input coefficients matrix, f is final demand. 
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• To deal with the problem 2, I introduce “centrality” that 
capture the country’s importance in GVCs. Following 
Criscuolo and Timmis (2018a), I calculate forward and 
backward centrality that defined as: 
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Centralityfwd
iht =⌘(I� �W)�11,

Centralitybackiht =⌘(I� �W>)�11,

where W represents input-output linkages matrix, η and λ 
are the parameter.

• In empirical analysis, I estimate the equation as follows:

• In estimation, I divide the import side into three 
regions and the export side into three levels of 
centrality.
•The results are reported in Table 1. 
•The highest spillover effects are gained from 
exporters with high centrality in trade, both in 
forward and backward linkages. (Table1) 
•In forward linkages, it is also statistically significant 
for trading with middle centrality exporters.  
•However, the indirect effects in forward linkages 
are not statistically significant. 
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Backgrounds and Problems
Starting with Coe and Helpman (1995), empirical studies of international R&D spillovers 
have developed over the last three decades. In this study I focus on two problems as 
follows:
1. While previous literature has mostly considered direct (bilateral) trade 
relationships, and few have even dealt with indirect effects. 
•That is, previous studies do not consider the effects from technology of C, D, E and G. 

2. It is also not very clear from which countries imports are important for spillovers 
(Keller, 1998).

Now that intermediate goods account for more than two-thirds of the total 
(Johnson and Noguera, 2012), the conventional measurement is not correct.

It is considered that there is a clear difference in the effects 
that country A receives from country B and country F.

• Using this R&D contents, we can calculate the spillover 
effects from goods of B, considering both of direct and 
indirect demands (B and C to E in Figure 1) for final 
demand in country A.

Contributions and Implications
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• Now, I define                       , and decompose 
domestic and foreign factors.
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(I �B)�1f ⌘ T

where i is importer, h is industry, t is time. 

• The more backward centrality a country has, the more 
goods it imports from other countries; the more forward 
centricity a country has, the more goods it exports to 
other countries.

Figure 1:  Overview of intermediates trade  
and R&D spillovers 

 

•This study is the first to consider and empirically analyze the position of exporters in GVCs, and provides 2 contributions: 
•Estimating the spillover effects, including indirect demands. 
•Introducing “centrality” in trade, I provide new insights into which countries are important to trade with in spillover effects. 

• In contrast to the claims of Keller (1998), these findings suggest that which country imports from which country is important 
in the international spillover effects. 


