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Abstract 

 

Using industry-level R&D and patent data for a sample of 29 countries for the period 2000-

2008, this paper studies the importance of production networks for technology spillovers. We 

estimate the effect of research externalities in generating innovation across countries in a 

model where the patterns of international production sharing determine knowledge diffusion. 

We show that the channel through which research externalities materialize is better captured 

by the degree of vertical integration between two countries than merely by their geographical 

distance.  

 

 
1. INTRODUCTION 

 

Innovation is the driving factor of economic progress. Countries innovate because they invest 

in R&D. But, R&D productivity, that is the level of innovations that result from R&D 

activity, differs across countries. Several factors determine R&D productivity. One factor is 

the quality and the type of education system, a system that favours linkages between 

academic and business research, for example, is more likely to generate marketable 

innovations. Another factor is the speed at which new discoveries lead to the development of 

new products or processes.  For example, the easier is to start a business, the quicker a certain 

R&D activity will lead to developing and marketing innovation. While controlling for these 

factors, the focus of this paper is on how the pool of knowledge generated in other countries 

affects the productivity of domestic R&D activity.   

 

The extent to which foreign knowledge spills over to the domestic market is an essential 

factor in determining technological catching up.  If knowledge flew freely, countries would 

converge to the same growth rate.  However, while codified part of an innovation (that for 
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example contained in a patent or in a publication) is likely to be available to any scientist. 

There is a part of knowledge that is tacit and that diffuses more via personal contacts or face-

to-face communication.  

 

Since these interactions are more frequent and easier between nearby countries, most of the 

existing literature has focused on geographical distance to explain technological spillovers. It 

is well established that knowledge spillovers are local rather than global, that is they fade 

away as R&D activity is conducted in countries farther and farther away from the domestic 

country. This implies that – were geographical distance the driving determinant of knowledge 

spillovers - a country's innovation performance would only depend on its own R&D 

expenditure and that of its neighbouring countries.  Can we reconcile this finding with the 

evidence that knowledge creation has decentralized and middle-income countries have started 

to contribute to the technology frontier even if their R&D expenditure did not increase to the 

level of developed countries (WTR 2013)? How can we explain that countries with similar 

R&D spending and surrounded by similar countries are characterised by different growth 

rates?  

 

In this paper, we explore the role that production networks play in determining the extent of 

technology spillovers. Economic literature suggests that knowledge spillovers within 

production networks are more important because face-to-face communication is more intense 

and because parties are more willing to transfer technology.  

 

To this purpose, we estimate the effect of the "pool" of foreign knowledge available to 

domestic innovators on innovation, taking into account the interactions between countries 

through their production networks. Importantly, we assume ideas generated in other countries 

are more or less accessible to domestic innovators depending on the intensity of the 

production networks between the two countries. Using the recently built database of World 

Input Output Tables, we measure the intensity of production networks between two countries 

as the imported input content of input exports.  Therefore, we calculate the pool of foreign 

knowledge accessible to the home country as a weighted average of foreign countries 

knowledge weighted by the intensity of their reciprocal production network.    

  

We focus on the number of patents as a measure of innovation.
2
 Most of the existing 

literature on technology transfers, instead, focuses on total factor productivity (TFP) and 

study the impact of the foreign pool of technology on domestic total factor productivity.
3
 The 

advantage of using patent data rather than TFP as measure of innovation is that the former are 

not directly affected by the use of foreign intermediate inputs in production. If the home 

country imports a technologically advanced input from a certain country, TFP may increase.  

                                                
2 Bottazzi and Peri (2003 and 2005) also use patent data.  
3 Coe and Helpman (1995), Keller (2002), Madsen (2009) or Coe et al. (2009). These studies use 

distance,  openness or imports as weights for foreign R&D.  
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We will, therefore, estimate a positive effect of the foreign country knowledge on TFP, but 

this effect will vanish when that intermediate input is no longer imported.  The importing 

country in this case uses the knowledge embodied in the good, but does not necessarily 

acquire the knowdge embodied in the good. By using TFP we would estimate a technology 

spillover effect that does not reflect flow of knowledge.  Abstracting from this effect is 

particularly important for this paper because production networks involve trade in 

intermediates. 

 

We contribute to the existing literature on the geographical localization of R&D spillovers in 

several ways. First, we extend the analysis to a much larger sample of countries. Our sample 

covers 29 countries spanning outside OECD members to include East Asia and transition 

economies.
4
 The sample of countries in existing studies on international technology spillovers 

is usually much smaller. For example, Keller (2002) only works on a sample of 5 OECD 

countries, Bottazzi and Peri (2003) only focuses on the EU15.  

 

Second, we consider a relatively recent time period. Our study encompasses the period 2000-

2008, while, for example, Keller (2002) includes data for the period 1970-1995 and Bottazzi 

and Peri (2003) study the period 1977-1995. In this way, we are able to capture the recent 

developments in communication technologies which are likely to have altered the degree of 

information transmission and the degree of international interaction among agents.  

 

Third, we are able to exploit the sectoral dimension of the patent applications data.  Sectoral 

data are more convenient to determine production sharing because supply chains tend to be 

concentrated in few industries and aggregation can conceal substantial variation. In 

particular, using sectoral level data our findings are not affected by the specific product 

composition of a certain economy. We are able to do this thanks to the new concordance 

tables developed by Lybbert and Zolas (2012).   

 

We show that R&D spillovers are "local", but that this result is robust only for a subsample of 

countries. When the analysis of knowledge transfer is extended to a larger sample, geography 

is no longer a robust determinant of R&D spillovers. Rather, knowledge diffusion is driven 

by production networks.   

 

The rest of the paper is organised as follows: Section 2 discusses our empirical strategy.  

Section 3 describes the data and their sources. Section 4 shows our results. Section 5 

concludes.   

 

 

                                                
4  The countries included in the sample are Australia, Austria, Belgium, Canada, China, Chinese Taipei, 

Czech Republic, Estonia, Finland, France, Germany, Greece, Hungary, Ireland, Italy, Japan, Korea, Mexico, 

Netherlands, Poland, Portugal, Romania, Russia, Slovakia, Slovenia, Spain, Turkey, the United Kingdom, and 

the United States. 
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2. THE MODEL 

 

Our empirical model is inspired by an innovation function described in Bottazzi and Peri 

(2003). It is a simple variant of Romer (1990)'s endogenous growth model and formalizes the 

idea that generating innovation is easier when a large pool of knowledge is available to draw 

upon. Hence the production of new ideas depends on the amount of inputs into the innovation 

process and on the stock of ideas generated before, which can be written as follows:  

 

∆Aik = a ∙ (R&D)ik
b
 ∙ Aik 

c 
∙ Πj≠i [(wij ∙Ajk) 

d
],        (1) 

 

where ∆Aik stands for new patents generated by researchers from country i and industry k, 

and Aik is the stock of patents in country i and industry k. Lower case letters a, b, c and d  are 

parameters of the model, and wij is a weight which is assigned to the foreign country j with 

respect to the home country i. 

 

As described in Bottazzi and Peri (2002), the above difference equation system can be 

approximated by 

 

∆Aik = α ∙ (R&D)ik 
β
 ∙ Πj≠i [(wij ∙(R&D)jk) 

γ
],        (2) 

 

which serves as a basis for our empirical model. 

 

In order to determine how much countries benefit from research activity done abroad, we use 

data on patent applications and relate them to the home real R&D spending by businesses 

(R&D) as well as to a pool of R&D generated by other countries (Pool(R&D)). Traditionally, 

economic literature estimates the role that foreign R&D has on domestic innovation as 

follows: 

 

 Patentsik = exp(α + β ∙ ln(R&D)ik + γ ∙ Pool(R&D)ik + Xi ∙ δ + k + eik)   (3) 

 

The coefficient of interest is γ associated with Pool(R&D).  This variable is constructed as a 

weighted average of all other countries' R&D. Traditionally, the weights are given by the 

distance between the two countries so that R&D spending in closer countries gets higher 

weight than R&D spending in distant countries. The variable Pool(R&D) is then calculated 

as: 

 

Pool(R&D)_D_expik = ∑j≠i ln(R&D)jk ∙ exp(-Dij) 

 

Or 

 

Pool(R&D)_D_invik = ∑j≠i ln(R&D)jk ∙ (1/Dij), 
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where Dij is the distance between countries i  and j measured as the distance between largest 

cities in 1000km. 

 

 

We define an additional Pool(R&D) variable whereby the R&D of foreign countries is 

weighted by the I/O interactions between sector k in the knowledge receiving countries and 

all sectors in the knowledge sending country..  

 

Pool(R&D)_PNikj = ∑j≠i ln(R&D)jk ∙ ln(1+PNikj)/max{ln(1+PNikj)}, 

 

where PN is a bilateral, industry-specific measure which indicates the value of input imports 

that is re-exported as inputs, and it is akin to the measure of vertical specialization suggested 

by Hummels et al. (2001). It is defined as:  
 

PNikj = Input exportsfrom ik to j * Input importsfrom j to ik/Outputik , 
 

where ik is an industry k in the home country and j is the partner country. 

 

In words, PNikj is the value of imported inputs from country i in sector k that is exported back 

into country j. Since this measure represents a trade value we take a logarithm to narrow its 

range. For the reason of better interpretability of our coefficients we standardize the weight 

by the maximum of ln(1+PNikj) so that our weights range from 0 to 1 and the coefficient on 

Pool(R&D)_PNikt represents the elasticity of patents with respect to R&D spent at the most 

connected countries. 

 

We also control for additional factors Xi that are likely to influence innovation and to be 

correlated with R&D spending. We expect that returns on innovation are increasing in the 

size of the home market and therefore ceteris paribus innovation will be higher in countries 

with bigger markets. We therefore include in our model the log of population (ln(Pop)) and 

the log of GDP per capita (ln(GDPpc)). To further control for the country's capacity to 

generate innovation we include the log of the number of researchers in R&D sector per capita 

(ln(Researchers)). Finally, innovation depends also on the institutions that affect patents 

profitability. In particular, we expect that patenting is higher in countries with higher levels of 

patent protection and thus we include the log of Index of Patent Protection (ln(IPP)) in our 

model. 

 

Patenting data are non-negative and unbounded from above which suggests using a count 

data model whereby the conditional mean is assumed to be an exponential function of the 

regressors. Hence we follow Keller (2011) and estimate our model by a Quasi Maximum 

Likelihood Estimator with an assumption that Patents follows a Negative Binomial 

distribution given the regressors
5
. 

                                                
5  Note that our patenting data are fractional counts – if a patent has N inventors from different countries, 

each country is attributed 1/N patents – and therefore Patents is not a count variable. Nevertheless it is well 

established that QMLE approach does not require the dependent variable to be discrete. 



6 

 

As a preliminary, Figure 1 shows a positive relationship between patenting and R&D Pool 

weighted by production networks. In the second row we plot the log of patents against the 

R&D Pool weighted by distance and see that even though for the Bottazzi and Peri (2003) 

sample the relationship seems to be similarly positive, it is not the case for the whole sample 

where the fitted line has even a negative slope. 
 
 

Figure 1: Number of patents (in log) and R&D Pool weighted by production networks  
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3. DATA  

 

For the variable Patents, we use patents by inventor's origin filed under Patent Cooperation 

Treaty (PCT) and denoting the European Patent Office. PCT simplifies patenting in multiple 

countries and therefore patents that are filed through PCT are likely to be destined to several 

markets and thus more valuable than patents filed only in the country of origin. In this way 

we account to some extent for the heterogeneity in patent values.  For this reason, we favour 

EU PCT over national Patent Offices data that include also purely domestic patents, and 

therefore, also include patents that may be of little innovative value. We select EU PCT 

rather than Triadic Patents because the latter is only available for a shorter time period. 

Furthermore, since only patents denoting the European Patent Office are counted in the EU 

PCT, we avoid multiple counting of patents filed in several countries.  Finally, we use the 

number of patents measured by priority date which is the closest date in the patenting process 

to the actual invention.  

 

Patents are classified by technology and until recently it had been difficult to get patenting 

measures by industry classification. Lybbert and Zolas (2012) provide a concordance 

between the the World Intellectual Property Organization (WIPO)'s patent classification and 

ISIC classification. We use their concordance tables to obtain our industry-level patenting 

measure. Therefore, we can relate an industry's R&D expenditures with the industry's 

inventing activity. 

 

Data on business R&D expenditures come from the OECD Open Data and are downloaded at 

two-digit ISIC Rev.3 level. Our sample covers thirteen two-digit industries which account for 

more than 90% of business R&D spending in manufacturing
6
. 

 

To construct the production networks weights, we use world input-output tables from the 

World Integrated Input-Output Database (WIOD). Manufacturing industries are aggregated 

into 8 groups in WIOD and therefore we use these groups throughout our analysis
7
.  

 

The remaining variables are country-level. GDP per capita and population come from PENN 

World Tables, Patent Protection Index from Park (2008). As a measure of human capital we 

use the number of researchers in R&D sector per capita which comes from the WIPO. To 

                                                
6  OECD average in 2008. 
7  The industry groups are: Manufacture of coke, refined petroleum products and nuclear fuel (23), 

Manufacture of chemicals and chemical products (24), Manufacture of rubber and plastics products (25), 

Manufacture of other non-metallic mineral products (26), Manufacture of basic metals and of fabricated metal 

products, except machinery and equipment (27 to 28), Manufacture of machinery and equipment n.e.c. (29), 

Manufacture of office, accounting and computing machinery, of electrical machinery and apparatus n.e.c.,  of 

radio, television and communication equipment and apparatus and of medical, precision and optical instruments, 

watches and clocks (30 to 33), Manufacture of motor vehicles, trailers and semi-trailers and of  other transport 

equipment (34 to 35).    
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compute weights based on distance we use the distance between largest cities from the 

CEPII's Gravity dataset. 

 

The sample size is determined by R&D spending and WIOD data availability. The set of 

countries covered in both databases leads to a sample of 29 countries for which R&D 

spending is available without too many missing values over the time period 2000-2008. 

 

Following Bottazzi and Peri (2003), we take an average of yearly observations for the period 

2000-2008
8
. This is done for two reasons. First, taking long-period averages alleviate extreme 

short term variability in patents data. Second, long-term averages allow to take into account 

that it usually takes several years to proceed from an idea to an actual patent and therefore the 

research conditions over past several years matter for the determination of innovation in a 

given year. Hence patenting and R&D spending are likely to be more correlated in the long-

run. 

 

 

4. RESULTS 

 

Following traditional approach, in Table 1 we estimate technological spillovers using the 

distance-weighted R&D pool. We do not find robust evidence of geographically localised 

spillovers.  While there is clear evidence of technology spillovers when we run regressions 

for the subsample of countries included in the study of Bottazzi and Peri (2003)
9
 (columns (1) 

to (4)), the results do not extend to our full sample (columns (5) to (8)).  

 

The coefficient in column (4) suggests that the effect of 1% increase in R&D spending at the 

minimum distance of 60km increases home innovation by 0.034%. At 200km the effect 

declines to 0.029% and at 2000km it is only 0.005%. Compared to Bottazzi and Peri (2003) 

the spillovers are half of their results at the minimum distance while the decay is slower and 

therefore the spillovers are higher at larger distances. 

 

The other variables affect innovation as expected. Increasing home R&D expenditures by 1% 

increases the number of patents by 0.15%. Patents are very positively associated with GDP 

and with the level of patent protection. Increasing the number of researchers per capita by 1% 

leads to an increase in patenting by approximately 0.55%. 

  

                                                
8  The Patent Protection Index is available only for the year 2000 and 2005 so the average is taken over 

these two years. 
9  Bottazi and Peri's subsample includes Belgium, France, Germany, Greece, Ireland, Italy, Netherlands, 

Portugal, Spain and United Kingdom. Bottazi and Peri (2003) also include Denmark and Luxembourg which are 

missing in our dataset. 
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Our working assumption hereafter is that distance is not a good index of the extent of 

technology spillovers from foreign country. Rather, knowledge spillovers from equally 

distant countries may depend on factors other than distance, such as the intensity of 

production network relationship between the knowledge sending and knowledge receiving 

country.  

 

Table 1: Technology spillovers and distance  
  Bottazzi and Peri's sample   Full sample 
 (1) (2) (3) (4)  (5) (6) (7) (8) 
Patents Inverse Exponential Inverse Exponential  Inverse Exponential Inverse Exponential 

          
Pool(R&D)_D_inv 0.002***  0.009**   0.001***  -0.001  
 (0.001)  (0.005)   (0.0002)  (0.001)  
Pool(R&D)_D_exp  0.011***  0.0351**   1.11e-05  4.77e-06 
  (0.003)  (0.016)   (8.62e-06)  (5.00e-06) 
          
ln(R&D) 0.158* 0.155* 0.144*** 0.147***  0.276*** 0.295*** 0.148*** 0.147*** 
 (0.085) (0.083) (0.054) (0.050)  (0.068) (0.063) (0.047) (0.0447) 
ln(Pop) 1.048*** 0.978***    0.814*** 0.702***   
 (0.112) (0.116)    (0.084) (0.070)   
ln(GDPpc) 3.457*** 3.019***    1.284*** 1.275***   
 (0.787) (0.701)    (0.204) (0.210)   
ln(IPP) 3.448 2.895    3.816*** 4.028***   
 (3.355) (3.128)    (0.836) (0.799)   
ln(Researchers) 0.654** 0.661***    0.564*** 0.541***   
 (0.255) (0.213)    (0.077) (0.073)   
          
Country dummies no no yes yes  no no yes yes 
Industry dummies yes yes yes yes  yes yes yes yes 
          
Observations 78 78 78 78  201 201 225 225 
Wald Chi-sq 2195 2540 4770 4627  2610 2385 23938 23035 
Pseudo R-sq 0.271 0.278 0.329 0.329  0.258 0.252 0.365 0.365 
                    

Robust standard errors in 
parentheses         
*** p<0.01, ** p<0.05, * p<0.1         

 

 

Table 2 shows the results for the production network-weighted R&D pool. Interestingly, we 

find that using this measure of foreign R&D potentially available to the home country, 

technology spillovers are positive and significant. The elasticity of home patenting with 

respect to the foreign R&D is 0.004% for country-industries with the most intensive 

production links such as the U.S. and Canada in Transport equipment, the U.S. and Mexico in 

Transport equipment and Electrical machinery, or China and Chinese Taipei in Electrical 

machinery. The elasticity declines rapidly with weaker production links. It is 0.001% for 

countries at 90
th

 percentile of the production network distribution and only 0.0003% for the 

pairs at the 75
th

 percentile. This result is robust to the inclusion of the distance-weighted 
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measure of technology spillovers and to the inclusion of country as well as sectoral fixed 

effects (Table 2a).  

Furthermore, these results hold for Bottazzi and Peri's sample too (Table 2b). When both 

distance- and production-weighted pools are included the former loses its statistical 

significance once country dummies are included. Therefore we can say that even for this 

relatively homogenous group of 10 countries, production networks are a better proxy for the 

extent of knowledge spillovers than geographical distance.  

 

 

Table 2: The effect of production network weighted R&D 

Table 2a        

  Industry FE   Industry and country FE 
Patents (1) (2) (3)   (4) (5) (6) 

        

Pool(R&D)_PN 0.00748*** 0.00588*** 0.00730***  0.00372** 0.00380*** 0.00369** 

 (0.00161) (0.00199) (0.00156)  (0.00146) (0.00145) (0.00145) 
        

Pool(R&D)_D_inv  0.000370*    -0.000710  
  (0.000212)    (0.000958)  
Pool(R&D)_D_exp   6.51e-06    1.13e-06 
   (7.85e-06)    (3.71e-06) 
        
ln(R&D) 0.240*** 0.242*** 0.240***  0.125*** 0.128*** 0.125*** 
 (0.0634) (0.0666) (0.0617)  (0.0457) (0.0470) (0.0459) 
        
Other controls yes yes yes  no  no  no  
Country dummies no no no  yes yes yes 
Industry dummies yes yes yes  yes yes yes 
        
Observations 201 201 201  225 225 225 
Wald Chi-sq 2810 2848 2936  23635 25197 23928 
Pseudo R-sq 0.261 0.262 0.261  0.368 0.368 0.368 
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Table 2b: Bottazzi and Peri's sample 

  Industry FE   Industry and country FE 
Patents (1) (2) (3)   (4) (5) (6) 

        
Pool(R&D)_PN 0.0129*** 0.0117*** 0.0107***  0.00721*** 0.00631** 0.00611** 
 (0.00226) (0.00251) (0.00265)  (0.00229) (0.00247) (0.00243) 
        
Pool(R&D)_D_inv  0.00157**    0.00712  
  (0.000643)    (0.00442)  
Pool(R&D)_D_exp   0.00703***    0.0249 
   (0.00258)    (0.0153) 
        
ln(R&D) 0.0490 0.0591 0.0642  0.0837 0.102* 0.105* 
 (0.0535) (0.0681) (0.0663)  (0.0755) (0.0570) (0.0546) 
        
Other controls yes yes yes  no  no  no  
Country dummies no no no  yes yes yes 
Industry dummies yes yes yes  yes yes yes 
        
Observations 78 78 78  78 78 78 
Wald Chi-sq 3009 3424 3534  5611 5776 5563 
Pseudo R-sq 0.297 0.305 0.306  0.334 0.338 0.338 
                

Robust standard errors in parentheses      
*** p<0.01, ** p<0.05, * p<0.1 
Coefficients on Other controls are not reported as they barely differ from the results reported in Table 1.  

 
 
 
5. ROBUSTNESS 

Previous literature on foreign R&D spillovers to domestic productivity has shown that 

imports are an important channel. High-technology input imports can increase productivity 

and alternatively, back-ward engineering enables to catch up with more advanced foreign 

technologies faster. In the specific case of innovation and patenting the reasons why imports 

should be a channel for R&D spillovers are not so clear. We postulate that what matters is the 

frequency and ease of interactions between people, and researchers in particular, from the 

technology sending and the technology receiving country. We want to argue that being part 

of the same production network and especially the hub-spoke relationship whereby 

intermediate goods and services cross the border back and forth makes interactions more 

frequent as co-operation and coordination along the supply chain is crucial. It follows that 

imports of goods in general should not have the same effect because they do not require any 

higher degree of co-operation between the importing and exporting countries' agents. 

 

In Table 3 we run the same regression as in Chapter 4 but we base the R&D weights on total 

imports in a given industry as opposed to re-exported imports of inputs. We try two 

specifications – one that follows the WIOD-based measure whereby we take a logarithm of 

the total bilateral imports in an industry scaled by the maximum of this measure 

(Pool(R&D)_ln(Imports)) and a second one that follows the previous literature and uses the 
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total bilateral imports in an industry divided by the total imports in the industry 

(Pool(R&D)_ImportsShare). 

 

Table 3: Trade weighted R&D pool 

  (1) (3) (5) (7) 

VARIABLES patent patent patent patent 

          

Pool(R&D)_ln(Imports) 0.00308  0.0139  

 (0.0213)  (0.0174)  

Pool(R&D)_ImportsShare  0.00310  0.00336 

  (0.00192)  (0.00260) 

ln(R&D) 0.297*** 0.285*** 0.151*** 0.141*** 

 (0.0623) (0.0661) (0.0431) (0.0476) 

ln(Pop) 0.723*** 0.694***   

 (0.0813) (0.0940)   

ln(GDPpc) 1.265*** 1.205***   

 (0.203) (0.213)   

ln(IPP) 3.830*** 3.542***   

 (0.789) (0.871)   

ln(Researchers) 0.541*** 0.572***   

 (0.0841) (0.0690)   

     

Industry dummies yes yes yes yes 

Country dummies no no yes yes 

     

Observations 201 201 217 217 

Wald_chi2 2266 2469 19537 19734 

Pseudo R-squared 0.252 0.253 0.360 0.361 

Robust standard errors in parentheses     

*** p<0.01, ** p<0.05, * p<0.1     

 

 

We test whether we do not confuse the effect of the pool of knowledge from rich countries 

with the effect of the pool of knowledge from production connected countries. Pool of 

knowledge in rich countries might be easier to spill over (or more valuable) and if rich 

countries are the ones with highest intensity of production links to all other countries we 

would have an identification problem. Therefore we run regressions where we split the 

production-weighted R&D into one coming from rich countries and another from the rest. We 

define rich countries as those with above-median real GDP per capita in our sample (25 

800$)
10

 or G-5 countries as in Keller (2002)
11

. 

 

Table 4 shows the results when either only networks-weighted R&D pool from rich countries 

or only networks-weighted R&D pool from other countries is included in the regression. Both 

specifications suggest that our previous results are not driven by the fact that important 

                                                
10  These countries are Australia, Austria, Belgium, Canada, Spain, Finland, France, the U.K., Germany, 

Ireland, Italy, Japan, Netherlands and the U.S. 
11  G-5 is France, Germany, Japan, the U.K. and the U.S. 
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production connections are with rich countries. Both pools have statistically significant 

effects which are robust to inclusion of country dummies.
12

 

 

Table 4: R&D spillovers from rich countries 

  Rich is > sample median GDP per capita   Rich is G-5 

Patents (1) (2) (3) (4)  (5) (6) (7) (8) 

          

Pool(R&D)_PN*Rich 0.0079***  0.0035*   0.0134***  0.0053*  

 (0.00217)  (0.00200)   (0.00435)  (0.00332)  

Pool(R&D)_PN*Other  0.0192***  0.0082**   0.0101***  0.0049** 

  (0.00440)  (0.00348)   (0.00196)  (0.0021) 

          

ln(R&D) 0.257*** 0.248*** 0.145*** 0.147***  0.255*** 0.252*** 0.147*** 0.143*** 

 (0.0650) (0.0608) (0.0504) (0.0482)  (0.0665) (0.0620) (0.0500) (0.0492) 

          

Other controls yes yes no no  yes yes no no 

Industry dummies yes yes yes yes  yes yes yes yes 

Country dummies no no yes yes  no no yes yes 

          

Observations 201 201 201 201  201 201 201 201 

Wald_chi2 2670 2550 21934 25843  2684 2667 22096 24652 

Pseudo R-squared 0.258 0.260 0.366 0.368  0.257 0.260 0.366 0.368 

                    

Robust standard errors in parentheses        

*** p<0.01, ** p<0.05, * p<0.1         

 

 

In Table 5 we report results from our main regression run by industry. The elasticities of 

R&D spillovers vary from 0.003% to 0.029% for the most connected country-pairs. The 

results also suggest that in industries where domestic R&D is less important, foreign R&D 

pool matters more. Furthermore, these industries are characterized by lower patenting levels. 

For example, the three industries with the highest average number of patents have the lowest 

spillovers from abroad and at the same time the highest productivity of domestic R&D. 

 

Galasso and Schankerman (2013) investigate the effects of patent protection on the follow-up 

innovation and find that patenting can have negative impact especially in industries such as 

computers and communications, electronics, and medical instruments while there is no 

impact on innovation in industries with less complex technology such as chemical, 

pharmaceutical, or mechanical technology fields. These findings can help to explain why 

there are no knowledge spillovers in the industry group 30t33 while the chemicals group 

exhibits statistically significant spillovers. Both industry groups are characterised by high 

patent intensity but patented innovation in chemicals and pharmaceuticals is easier to build 

upon than patented innovation in computers, electronics, ICT and medical industries. 

 

                                                
12  Similar results are obtained if Rich is defined as G-7 (G-5 + Italy and Canada) or above 75

th
 percentile 

of the GDP per capita sample distribution (Australia, Austria, Canada, Germany, Ireland, Japan, Netherlands 

and the U.S.). 



14 

Furthermore, there is some empirical evidence (e.g. Kokko, Tansini and Zejan (1996)) that 

knowledge spillovers from FDI are greater in industries in which the technology gap between 

the sending and the receiving country is small. The interpretation is that the ability of the 

domestic economy to generate knowledge spillovers from FDI requires the knowledge in 

foreign affiliates to be close to the technology frontier of the domestic economy. 

Analogically, knowledge spillovers from R&D performed abroad may be higher in less 

technology intensive industries in which even less developed countries can be close to the 

technology frontier. 

 

 

Table 5: R&D spillovers by industry 

  (1) (2) (3) (4) (5) (6) (7) (8) 

Patents ISIC 23 ISIC 24 ISIC 25 ISIC 26 ISIC 27t28 ISIC 29 ISIC 30t33 ISIC 34t35 

                  

ln(R&D) 0.0123 0.501*** 0.432*** 0.236*** 0.350*** 0.681*** 0.547*** 0.237*** 

 (0.0591) (0.107) (0.122) (0.0773) (0.0850) (0.147) (0.0609) (0.0799) 

Pool(R&D)_PN 0.0191*** 0.00508** 0.0161*** 0.0289*** 0.0136*** 0.000884 0.00311
+
 0.00539** 

 (0.00415) (0.00250) (0.00496) (0.00624) (0.00301) (0.00602) (0.00222) (0.00269) 

         

ln(Pop) 1.006*** 0.478*** 0.532*** 0.708*** 0.562*** 0.203 0.531*** 0.760*** 

 (0.103) (0.124) (0.147) (0.0917) (0.132) (0.164) (0.121) (0.167) 

ln(GDPpc) 1.874*** 1.144*** 1.017*** 1.199*** 0.753** 0.914* 1.141*** 1.739*** 

 (0.403) (0.274) (0.314) (0.226) (0.368) (0.469) (0.379) (0.351) 

ln(IPP) 1.139 -0.137 3.066** 2.070** 3.063** 2.266 1.194 0.153 

 (1.647) (0.996) (1.418) (0.890) (1.494) (2.387) (1.733) (1.527) 

ln(Researchers) 0.573*** 0.566*** 0.634*** 0.862*** 0.885*** -0.0792 0.404*** 0.454*** 

 (0.141) (0.143) (0.158) (0.141) (0.151) (0.303) (0.142) (0.165) 

         

Observations 23 26 25 25 26 26 25 25 

Wald Chi-sq 500.8 606.5 845.2 733.5 729.6 417.8 959.9 304.5 

Pseudo R-sq 0.261 0.274 0.335 0.338 0.301 0.231 0.256 0.301 

         
Average number of 
patents per industry 

213 505 53 86 136 247 657 111 

                  

Robust standard errors in parentheses      

*** p<0.01, ** p<0.05, * p<0.1,
 +

 p>0.2       

 
ISIC 23 Manufacture of coke, refined petroleum products and nuclear fuel  
ISIC 24 Manufacture of chemicals and chemical products    
ISIC 25 Manufacture of rubber and plastics products    
ISIC 26 Manufacture of other non-metallic mineral products    
ISIC 27t28 Manufacture of basic metals & fabricated metal products, except machinery and equipment 
ISIC 29 Manufacture of machinery and equipment n.e.c    
ISIC 30t33 Manufacture of office, accounting and computing machinery & electrical machinery and 

apparatus n.e.c. & radio, television and communication equipment and apparatus & medical, 
precision and optical instruments, watches and clocks 

 

 

ISIC 34t35 Manufacture of motor vehicles, trailers and semi-trailers & other transport equipment 
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To further assess the robustness of our results we use a dataset at country-level and show that 

the main results still hold. 

To create a country-level dataset we download the same measures of business R&D and 

patents directly at country-level from OECD. This implies that the country-level measures 

include patents and R&D from all sectors of the economy as opposed to the industry-level 

data where we focus only on manufacturing sectors. The country-level counterpart of our PN 

measure is thus also computed over all sectors of the economy as 

 

PNij = (Imports of inputsij * Exports of inputsij)/Total outputi 

 

Table 6 shows the results. In column (1) we use the production networks-weighted pool and 

the resulting elasticity to foreign R&D is very similar to the elasticity obtained with industry-

level data. Furthermore, column (2) shows that similarly to Table 1, using distance-weighted 

foreign R&D would suggest no spillovers. 

 

Table 6: Aggregate data 

Patents (1) (2) 

   
Pool(R&D)_PN 0.00968**  
 (0.00491)  
Pool(R&D)_D  0.00519 

  (0.00336) 
   

ln(R&D) 0.806*** 0.884*** 

 (0.127) (0.131) 

ln(GDPpc) 0.524* 0.581* 

 (0.311) (0.326) 

ln(Pop) 0.123 0.123 

 (0.174) (0.186) 

ln(IPP) 2.920** 2.851** 

 (1.317) (1.419) 

ln(Researchers) 0.115 0.0528 

 (0.203) (0.195) 
Industry dummies yes yes 
   
Observations 26 26 
Wald_chi2 1193 1078 
Pseudo R-squared 0.212 0.210 

*** p<0.01, ** p<0.05, * p<0.1  
 

 

6. EXTENSIONS 

 

Another approach to testing the importance of production networks for knowledge spillovers 

is to use the distance-weighted R&D measure and look at the effects of R&D coming from 

different groups of countries whereby the groups are defined based on the intensity of 

production linkages with the home country. This approach allows us to say whether R&D 
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generated at a given distance affects the home country's innovation more if production 

linkages between the two countries are more intense. 

 

We create an indicator function which takes value of one for observations that have a value of 

the I/O measure above a threshold (we define the threshold alternatively as the median, the 

75
th

 and the 90
th

 percentile of the sample distribution of the I/O). The pool from countries 

with high production linkages to country i is then defined as: 

 

 Pool(R&D)_D*(PN high)ik = ∑j≠i ln(BERD)jk ∙ exp(-Dij) ∙ Iijk, 

  

 Iijk = 1   if  PNijk ≡ > cut off level  

      = 0   otherwise. 

 

In particular, when the cut-off value is the median, we include in our regression the total 

distance-weighted pool Pool_D and the pool coming only from above-median linked 

countries Pool(R&D)_D*(PN high). The coefficient on the latter then indicates whether and 

how much the spillovers depend on production linkages for a given distance. 

 

Table 7 reports results of these estimations whereby the last row presents the overall effect of 

R&D pool coming from countries with strong production network links calculated as the sum 

of the coefficients on Pool(R&D)_D and Pool(R&D)_D*(PN high). In the first set of 

regressions the effect of R&D sent by countries with strong production network links to the 

receiving country is positive and significant. In other words, we find that distance matters less 

for countries with strong vertical linkages than for countries with weak vertical linkages. That 

is, production networks make knowledge less localised.  
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Table 7: Distance and production networks interaction 

  Industry FE   Industry and country FE  

 (1) (2) (3)  (4) (5) (6)  

Patents 50th 75th  90th   50th 75th  90th   

             

Pool(R&D)_D 0.000010 0.000009 0.000009  0.000004 0.000005 0.000005  

 (0.000009) (0.000009) (0.000009)  (0.000005) (0.000005) (0.000005)  

Pool(R&D)_D*(PN high) 0.00323*** 0.00479*** 0.00771***  -0.00091 0.0005 0.00243*  

 (0.00080) (0.00105) (0.00147)  (0.00154) (0.00156) (0.00145)  

ln(R&D)         

         

         

Other controls yes yes yes  no no no  

Industry dummies yes yes yes  yes yes yes  

Country dummies no no no  yes yes yes  

         

Observations 201 201 201  225 225 225  

Wald Chi-sq 2876 3035 3264  23605 22887 23193  

Pseudo R-sq 0.259 0.260 0.262  0.365 0.365 0.365  

         

Overall effect of 
Pool(R&D)_D*(PN high) 

0.00325*** 0.00480*** 0.00772***  -0.00091 0.0005 0.00244*  

(0.00080) (0.00105) (0.00147)   (0.00154) (0.00156) (0.00145)  

                 

Robust standard errors in parentheses       

*** p<0.01, ** p<0.05, * p<0.1 
Coefficients on Other controls are not reported as they barely differ from the results reported in Table 1. 
 
 

 

 

Figure 2 shows the estimates of the effect of a 10% increase in foreign R&D by distance and 

by the level of production networks intensity. As in previous literature, our results confirm 

that knowledge spillovers are localised – in the sense that the productivity of R&D declines 

with the geographical distance between countries. However, we also find that the absolute 

spillovers increase with the intensity of the production network links. For example, the 

average effect of doubling R&D spending in countries at 300km distance with above-median 

links is an increase in the number of patents by 0.27%. When the R&D spending is done in a 

country with production networks intensity above 90 percentile the increase doubles to 

0.57%.   
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Figure 2: R&D spillovers by distance and the intensity of production networks linkages 

        The effect of a 10% increase in foreign R&D spending 

Calculations based on the results of regressions in column (1), (2) and (3) of Table 7. 
 
 

 

7. CONCLUSIONS 

 

This paper has investigated how production networks affect the spatial diffusion of 

knowledge. The evidence suggests that production networks are an important driver of 

technology transfers. In fact, the productivity effects of R&D spending increases with the 

intensity of production network links between the sender and the recipient country. Most 

importantly, knowledge spillovers within production networks appear to be less spatially 

localised than average.   

 

These findings have important implications. The scope of knowledge spillovers is crucial to 

determine convergence. Economic literature has so far stressed that while global spillovers 

foster convergence at the level of cities, regions or even countries, local spillovers can lead to 

convergence clusters and permanently different levels of income between members of 

different clusters. Our findings highlight that the scope of knowledge spillovers is determined 

by the structure of the production network.  It follows that convergence across countries has 

no longer to be searched among neighbouring countries, but rather across the network of 

countries forming a production chain.  This is clearly an interesting avenue for further 

research.  
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APPENDIX Summary statistics 

 

 Average Std. Dev.  Min Max Obs. 

Patent per year 257.51 760.07 0.12 7123.47 225 

      

OTHER CONTROLS      

Real per capita GDP, 2005 PPP $ 10 0.5 8.88 10.63 225 

Population 10.37 1.23 8.47 13.95 225 

Park's patent protection index 1.44 0.1 1.25 1.59 209 

Researchers in R&D per 1 million inhabitants 7.72 0.67 5.88 8.92 217 

Real R&D expenditure, 2005 PPP $ 18.76 2.48 10.4 24.81 225 

      

POOL OF R&D MEASURES      

Pool_inverse distance  [1/dist in 1000km] 319.61 207.96 30.89 901.33 225 

Pool_exponential  distance [exp(-dist), dist in 1000km] 926.86 4735.35 0.03 28875.06 225 

Pool_production network [ln(1+PN)] 393.01 289.69 11.62 1501.66 225 

 
Ln(1+PN) 

 Percentiles Smallest 

1% 1.18e-06 0 

5% .0000331 0 

10% .0001627 0  Obs 6496 

25% .0027103 0  Sum of Wgt. 6496 

 

50% .0483425   Mean .5366157 

   Largest Std. Dev. 1.085623 

75% .4586663 7.529495 

90% 1.864877 7.784119 Variance 1.178577 

95% 3.130291 8.271559 Skewness 2.88743 

99% 5.107455 8.369572 Kurtosis 12.09986 
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PN by sector     PN by country    

812 Obs per group     224 Obs per group    

ISIC 
Mean Std. Dev. Min Max 

 Code 
Mean Std. Dev. Min Max 

           

23 7.56 65.03 1.66e-07 1357.63  CAN  92.19 858.79 7.00E-006 12398.62 

24 13.20 75.52 0.000023 1463.48  MEX  68.53 629.25 0.00E+000 7569.35 

25 4.40 42.05 0.000008 1118.04  FRA  24.84 92.88 0.001789 1024.36 

26 1.05 5.90 3.79e-07 116.18  GBR  23.99 113.65 0.000116 1278.28 

27t28 12.61 87.82 0.000012 2119.72  GER  21.66 47.57 0.003989 421.38 

29 8.34 43.06 0.000027 729.38  BEL  20.72 82.54 0.000944 882.67 

30t33 33.28 293.71 0.000025 7569.35  USA  20.13 84.22 0.000018 1023.34 

34t35 42.13 488.07 0.000012 12398.62  TWN  17.05 129.23 0.00E+000 1848.54 

      AUT  14.26 107.18 0.000655 1427.88 

      JPN  13.48 58.19 0.00E+000 601.16 

      KOR  13.30 89.85 3.00E-006 1243.08 

      CZE  13.14 78.85 2.00E-006 761.33 

      IRL  12.93 83.56 0.000012 995.32 

      NLD  11.57 41.89 0.000151 462.53 

      SVK  11.44 95.21 0.000037 1357.63 

      HUN  10.27 84.9 0.000043 1151.98 

      CHN  9.99 50.3 3.00E-006 518.28 

      ITA  8.43 26.8 0.000223 218.93 

      POL  7.59 40.17 0.000378 499.51 

      ESP  7.14 40.2 0.000056 528.57 

      FIN  5.87 20.34 3.00E-006 144.26 

      SVN  4.74 41.11 8.00E-006 600.34 

      PRT  3.43 14.21 5.00E-006 114.94 

      EST  3.25 33.21 0.00E+000 479.47 

      ROM  1.56 8.64 5.00E-006 97.62 

      TUR  1.28 4.8 8.00E-006 57.26 

      AUS  0.69 2.58 0.00E+000 24.73 

      RUS  0.44 2.12 2.00E-006 27.96 

      GRC  0.41 3 2.00E-006 43.54 
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Distance     

 Mean Std. Dev. Min Max 

     

CZE 3347 4066 252 16055 

GER 3372 4021 280 16082 

AUT 3375 4083 60 15932 

SVK 3380 4071 60 15873 

POL 3400 3887 516 15576 

HUN 3422 4039 159 15733 

SVN 3460 4119 278 16081 

NLD 3474 4051 173 16644 

BEL 3491 4101 173 16735 

FRA 3588 4138 262 16938 

EST 3605 3538 81 15254 

GBR 3624 4065 324 17002 

FIN 3636 3499 81 15228 

ROM 3702 3866 645 15162 

ITA 3718 4117 492 16232 

IRL 3850 3945 460 17256 

RUS 3858 3346 872 14492 

GRC 4052 3867 741 15220 

TUR 4170 3644 746 14513 

ESP 4220 4161 501 17592 

PRT 4556 4131 501 18070 

CAN 7060 2836 737 16123 

CHN 7398 2516 956 12467 

USA 7530 2872 737 15962 

KOR 7922 2660 956 12066 

JPN 8538 2570 1157 11312 

TWN 8683 2830 1476 13405 

MEX 9913 2257 3038 13405 

AUS 14843 2957 7273 18070 
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C o rr e l a t i o n  T a b l e  

 

R e g r e s s i o n  s am p l e  
 
 ln(R&D) ln(Pop) ln(GDPpc) ln(IPP) ln(Researchers) Pool(R&D)_D_inv Pool(R&D)_D_exp Pool(R&D)_PN 

         

ln(R&D) 1        
ln(Pop) 0.5298 1       
ln(GDPpc) 0.283 -0.3086 1      
ln(IPP) 0.3224 -0.1276 0.8138 1     
ln(Researchers) 0.3132 -0.234 0.7635 0.5843 1    
Pool(R&D)_D_inv -0.1992 -0.5556 0.0864 -0.0524 0.1188 1   
Pool(R&D)_D_exp 0.2309 0.524 -0.3815 -0.3511 -0.2804 -0.1916 1  
Pool(R&D)_PN 0.6458 0.1303 0.2967 0.3609 0.1954 0.2581 0.0471 1 

 

 

 

F u l l  s a mp l e  

 ln(R&D) Pool(R&D)_D_inv Pool(R&D)_D_exp Pool(R&D)_PN 

ln(R&D) 1    

Pool(R&D)_D_inv -0.2251 1   

Pool(R&D)_D_exp 0.2237 -0.1819 1  

Pool(R&D)_PN 0.6618 0.2151 0.0562 1 

 
 

B o t t a z z i  a n d  P e r i ' s  s a mp l e  

 

 ln(R&D) Pool(R&D)_D_inv Pool(R&D)_D_exp Pool(R&D)_PN 

ln(R&D) 1    

Pool(R&D)_D_inv 0.5555 1   

Pool(R&D)_D_exp 0.6226 0.9677 1  

Pool(R&D)_PN 0.8306 0.6257 0.6818 1 

 


