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Abstract 
 
During the last decades, inventors face more often the dilemma of protecting their 

invention abroad due to globalization. Consequently, academic and policy makers are 

increasingly interested in identifying the factors on which this decision might depend. 

This work relies on an augmented gravity model to explain the international patenting 

activity of 27 OECD countries for the period 1995-2005. We find that the size of the 

innovative activity of the target country is the most significant factor explaining the 

patenting activity abroad. The source country’s size of innovative activity gives mixed 

results.  Distance is significant with the correct negative sign, as the gravity theory 

implies.  
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1. Introduction 
 
 
The world experienced an unprecedented internationalization of the economic activity 

during the last three decades. International trade and foreign direct investment 

dominated this internationalization assisting, among others, the developing countries 

to achieve high growth rates. Internationalization, on the other hand, led to the re-

allocation of global economic activity with OECD countries becoming gradually 

knowledge and technology oriented economies. In this internationalized environment, 

inventors from a country faced the dilemma of expanding the protection of their 

invention in foreign countries too. Indeed, Paci et al. (1997) note that there is a 

tendency for firms in developed countries to patent in foreign markets. Research has 

moved towards identifying the factors on which this decision might depend on. 

Eaton and Kortum (1996) considered international patenting activity in a model to 

explain the impact of world innovation on economic growth. They found that physical 

distance, human capital and patent protection framework of the destination country 

affect the patenting abroad decision. McCalman (2001) verified these results in an 

effort to estimate the impact of the GATT – Uruguay round on the transfer of income 

and McCalman (2005) estimated the impact of the TRIPs agreement on the short and 

long run growth. He, additionally, found that the cost of patenting is also a significant 

factor. McCalman applied his analysis to the Eaton and Kortum’s data set (for the 

year 1988). However, since 1988 major changes have eventuated in the field of 

patents. First, the changes in the patent framework inside the US that led to the 

explosion of the R&D and patenting activity in the US, during the 1990s (Jaffe, 2000). 

Second, the TRIPs agreement under the Uruguay round is moving countries to a more 

unified protection framework. Third, the significant upsurge of international trade and 

foreign direct investment and the return of the US in the foreign investment market 

after the deceleration in 1970’s and 1980’s.  

The gravity model is one of the popular models in the empirical trade literature. It 

usually relates the bilateral trade between countries to the distance between countries 

and a gravity variable e.g. GDP (Anderson, 1979; Anderson and Van Wincoop 2003; 

Bergstrand, 1985; 1989; Bougheas et al., 1999; Smith, 1999; 2001). Even though the 

application of gravity has a long history in trade literature, its use in other 

international flows is limited. 
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 Tsujimura and Mizoshita (2005) applied the gravity model to explain the intra-EU 

and extra-EU financial flows after the introduction of the Euro. Harhoff et al. (2007) 

assess to what extent validation and renewal fees as well as translation costs affect the 

validation behaviour of patent applicants. They rely on a gravity model that aims at 

explaining patent flows between inventor and target countries within the European 

patent system. The results show that the size of countries, their wealth and the 

distance between their capital cities are significant determinants of patent flows. 

Validation fees and renewal fees further affect the validation behaviour of applicants. 

Translation costs seem to have an impact as well. The important role played by fees 

suggests that the implementation of cost-reducing policy interventions like the 

London Protocol would induce a significant increase in the number of patents 

validated in each European country. 

More recently, Picci (2010) adopted a gravity model to study the determinants of the 

intensity of collaboration between pairs of countries and discussed the extent and the 

determinants of the internationalization of European inventive activity, between 1990 

and 2005, using information contained in the European Patent Office's Patstat 

database. The amount of collaboration between actors residing in different countries is 

assessed by means of a gravity model. The amount of bilateral collaboration is 

positively affected by the presence of a common language, a common border and by 

more similar cultural characteristics. International collaboration is negatively affected 

by distance, with estimated elasticities that are significantly smaller than the ones that 

characterize international trade. Finally, Archontakis and Varsakelis (2011) adopted 

the gravity model based on the theoretical foundation of Anderson (1979) to explain 

the flow of US patents to the OECD countries. The findings support the hypothesis 

that the mass of patenting activity in the US and the destination country are significant 

factors in explaining the behavior of the US patenting activity abroad.  

This paper relies on the gravity model to explain the international patenting activity of 

27 OECD countries and uses data for the period 1995-2005 when most of the major 

institutional changes regarding intellectual property rights have been implemented. 

From our findings it is evident that the size of the innovative activity of the target 

country is the most significant factor explaining the patenting activity abroad. This is 

a strong indication that the risk of imitation explains in high degree the decision to 

patent abroad (Eaton and Kortum, 1996). On the other hand, the source country 

innovative activity gives mixed results even though the sign and the size for the full 
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set of countries is that proposed by the underlying theory.  Distance still plays role as 

the gravity model suggests, even though there is growing skepticism about the 

significance of the physical distance in intangible flows in our days. 

The rest of the paper is organized as follows. Section 2 presents the model, the data 

and a discussion of the results. Finally, Section 3 offers some concluding remarks.  

 

2. Empirical Analysis 

 

We apply an augmented gravity model in order to make an international comparison 

of patenting activity between OECD countries, checking at the same time for possible 

similarities/differences given the size of the source country.  

 

c
ij

b
ti

a
tjtij DHGPP ,,,,, =       (1) 

 

Equation (1) explains the patenting activity of country’s j residents in a destination 

country i at time t, where: Pj,i,t are the patent flows from the OECD country j to 

country i at time t and G is a generic term which includes other possibly relevant 

variables. The gravity variables are: the total number of patents the residents of 

country j registered at time t (Pjt) and the patenting activity in the target country (Hit). 

Finally, D j,i is the physical distance between the source country j and the target 

country i. The generalization of the gravity model by introducing powers is common 

in the literature since objective of the empirical analysis is to investigate the 

application of the gravity model and moreover to check whether perfect gravity holds, 

that is whether a=b=1 and c <0. 

Taking logarithms of equation (1) we now define:  

tijjit Py ,,log=  and ( )′= iitjiitjtt IPRBCDHP ,,log,log,logX
  (2)

 

 

where yjit is the dependent variable and Xt is the vector of the explanatory variables. 

More specifically, Pj,i,t is the number of patents from country j to country i (denoted as 

PAT in our dataset). The vector of explanatory variables includes: Pjt is the total 

number of patents the residents of the source country j registered in the country;  the 

variable Hi,t  is the number of patents registered in target country i by nationals and 
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foreigners2 (denoted as HOST); Dji is the physical distance between the source 

country j and the target country i (denoted as DIST); the variable BCit is a proxy for 

the business cycle effect on the decision of the source country patentee to register a 

patent in target country i (denoted as BUSCYC); finally, IPRi is an index which 

captures the intellectual protection rights framework of the target country. 

In order to make our results more robust, we decided to empirically investigate 

equation (2), via two routes: the full sample for all source countries and a group-based 

(“large”, “medium” and “small” source countries): 

i. a “full set” (full sample) with all source countries; maximum 

27×27×11=8019 observations with 3959 useful data points. 

ii.  a group-based, in terms of national innovative activity: 

a. the group of “large” countries consisting of the 6 most innovative 

countries, with 1230 useful data points; 

b. the group of “medium” countries consisting of 12 countries, with 1907 

useful data points; and  

c. the group of “small” countries consisting of 9 least innovative 

countries, with 822 useful data points. 

The groups were formed in the following way: as most representative index of the 

innovative activity of a country, we selected the sum of patents registered in the 

source country to its residents during the full sample period. The thresholds were 

defined as: “Small” <10000 ; 10000 < “Medium” < 100000; and 100000 < “Large”.  

The data we have in hand consists of 28 OECD countries across 11 years, 1995-2005. 

Thus, for each individual source country there are a maximum of 27×11=297 

observations. Iceland was included only as a recipient country since no patent with 

origin from Iceland has been registered during the examination period.  

Panel data should be used because of several benefits, i.e. help to extract more 

information, avoid multicollinearity problems and give more efficient results; better 

identify and measure effects that are not detectable in pure cross-section or pure time-

series data. See Baltagi (2001), Cameron and Trivedi (1998) and Greene (2003) for 

more examples and technical details. Furthermore see Mátyás (1997) and Egger 

(2000) for the technical details on the empirical estimations of gravity models.  

                                                 
2 A patentee, who wishes to protect the invention abroad, should patent in countries with high 
innovation activity and strong knowledge base. The number of patents in the destination country 
provides strong representation of innovation since the number of patent applications is proportional to 
the extent of innovation (Watanabe et al., 2001). 
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2.1 Data and definition of variables 

Amongst a wide variety of new measures of national technological capabilities (see 

for a review Archibugi and Coco, 2005) patent counts and, more generally, patent-

based indicators at country level are frequently used to assess countries’ innovation 

performance (Griliches, 1990; OECD, 2001; Guellec and van Pottelsberghe de la 

Potterie, 2001; Khan and Dernis, 2006; Léger, 2007; van Pottelsberghe de la Potterie 

and de Rassenfosse, 2008). We used patent applications rather than patents granted 

because the former has a smaller time lag than the latter and standards for applications 

are more uniform than those for granting, see Eto and Lee (1993). It is worth noting 

that patents granted in different patent offices may have different relative weight. For 

example, the Japanese patent office requires that separate applications be made for 

each technical aspect of an invention (Paci et al., 1997). Consequently, van 

Pottelsberghe de la Potterie and de Rassenfosse (2008) suggest: «Japanese priority 

filings to be divided by 3, as Japanese patents are on average composed of fewer 

claims (about 8 in 2003, as opposed to 24 in the patents filed at the USPTO)» 3. 

More specifically, for the empirical estimation of equation (1), we use the following 

variables and the corresponding data. 

logPj,i,t = ln(PAT), the natural logarithm of the patent flows from the source country j 

to the target country i;  we used the patents granted to residents in countries of the 

OECD for the period 1995-2005. Data on patents were from the World International 

Patents Organization database (WIPO). 

logPjt = ln(OUT), the natural logarithm of the total number of patents registered in 

source country j to its residents. Data were from the WIPO database. 

logHit = ln(HOST), natural logarithm of the patents registered in target country i by 

nationals and foreigners of the rest of the sample countries in the OECD countries. 

Data were from the WIPO database. 

logDji = ln(DIST), the natural logarithm of the weighted distance between the 

economic centers of the partner countries as proposed by the Centre D'Etudes 

Prospectives et D'Informations Internationales (CEPII).  

BCi : a variable to capture the business cycle impact in the target country i, i.e. the 

difference between trend (calculated using the Hodrick–Prescott filter) and current 

                                                 
3 Hence, we divided the reported number of Japanese patents by three. 
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growth rate. When BC is negative, the target economy slows down, when it is positive 

the economy grows. Data are from OECD database. 

IPRi : an index which captures the intellectual protection rights framework of the 

target country i: data are from Ginarte and Park (1997). This index is time invariant. 

Table 2 presents the descriptive statistics of the explanatory variables. Table 3 

presents the descriptive statistics of variables PAT and OUT by group. Table 4 

provides the correlation matrix. The level of correlations indicates that problems of 

multicollinearity are not likely to be manifest in the regression models.  

 

2.2. Methodology and empirical results 

Table 5 presents a summary of the estimation results: the full set of our sample 

countries, the group of large countries, the medium countries and the small ones. The 

econometric estimation followed was panel random effects (RE) regression. This was 

decided on the following grounds: 

i. According to Goldhaber and Brewer (1997), see also Rauch (1993), due to 

the fact that the perfect collinearity of the time invariant variables in the 

fixed effects (FE) econometric models cause a matrix near-singularity, the 

inverse matrix cannot be calculated.   

ii.  The huge number of dummies required for the three-way panel model (see 

Mátyás (1997) and Egger (2000) for more details) to be estimated (host 

country, source country and time), as compared to our useful data points, 

would trigger lack of statistical power for estimating the model’s 

parameters. 

iii.  As Wooldridge (2002, p. 252) notes, when treating panel data using the 

unobserved effects model yit = xitβ + ci + error, “With a large number of 

random draws from the cross section, it almost always makes sense to treat 

the unobserved effects, ci , as random draws from the population, along 

with yit and xit”, which provides another reason in favour of the RE model 

given the large number of countries in our sample. 

The adjusted R2 suggest a good overall performance of the econometric models. The 

estimated coefficient of the lnHOST gravity variable (equal to 0.651) for the full set of 

countries is positive and significant.  The estimated lnHOST gravity coefficients for 

the groups follow a concrete ordered pattern, that is: Large countries exhibit larger 

estimated coefficients, Medium countries exhibit medium estimated coefficients and 
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Small countries exhibit smaller estimated coefficients; for instance, we have 0.929 for 

the Large group, 0.557 for the Medium and 0.362 for the Small. The positive signs 

indicate that independently of the country’s size, the decision to patent in a foreign 

country increases with the volume of patenting activity in the target country. The 

above mentioned ordering indicates that this effect is even stronger, the larger the 

source country. These results verify previous findings (Eaton and Kortum, 1996; 

Archontakis and Varsakelis, 2011). Eaton and Kortum (1996) found that the decision 

to patent abroad depends in a degree on the risk of imitation. The ability to imitate and 

consequently, the risk, are correlated to the size of the patenting activity in the target 

country. We, using a different methodological approach, reached the same conclusion.  

The other gravity variable lnOUT, the patenting activity in the source country, has 

given mixed results: a positive and significant coefficient for the full set of countries 

and Small group, a non-significant coefficient for the Large group and a negative 

coefficient for the Medium group.  

The distance variable lnDIST is negative and significant for the full set and the 

Medium group (and insignificant for the Large and Small groups) as suggested by the 

theory. Thus distance still matters, but it’s impact is not as strong as the finding by 

Eaton and Kortum (1996). We attribute this fact to the grouping process, which could 

resulted in smoothing the effect of the distance variable.  

Business cycle (BUSCYC) has similar behavior, with respect to statistical 

significance i.e. statistical significant for all the full set, Large and Medium group of 

countries (and non-significant for the Small group). The sign of BUSCYC is positive. 

As Geroski and Walters (1995) point out, major innovations and patents are pro-

cyclical and the causal relations run from variations in demand to variations in 

patenting. In this paper, we are interested in explaining the cross country-cross time 

variation of the patenting activity from a source country to the rest countries of the 

OECD. Our result is similar to Geroski and Walters (1995) since the patenting activity 

from the source to the target seems to be pro-cyclical and indicates that this patenting 

activity is rather “demand pulled”. 

The sign of the IPR, contrary to the common belief, is negative (and significant 

everywhere but the Small group). Eaton and Kortum (1996) found that countries 

providing strong protection are more attractive destinations for foreign patents. They 

used a relative patent index created by Rapp and Rozek based on surveys of business 

and government officials and an examination of patent laws. However, Bosworth 
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(1984) finds that his “Patent Law” differences variable is not significant in explaining 

the patent applications from/into the UK. In this paper, we use an alternative patent 

index developed by Ginarte and Park (1997) based only on the examination of laws. 

The negative sign indicates that countries with stronger intellectual property rights 

framework are less attractive in receiving patents from the rest OECD countries, 

ceteris paribus. This finding may be attributed to two reasons: First, the stronger the 

IPR framework the higher the cost of patenting and because patenting is costly 

inventors usually decide to protect their inventions in only a small fraction of 

countries. Second, Ginarte and Park (1997) and Bosworth (1984) distinguish between 

statutory versus actual protection (or formal versus informal), which is whether “laws 

on the books” are carried out. Especially they note that “if there is any overestimation 

of patent rights and protection, it should be the OECD’s measures”. Consequently, 

although our result is rather counter-intuitive, there might be the case for further 

investigation and construction of better IPR indices. 

 
3. Concluding remarks 

Conventional wisdom suggests that inventors-patentees tend to protect themselves 

against imitation, in the countries where such a risk is high. Imitation risk is higher, 

the higher the innovative activity of the country. Furthermore, there is the perception 

that the cost of patenting in another country is lower, the smaller the geographical 

distance between the host and the origin country. Previous empirical research has used 

gravity models to investigate the internationalization of innovation and patenting 

activity.  

The present paper has built upon this research and put these issues under further 

scrutiny. Using data from 27 OECD countries, for the period 1995-2005, to explain 

the variation of patent flows from the source country j to the target country i (the 

dependent variable) within the framework of a gravity model. 

A major finding of this paper is that the gravity variable (measured as the patents 

registered in the target country by nationals and foreigners of the rest of the sample 

countries) is positively correlated to the dependent variable. Hence, it seems that 

inventors-patentees recognize that the imitation risk increases with innovative activity 

of the target country and therefore decide to protect their inventions by applying for a 

patent in the target country. However, the other gravity variable used in the paper 

(measured as the patents registered in the source country) is giving mixed results: for 
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example, while in the full-set is positively correlated, as suggested by theory, results 

within groups were not as consistent with the theory. Overall, target country seems to 

be more important in the patentees’ decision to patent abroad. 

The third gravity variable, i.e. the physical distance, has the correct negative sign 

when statistically significant: for the full set of countries and the medium group. This 

weak statistical significance of the physical distance differentiates our results from the 

previous findings in the literature (Eaton and Kortum, 1996; McCallman, 2001). 

Business cycle impact is statistically significant and positive verifying the argument 

of Geroski and Walters (1995) for the pro-cyclical behavior of the patenting activity. 

Finally, the counter intuitive sign of the IPR regime in the target country demands 

further investigation. 
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APPENDIX 
 

 

Table 1: Three alternative routes of looking at data 

 Source Countries Observations 
Large (6 countries) FRA, GER, JPN, KOR, 

UK, US 
6×27×11=1782 

Medium (12 countries) AUS, AUT, BEL, CAN, 
DEN, FIN, ITA, NL, NZ, 

NOR, SWE, SWI 

12×27×11=3564 

Small (9 countries) CZE, GRE, HUN, IRE, 
MEX, POL, POR, SP, TUR 

9×27×11=2673 

Full Set (27 countries) All source countries 27×27×11=8019 
Note: AUS = Australia and AUT = Austria. 

 
 

Table 2: Descriptive Statistics of Explanatory Variables 
Explanatory 
Variables 

Obs. Mean Std.Dev. Min. Max. 

      
ln (HOST) 7602 8.889 1.958 3.401 12.881 
ln(OUT) 8019 11.525 0.679 -1.521 11.739 
BUSCYC 8019 0.144 1.727 -12.176 4.366 
ln(DIST) 8019 8.232 1.193 4.951 9.88 

IPR 6589 3.486 0.776 1.63 7.3 
 

Table 3: Descriptive Statistics of Variables OUT and PAT by Group 

  OUT PAT 
  Mean Std. Dev. Max Mean Std.Dev. Max 

Large 72640.73 53928.66 202776 794.35 3374.25 31946 
Medium 2843.83 1910.90 8630 59.62 226.01 3434 
Small 537.15 254.73 1096 14.47 49.82 541 

 

Table 4: Correlation Matrix of Explanatory Variables 

 ln (HOST) ln(OUT) BUSCYC ln(DIST) IPR 
ln (HOST) 1.000     
ln(OUT) -0.007 1.000    
BUSCYC -0.038 0.026 1.000   
ln(DIST) 0.245 -0.045 -0.039 1.000  

IPR 0.509 -0.216 -0.001 -0.134 1.000 
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Table 5:  Full Set and Group Panel Estimations 

 
Explanatory  
Variables 

Full Set 
(RE) 

Large 
Countries 

(RE) 

Medium 
Countries 

(RE) 

Small 
Countries 

(RE) 
ln (HOST) 0.651*** 

(25.541) 
0.929*** 
(23.971) 

0.557*** 
(14.655) 

0.362*** 
(7.483) 

ln(OUT) 0.631*** 
(21.199) 

0.069 
(0.798) 

-0.962*** 
(2.612) 

0.608*** 
(5.389) 

BUSCYC 0.026*** 
(3.693) 

0.0368*** 
(3.181) 

0.027** 
(2.515) 

0.0001 
(0.006) 

ln(DIST) -0.246*** 
(4.930) 

0.034 
(0.394) 

-0.189*** 
(2.699) 

-0.114 
(1.348) 

IPR -0.395*** 
(4.865) 

-0.365*** 
(2.907) 

-0.334*** 
(2.906) 

-0.107 
(0.767) 

Intercept -4.991*** 
(9.359) 

-3.208*** 
(3.129) 

2.308** 
(2.239) 

-4.622*** 
(3.935) 

R2 - adj 0.53 0.64 0.31 0.21 
Nr. Obs. 3959 1230 1907 822 

 


