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Introduction

International technology diffusion involves several different channels 
and affect significantly the way and the ability of developing 

countries to learn and innovate

In this paper, we describe technologies trajectories and knowledge 
flows, using patent citations as an indicator from more 

technologically advanced South-European countries (SE) to North-
Saharan (NS) developing economies and vice versa. 

We extract from the EPO Worldwide Patent Statistical Database, all 
patents taken out in the NS and SE countries, that have been 

granted from EPO, with priority dates from 1984 to 2003. 

We explore first the simple statistics of these data regarding the rate 
and technological composition of inventions in these countries over 

time. 





Background and literature review

• Coe et al. (1997) examined north–south R&D spillover. 

They found that total factor productivity in developing 
countries is significantly boosted by the R&D stock of 
industrial countries, which they computed as the import-
share-weighted sum of the R&D expenditures of a 
developing country’s trading partners in the north. They 
interpreted this as evidence of north–south R&D 
spillover. Hu and Jaffe (2003) examined patterns of 
knowledge diffusion from U.S. and Japan to Korea and 
Taiwan using patent citations. They found that Korean 
patents are more likely to cite Japanese patents than 
U.S. ones, maybe due to their proximity. They also found 
that both Korea and Taiwan are surprisingly reliant on 
relatively recent technology. 



Background and literature review

• Aboites and Beltran (2008) conclusion were that the patterns of 
knowledge diffusion from US to Latin American and South East 
Asian countries are quite different. 

They found that the South East had a higher number of patents 
granted in USPTO than their Latin American counterparts and the 
technologies registered in Korea and Taiwan were of high 
technology (Information and Communications, Electric and 
Electronics, etc.) meanwhile in Latin America (Brazil and Mexico) 
the technologies registered were of traditional tech fields 
(mechanical, chemical, etc.). In their studies, they found also that 
the citations received (forward) by Korea and Taiwan outnumber the 
citations received by Mexico and Brazil. That means that the value 
of knowledge in Asian countries. 



Background and literature review

• Montobbio and Sterzi (2008) analyzed nature, 

sources and determinants of international 

patenting activity in Latin American countries 

and the extent to which these countries benefit 

from R&D performed in some developed 

countries, using a patent citation analysis. They 

found that that the stock of ideas produced in the 

US has a strong impact on the international 

patenting activity of these countries. 



Data

• Our source of patent data is a data set constructed and maintained by CESPRI at 
Bocconi University. This data set (from now on EP-KITES data set) includes all patent 
applications to the European Patent Office (EPO), from September 2nd 1977 to 
December 23th 2005. The data set comprises a total of 1,711,662 patents. 

• The European Patent Office (EPO) grants European patents for the contracting 
states to the European Patent Convention (EPC), which was signed in Munich on 
October 5th 1973 and entered into force on October 7th 1977. 

• The data set includes the full set of bibliographic variables concerning each patent 
application: 

· Priority, application, and publication number; 

· Priority dates, application and grant date; 

· Title and abstract; 

· Designated states for protection; 

· Status of application; 

· Main and secondary International Patent Classification (IPC) codes; 

· Applicant’s name and address; 

· Inventors’ names and addresses. 



Data

• In addition, the data set also contains for each patent all 
citations made to other EPO patent documents. The data 
set includes a total of 642,218 citing patents and 
834,328 cited patents, corresponding to a total of 
1,621,359 citations. 

• All patent data were procured from the EPO and 
elaborated by CESPRI. In particular, bibliographic data 
on patent applications are derived from the Espace 
Bulletin CD-R produced by the EPO, while information 
on patent citations come from the REFI tape also 
provided by the EPO. Data processing consisted mainly 
in a thorough work of cleaning and standardisation of 
rough information provided by the EPO. 



Methodology: 

Knowledge flows and measuring 
Patent citations serve an important legal function, since they delimit the scope of the 

property rights awarded by the patent. 

Thus, if patent B cites patent A, it implies that patent A represents a piece of previously 
existing knowledge upon which patent B builds, and over which B cannot have a 
claim. 

The applicant has a legal duty to disclose any knowledge of the ‘‘prior art,’’ but the 
decision regarding which patents to cite ultimately rests with the patent examiner, 
who is supposed to be an expert in the area and hence to be able to identify relevant 
prior art that the applicant misses or conceals. 

We assume that the frequency with which a given country’s inventors cite the patents of 
another country is a proxy for the intensity of knowledge flow from the cited country to 
the citing country. 

For further discussion of the limitations of using citations data for this purpose, see Jaffe 
and Trajtenberg (1999) and Hall et al. (2001). Jaffe et al. (2000) present survey 
evidence regarding the extent to which citations reflect actual knowledge flows 
evidence regarding the extent to which citations reflect actual knowledge flows 
between inventors. 

They find that citations are a noisy indicator of knowledge flow, in the sense that 
knowledge flow is much more likely to have occurred where a citation is made; but 
many citations also occur in the absence of any knowledge flow. 



Technological Field Concentration

• A more systematic measure of the concentration of patenting in these countries 
across technological fields, also used by Hu and Jaffe (2003), is the the Herfindahl–
Hirschman Index (HHI) of patent concentration. As shown by Hall et al. (2001), the 
HHI measure is biased upward when the number of patents on which it is based is 
small. Essentially, if there is a modest ‘‘true’’ probability of a random patent being in 
one of many classes, the true concentration may be low; if very few patents are 
actually observed, they can only be in a few classes, and the measured concentration 
will be high. Assuming the unobserved distribution across classes is multinomial, and 
the observed draws from that distribution are independent, Hall, Jaffe, and 
Trajtenberg show that an unbiased measure of the true concentration is given by 

where Hˆ is the bias-adjusted Herfindahl–Hirschman Index, N is the number of 
patents, and HHI is the traditional Herfindahl–Hirschman Index, calculated as the sum 
of squared shares across patente classes. As N grows large, HˆHˆ converges to the 
traditional measure, but for small N the adjustment can be quite large. For example, if 
there are ten patents spread evenly across five classes, the HHI is 0.20, but is about 
0.11. If there were only five patents spread across five classes, the HHI would still be 
0.20, but Hˆ is actually zero. 



Knowledge diffusion

• Backward citations in patents are the source of the new knowledge. 
Forward citations on the other hand, reflect the importance of 
technology. Patents receiving a great number of forward citations 
reflect that their embedded technology is very valuable. Therefore, 
an increase of forward citations for some patents is associated with 
a growing value of knowledge. 

• Several dates are included in each European patent document and 
the choice of one date is important for correctly dating an invention. 
The so-called priority date, i.e. the date of the earliest filing of an 
application in any of the patent offices adhering to the Paris 
Convention, is the date that obviously gets closer to the actual 
timing of the patented invention and will be adopted in what follows 
for the purpose of dating patents. 



Knowledge diffusion

• This implies that the time lag between the priority date and the 
publication date may range from 1.5 years, for patents directly filed 
to the EPO, to 2.5 years, for patents initially filed in a national patent 
office and later on extended to the EPO. Moreover, for the so-called 
PCT patent applications, which allow the applicants to delay the 
decision of filing for an EPO patent until 30 months from the priority 
date, the time lag between priority and publication may well exceed 
2.5 years. 

• So patents are typically granted one to three years after application; 
thus, a citation lag of zero or one implies that the citing patent may 
well have been applied for before the 

• originating patent was actually granted, as pending applications are 
not public, so in this case the citation would almost have been 
identified by the patent examiner or that the inventors were in the 
same R&D team or had a vis-à-vis contact. 



Knowledge diffusion

• The average citations per patent over all years suggests, obviously, 
that patents of the SE area are technologically more significant than 
the NS area patents. However, this comparison is potentially 
misleading, because it does not control for the age distribution of the 
patent portfolios. SE area countries has many more older patents, 
which are more highly cited simply because they have been around 
longer, while NS area have patent portfolios weighted towards 
younger patents that are less highly cited. The fall in forward 
citations seen from 1999 to 2003 is a normal behaviour due to the 
great proximity to the granting date. Thus at the end of the data 
period, no patents have received very many citations because very 
little time has passed in which to observe them. 

• The citation lag between a patent and its patent reference is a 
measure of the time necessary for a firm or inventor to assimilate 
prior technological information and undertake its invention, thus an 
indicator of speed of knowledge diffusion. 















Conclusion

• Our investigation reinforces the importance of understanding the broad network 
influences on knowledge flows and learning in developing countries. A National 
Innovation System perspective supports the idea that successful economic 
development is linked to a nation’s capacity to acquire, absorb, disseminate, and 
apply modern technologies. Thus, technological divides between rich and poor 
countries may conventionally be 

• The patterns of knowledge diffusion for the NS area counties and SE area countries 
during the 1983-2004 period are quite different. We found that, obviously, the SE 
area countries had a higher number of patents granted in EPO than the NS area 
countries. Furthermore, the technologies registered in SE area countries were evenly 
distributed across sector meanwhile in NS countries the technologies registered were 
of traditional tech fields and tend to exclude the Mechanical Elements/Machine 
Tools/Transport and the Consumer goods sectors. 

• The citations received (forward) by SE area countries outnumber the citations 
received by NS area countries. That means that the value of knowledge in SE area 
countries is more important that the value of NS area countries. 

• The other strong finding, to be further investigate, is the extremely high speed of 
knowledge diffusion seen both in forward and backward citations from/to the NS area 
countries for the sector of industrial process. This is somewhat surprising given the 
NS area countries’ low patenting activities in this sector, and could be maybe 
explained in their greediness to learn in this technological field. 


