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1. Introduction

Conventional theories on innovation have tried to explain the technological trajectory of firms stressing the discontinuities existing in the firm innovation process (D’Aveni, 1994; Tushmann and Anderson, 1986). As highlighted over the years by the Schumpeterian tradition, radical innovations emerge erratically by chance, when dynamic entrepreneurs, exploring new market opportunities, introduce “new combinations” moving the entire economic system far from equilibrium (Schumpeter, 1934, 1947). However, a great deal of technological change and product improvements consist of marginal and incremental innovations (Arrow, 1962; Freeman, 1994; Malerba, 1992). This was not acknowledged in the innovation literature during 1980s and 1990s, where the focus was prevalently on basic radical inventions and innovations (Clark et al., 1984, Jewkes et al., 1958). After the end of the 1970s the economic importance of marginal technical improvements for sustaining innovation in firms becomes largely acknowledged (Basalla, 1988; Dosi, 1982; Freeman, 1982, 1984; Rosenberg, 1976; 1982). As argued by Mokyr (2000): “Much if not most creativity comes from the manipulation of what is already known, rather than in addition of totally new knowledge” (p. 18). 
Often innovations are only fed by a continuous re-combination of flows of pre-existing knowledge, coming from different sectors or firms through cumulative learning processes, as Pavitt (1984, 1999) authoritatively showed. A critical aspect is how old and new knowledge is integrated by firms, and applied to new domains. Within the economic system there is an overwhelming amount of old knowledge that firms reuse and re-combine for new needs. 
Old knowledge might be recombined to new uses in other domains, or the firms might acquire existing knowledge from outside to feed their internal innovation activities, along with an open innovation strategy (Chesbrough, 2003a and b). 
Generative collaborations (within an innovation ecosystem) may enlarge the space of possibilities and identify new systems of use alongside the discovery of new functionalities and the recombination of new and old knowledge within a process of innovation cascades (Bonaccorsi, 2011; Lane 2011). The new literature about technological change has emphasized the role of knowledge recombination as one of the most important sources of technological novelty and invention (Weitzman, 1998; Strumsky et al., 2012; Youn et al., 2014). Youn et al. (2014), for instance, showed that after a huge creation of new patent codes (indicating the introduction of novel technologies) occurred between 1800-1850, the subsequent pattern of inventions was mainly based on the recombination of existing codes, occupying a practically infinite space of technological configuration. Patents are the main expression of this technology novelty and, in fact, new patents nowadays are typically associated with old existing technological codes. 
Knowledge flows (Strumsky et al., 2011) can be indirect - patents cite other previous patents (within sometimes the same codes) as discussed by Jaffe et al., 1993, or direct - new knowledge (a patent) is created by a network of inventors that recombine their knowledge (Freeman, 1991). This implies that all previous inventions provide “potential constituents” for future technologies. 
As Fleming (2001) affirms, “the source of technological novelty and uncertainty lies within the combination of new components and new configurations of previously combined components” (pg. 130), while in the history of patent analysis there is a very limited role for the development of original technologies (Strumsky et al., 2011). In literature, there is considerable evidence that the production of scientific and technological knowledge is becoming more and more a collective phenomenon (Gay et al., 2008). 
In rapidly developing industries, where competition might be seen as a learning race, it is almost inevitable to develop interfirm collaboration to identify new opportunities and learn about new technology (Powell, 1998). Technological innovation has been widely recognized as a “collective phenomenon” that involves not only numerous firms and organizations, but also a variety of inventors. In particular, Allen (1983) identified how a group of firms could produce “collective invention” by sharing information about the design and effectiveness of new technologies. By following this reasoning, the creation of knowledge is seen as the result of linkages (internal and external) between firms. As Powell and Giannella (2010, p. 4) affirm: “Collective invention is technological advance driven by knowledge sharing among a community of inventors who are often employed by organizations with competing intellectual property interests”. Economic geography and regional science have an established tradition of studying the importance of geographic proximity for innovation and the formation of networks. In the example of the collaboration networks of inventors in German biotechnology, Ter Wal (2013) has demonstrated that the role of geographic distance as mechanisms of tie formation and network evolution shifts over time as the technological regime of the industry changes. 

2. Methodology

The aim of this paper is to explore the innovation activity and innovation networks in European regions (including Norway and Switzerland), considering the period from 1980 to 2010. The study is based on data about EPO patents and inventors per year and region as provided by OECD-Regpat database (release version February 2015). EPO patents are all patents granted by the European Patent Office (EPO). Priority year is used to define a thirty years range from 1980 to 2010. Firstly, a general cleaning process is applied to make the dataset effective. Since the same patent id is replicated in the database on multiple lines in relation to the number of involved inventors (Inv_share is the share the inventor is involved into the patent creation) and the number of regions to which each inventor is assigned (Reg_share is the regional share, if the inventor is registered into different regions)[footnoteRef:1], patents are counted as the sum of inventors’ shares weighted for regional share (). Thus, patents whose per patent is less than 0.99 or more than 1.01 are excluded.  In addition, since we need to identify European regions, patent data concerning “not classified” regions are also deleted.  [1:  Reg_share is less than 1if the inventor is assigned to different regions because of moving in the three years preceding the patent’s priority year. Inv_share is less than 1 when patent is co-invented.  ] 

The final dataset involves 284 European regions which are defined by using the NUTS2 classification at EU28 countries (plus Switzerland and Norway) level and 2,493,658 EPO patents. However, since this study focuses on knowledge flows across European regions by exploring the inventors network and EPO patents may involve no European inventors, EU patents are identified as the EPO patents involving at least a European inventor. The EU patents dataset is reduced to 1,228,481 EU patents.
In addition, a further classification is taken out in order to make a distinction between individual patents (which involve a unique inventor) and co-invented patents (which involve more than one inventor). Then, co-invented patents are classified as intra-region (the patent involves more inventors belonging the same EU region), inter-regions (the patent involves more inventors belonging to different EU region) and with extra-EU regions (the patent involves more inventors and some of them belonging to extra-EU regions). The last group specifically focuses on inventors from developed countries (such as US, Canada and Japan), from developing countries (such as BRICS) and other countries. 
Below, data are organized for exploring the transformation path of the European regions over time by depicting the trend, the technological specialization, the role of collaborative innovations and the interregional flows of knowledge focusing on inventor networks. In addition, based on technological classes defined by International Patent Classification (IPC), we study the innovation process focusing both: a) on traditional classification of high, medium-high, medium-low,  and low tech,  and b) on the investigation of the pattern of geographical localization of  some new industries such as biotech, nanotechnologies, green, laser and optical technologies. 
The relationship between patents and sectors relies  on the international patent classification (IPC) mapped as provided by the Van Looy et al. (2014). We focus on the Statistical Classification of Economic Activities in the European Community (NACE) at 2-digit level. IPC v.8 - NACE rev.2 concordance Table (see Appendix A) allows to associate the patents to 26 different sectors (i.e., the patent with a NACE corresponding to C08B is associate to the Manufacture of Chemicals and Chemical Product sector, sector 20). 
Moreover, manufacturing industries are clustered according to technological intensity by using NACE Rev.2 (Eurostat, 2014). We distinguish four groups related to: a) high-tech, b) medium-high-tech, c) medium-low tech, and d) low-tech (Table 2 in Appendix A). For instance, the “Manufacture of basic pharmaceutical products” sector (NACE 20) is associate to high-tech group, whereas the “Manufacture of furniture” one (NACE 30) is associated to the low-tech group. The large number of patents existing in our database are within the “high” and “medium-high” tech group (respectively, from 1980 to 2010, we found 1,061,319 and 1,350,486 patents).  This suggests, as expected,  that patenting process involves mainly the most high-tech sectors. “Medium-low” and “low technology” group involve respectively  274,286 and 370,280 patents.
Since a significant number of patents are containing multiple IPC codes, they may be placed within different NACE codes, and, thus, they may overlap among the four categories above mentioned.  Patent data related to more than one category are not so significant in our sample. For instance, the number of overlapping patents between: a) “low” and “medium-low” tech industries involves only 34,049 patents; b) the number between “medium-low” and “medium-high” tech industries involves 137,073 patents; c) the number between “medium-high” and “high-tech” industries regards 291,528 patents; and d)  the number between “low” and “high tech” industries involves 101,979 patents. The largest  overlapping is between medium-high and high tech. This suggests there are several patents which share some similar characteristics. 
Furthermore, the patents related to innovative industries such as biotechnology, nanotechnology, green and laser-optical are listed using a standardized IPC classification (Table XX in Appendix A). Specifically, the IPC classes of biotechnology patents are provided in the Annex 6 of Eurostat indicators (Eurostat, 2007), whereas the classes of Green patents rely on by the WIPO database. Differently, the Nanotechnology and the Laser-Optics patents are aggregated on the basis of Eurostat (2014). 
The largest group is Green technology (151,947), followed by biotechnology with 126,100 patents and Laser-Optics involving 77,847 patents. The smallest is Nano technology group (4,663 patents).  The overlapping across these industries is very limited (lower than 10%) with the exception of the overlapping between bio and green technology (about 20%). 

3. A persistent European flow of innovations

The macro European region has been characterized by a long structural period of social expansion and economic growth. Also patenting activity, related to the European inventive capability and specifically measured by referring to EU patents, followed the same trend. Similarly to overall European trend of economic development, the yearly distribution of patents (Figure 1) shows a smoothing and slowing growth of innovation productivity since 2007. 
[image: ]
Figure 1 –Yearly distribution of EU patents

Figure 1 also shows the trend of individual and co-invented patents. The latter are further partitioned in co-invented patent involving only inventors of the same region (intra-regional networks), involving also inventors from other regions (inter-regional networks) and involving extra-European inventors (global networks). The trend suggests the propensity to co-patents is strongly growing compared to individual patents since the second half of 90’s. Conversely, the number of individual patents is slowly decreasing since 2000. Interesting to observe, the share of individual patent in 30 years has diminished from  50% to 40%,  while the share of  co-invented patents among the EU  regions has increased from  23% to about 30%.  Moreover, the inter-regional collaboration increases faster than intra-regional one. The cumulative distribution in 30-year window of time makes more evident the previous findings (Figure 2).
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Figure 2 –Cumulative distribution of EU patents
Similarly, the longitudinal analysis highlights the increasing relevance of extra-EU inventors above all since 1995. Specifically, more detailed data (Figure 3) highlight most of the extra-EU collaborations involves inventors from USA, Canada and Japan. However, since 1995, the relevance of developed countries is decreasing as compared to the growing role of inventors from BRICS. The latter are increased from a percentage close to 0% until more than 15%. 

Figure 3 –Yearly share of patents involving Extra-EU inventors
The inventive activity in EU has been growing very fast in the last decades (Figure 3): from an average number of 13,000-15,000 patents issued yearly in the first period of the 1980s, to the 29,000-30,000 of the 1990s, to the 50,000-52,000 of the 2000s up to the 60,000 of the last years of the decade (2008-2010). 
About 70-80% of the co-invented patents with extra EU regions (Figure 3) are related to inventors localized in advanced countries (US, Canada, and Japan), and this share has been quite stable for all years of the period, while we observe a systematic growth of patenting activity deriving from BRICS, whose importance has reached, in the last years (2006-2010), the level of patenting of all others non-EU countries. 
During the entire period considered by our analysis, the EPO data based has registered 2,516,942 patents of which about half, 1,242,457 were involving at least on EU inventors. If we shift our analysis to the number of inventors (Tab. 3), we see that the number of inventors of the EPO patents is about 4,5 million, but the number of inventors related to EU patents is only about 2 million (1,921,002 units).  EPO patents in Europe have a slightly larger number of inventors (Tab. 4) than EU patents in all years considered, and also on average 1.82 vs. 1.55. This could be interpreted as a higher technological complexity of “foreign” patent weighted on “European” patents with at least one EU inventor. This is corroborated from the fact that the share of EPO collective patent on total patent is also higher than the share of EU patent on total patent (64.91 vs. 60.01), which signal, again, a higher level of complexity. Tab 5 allow us to explore better the geographical dimension of collective inventions in Europe. Considering the total collective patents (680,517), the number of patents that have been invented by a network of inventors localized in more than one European regions are the majority (388,557), while patents with a more local dimension, where the network of inventors is concentrated in one individual unit or among different units or organization located in the same region are less numerous (291,960), corresponding to a percentage of 42.9%.  In relation with this category, our data base does not allow us to distinguish regional innovation networks from internal-to-the-firm networks, because we elaborate data on the basis of inventors’ addresses. However, these data show the significant amount of large regional and extra-regional knowledge flows. 
In Table 1 the total weighted number and growth rate of EPO patents are shown considering three 10-year windows of time (1980-1990, 1990-2000 and 2000-2010) and the cumulated number from 1980 to 2010. Similarly, Table 1 also summarizes the weighted number and growth rate of EU patents,  as previously classified.


Tab. 1 - Cumulative statistics and growth rate of EPO and EU patents from 1980 to 2010

	Variables
	CumPat
1980-1990
	CumPat
1990-2000
	CumPat
2000-2010
	CumPat
1980-2010
	GrwRate
80-90/00-10
	GrwRate
90-00/00-10

	EPO patents
	443818
	798545
	1251295
	2493658
	1,819
	0,567

	Number of individual EPO patent
	192156
	286557
	393153
	871866
	1,046
	0,372

	%
	43,30%
	35,88%
	31,42%
	34,96%
	-
	-

	Number of co-invented EPO patents
	251662
	511988
	858142
	1621792
	2,410
	0,676

	%
	56,70%
	64,12%
	68,58%
	65,04%
	-
	-

	EU patents (1)
	232780
	393293
	602408
	1228481
	1,588
	0,532

	Number of individual EU patents
	114514
	163502
	211745
	489761
	0,849
	0,295

	%
	49,19%
	41,57%
	35,15%
	39,87%
	-
	-

	Number of co-invented EU patents
	118266
	229791
	390663
	738720
	2,303
	0,700

	%
	50,81%
	58,43%
	64,85%
	60,13%
	-
	-

	Co-invented EU patents
	118266
	229791
	390663
	738720
	2,303
	0,700

	within the same region
	52755
	90871
	145144
	288770
	1,751
	0,597

	%
	46,63%
	43,23%
	41,41%
	42,85%
	-
	-

	among European regions
	60384
	119319
	205360
	385063
	2,401
	0,721

	%
	53,37%
	56,77%
	58,59%
	57,15%
	-
	-

	involving Extra-European inventors
	5127
	19601
	40159
	64887
	6,833
	1,049

	%
	4,34%
	8,53%
	10,28%
	8,78%
	-
	-

	Co-invention with Extra-EU inventors (2)
	5127
	19601
	40159
	64887
	6,833
	1,049

	Share of US-CA-JP inventors
	2054
	8472
	16010
	26536
	6,795
	0,890

	%
	40,06%
	43,22%
	39,87%
	40,90%
	-
	-

	Share of BRICS inventors
	92
	433
	1784
	2309
	18,391
	3,120

	%
	1,79%
	2,21%
	4,44%
	3,56%
	-
	-

	Share of other Extra-EU inventors
	300
	877
	2112
	3289
	6,040
	1,408

	%
	5,85%
	4,47%
	5,26%
	5,07%
	-
	-

	Share of EU inventors
	2680
	9820
	20250
	32750
	6,556
	1,062

	%
	52,27%
	50,10%
	50,42%
	50,47%
	-
	-


(1) EU patent is EPO patent involving at least an European inventor
(2) Since the same patent may involve both US, CAN, JP, BRICS and other inventors, the sum of inventors’ share is shown for each cluster of inventors in order to not replicate the patent more times.



In Table 2 the number of EPO and EU patents’ inventors are shown as related to three 10-year windows of time (1980-1990, 1990-2000 and 2000-2010) and to the accumulated number from 1980 to 2010. The total number of inventors in 30-year window is below the sum of the three 10-year windows because, even though they are uniquely counted in each window, the sum of windows would have included the same inventor more than one time. 
Moreover, inventors are classified as European and Extra-EU inventors, and the total inventors’ productivity is measured as the average number of EPO and EU patents per inventor. In all period considered, the average number of inventors of EPO patents is higher than the average number of EU patents, showing a signal of a superior complexity existing in foreign patents protecting IPR in Europe.  The complexity of innovation is also growing systematically with the time in both samples. 



Tab. 2 - Cumulative statistics of inventors of EPO and EU patents and average number of patents per inventor in Europe (1980-2010)
	Variables
	CumInv
1980-1990
	CumInv
1990-2000
	CumInv
2000-2010
	CumInv
1980-2010

	Total number of inventors of EPO patents
	736646
	1479643
	2456587
	4558966

	Average number of EPO patents
	1,660
	1,853
	1,963
	1,828

	Number of European inventors
	315163
	602569
	929406
	1787321

	%
	42,78%
	40,72%
	37,83%
	39,20%

	Number of Extra-European inventors
	421483
	877074
	1527181
	2771645

	%
	57,22%
	59,28%
	62,17%
	60,80%

	Number of inventors of EU patents (1)
	323142
	637673
	1005011
	1904916

	Average number of EU patents
	1,433
	1,663
	1,706
	1,592

	Number of European inventors
	315163
	602569
	929406
	1787321

	%
	97,53%
	94,49%
	92,48%
	93,83%

	Number of Extra-European inventors
	7979
	35104
	75605
	117595

	%
	2,47%
	5,51%
	7,52%
	6,17%


(1) EU patent is EPO patent involving at least an European inventor

4. The geography of innovation 

An important aspect referred to the analysis of inventors networks is their geographical localization. We have analyzed the EPO data base for European Regions at the level of NUT2 for the 28 EU countries, adding Switzerland and Norway, thus considering 30 countries and 284 regions. In Figure 4a, innovation intensity per region r and year y is measured based on EU patents by operationalizing the sum of inventor shares weighted for regional shares, relative to each patent i, aggregated according the inventors’ region of localization and the patents’ priority year. Looking at the figure, it is confirmed that Germany reasserts its economic and technological position, emerging as the innovative heart of Europe.
The Patent intensity by region indicator shows the existence of a highly concentrated core of innovative regions in EU, along the well-known and very much discussed old “banana blue”, which starts in Finland and Sweden, descending along Germany, Switzerland, south east of France, and North of Italy, stopping with Rome (in the Lazio region).  
In addition, in Europe,  three blue spots are emerging:  
a) the regions of South of England;
b) some central regions of France (based around Paris and, in the last period,  the area which connects Paris to the Bretagne), and, finally, 
c) the areas belonging to south of France (Provence, Rhone-Alps, Midi Pyrenees which includes Toulouse) and Catalonia (centered to Barcelona). The blue core of EU regions is surrounded by a strong grey area with adjacent regions. Spain, South of Italy, extreme north of England, Greece and Eastern countries exhibit, in general, a much lower level of innovativeness.  

Fig. 4a - Patent intensity by region based on the cumulative number 
[image: ]
Note: Invention of European regions is based on EU patents involving at least a EU inventor. Breaks in the legend correspond to percentile 0th, 25th, 50th, 75th, 90th and 100th. 

Weighting the number of patents for capita we obtain an even more restrict area of innovative “core” regions, where, for instance, the very populated regions of Provence, Piedmont, Tuscany, Veneto, and Lazio loose the position of high innovation intensity regions, together with Midi Pyrenees, and Catalonia.  Among the most innovative (Tab. 3) regions of Europe (ranking the regions on the basis of the patent performance in the period 1980-2010), we find the Paris area (Ile de France),  the central German regions of Ober Bayern, Stuttgart, Darmstadt,  Düsseldorf,  Nord-Brabant, and Köln, and the cross-boarding French region  of  Rhone-alps  and Lombardy.  Some European capitals are also intercepted, like Stockholm, Zürich, and Berlin.  In UK, is selected only the region  around the west of London and Oxford. 
Fig. 4b - Patent intensity per capita by region based on the cumulative number [image: ] Note: Invention of European regions is based on EU patents involving at least a EU inventor. Breaks in the legend correspond to percentile 0th, 25th, 50th, 75th, 90th and 100th. 




Tab. 3 – The 20 most innovative European regions as based on the number of EU patents
	Rank
	Region
	Nuts2
	EU pat 1980/90
	EU pat 1990/00
	EU pat 2000/10
	EU pat 1980/10
	var 80/90-00/10
	var 90/00-00/10

	1
	ILE  DE FRANCE
	FR10
	17673
	23985
	30463
	72121
	0,72
	0,27

	2
	OBERBAYERN
	DE21
	11124
	17653
	24635
	53412
	1,21
	0,40

	3
	STUTTGART
	DE11
	7899
	16178
	25644
	49721
	2,25
	0,59

	4
	DARMSTADT
	DE71
	9450
	12889
	14205
	36544
	0,50
	0,10

	5
	DȔSSELDORF
	DEA1
	9238
	11705
	14334
	35278
	0,55
	0,22

	6
	NOORD-BRABANT
	NL41
	5272
	9403
	17315
	31991
	2,28
	0,84

	7
	KȌLN
	DEA2
	7922
	9999
	13210
	31130
	0,67
	0,32

	8
	RHONE-ALPES
	FR71
	5889
	9366
	14622
	29877
	1,48
	0,56

	9
	LOMBARDIA
	ITC4
	5729
	9821
	13856
	29406
	1,42
	0,41

	10
	KARLSRUHE
	DE12
	5396
	8249
	13696
	27342
	1,54
	0,66

	11
	FREIBURG
	DE13
	3616
	6204
	10111
	19931
	1,80
	0,63

	12
	RHEINHESSEN-PFALZ
	DEB3
	4375
	6647
	8265
	19287
	0,89
	0,24

	13
	MITTELFRANKEN
	DE25
	3607
	5279
	8822
	17707
	1,45
	0,67

	14
	TȔBINGEN
	DE14
	2537
	4958
	9045
	16540
	2,57
	0,82

	15
	ARNSBERG
	DEA5
	3223
	5320
	7144
	15688
	1,22
	0,34

	16
	STOCKHOLM
	SE11
	2522
	5482
	7560
	15564
	2,00
	0,38

	17
	ZȔRICH
	CH04
	3663
	4534
	6284
	14481
	0,72
	0,39

	18
	NORDWESTSCHWEIZ
	CH03
	3681
	4157
	6237
	14075
	0,69
	0,50

	19
	BERLIN
	DE30
	2582
	4287
	7017
	13886
	1,72
	0,64

	20
	BERKSHIRE & OXFORDSHIRE
	UKJ1
	2788
	4371
	6662
	13822
	1,39
	0,52


Note: Ranking is defined with respect to cumulative number of EU co-invented patents in 30-year window of time.
Fig. 5 – Variation of patent intensity by region over 30-year window of time 
[image: ]
In terms of variation of patent intensity by region two measures can help us to detach the phenomenon: the absolute and relative variation. 
Fig. 6 – Co-invention intensity by region based on the cumulative number of co-patents  [image: ]
Note: Co-invention of European regions is based on EU patents involving more than a unique inventor. Breaks in the legend correspond to percentile 0th, 25th, 50th, 75th, 90th and 100th. 

The highest shares of absolute variations occur among the most innovative regions of the “banana blue” and the areas already identified, while, clearly higher relative growth rates are significant among some weakest EU regions, of all Spain, Ireland, Finland, Campania, Denmark and Poland. 
If we analyze the phenomenon of collective inventions (Figure 6), mapping the regional localization of cumulated patents related to a more than one inventor (see the methodological section) we find surprisingly that the intensity of patenting by region is highly correlated with the phenomenon of patent co-inventions by region.  Also the 20 most collaborative European regions as based on the number of EU co-invented patents appear to overlap with the table of the most  innovative regions (Tab. 4).  



Tab. 4 – The 20 most collaborative European regions as based on the number of EU co-invented patents
	Rank
	Region
	Nuts2
	EU copat 1980/90
	EU copat 1990/00
	EU copat 2000/10
	EU copat 1980/10
	var 80/90-00/10
	var 90/00 - 00/10

	1
	ILE DE FRANCE
	FR10
	9436
	14553
	20587
	44576
	1,18
	0,41

	2
	OBERBAYERN
	DE21
	5518
	10029
	15769
	31316
	1,86
	0,57

	3
	STUTTGART
	DE11
	4204
	9666
	16760
	30629
	2,99
	0,73

	4
	DARMSTADT
	DE71
	6279
	9116
	10580
	25975
	0,69
	0,16

	5
	DȔSSELDORF
	DEA1
	6153
	8057
	10042
	24252
	0,63
	0,25

	6
	KȌLN
	DEA2
	5555
	6754
	9251
	21559
	0,67
	0,37

	7
	NOORD-BRABANT
	NL41
	2623
	5428
	11948
	19999
	3,56
	1,20

	8
	RHONE-ALPES
	FR71
	3220
	5644
	9855
	18719
	2,06
	0,75

	9
	KARLSRUHE
	DE12
	3034
	5294
	9471
	17799
	2,12
	0,79

	10
	RHEINHESSEN-PFALZ
	DEB3
	3510
	5422
	6634
	15566
	0,89
	0,22

	11
	LOMBARDIA
	ITC4
	2540
	5040
	7331
	14911
	1,89
	0,45

	12
	FREIBURG
	DE13
	1759
	3627
	6428
	11814
	2,65
	0,77

	13
	MITTELFRANKEN
	DE25
	1857
	3094
	5895
	10847
	2,17
	0,91

	14
	TȔBINGEN
	DE14
	1190
	2786
	5634
	9610
	3,74
	1,02

	15
	BERLIN
	DE30
	1526
	2785
	5056
	9367
	2,31
	0,82

	16
	BERKSHIRE & OXFORDSHIRE
	UKJ1
	1513
	2850
	4715
	9077
	2,12
	0,65

	17
	NORDWESTSCHWEIZ
	CH03
	1951
	2396
	4639
	8985
	1,38
	0,94

	18
	ARNSBERG
	DEA5
	1562
	2867
	4237
	8666
	1,71
	0,48

	19
	STOCKHOLM
	SE11
	916
	2818
	4898
	8632
	4,35
	0,74

	20
	ZȔRICH
	CH04
	1373
	2183
	3875
	7431
	1,82
	0,77


Note: Ranking is defined with respect to cumulative number of EU patents in 30-year window of time.
The variation of co-invention intensity (Fig. 7) does not add  new elements of  reflections  to the previously evidentiated pattern.  Higher absolute values are encountered in the most innovative regions placed at the center of EU, within the core of the “blue banana” and in the sun belt of south of EU, involving North of Italy and South of France, including also Catalonia, South of England, South of Finland and South of Norway.   Higher rates of relative growth are indeed involving the external fringe of the peripheral regions  












Fig. 7 – Variation of co-invention intensity by region over 30-year window of time 
[image: ]
Note: Co-invention of European regions is based on EU patents involving more than a unique inventor. Breaks in the legend correspond to percentile 0th, 25th, 50th, 75th, 90th and 100th. 

We will now analyze specifically the three geographical typologies of co-inventions networks, distinguishing among intra-regional networks (Figures 8 and 9), inter-regional networks (Figures 10 and 11), and extra-EU networks (Figures 12 and 13). 
The co-invention of patents within regions appears to be a very geographically diffused typology, involving with a high intensity the northern countries of Norway and Finland, South of England, Germany, some regions of the former East Europe, North of Italy and a large number of regions of  France. These types of collective innovations are clearly benefiting from the advantages of proximity, where actors can recombine close and complementary knowledge. The absolute growth of intra-regional inventors networks involves the core of Germany,  North of Italy, South and North of France, including the Paris area and the areas of Toulouse, Provence, Rhone-Alps, and Catalonia, but also many UK regions and regions located in the North of Europe.  Higher  rates of relative growth can be found in all central  East Europe and Spain (Fig. 9).
Long distance inventive networks (Fig. 10), even if they involve a larger numbers of patenting, are more geographically concentrated to some regions of Sweden and Finland, South of England, Germany, and South of France. Nord Italian regions appear to be quite characterized by interregional knowledge flows, in a common area which connects the regions of North of Italy with those located in the South of France. This result appears to be a quite stable phenomenon during the observed period of 30 years.  Fig. 11 shows, respectively, the absolute and relative growth  of interregional connectivity of  European knowledge flows.  
Fig. 8 – Intra regional co-invention intensity by region based on the cumulative number of patents [image: ] 
Note: Intra regional co-invention of European regions is based on EU patents involving more than a unique inventor and they are from the same region. Breaks in the legend correspond to percentile 0th, 25th, 50th, 75th, 90th and 100th. 

Fig. 9 – Variation of intra-regional co-invention intensity over 30-year window of time 
[image: ] Note: Intra co-invention of European regions is based on EU patents involving more than a unique inventor and they are from the same region. Breaks in the legend correspond to percentile 0th, 25th, 50th, 75th, 90th and 100th. 



Fig. 10 – Inter regions co-invention intensity by region based on the cumulative number of co-patents 
[image: ] Note: Inter co-invention of European regions is based on EU patents involving more than a unique inventor and they are from the different European regions. Breaks in the legend correspond to percentile 0th, 25th, 50th, 75th, 90th and 100th. 

Fig. 11 – Variation of inter regional co-invention intensity by region over 30-year window of time 
[image: ] Note: Inter co-invention of European regions is based on EU patents involving more than a unique inventor and they are from the different European regions. Breaks in the legend correspond to percentile 0th, 25th, 50th, 75th, 90th and 100th. 

Fig. 12 – Extra-EU co-invention intensity by region based on the cumulative number of co-patents  [image: ]Note: Extra-EU co-invention of European regions is based on EU patents involving more than a unique inventor and some of them are from extra-EU regions. Breaks in the legend correspond to percentile 0th, 25th, 50th, 75th, 90th and 100th. 
Fig. 13 – Variation of extra-EU co-invention intensity by region over 30-year window of time [image: ] Note: Extra-EU co-invention of European regions is based on EU patents involving more than a unique inventor and some of them are from extra-EU regions. Breaks in the legend correspond to percentile 0th, 25th, 50th, 75th, 90th and 100th. 
Once again, the central regions of Europe are those more involved in the absolute growth (Fig.11), while at the periphery of Europe, in Scandinavian countries, Nord of  England,  Poland,  South of Italy and above all  Spain high percentage of  relative growth are visible. 
Global networks of innovators (Fig. 12) with extra-EU co-inventors are less representative among EU regions, involving a smaller mosaic of the “banana blue” regions, with a better representation of many regions belonging to UK.  From Fig. 13 we can notice that the areas of higher interregional connectivity are also superimposed to the regions with a higher intensity of global inventive networks. During the 30 years considered, absolute growth in international inventive activity involves a selected number of regions of the “banana blue” and the sun belt of north of Italy and South of France. a relative higher growth is visible in several peripheral regions of Germany, France, Spain, Italy, Poland and Finland  (Fig. 13).  


Fig. 14 – Share of co-invention on total invention and share of intra-regional, interregional, and extra-EU co-invention on total co-invention
[image: ]
Note: Co-invention of European regions is based on EU patents involving more than a unique inventor. Intra regional co-invention of European regions is based on EU patents involving more than a unique inventor and they are from the same region. Inter regional co-invention of European regions is based on EU patents involving more than a unique inventor and they are from the different European regions. Extra-EU co-invention of European regions is based on EU patents involving more than a unique inventor and some of them are from extra-EU regions. Breaks in the legend correspond to percentile 0th, 25th, 50th, 75th, 90th and 100th. 

Fig. 14 is weighting the percentage of co-inventions on the total number of patents granted. It is interesting to observe that a very different picture of EU regions emerges: peripheral regions of EU, where patenting activity is more weaker, are those where relatively higher is the intensity of  co-invented patents measured on total patents. 
We can thus, hypothesize,  that weak innovative peripheral regions, being characterized by a low number of inventors, have to recur to a more intense use of collective inventions, as a modality that allows those organizations placed within unfavorable areas, to  better release new knowledge exploitation and exploration. 
The first picture on the right shows the share of co-inventions in relation to interregional flows. Higher shares of co-invented patents on total patents are characterizing in primis  the regions belonging to the North Italy, South of  France and North of Spain, where this phenomenon is probably connected with the significant presence of clusters and industrial districts.  The modality of high interregional innovative activity on total patent characterizes, in contrast, several regions of  Eastern Europe, South of Italy and South of Spain. Co-inventions here is probably correlated to the presence of numerous cooperative EU projects. Higher number of co-invented patents on total registered patents involving extra EU-regions, are visible at the extreme periphery of Eastern EU and in Scotland and Ireland.  Those areas are characterized by MNEs localizations. 


5. The sectorial dimension 

The relationship between patents IPC and NACE has allowed allow us to associate the patents to 26 different sectors. Moreover, following the well-known classification developed by OECD (Eurostat, 2014), we have distinguished the various IPC into four groups related to: a) high-tech, b) medium-high-tech, c) medium-low tech, and d) low-tech. 
The large number of patents existing in EU patents are mainly concentrated in Medium-high tech sectors (Fig. 15) which represent, during the period analyzed of 30 years, about half of the total EU patenting activity. High-tech sectors are about 1/4 of the total patents registered and this class become more significant in the last period analyzed  (2000-2010),  where the share of  high-tech patents reached 32%. Low-tech and medium low-tech sectors have a very small incidence in both period analyzed.  More detailed data are presented in Tabs. 5-8. 
Different from our expectation, the sectorial dimension of patenting intensity is not significantly different in its geographical dimension. We have seen before that EU inventing activity was showing  a high level of concentration around  Germany and other  few satellites regions.  Well, this appears true for both the four sectorial typology examined: low-tech, medium low-tech; medium high-tech and high-tech (Figure 16). 
Surprisingly, patenting in low tech does not characterized the peripheral regions of EU, but  the “banana blue” of Germany, and the sun belt areas of North of Italy (with Tuscany and Lazio) and South of France. 
The same it is true for medium-low tech for example for several regions of France, South of UK, South of Finland and Sweden. where the banana blue grouping German regions expands towards North of Italy, France, and Spain. Medium-high tech sectors are the largest patenting group. Their localization follow the concentrated patenting activity in Europe. 
Regions specialized in high tech activities are more scattered and  disconnected. Finland and Sweden emerge as highly specialized in high-tech, as well UK, with its Scottish regions, and Ireland. Industrial policies conducted at regional level to finance innovation in high parks and business venturing are ultimately probably responsible for these results. Regions characterized for a high level of patenting in high-tech are also the same regions in which we find high levels of  patenting, and high levels of co-inventions.  
The technological intensity of the sector greatly influences the probability of co-inventions. While in low-tech and in medium-low tech  54-55%  of patents are coinvented, in medium high-tech this percentage grows, respectively, to 60% of all patents, and in high-tech to 70%.  Collective inventions are, thus, the dominant modality of new knowledge discovering in more technologically advanced sectors.  High-tech sectors do also characterized the “urban” regions of Europe  
Fig. 15 – Distributions of EU patents  by the technological intensity of sectors 


Fig. 16 – Patent intensity by region and by sector 

[image: ] Note: Low, Medium-Low, Medium-High and High Technology classifications of patent is based on NACE aggregations provided by Eurostat NACE per patent is defined by IPC converting table. Since patent may be assigned to different IPC, the same patent may belong to different clusters Breaks in the legend correspond to percentile 0th, 25th, 50th, 75th, 90th and 100th. 

Tab. 5- Cumulative statistics and growth rate of High-Tech EPO and EU patents from 1980 to 2010

	Variables
	CumPat
1980-1990
	CumPat
1990-2000
	CumPat
2000-2010
	CumPat
1980-2010
	GrwRate
80-90/00-10
	GrwRate
90-00/00-10

	EPO patents
	170841
	356750
	533728
	1061319
	2.124
	0.496

	Number of individual EPO patent
	59980
	106025
	138532
	304537
	1.310
	0.307

	%
	35.11%
	29.72%
	25.96%
	28.69%
	-
	-

	Number of co-invented EPO patents
	110861
	250725
	395196
	756782
	2.565
	0.576

	%
	64.89%
	70.28%
	74.04%
	71.31%
	-
	-

	EU patents (1)
	72347
	142030
	208088
	422465
	1.876
	0.465

	Number of individual EU patents
	27708
	45188
	54252
	127148
	0.958
	0.201

	%
	38.30%
	31.82%
	26.07%
	30.10%
	-
	-

	Number of co-invented EU patents
	44639
	96842
	153836
	295317
	2.446
	0.589

	%
	61.70%
	68.18%
	73.93%
	69.90%
	-
	-

	Co-invented EU patents
	44639
	96842
	153836
	295317
	2.446
	0.589

	within the same region
	19776
	37822
	56627
	114225
	1.863
	0.497

	%
	47.02%
	44.01%
	42.22%
	43.58%
	-
	-

	among European regions
	22285
	48117
	77492
	147894
	2.477
	0.610

	%
	52.98%
	55.99%
	57.78%
	56.42%
	-
	-

	involving Extra-European inventors
	2578
	10903
	19717
	33198
	6.648
	0.808

	%
	5.78%
	11.26%
	12.82%
	11.24%
	-
	-

	Co-invention with Extra-EU inventors (2)
	2578
	10903
	19717
	33198
	6.648
	0.808

	Share of US-CA-JP inventors
	1061
	4815
	8066
	13942
	6.602
	0.675

	%
	41.16%
	44.16%
	40.91%
	42.00%
	-
	-

	Share of BRICS inventors
	44
	215
	798
	1057
	17.136
	2.712

	%
	1.71%
	1.97%
	4.05%
	3.18%
	-
	-

	Share of other Extra-EU inventors
	145
	477
	1029
	1651
	6.097
	1.157

	%
	5.62%
	4.37%
	5.22%
	4.97%
	-
	-

	Share of EU inventors
	1329
	5398
	9826
	16553
	6.394
	0.820

	%
	51.55%
	49.51%
	49.84%
	49.86%
	-
	-


(1) EU patent is EPO patent involving at least an European inventor
(2) The whole is less than the sum of the parts because of European co-patents with Extra-EU inventors may involve both US, CAN, JP, BRICS and other inventors


Tab.6 - Cumulative statistics and growth rate of Medium/High-Tech EPO and EU patents from 1980 to 2010

	Variables
	CumPat
1980-1990
	CumPat
1990-2000
	CumPat
2000-2010
	CumPat
1980-2010
	GrwRate
80-90/00-10
	GrwRate
90-00/00-10

	EPO patents
	264651
	437237
	563950
	1265838
	1.131
	0.290

	Number of individual EPO patent
	114316
	155333
	184045
	453694
	0.610
	0.185

	%
	43.20%
	35.53%
	32.63%
	35.84%
	-
	-

	Number of co-invented EPO patents
	150335
	281904
	379905
	812144
	1.527
	0.348

	%
	56.80%
	64.47%
	67.37%
	64.16%
	-
	-

	EU patents (1)
	145073
	228253
	294477
	667803
	1.030
	0.290

	Number of individual EU patents
	70161
	93727
	108062
	271950
	0.540
	0.153

	%
	48.36%
	41.06%
	36.70%
	40.72%
	-
	-

	Number of co-invented EU patents
	74912
	134526
	186415
	395853
	1.488
	0.386

	%
	51.64%
	58.94%
	63.30%
	59.28%
	-
	-

	Co-invented EU patents
	74912
	134526
	186415
	395853
	1.488
	0.386

	within the same region
	32679
	52162
	68827
	153668
	1.106
	0.319

	%
	45.39%
	41.86%
	40.42%
	41.89%
	-
	-

	among European regions
	39316
	72437
	101435
	213188
	1.580
	0.400

	%
	54.61%
	58.14%
	59.58%
	58.11%
	-
	-

	involving Extra-European inventors
	2917
	9927
	16153
	28997
	4.538
	0.627

	%
	3.89%
	7.38%
	8.67%
	7.33%
	-
	-

	Co-invention with Extra-EU inventors (2)
	2917
	9927
	16153
	28997
	4.538
	0.627

	Share of US-CA-JP inventors
	1131
	4240
	6265
	11636
	4.539
	0.478

	%
	38.77%
	42.71%
	38.79%
	40.13%
	-
	-

	Share of BRICS inventors
	50
	242
	802
	1094
	15.040
	2.314

	%
	1.71%
	2.44%
	4.97%
	3.77%
	-
	-

	Share of other Extra-EU inventors
	166
	397
	772
	1335
	3.651
	0.945

	%
	5.69%
	4.00%
	4.78%
	4.60%
	-
	-

	Share of EU inventors
	1569
	5050
	8317
	14936
	4.301
	0.647

	%
	53.79%
	50.87%
	51.49%
	51.51%
	-
	-


(1) EU patent is EPO patent involving at least an European inventor
(2) The whole is less than the sum of the parts because of European co-patents with Extra-EU inventors may involve both US, CAN, JP, BRICS and other inventors






Tab.7 - Cumulative statistics and growth rate of Medium/Low-Tech EPO and EU patents from 1980 to 2010

	Variables
	CumPat
1980-1990
	CumPat
1990-2000
	CumPat
2000-2010
	CumPat
1980-2010
	GrwRate
80-90/00-10
	GrwRate
90-00/00-10

	EPO patents
	63068
	95076
	116142
	274286
	0.842
	0.222

	Number of individual EPO patent
	28787
	37191
	42627
	108605
	0.481
	0.146

	%
	45.64%
	39.12%
	36.70%
	39.60%
	-
	-

	Number of co-invented EPO patents
	34281
	57885
	73515
	165681
	1.144
	0.270

	%
	54.36%
	60.88%
	63.30%
	60.40%
	-
	-

	EU patents (1)
	35185
	52734
	65230
	153149
	0.854
	0.237

	Number of individual EU patents
	18353
	24319
	27776
	70448
	0.513
	0.142

	%
	52.16%
	46.12%
	42.58%
	46.00%
	-
	-

	Number of co-invented EU patents
	16832
	28415
	37454
	82701
	1.225
	0.318

	%
	47.84%
	53.88%
	57.42%
	54.00%
	-
	-

	Co-invented EU patents
	16832
	28415
	37454
	82701
	1.225
	0.318

	within the same region
	7332
	10812
	13752
	31896
	0.876
	0.272

	%
	45.28%
	41.13%
	40.16%
	41.57%
	-
	-

	among European regions
	8860
	15478
	20487
	44825
	1.312
	0.324

	%
	54.72%
	58.87%
	59.84%
	58.43%
	-
	-

	involving Extra-European inventors
	640
	2125
	3215
	5980
	4.023
	0.513

	%
	3.80%
	7.48%
	8.58%
	7.23%
	-
	-

	Co-invention with Extra-EU inventors (2)
	640
	2125
	3215
	5980
	4.023
	0.513

	Share of US-CA-JP inventors
	258
	905
	1261
	2424
	3.888
	0.393

	%
	40.31%
	42.59%
	39.22%
	40.54%
	-
	-

	Share of BRICS inventors
	8
	49
	127
	184
	14.875
	1.592

	%
	1.25%
	2.31%
	3.95%
	3.08%
	-
	-

	Share of other Extra-EU inventors
	38
	114
	197
	349
	4.184
	0.728

	%
	5.94%
	5.36%
	6.13%
	5.84%
	-
	-

	Share of EU inventors
	333
	1060
	1630
	3023
	3.895
	0.538

	%
	52.03%
	49.88%
	50.70%
	50.55%
	-
	-


(1) EU patent is EPO patent involving at least an European inventor
(2) The whole is less than the sum of the parts because of European co-patents with Extra-EU inventors may involve both US, CAN, JP, BRICS and other inventors



Tab. 8 - Cumulative statistics and growth rate of Low -Tech EPO and EU patents from 1980 to 2010

	Variables
	CumPat
1980-1990
	CumPat
1990-2000
	CumPat
2000-2010
	CumPat
1980-2010
	GrwRate
80-90/00-10
	GrwRate
90-00/00-10

	EPO patents
	64732
	127077
	178471
	370280
	1.757
	0.404

	Number of individual EPO patent
	31213
	49174
	61355
	141742
	0.966
	0.248

	%
	48.22%
	38.70%
	34.38%
	38.28%
	-
	-

	Number of co-invented EPO patents
	33519
	77903
	117116
	228538
	2.494
	0.503

	%
	51.78%
	61.30%
	65.62%
	61.72%
	-
	-

	EU patents (1)
	34409
	60200
	80521
	175130
	1.340
	0.338

	Number of individual EU patents
	18761
	27524
	31809
	78094
	0.695
	0.156

	%
	54.52%
	45.72%
	39.50%
	44.59%
	-
	-

	Number of co-invented EU patents
	15648
	32676
	48712
	97036
	2.113
	0.491

	%
	45.48%
	54.28%
	60.50%
	55.41%
	-
	-

	Co-invented EU patents
	15648
	32676
	48712
	97036
	2.113
	0.491

	within the same region
	6703
	12344
	17483
	36530
	1.608
	0.416

	%
	44.98%
	42.14%
	40.64%
	41.89%
	-
	-

	among European regions
	8198
	16946
	25531
	50675
	2.114
	0.507

	%
	55.02%
	57.86%
	59.36%
	58.11%
	-
	-

	involving Extra-European inventors
	747
	3386
	5698
	9831
	6.628
	0.683

	%
	4.77%
	10.36%
	11.70%
	10.13%
	-
	-

	Co-invention with Extra-EU inventors (2)
	747
	3386
	5698
	9831
	6.628
	0.683

	Share of US-CA-JP inventors
	315
	1492
	2378
	4185
	6.549
	0.594

	%
	42.17%
	44.06%
	41.73%
	42.57%
	-
	-

	Share of BRICS inventors
	9
	65
	149
	223
	15.556
	1.292

	%
	1.20%
	1.92%
	2.61%
	2.27%
	-
	-

	Share of other Extra-EU inventors
	43
	169
	353
	565
	7.209
	1.089

	%
	5.76%
	4.99%
	6.20%
	5.75%
	-
	-

	Share of EU inventors
	381
	1661
	2813
	4855
	6.383
	0.694

	%
	51.00%
	49.05%
	49.37%
	49.38%
	-
	-


(1) EU patent is EPO patent involving at least an European inventor
(2) The whole is less than the sum of the parts because of European co-patents with Extra-EU inventors may involve both US, CAN, JP, BRICS and other inventors


6. The innovative sectors 


In this section we will analyze  the European inventing activity considering the most innovative sectors  created by the recent development of new technologies such as:  the green-environmental  innovations,  the biotech advancements, the laser & optics new technologies, and nano-tech new materials.  These four sectors (Tabs. 10-13) cover about 160.000 patents of which  65-83% of them are belonging to the category of co-invented patents.  
The biggest area here identified (Fig. 17) is that one of  green technologies (with about 70,000 patents),  on which Europe is probably the more advanced  regional area in the global economy, thanks to the strict regulations adopted at political level and  the firm environmental practices  developed , that have pulled innovation in science and technology, both in firms and in the European research centers and universities.  60% of EU patents are co-invented patents.  The innovative efforts have characterized both  the 1990s and even more the 2000s (Tab. 10). 
Fig. 17 – Distribution of  EU Patents by innovative sectors 
 
INNOVATIVE SECTORS


Fig. 18 – Patent intensity by region and by innovative sector 
[image: ]
Fig. 19 – Co-invented patent intensity by region and by innovative sector [image: ]
[bookmark: _GoBack]Fig. 20 – Intra-regional co-patenting intensity by region and by innovative sector [image: ]
Fig. 21 – Inter-regional co-patenting intensity by region and by innovative sector 
[image: ]
Fig. 22 – Extra-EU co-patenting intensity by region and by innovative sector [image: ]
Tab. 9 - Cumulative statistics and growth rate of Bio-Tech EPO and EU patents from 1980 to 2010
	Variables
	CumPat
1980-1990
	CumPat
1990-2000
	CumPat
2000-2010
	CumPat
1980-2010
	GrwRate
80-90/00-10
	GrwRate
90-00/00-10

	EPO patents
	19545
	50548
	56007
	126100
	1.866
	0.108

	Number of individual EPO patent
	3970
	8084
	8347
	20401
	1.103
	0.033

	%
	20.31%
	15.99%
	14.90%
	16.18%
	-
	-

	Number of co-invented EPO patents
	15575
	42464
	47660
	105699
	2.060
	0.122

	%
	79.69%
	84.01%
	85.10%
	83.82%
	-
	-

	EU patents (1)
	7061
	18473
	20885
	46419
	1.958
	0.131

	Number of individual EU patents
	1357
	2652
	2677
	6686
	0.973
	0.009

	%
	19.22%
	14.36%
	12.82%
	14.40%
	-
	-

	Number of co-invented EU patents
	5704
	15821
	18208
	39733
	2.192
	0.151

	%
	80.78%
	85.64%
	87.18%
	85.60%
	-
	-

	Co-invented EU patents
	5704
	15821
	18208
	39733
	2.192
	0.151

	within the same region
	2002
	4675
	5518
	12195
	1.756
	0.180

	%
	40.29%
	36.98%
	37.23%
	37.60%
	-
	-

	among European regions
	2967
	7968
	9303
	20238
	2.135
	0.168

	%
	59.71%
	63.02%
	62.77%
	62.40%
	-
	-

	involving Extra-European inventors
	735
	3178
	3387
	7300
	3.608
	0.066

	%
	12.89%
	20.09%
	18.60%
	18.37%
	-
	-

	Co-invention with Extra-EU inventors (2)
	735
	3178
	3387
	7300
	3.608
	0.066

	Share of US-CA-JP inventors
	298
	1455
	1426
	3179
	3.785
	-0.020

	%
	40.54%
	45.78%
	42.10%
	43.55%
	-
	-

	Share of BRICS inventors
	15
	46
	82
	143
	4.467
	0.783

	%
	2.04%
	1.45%
	2.42%
	1.96%
	-
	-

	Share of other Extra-EU inventors
	47
	175
	201
	423
	3.277
	0.149

	%
	6.39%
	5.51%
	5.93%
	5.79%
	-
	-

	Share of EU inventors
	375
	1501
	1679
	3555
	3.477
	0.119

	%
	51.02%
	47.23%
	49.57%
	48.70%
	-
	-


(1) EU patent is EPO patent involving at least an European inventor
(2) The whole is less than the sum of the parts because of European co-patents with Extra-EU inventors may involve both US, CAN, JP, BRICS and other inventors
Tab. 10- Cumulative statistics and growth rate of Green-Tech EPO and EU patents from 1980 to 2010

	Variables
	CumPat
1980-1990
	CumPat
1990-2000
	CumPat
2000-2010
	CumPat
1980-2010
	GrwRate
80-90/00-10
	GrwRate
90-00/00-10

	EPO patents
	26816
	55215
	69916
	151947
	1.607
	0.266

	Number of individual EPO patent
	11088
	17242
	22351
	50681
	1.016
	0.296

	%
	41.35%
	31.23%
	31.97%
	33.35%
	-
	-

	Number of co-invented EPO patents
	15728
	37973
	47565
	101266
	2.024
	0.253

	%
	58.65%
	68.77%
	68.03%
	66.65%
	-
	-

	EU patents (1)
	13838
	25241
	31494
	70573
	1.276
	0.248

	Number of individual EU patents
	6415
	9468
	11915
	27798
	0.857
	0.258

	%
	46.36%
	37.51%
	37.83%
	39.39%
	-
	-

	Number of co-invented EU patents
	7423
	15773
	19579
	42775
	1.638
	0.241

	%
	53.64%
	62.49%
	62.17%
	60.61%
	-
	-

	Co-invented EU patents
	7423
	15773
	19579
	42775
	1.638
	0.241

	within the same region
	3042
	5462
	6906
	15410
	1.270
	0.264

	%
	43.81%
	39.60%
	39.32%
	40.23%
	-
	-

	among European regions
	3901
	8332
	10659
	22892
	1.732
	0.279

	%
	56.19%
	60.40%
	60.68%
	59.77%
	-
	-

	involving Extra-European inventors
	480
	1979
	2014
	4473
	3.196
	0.018

	%
	6.47%
	12.55%
	10.29%
	10.46%
	-
	-

	Co-invention with Extra-EU inventors (2)
	480
	1979
	2014
	4473
	3.196
	0.018

	Share of US-CA-JP inventors
	198
	896
	797
	1891
	3.025
	-0.110

	%
	41.25%
	45.28%
	39.57%
	42.28%
	-
	-

	Share of BRICS inventors
	5
	38
	81
	124
	15.200
	1.132

	%
	1.04%
	1.92%
	4.02%
	2.77%
	-
	-

	Share of other Extra-EU inventors
	29
	104
	147
	280
	4.069
	0.413

	%
	6.04%
	5.26%
	7.30%
	6.26%
	-
	-

	Share of EU inventors
	247
	941
	987
	2175
	2.996
	0.049

	%
	51.46%
	47.55%
	49.01%
	48.63%
	-
	-


(1) EU patent is EPO patent involving at least an European inventor
(2) The whole is less than the sum of the parts because of European co-patents with Extra-EU inventors may involve both US, CAN, JP, BRICS and other inventors


Tab. 11 - Cumulative statistics and growth rate of Nano-Tech EPO and EU patents from 1980 to 2010

	Variables
	CumPat
1980-1990
	CumPat
1990-2000
	CumPat
2000-2010
	CumPat
1980-2010
	GrwRate
80-90/00-10
	GrwRate
90-00/00-10

	EPO patents
	66
	1313
	3284
	4663
	48.758
	1.501

	Number of individual EPO patent
	20
	269
	631
	920
	30.550
	1.346

	%
	30.30%
	20.49%
	19.21%
	19.73%
	-
	-

	Number of co-invented EPO patents
	46
	1044
	2653
	3743
	56.674
	1.541

	%
	30.30%
	20.49%
	19.21%
	19.73%
	-
	-

	EU patents (1)
	24
	422
	1077
	1523
	43.875
	1.552

	Number of individual EU patents
	5
	81
	173
	259
	33.600
	1.136

	%
	20.83%
	19.19%
	16.06%
	17.01%
	-
	-

	Number of co-invented EU patents
	19
	341
	904
	1264
	46.579
	1.651

	%
	79.17%
	80.81%
	83.94%
	82.99%
	-
	-

	Co-invented EU patents
	19
	341
	904
	1264
	46.579
	1.651

	within the same region
	7
	114
	322
	443
	45.000
	1.825

	%
	43.75%
	39.45%
	41.60%
	41.06%
	-
	-

	among European regions
	9
	175
	452
	636
	49.222
	1.583

	%
	56.25%
	60.55%
	58.40%
	58.94%
	-
	-

	involving Extra-European inventors
	3
	52
	130
	185
	42.333
	1.500

	%
	15.79%
	15.25%
	14.38%
	14.64%
	-
	-

	Co-invention with Extra-EU inventors (2)
	3
	52
	130
	185
	42.333
	1.500

	Share of US-CA-JP inventors
	1
	22
	57
	80
	56.000
	1.591

	%
	33.33%
	42.31%
	43.85%
	43.24%
	-
	-

	Share of BRICS inventors
	0
	1
	4
	5
	-
	3.000

	%
	0.00%
	1.92%
	3.08%
	2.70%
	-
	-

	Share of other Extra-EU inventors
	0
	3
	9
	12
	-
	2.000

	%
	0.00%
	5.77%
	6.92%
	6.49%
	-
	-

	Share of EU inventors
	2
	27
	62
	91
	30.000
	1.296

	%
	66.67%
	51.92%
	47.69%
	49.19%
	-
	-


(1) EU patent is EPO patent involving at least an European inventor
(2) The whole is less than the sum of the parts because of European co-patents with Extra-EU inventors may involve both US, CAN, JP, BRICS and other inventors

Tab. 12  Cumulative statistics and growth rate of Optics&Laser-Tech EPO and EU patents from 1980 to 2010

	Variables
	CumPat
1980-1990
	CumPat
1990-2000
	CumPat
2000-2010
	CumPat
1980-2010
	GrwRate
80-90/00-10
	GrwRate
90-00/00-10

	EPO patents
	16768
	30010
	31069
	77847
	0.853
	0.035

	Number of individual EPO patent
	6265
	9427
	9379
	25071
	0.497
	-0.005

	%
	37.36%
	31.41%
	30.19%
	32.21%
	-
	-

	Number of co-invented EPO patents
	10503
	20583
	21690
	52776
	1.065
	0.054

	%
	62.64%
	68.59%
	69.81%
	67.79%
	-
	-

	EU patents (1)
	6419
	9768
	10138
	26325
	0.579
	0.038

	Number of individual EU patents
	2688
	3374
	3024
	9086
	0.125
	-0.104

	%
	41.88%
	34.54%
	29.83%
	34.51%
	-
	-

	Number of co-invented EU patents
	3731
	6394
	7114
	17239
	0.907
	0.113

	%
	58.12%
	65.46%
	70.17%
	65.49%
	-
	-

	Co-invented EU patents
	3731
	6394
	7114
	17239
	0.907
	0.113

	within the same region
	1760
	2752
	2949
	7461
	0.676
	0.072

	%
	48.94%
	47.46%
	45.75%
	47.10%
	-
	-

	among European regions
	1836
	3047
	3497
	8380
	0.905
	0.148

	%
	51.06%
	52.54%
	54.25%
	52.90%
	-
	-

	involving Extra-European inventors
	135
	595
	668
	1398
	3.948
	0.123

	%
	3.62%
	9.31%
	9.39%
	8.11%
	-
	-

	Co-invention with Extra-EU inventors (2)
	135
	595
	668
	1398
	3.948
	0.123

	Share of US-CA-JP inventors
	59
	271
	271
	601
	3.593
	0.000

	%
	43.70%
	45.55%
	40.57%
	42.99%
	-
	-

	Share of BRICS inventors
	2
	17
	24
	43
	11.000
	0.412

	%
	1.48%
	2.86%
	3.59%
	3.08%
	-
	-

	Share of other Extra-EU inventors
	6
	20
	35
	61
	4.833
	0.750

	%
	4.44%
	3.36%
	5.24%
	4.36%
	-
	-

	Share of EU inventors
	69
	287
	337
	693
	3.884
	0.174

	%
	51.11%
	48.24%
	50.45%
	49.57%
	-
	-


(1) EU patent is EPO patent involving at least an European inventor
(2) The whole is less than the sum of the parts because of European co-patents with Extra-EU inventors may involve both US, CAN, JP, BRICS and other inventors

Biotech technologies appear to form the second sector in terms of size (about 46.000 patents).  Despite the biotech revolution is born in US in the 1980s, it seems that in part, European organizations have been able to close in part the gap. Also patenting activity in this sector is mainly the result of collective inventions (85%  of all EU patents are co-invented by more than one individual).  For the 18% of the cases co-invented patents (Tab. 9) are involving extra-EU inventors. The innovative efforts have characterized significantly both the 1990s and the 2000s. However, the size of EU patenting is smaller than in the previous case, representing only  37% of the total  international innovative activity (EPO patents).  
The third  sector  analyzed is related to optical and laser technologies, with a cumulative number of 26.000 patents (Tab. 12). During 1990s and  2000s the  inventive activity was growing at an average rate of about  new 700 patent registered per year.  In this sector, the category of co-invented patents is inferior, and reaches only the 65% of total patents.  For the 8% of cases extra-EU inventors are involved in the co-invention activity. 
The fourth sector is nano-tecnologies and new materials, which is the smallest sector identified in our sample (with only about 15.000 patents).  The decade of 2000s represents (Tab. 11) a particular moment of great expansion of the patenting activity. Here, 82% of total patents are co-invented. About 15% are involving extra-EU inventors. EU patents represent about 33% of  all  innovative activity conducted at international level (EPO patents). 
Looking at the geographical distributions of  inventors in innovative sectors (Fig.18), we can observe that the territorial pattern of green technologies is that one that more resemble the geographical distributions both of  cumulated patents  and co-inventions, with a large central EU core around Germany, and a dense area in the sun belt of  Nord Italian and French regions, and in the North with the great district of London and the South of Finland and Sweden.  It is important also to observe the Danish peninsula  and the extension towards Holland.  
Biotech specialized areas are more restricted to a limited number of regions, with the exclusion of  many advance areas of Italy, North of France, Spain, Greece,  and  Eastern EU  countries.  Optical and laser technologies involve also the European banana blue together with the south sunbelt, where Italy and France are connected. Nano technologies represent a very small technological niche, where also some peripheral regions of UK, South of Italy, and Spain  are represented. The geographical localization of  co-invented patents in these four innovative sectors shows very similar trends (Figs 19-22).  Nano technologies are less characterised from intra-regional  inventive activity than green technologies, optical and laser technologies, and biotech.  The presence of  collaborative interregional networks appear to involve a large number of EU regions, as shown in Fig. 21 in all the innovative sectors considered.  A smaller numbers of regions (Fig. 22) are also involved in networks of innovators that include global (not only EU) nodes.




7. Conclusions

Innovation activity in EU measured through the analysis of  patenting activity and innovator networks has shown a persistent pattern of growth until the recent period of 2008-2009.  The rise of collective co-inventions emerged clearly by our analysis based on the “big data” provided by the Regpat, both considering the dimension of intra-regional and interregional inventive networks.   The concentration of innovation activity  within the most innovative central kernel of EU regions can be seen as the most remarkable aspect,  which integrates some former eastern  EU regions into the “blue banana” of Germany, Holland, and Denmark,  but also we see the presence of the European sunbelt  which connects, and broke in two parts Italy and France, and in the North, UK, Sweden and Finland.   In Spain only Catalonia and Madrid are entering into the areas of the most advanced regions.  Despite the existing of numerous policy interventions and programs,  the innovative divide of the early 1980s has not much  changed.   Regions with the highest number of cumulative inventors are also those where co-invention levels are high, and where the dynamics of innovations is more sustained.  During the period considered, 1980-2010, the number of inventors per patent has been constantly growing, and in the case of  high-tech (or innovative: green, biotech, optic&laser, and nano)  it tends to be systematically higher than the average. In regions characterized  by low level of  innovativeness,  co-inventions measured on total patents exhibits quite high levels.  This means  that  weak regions are recurring to external knowledge flows to balance their technological inferiority and to better explore the access to new radical knowledge.  High-tech patents and low-tech patents are more or less generated in the same regions.  Thus, no much specialization  seems to appear from our data, and also novel sectors (innovative sectors like green, bio-tech, optic&laser, and nano)  are emerging  in the same places where the old innovators started to be established in the post-war period.  However, the role of partnering strategies and the influence of different knowledge flows from advanced to less developed regions deserves further investigations. 
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Annex 1  
APPENDIX A
Table  1-  Technological manufacturing industries classification
	Manufacturing industries
	NACE codes (2-digit level)

	High-technology
	21 Manufacture of basic pharmaceutical products and pharmaceutical preparations 
26 Manufacture of computer, electronic and optical products

	Medium-high-technology
	20 Manufacture of chemicals and chemical products
27 to 30 Manufacture of electrical equipment, Manufacture of machinery and equipment n.e.c., Manufacture of motor vehicles, trailers and semi-trailers, Manufacture of other transport equipment

	Medium-low-technology
	19 Manufacture of coke and refined petroleum products
22 to 25 Manufacture of rubber and plastic products, Manufacture of other non-metallic mineral products, Manufacture of basic metals, Manufacture of fabricated metal products, except machinery and equipment
33 Repair and installation of machinery and equipment

	Low-technology
	10 to 18 Manufacture of food products, beverages, tobacco products, textiles, wearing apparel, leather and related products, wood and of products of wood, paper and paper products, printing and reproduction of recorded media.
31 to 32 Manufacture of furniture, Other manufacturing



Table 2- NACE Rev. 2 – IPC V8 concordance (NACE 2‐digit level)
	NACE
	Sector definition
	Patents’ IPC

	10
	Manufacture of Food Products
	A01H A21D A23B A23C A23D A23F A23G A23J A23K A23P C12J C13F C13J C13K A23L001  A23L003 C13B A01J

	11
	Manufacture of Beverages
	C12C C12F C12G C12H A23L002 

	12
	Manufacture of Tobacco Products
	A24B A24D A24F

	13
	Manufacture of Textiles
	D06C D04G D04H D06J D06M D06P D06Q D04D D06N

	14
	Manufacture of Wearing Apparel
	A41B A41C A41D A41F

	15
	Manufacture of Leather and Related
Products
	A43B A43C B68B B68C

	16
	Manufacture of Wood and of
Products of Wood and Cork, except
Furniture; Manufacture of Articles of
Straw and Plaiting Materials
	B27D B27H B27M B27N 

	17
	Manufacture of Paper and Paper Products
	B42F   D21C D21H D21J

	18
	Printing and Reproduction of
Recorded Media
	B41M B42D B44F

	19
	Manufacture of Coke and Refined
Petroleum Products
	C10G C10L

	20
	Manufacture of Chemicals and
Chemical Products
	C07B C07C C07F C07G C12S C40B C08B C08F C08G C08K C08L C05B C05C C05D C05F C05G C09B C09C C09K C10B C10C C10H C10J C10K C01B C01C C01D C01F C01G C25B B01J F25J B09B B09C C02F G21F C08J F17C F17D A01N A01P C09D B27K C09F C11D D06L A61K008 A61Q C08H C06D C09G C09H C09J C10M C11B C11C C23F C23G C14C A62D D01C C10N C06C C06B F42B F42D D01F  

	21
	Manufacture of Basic
Pharmaceutical Products and
Pharmaceutical Preparations
	A61P C07D C07H C07J C07K C12N C12P C12Q A61K(except  A61K008)

	22
	Manufacture of Rubber and Plastic Products
	B67D B29C B29D B60C C08C B29B  

	23
	Manufacture of Other Non‐Metallic Mineral Products
	B32B C03C C03B B28B B28C E03D C04B

	24
	Manufacture of Basic Metals
	B22D C21B C21C C21D C22B C22C C22F C25C C25F B21C G21H

	25
	Manufacture of Fabricated Metal Products, except Machinery and Equipment
	B21G F27D A44B A47H F22B F22G F24J F16T F17B G21C G21D G21B B63G F41A F41B F41C F41F F41G F41H F41J F42C G21J B22F C23D C25D E05B E05D E05F E06B A01L F16B E05C

	26
	Manufacture of Computer,
Electronic and Optical Products
	G11C H01C H01F H01G H01J H01L H05K C30B B82B B81B B81C B82Y G06C G06D G06E G06F G06G G06J G06N G06T G02F G09C G08B H04B H04J H04K H04M H04Q H04L H03B H03C H03D H03G H03H H03M G03H H03J H04H H04N H04R H04S H04W H01Q H01S H03K H03L H03F F15C G01B G01C G01D G01F G01H G01J G01M G01N G01R G01S G01W G12B G01Q G04R G01V G01K G01L G05B G08C G05F G04B G04C G04D G04F G04G A61N H05G G21K H05H G02B G02C G03B G03C

	27
	Manufacture of Electrical Equipment
	H02K H02N H02P H02B H02J H01M H01B H02G H01H H01R F21H F21K F21L F21M F21S F21V H01K F21P F21Q F21W F21Y A21B A45D A47G A47J A47L B01B D06F E06C F24B F24C F24D F25C F25D H05B B60M B61L G08G G10K H01T H02H H02M H05C H01P

	28
	Manufacture of Machinery and
Equipment N.E.C.
	B23F F01B F01C F01D F03B F03C F03D F03G F04B F04C F04D F23R F15B F16C F16D F16F F16H F16K F16M G05D G05G F01K F01M F01N F01P F02G F02C F02K A47K F23G F27B B66B B66D B66F B61B B60S E02C G07B G07C G07D G07F G07G G09D G09G G11B B41J B41K B43M G06K G06M G10L G03G F24F F24H F28F H05F G01G C10F B01D B04C B05B A62C F23J B65G B66C C12L F22D F23B F23C F23D F23H F23K F23L F23M F25B F28B F28C F28D F28G F16G F23N A01B A01C A01D A01F A01G A01K A01M B27L B24D B21K B21L B25B B25C B25F B25G B25H B26B B27G B21D B21F B21H B21J B23B B23C B23D B23G B23H B23K B23P B23Q B24B B24C B25D B25J B26F B27B B27C B27F B27J B28D B30B B44C B65F001 B65F005 B65F007 B65F009 F15D A21C A22B A22C A23N A24C A41H A42C A43D B02B B02C B05C B05D B06B B07B B07C B08B B21B B22C B26D B31B B31C B31D B31F B41B B41C B41D B41F B41G B41L B41N B42B B42C B44B B65B B65C B65H B67B B67C B68F C13C C13D C13G C13H C23C D06G D06H D21B D21D D21G E01C E02D E02F E21B E21D E21F F04F F16N F26B E01D E01F E21C D01B D01D D01G D01H D02G D02H D02J D03C D03D D03J D04B D04C D05B D05C D06B D21F E05G E01H B01F B03B B03C B03D C14B F16P

	29
	Manufacture of Motor Vehicles,
Trailers and Semi‐Trailers
	B60B B60D B60G B60H B60J B60K B60L B60N B60P B60Q B60R B60T B62D F01L F02B F02D F02F F02M F02N F02P F16J G01P B60W

	30
	Manufacture of Other Transport
Equipment
	B65F003 B60F B60V B61C B61D B61F B61G B61H B61J B61K B62C B62H B62J B62K B62L B62M B63B B63C B63H B63J B64B B64C B64D B64F B64G E01B F03H

	31
	Manufacture of Forniture
	A47B A47C A47D A47F

	32
	Other Manufacturing
	F16L A45C D07B A41G A42B A44C A45B A45F A46B A46D A63B A63C A63D A63F A63G A63H A63J A63K B43K B43L B44D B62B B68G C06F F23Q G10B G10C G10D G10F G10G G10H A61B A61C A61D A61F A61G A61H A61J A61L A61M C12M not A61K except A61K 8/* B01L B04B G01T G21G A62B G09B G09F G03D G03F

	42
	Civil Engineering
	E03B E03C E02B

	43
	Specialised Construction Activities
	E04G E04B E04C E04D E04F E03F E04H

	62
	Computer Programming, Consultancy and Related Activities
	G06Q

	Co‐IPC
	remove this code and allocate by following the co‐IPC
	F16S B29K B29L C12R


Note: We associated IPC B65D to prevalent NACE 22, even though it should be more properly associated to NACE 13 (5,88%), 22 (35.96%), 23 (21.31%), 25 (15.17%), 17 (20,44%) and 16 (1,25%); IPC B65F001, B65F005, B65F007, B65F009 are associated to NACE 28, whereas the IPC B65F003 to NACE 30; A61K e A61K008 are respectively associated to NACE 21 and 20; C07B, C07C, C07F, C07G, C12M, C12S and C40B are associated to NACE 20.
Table  3 -  Innovative industries classification  
	Sectors
	Patents’ IPC

	Bio Technology
	A01H001/00 A01H004/00 A61K038/00 A61K039/00 A61K048/00 C02F003/34 C40B040/00 C40B070/00 C40B080/00 C40B010/00 G01N027/327 G01N033/53   G01N033/54 G01N033/55 G01N033/57 G01N033/74 G01N033/76 G01N033/78 G01N033/88 G01N033/92 C12N C12P C12Q

	Nano Technology
	B81B  B82B B82Y

	Green Technology
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