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Abstract

Until recently, the geographic element of concentrations of economic activity and knowledge
spillovers was almost completely disregarded by economic theory. Although space is a central
concept in theories in the field of geography, geographers have not attached great value to
technology as a motivating factor for clustering of economic activity. A pooled market of
skilled labour and the availability of nontraded inputs are considered much more important as
factors that induce the clustering of firms (Krugman 1991). Several recent studies for the US
(among others Jaffe, Trajtenberg and Henderson 1993, Audretsch and Feldman 1994,
Feldman 1994) examined the extent to which innovative as well as economic activity clusters
spatially. Until recently there were no data available for Europe on this issue. By means of a
new data set, namely regional patent data for Europe, this paper will try to identify differences
in geographic concentration in patents (as a proxy for innovation) and manufacturing value
added over several industries. Several statistical techniques will be used to gather information
on the spatial pattern of variation in patents and manufacturing value added across European
regions.
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| Introduction

Many ancient civilizations knew prosperity due to important new ideas and the development
of new products in the early days of their existence. This capacity to generate new ideas and
develop them into products has been generating welfare and fortune for populations, since the
beginning of time. Not surprisingly, many researchers (mainly economists) have been
interested in how exactly the process of invention, development and the generation of pros-
perity materializes. However, until recently, the geographic dimension of this process of how
new ideas lead to productivity, was almost completely disregarded by economic theory.

Nevertheless, among researchers a broad support exists for the belief that economic activity
will concentrate geographically. Scale effects and proximity effects are at the origin of this.
These insights come from the field of geography and regional economy. Although space is a
central concept in theories of regional economists, these researchers have not attached great
value to technology as a motivating factor for clustering of economic activity (see for example
Krugman 1991). Therefore, not much research was done on spatial concentration of inno-
vative activity in the field of regional economy. Among economists, only recently several stu-
dies have examined the extent to which economic activity as well as innovative activity
clusters spatially. These studies are grafted upon the idea that knowledge spillovers take place
and that they are, to some extent, locally bounded, meaning that locations nearby an
innovative location will have a larger chance of receiving a knowledge spillover than
locations far away. Over time a pattern of geographical agglomerations of innovative
activities will occur.

The research until now mainly focuses on the United States simply because until recently for
Europe no regional data were available on innovative activity. Several recent studies for the
US (among others Jaffe, Trajtenberg and Henderson 1993, Audretsch and Feldman 1994,
Feldman 1994) observe differences in spatial concentration of innovative activity and
economic activity both across regions and across branches of industry. The object of the
underlying study is to examine whether these spatial differences can also be observed across
European regions. Specifically, the extent to which production and innovative activity is
spatially concentrated will be examined as well as the degree to which geographic concentra-
tion varies across industries. A second goal of this paper is to examine whether the concentra-
tion of activity (innovative and economic) in a region is correlated to the concentration of
activity in neighbouring regions, thereby taking the explorative analysis one step further by
examining the extent to which the differences in innovative and economic activity can be
assigned to the geographic location of the regions with regard to each other. The theoretical
basis is that agglomerations of knowledge and economic activity attract even more innovative
and economic activity to both the own region and the neighbouring regions. This cumulative
process indicates the existence of knowledge as well as economic spillovers, in that a location
with high growth will attract new industrial activity, new capital and knowledge and will
become spatially more voluminous, like an oil spill on water. A technique used in spatial
analysis will be applied to regional data to examine whether such a self-reinforcing feature
occurs.

Section 2 will discuss some of the literature on clustering of innovative activity and
production. Section 3 starts with a presentation of the data and the methodology used.
Subsequently, in Section 4, an overview will be given of the spatial distribution of innovative
activity and production as found in the data. Section 5 contains spatial analysis, paying atten-



tion to spillover effects to neighbouring regions. The last section of this paper will give a brief
summary of the results as well as some concluding remarks.

Il Spatial concentrations of innovative activity and production

A brief overview of the research done in the field of regional clustering starts with the
theoretical arguments for the apparent clustering of innovative activity and economic activity.
Several theories can be distinguished which try to explain clustering. The most straightfor-
ward and commonly known argument in support of clustering is the existence of economies
of scale, which stimulate a firm to locate in one geographical location instead of several dis-
persed plants. The analogy with innovative activity can easily be made since innovative
activity is also influenced by these forces. Therefore, firms tend to centralize their R&D in
one department. In addition, agglomeration economies induce innovative activities to cluster
geographically. Agglomeration economies imply that positive externalities will occur when
economic (as well as innovative) activity is located geographically close to each other. A spa-
tial concentration of economic activity and people generates positive effects on productivity,
because, for instance, the opportunity for communication of ideas and experience becomes
much larger than in case of the absence of such concentrations. In this respect, the presence of
private or public research institutes or universities could generate positive external effects.
Acs, Audretsch and Feldman (1993), Audretsch and Feldman (1994) and Florida and Feldman
(1994) found statistical evidence for this relation.

Furthermore, differences in productivity and innovativity among regions may be persistent
rather than transitory. This argument is based on Myrdal's (1957) theory of circular and
cumulative causation. The regional interpretation of this theory is that a region which starts
with an economic or innovative advantage (for any reason), will go on to stay economically
and innovative ahead of its neighbouring regions. Since these differences in productivity and
innovativity will be persistent over time, a spatial pattern will occur that is characterized by
spatial concentrations of production and innovation in certain regions. Similar to this line of
thinking, Arthur (1990) argued that a series of historical events (eventually) results in a
certain spatial pattern of innovative (and economic) activity. An initial specialization of a
region in a certain innovative activity is reinforced, and a lock-in process causes innovative
activities to concentrate spatially. The locational pattern of innovative and economic activity
is therefore path-dependent.

The question arises whether empirical studies confirm the spatial concentration of innovative
activity. Some early contributions (Muller and Nedjedly 1971; Buswell and Lewis 1970)
present empirical evidence of regional R&D concentrations in European countries. The
former study is carried out for Czechoslovakia, while the latter focuses on the United King-
dom. In another study, Malecki (1980) documented the location of R&D activities within the
US. He concludes that industrial R&D is concentrated in large urban regions.

More recent research focused on evidence from output measures of innovative activity for the
US. Among others Acs, Audretsch and Feldman (1993), Audretsch and Feldman (1994) and
Florida and Feldman (1994) conclude from the data provided by the United States Small
Business Administration’s Innovation Data Base (SBAIDB) that product innovations (as well
as manufacturing production) are spatially concentrated.

Concerning empirical evidence of sectoral differences in spatial clustering (of innovativeness
and production), Audretsch and Feldman (1994) find that “the spatial concentration of inno-
vative activity in particular industries is considerably greater than for all of manufacturing” (p.
12). Especially the computer industry and pharmaceuticals display a large geographic con-



centration. Breschi (1995), who examined patent data from the European Patent Office over
the period 1978-1991 finds evidence of “quite large differences across sectors in the degree of
spatial dispersion and asymmetries,” (Breschi 1995, p.14). He notes that chemical-
pharmaceutical and electrical-electronic sectors are characterized by high concentrations.

The remainder of this paper is devoted to spatial patterns of economic and innovative activity
as they can be found in the EUROSTAT REGIO database. In doing so these data are
combined with patent statistics developed on the basis of data of the European Patent Office.

Il Description of the data

The measurement of innovative activity is rather complex, since few indicators of innovative-
ness exist. Broadly speaking two groups of indicators can be distinguished. On the one hand
R&D expenditures (and other R&D based indicators) which are commonly seen as input-indi-
cators to the innovative process. Unfortunately, current regional R&D statistics published by
EUROSTAT (REGIO database) are not available for a comparison of different industrial
sectors. Patents form another category of indicators of innovative activity. In contrast with
R&D statistics, patents are regarded as output indicators. An advantage of patent statistics is
that they are disaggregated to the sector level. Therefore, the underlying study is based on
patent statistics generated from data of the European Patent Office.

Using patents as a proxy for innovative activity also has several disadvantages, which will not
all be discussed here. For a good survey of the problems and advantages of the use of patent
statistics, see e.g. Scherer (1983) and Griliches (1990).

However, note that a problem of the use of patents in comparing industrial sectors is that the
‘propensity to patent’ varies across industries and across countries. The propensity to patent is
proxied by dividing the amount of patents per unit by the amount of R&D expenditures in this
unit. A unit can represent an industry, but also a country. The lack of disaggregated data on
R&D expenditures keeps us from envisaging differences between industries. It is commonly
known, however, that traditional industries such as residential equipment and stone, clay and
glass products, display a relative high propensity to patent (Scherer 1983, Feldman and Flo-
rida 1994). Table 1 gives an indication of the differences in the incidence to patent, among the
countries under consideration. It is clear from this table that the Netherlands have a very high
rate of patents versus R&D expenditures, while Spain has an extremely low incidence to
patent. However, these differences do not form a major concern, since the spatial distribution
of patents over Europe still gives valuable information about the degree of innovativeness of a
country or a region. The differences in the propensity to patent across countries - as proxied
by patents divided by R&D - can stem from several reasons. A country with a low propensity
to patent can just be inefficient in generating innovations from R&D. Another reason might
be that R&D is merely used for imitation in stead of innovation in such countries. In either
way, patents can be used as a proxy for innovativity.

The data on patents, used in this paper, stem from the European Patent Office and are based
on the geographic location of the inventor of the patent. The use of patents allocated by the
postal code of the inventor make it possible to trace innovative activity back to the region of
origin. Another way to approach patent statistics is to use patents according to the location of
the applicant. However, this approach is likely to be more biased in case of large companies,
since patents are filed by the headquarters of a company, even though they might be deve-
loped in geographically distant subsidiaries. The object of this study is to get a grasp of the
actual location of origin of knowledge in a certain field, making the use of inventors
preferable over applicants.



As a proxy for production, manufacturing value added at factor costs is taken. This gives a
more accurate image of economic activity than value added at market prices, since in the latter
subsidies and taxes are included, which might differ across countries. The decision to take
value added at factor costs instead of e.g. Gross Domestic Product (GDP) was based on the
fact that GDP data are not disaggregated into sectors.

The geographic unit of calculation are regions according to the NUTS classification. The size
of the regions differs across countries, although not greatly, because the NUTS level was
chosen such that differences in size are compersa#adadditional advantage of taking
NUTS regions on the level chosen is that it is closely allineated to the administrative
subdivision.

IV Spatial distribution of patents and value added across European regions

The analysis in this paper begins with an overview of the geographic distribution of patents
and manufacturing value added in Europe over the years 1986-1990. As Figure 1 points out,
the geographic distribution of patenting activity is highly concentrated across regions. High
patenting activity is located in the north of Italy, with a branch to Rhone-Alpes and Paris, the
south and west of The Netherlands and the south of the United Kingdom. Each of these
regions perform at least two percent of European patenting. The top twelve of the regions ac-
counts for about 70 percent of the total number of patents (Table 2), which indicates a high
geographic concentration in only a few European regions. However, it should be kept in mind
that the sample used in this paper does not include German fegioes though recent
studies (Verspagen 1997, Breschi 1995) have found that the most innovative regions of
Europe are located in Germany. It is notable that Spain and the southern part of Italy display
very little patent activity. Figure 2 shows that manufacturing value added also is concentrated
across European regions, however, at first sight less than patents. This observation is affirmed
by Table 2, which shows that about half of European value added is generated by the top
twelve regions. Comparing the spatial location of concentration of patents and manufacturing
value added (Table 2), only a few differences can be observed. Almost all regions appear on
both listings, although they might differ in ranking. The regions that disappear from one of the
listings turn up at the f4or 17" rank if the complete listing is considered. This finding
indicates that the most innovative regions are the same regions in which most of the European
value added is generated.

However, the simple comparison of the amount of patents across regions is not entirely
correct, because it ignores the fact that the size of the population (the manufacturing base) of
some regions is larger than in other regions (Audretsch and Feldman 1994). Therefore, in Fi-
gure 3 the amount of patents of a region divided by the average popubtioa region over

the 5 years under consideration (1986-1990) is compared to the European total amount of
patents divided by the average of European population. Figure 4 does the same for
manufacturing value added. The darkest areas in Figure 3 and 4 show regions which have a
number of patents (value added) per head which is at least twice as high than the overall
European ratio. The dark gray areas still have more than average patents (value added) per
head. It can clearly be seen that the patentdata show more regions with extreme values (black
and white areas) than the data for value added, which display a more dispersed pattern in the
sense that almost all regions are gray. These findings indicate that value added is less concen-
trated than patenting. This is not a great surprise, since it is commonly known that research
institutes (private as well as public) and R&D departments of large enterprises are not as
widely spread as production.



The conclusion that can be drawn from the data is that both patents and value added show
some degree of concentration over Europe. However, when Figure 1 and Figure 2 are
compared it can also be concluded that the location of the patent- and manufacturing value
added-intensive regions does not differ greatly.

Although Figure 1 and 2 display the geographic distribution of innovative as well as
economic activity in Europe, they aggregate across all industries and therefore overlook
sectoral differences. The question arises whether differences exist when looking at a sectoral
level.

An index that can be used to indicate whether a variable is distributed randomly or
concentrated geographically is the Herfindahl index (formally defineoZai{leSZ, where§

denotes the share of a variable of regiamthe total of the variable of a country amds the

number of regions in a country). Since the extreme values of this index are dependent on the
number of regions in a country, the Herfindahl index used in this paper is rescaled to bring it
within the interval [0,1] for every countryMathematically, this operation can be rewritten

into the following equation:
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where HF; denotes the rescaled Herfindahl index for se¢tds denotes the share of a
variable of region and sectoy in the total of the variable of a country in segtoh value of

one of the resulting index represents evidence of complete geographical concentration in one
region, while a value of zero represents evidence of equal distribution of the variable under
consideration.

When the Herfindahl is calculated for each industry in Edrdpe results differ for the geo-
graphic distribution of value added versus the geographic distribution of patents (Figure 5). It
is again shown that patents display a higher degree of concentration than value added.
However, value added shows more variety in concentration across sectors, while for patents
all the sectors are concentrated to approximately the same extent. With regard to value added
the sectors B42 (Textiles and clothing, leather and footivaad B47 (Paper and printing)
display a more than average geographic concentration. The geographic concentration of the
population within Europe is also displayed in Figure 5. Comparing patent activity and value
added to the concentration of the population (which is assumed to be evenly distributed across
regions) one can observe that both variables display a higher concentration.

When we take a look at what the Herfindahl index tells us for the individual countries, we
observe that within a country spatial concentrations of industries are more profound than
within Europe as a whole, suggesting that at the country level more intensive clustering of
activity of a sectors in a region takes place. Figure 6 displays the Herfindahl index for each
sector within each available country. The horizontal line shows the Herfindahl index for
population in each country. Notable is the large patenting concentration of the Spanish B42
sector (Textiles). The other Spanish industries are also very concentrated with regard to
innovative activity. Within the Netherlands large differences between industries are visible.
While B13 (Ferrous and non-ferrous ores and metals, other than radioactive) is highly
concentrated with regard to patents as well as value added, B15 (Minerals) is as dispersed as
population. Overall these results confirm the earlier results that within Europe value added is
more dispersed than patents, while in most cases both variables are more concentrated than
population.



When Figure 6 is compared to Figure 5, it can clearly be seen that within countries sectors are
much more concentrated than in Europe as a whole. For patents, and to a lesser extent also for
value added, the European Herfindahl index is low compared to the country specific indexes.
Preliminary findings for the Ginicoefficieritfor the different industries within Europe,
reinforce these results.

Concluding, within Europe evidence is found of spatial concentration of sectors. However,
within countries spatial concentrations of sectors are more profound. We would expect that at
the event of a united Europe, one could already observe the concentration of industries in dif-
ferent parts of Europe. One would expect that firms already choose the best location among
all European regions. Apparently, they do so only to a limited extent.

In order to pinpoint the location of country specific concentrations, Table 3 shows the three

most important industries according to patenting and to value added in a country. Of each
industry the three regions with the largest share in country total are displayed. It can be

observed that industry concentrations differ among regions. For instance, the B24 sector
(metal products) accounts for 64.4 percent of total patenting in France. lle the France (FR1)
has 47.6 percent of all French patents in this sector (corrected for population), thereby

indicating that the metal products sector is largely concentrated within a few regions in France
(the top 3 has 67.7 percent of total patents). It is notable that this sector only represents 31
percent of the total of the country value added. This again points to the feature that patenting
is much more concentrated than value added. Note that lle de France (the number one
patenting region in this sector) only generates 28.2 percent of French value added in this
sector. The other countries show similar distributions. From this table it can be concluded that
innovative activities are highly concentrated in a single region within each country. The same,

although to a lesser extent, holds for manufacturing value added.

The Revealed Comparative Advantage index (RTA) was calculated in order to give insight in
the extent of the specialization of a region in an industry. This index is defined as

(P /Y R) (3, R/ > R) whereP denotes the number of patents in regioand
T T

sectorj. To standardize this index to the interval [-1,1] we calculate (RTA-1)/(RTA+1). For
all regions documented in Table 4 the RTA reaches a value round and about 0.98 (not
documented separately) which indicates considerable regional specialization.

In sum the analysis conducted so far has given several results. First, regions that belong to the
most innovative ones in terms of patent activity, are also most productive in terms of
manufacturing value added. Second, production is more dispersed than innovative activity,
however, both are spatially concentrated (when compared to the distribution of population)
across European regions. With respect to patenting, all sectors are concentrated to
approximately the same extent at the European level, while manufacturing value added shows
clear differences in sectoral concentration. Third, at the country level clustering of sectors
occurs to a higher extent than at the European level. Geographic patterns of innovativity as
well as production differ across sectors at the country level, suggesting that country specific
factors in combination with sector specific factors play an important role in determining the
geographic pattern of innovativity and production across countries.

V Spatial analysis

In order to observe the spatial dispersion of a variable, concentration indexes like the
Herfindahl index and/or the Ginicoefficient are used. However, these indexes only show the
degree of concentration of a variable. They give no information about the degree in which the



value of a variable in one region is spatially correlated with the value in neighbouring regions,
therefore they cannot identify a concentration in a cluster of several regions located close
together. A technique well-known in geography is spatial autocorrelation (Cliff and Ord
1973). This technique enables us to identify a significant non-random arrangement in an area
pattern of a certain variable. In Figure 5 an example is given of positive and negative spatial
autocorrelation. The basic property of spatially autocorrelated data is that the values are
distributed non-randomly or are interdependent over space. The clustered pattern exhibits
positive spatial autocorrelation, with neighbouring locations having similar values. The
dispersed pattern has negative autocorrelation, with nearby locations having dissimilar values.
Random area patterns have no spatial autocorrelation (McGrew and Monroe 1993). The
advantage of the concept of spatial autocorrelation over the Herfindahl index or Gini
coefficients is that it allows us to identify clustering patterns which spread out over the region
borders, i.e. a concentration in several regions close together. It shows whether or not a group
of neighbouring regions develop patents in the same classes or generate value added in the
same sectors. If it is the case that geographic distance matters for knowledge spillovers, we
would expect to find significant clustering, indicated by the presence of significant spatial
autocorrelation. The extent to which this clustering takes place, however, could differ across
industries.

Spatial autocorrelation can be measured using the coefficient of Moran. This coefficient is
defined in the following way:
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where z. = x — x (x is the value of the variable under consideration in region denotes

the average value of the variable over all reglons)Wrrd;#j ]Zl w; (Cliff and Ord 1973).

n points to the total number of regions ang denotes the element on thh row andjth

column of the matrix oh timesn weights. Then x n matrix of weights is crucial to this
statistic. In this matrix, a neighbouring region (in the sense that both regions share one border)
is assigned a weight of Wi = 1). For example, in the classification used in this paper The
Netherlands consist of 4 regions (namely North, South, West and East). Region 1 (North of
the Netherlands) and 2 (East) share a border, therefore their connection gets weight 1.
Regions which do not share a border but are still closely located to region 1 (for example
South of the Netherlands, which not shares a border with the North) are given a weight by
using the concept of nearest neighbours, which means that a different (lower) weight is
attributed to a second order neighbour. A second order neighbour does not share a border with
region 1, but does share a border with a neighbour of region 1. It is very important to notice
that no judgment of relative importance of the connection between regions, based on ex ante
known information (for example the presence of roads and railways) should be within this
matrix. The matrix is established such that it only reflects geographical distances. After
establishing the orders of all neighbours, the corresponding matrix of weights is determined
using the inverse of the orders. Thus the connection between region North and South of the
Netherlands from the example gets weight . By taking the inverse orders the relation
between geographical distanag @nd weight becomes dl/assuming that the higher the
geographical distance, the influence of region on another one becomes increasihgly less



The resulting indexl has characteristics similar to the Durbin - Watson statistic for
autocorrelation. The coefficient is approximately normally distributed when the number of
regions is larger than 20. This index will be used as a proxy for geographic clustering of a
variable.

In Figure 6 the results for the evolution over time of the coefficient of Moran for the total of
all sectors is shown. No appreciable trend can be identified. The importance of spillovers
stays the same throughout time. Therefore, for the rest of this paragraph attention will only be
paid at the 5 year period of our sample (1986-1990).

In Table 4 the coefficient of Moran for patents and value added (corrected for population) are
compared. The table indicates that patents show a respectable degree of spatial autocorrelation
in almost all sectors. Looking at value added, significant autocorrelation can only be found in
four sectors, indicating that the geographic clustering plays a more important role in
innovative activity than in the generation of value added.

With respect to patents the data allow us to desaggregate to ISIC classes in order to observe
the origin of the significance of the Moran coefficient in the broader NACE classification.
Table 5 clearly shows the sectors for which a significant coefficient of Moran is found,
indicating that these sectors are clustered over region borders. It is notable that sectors which
are significant under the NACE classification are composed of ISIC sectors which are not
unanimous significant. This leads to the impression that when certain ISIC sectors with a low
coefficient of Moran are grouped together in the NACE classification, a higher coefficient of
Moran might occur simply because these different ISIC sectors are located in regions close
together. Thus, the whole spectrum of chemical ISIC sectors (ZCC, ZCD, ZCP and ZLR)
might group together in one location, which causes a high coefficient of Moran for the
Chemicals sector in the NACE classification (B17), while the individual ISIC sectors do not
display high clustering over regions, simply because they prefer to be located to other
chemical sectors rather than to their own sector.

It is notable that high-tech sectors like ZHO (Office machines and computers), ZCD
(Pharmaceuticals) and ZEC (Communication equipment and semiconductors) display a very
low coefficient of Moran (which is not significant), indicating that within Europe there is little
clustering of these sectors in a group of regions located close to each other. This impression in
reinforced when the coefficient of Moran is determined for a different grouping of ISIC
sectors which can be labeled as high-tech, medium-tech and low-tech. Table 5 points out that
high-tech sectors display the lowest degree of clustering, in contrast to medium and low-tech
sectors in which spatial clustering is more profound. Probably the clustering in high-tech
sectors is very intensive and will therefore not cover a group of regions, but stay within one
region. The Herfindahl index could give some more information on this issue. From Figure 9
can be seen that indeed all high-tech sectors display very high concentration across European
regions. In fact, all sectors (except shipbuilding, which is spatially dependent on a sea-
bounded region and electrical machinery, which could be perceived as high-tech) display a
lower geographic concentration than the high-tech sectors, indicating that high-tech is indeed
concentrated in only several regions in Europe.

From the spatial analysis can be concluded that economic as well as innovative activity
clusters within groups of contiguous regions. At the sectoral level clear differences appear. It
has been shown that with respect to innovative activity low-tech sectors display the highest
degree of clustering within groups of regions. High-tech sectors on the other hand show low
coefficients of Moran. When this result is combined with very high Herfindahl indexes for



these sectors, it can be concluded that high-tech concentrates geographically in only a few
regions in Europe, and these clusters do not exceed region borders.

VI Conclusions

By means of a new dataset, based on data from the European Patent Office and the REGIO
database from Eurostat, the geographic concentration of both innovative and economic
activity in Europe has been analyzed. In doing so, innovative activity is proxied by patenting
activity by inventor, whereas manufacturing value added at factor costs is used as a proxy of
economic activity. In general, regions that have a large spatial concentration of patents also
tend to have a large concentration of value added. However, innovative activity is spatially
concentrated in fewer regions than value added, which is more evenly spread throughout
Europe. If in turn a sectoral perspective is taken, one finds clear evidence of spatial
concentrations of innovative as well as economic activity in that for most sectors these
variables are more concentrated than population. However, when looking at the country level,
even more profound spatial concentration in sectors occurs. The extent to which spatial
concentrations are playing a role also differs across sectors, indicating that industry specific as
well as country specific conditions determine the spatial pattern of innovation and production.

The mere analysis of concentrations does not give any indication about spillover effects of
either innovative or economic activity due to the proximity of one or several active regions.
By applying the coefficient of Moran to our dataset, we find that such spillover effects do take
place for both types of activity in several sectors. With respect to innovative activity, high-
tech sectors are found to be highly concentrated in few regions, which are not contiguous.

This paper has been mainly a description of the spatial patterns found with respect to
innovative and economic activity across European regions. Therefore it is very difficult to
connect policy directives to the findings. However, from a policy perspective it might be
interesting to stimulate the various sectoral clusters and broaden them in spatial terms. This
could be done by facilitating economic and knowledge spillovers between the centers of the
clusters and the regions surrounding them. This should be combined with a support for public
infrastructure in the economically backward regions, as was indicated by previous research
(Caniéls 1997), since this might make these regions ready to receive and develop the
knowledge and the economic development that will spillover to them when it is their time to
border upon an innovative and/or economic cluster.
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TABLES

Table 1: Propensity to patent for 5 European countries

Country Propensity to patent
Spain 0.39

France 1.55

Italy 1.52

The Netherlands 2.95

United Kingdom 1.33

Source: EPO, EUROSTAT
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Table2: Distribution of patents and value added by region

Share in European

Share in Europe

an

Region patenting Region value added
lle de France (FR1) 18.0 Lombardia (1T2) 8.3
South East (UK5) 13.0 lle de France (FR1) 6.5
Lombardia (IT2) 6.8 South East (UK5) 6.5
Rhone-Alpes (FR71) 6.7 Piemonte (IT11) 3.8
Zuid Nederland (NL3) 6.4 Cataluna (ES51) 3.3
West Nederland (NL3) 4.3 Veneto (IT32) 3.3
North West (UK8) 29 North West (UK8) 3.2
Piemonte (1T11) 2.7 Rhone-Alpes (FR71) 3.1
West Midlands (UK7) 24 Emilia-Romagna (1T4) 3.0
South West (UK6) 23 West Midlands (UK7) 3.0
East Anglia (UK4) 2.2 West Nederland (NL3) 2.4
Emilia-Romagna (1T4) 2.0 Yorkshire and Humberside (UK2) 2.4
Total 69.7 Total 48.8

Source: EPO, EUROSTAT

Table 3: Most important sectors and regions within a country

Country Most important Share in ~ Most Share in|Most Share in totalMost Share in
sector accordingotal countryimportant industry |important country important industry
to patents industry regions sector industry regions

according to
value added
Spain B24 56.3 ES51 49.9 B24 21.7 ES51 28.7
ES3 25.6 ES21 19.8
ES21 6.1 ES3 18.7
B17 19.2 ES51 52.9 B36 195 ES51 20.8
ES3 28.4 ES61 18.2
ES61 5.9 ES3 9.7
B28 11 ES51 60 B42 10.3 ES51 38.1
ES3 17.2 ES52 24.8
ES21 8.5 ES3 8.4
France B24 64.4 FR1 47.6 B24 31 FR1 28.2
FR71 15.7 FR71 14.7
FR82 4.4 FR51 5.1
B17 15.5 FR1 37.8 B36 13.8 FR1 13
FR71 22.5 FR52 9.1
FR42 5.6 FR71 8
B28 9.5 FR1 49.7 B28 12.2 FR1 29.9
FR71 8.2 FR43 7.7
FR43 5.2 FR71 6.3
Italy B24 59.1 IT2 38 B24 28.8 IT2 33.9
IT11 14.1 IT11 13.5
T4 13.3 T4 13.5
B17 19.1 IT2 52.7 B42 16.4 IT2 28.2
IT11 10.8 IT32 15.9
T4 9.2 IT51 15.3
B28 9.8 IT11 36.8 B50 10.7 IT2 26.7
IT2 31.1 IT32 16
T4 8.2 IT11 10.8
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Netherlands B24 67.8 NL4 60.2 B24 28.1 NL4 38.8
NL3 23.7 NL3 33
NL2 12.2 NL2 20.1
B17 16.7 NL3 56.2 B17 20.1 NL3 50.4
NL4 28.2 NL4 29.2
NL2 12.9 NL2 141
B36 5.4 NL3 64.1 B36 16.9 NL3 40
NL4 20.2 NL4 26.4
NL2 12 NL2 20.9
UK B24 61.6 UK5 47.3 B24 30.9 UK5 27.9
UK6 9.4 UK7 15.3
UK4 8.9 UK8 9.8
B17 20.1 UK5 52.5 B36 13 UK5 19.6
UK8 15 UK8 134
UK2 6 UKA 121
B28 7.1 UK5 33.6 B17 10.7 UK5 27.8
UK7 23.6 UK8 20.9
UK6 125 UK1 11.6
Source: EPO, EUROSTAT
Inspired by Audretsch and Feldman (1994)
Table 4: Moran per NACE sector
Sector Patents Value added
Ferrous and non-ferrous ores and metals, other than radioactive (B13) 0.12 (117 0.05 (0.53)
Non-metallic minerals and mineral products (B15) 0.272.40) 0.19 (1.79)
Chemical products (B17) 0.27 (2.46) 0.19 (1.77)
Metal products, machinery, equipment and electrical goods (B24) " 0.2859) 0.35 (3.11)
Transport equipment (B28) 0.31 (2.75) 0.13 (1.25)
Food, beverages, tobacco (B36) 0.38(3.36) 0.18 (1.67)
Textiles and clothing, leather and footwear (B42) 0.18 (1.67) '0.22.07)
Paper and printing products (B47) 0.29(2.64) 0.33 (2.92)
Products of various industries (B50) 0.36(3.20) 0.32 (2.89)
Total (B30) 0.36 (3.21) 0.42 (3.69)

Values between brackets indicate t-values

* significant at the 5% level
Source: EPO, EUROSTAT
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Table 5: Coefficient of Moran per ISIC sector

7)

Sector Moran Moran
Instruments (zhi) 0.29 (2.60)

Pharmaceuticals (zcd) 0.16  (1.50)

Communication equipment and semiconductors (zec) 0.08 (0.82) High-tech 0.20 (1.8
Office machines and computers (zho) 0.05 (0}51)

Aerospace (zae) 0.01 (0.21)

Industrial chemicals (zcc) 0.29 (2.58)

Non-electrical machinery (zhn) 0.39 (3.49)

Electrical machinery (zem) 0.10 (0.99) Medium Tech 0.37 (3.30)
Motor vehicles (ztm) 0.29 (2.58)

Other transport (zto) 0.26 (2.36)

Stone, clay and glass (zog) 0.27 (2.40)

Non-ferrous metals (zmn) 0.18 (1.65)

Petroleum refineries (zcp) 0.23 (2.05)

Rubber and plastics (zIr) 0.36 (3.19)

Basic metals (zmd) 0.49 (4.34)

Ferrous metals (zmf) 0.08  (0.82) Low Tech 0.51 (4.49)
Shipbuilding (zti) 0.15 (141

Food, drink and tobacco (zIf) 0.38 (3.36)

Textiles, footwear and leather (zlx) 0.18 (1.67)

Wood, cork and furniture (zow) 0.29 (2.64)

Other manufacturing industries (zoo) 0.35(3.12)

Paper and printing (zop) 0.27 (2.42)

Values between brackets indicate t-values

* significant at the 5% level
Source: EPO
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Figure 5: Herfindahl index for Europe per sector
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Figure 6: Herfindahl index for each country per sector
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Figure 7: Spatial Patterns
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Figure 8: Coefficient of Moran for the total of all sectors
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Figure 9: Herfindahl index for all ISIC sectors at the European level
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Appendix I: NACE Classification

B13 Ferrous and non-ferrous ores and metals, other than radioactive
B15 Non-metallic minerals and mineral products

B17 Chemical products

B24 Metal products, machinery, equipment and electrical goods

B28 Transport equipment

B36 Food, beverages, tobacco

B42 Textiles and clothing, leather and footwear

B47 Paper and printing products

B50 Products of various industries

Appendix Il: Regions used in the analysis

No. NUTS Country Region

1 ES11 Spain Galicia

2 ES12 Spain Principado de Asturias
3 ES13 Spain Cantabria

4 ES21 Spain Pais Vasco

5 ES22 Spain Comunidad Foral de Navarra
6 ES23 Spain La Rioja

7 ES24  Spain Aragon

8 ES3 Spain Comunidad de Madrid
9 ES41 Spain Castillay Le6n

10 ES42 Spain Castilla-la Mancha

11 ES43 Spain Extremadura

12 ES51 Spain Catalufia

13 ES52 Spain Comunidad Valanciana
14 ES61 Spain Andalucia

15 ES62 Spain Regiéon de Murcia

16 ES7 Spain Canarias

17 FR1 France lle de France

18 FR21 France Champagne

19 FR22 France Picardie

20 FR23 France Haute Normandie

21 FR24 France Centre

22 FR25 France Basse Normandie

23 FR26 France Bourgogne

24 FR3 France Nord - Pas-de Calais
25 FR41 France Lorraine

26 FR42 France Alsace

27 FR43 France Franche-Comté

28 FR51 France Pays de la Loire

29 FR52 France Bretagne

30 FR53 France Poitou-Charentes

31 FR61 France Aquitaine

32 FR62 France Midi-Pyrénées

33 FR63 France Limousin

34 FR71 France Rhoéne-Alpes

35 FR72 France Auvergne

36 FR81 France Languedoc-Roussillon
37 FR82 France Provence-Alpes-Cote d’Azur
38 IT11  Italy Piemonte

39 IT12  Italy Valle d’Aosta

40 IT13  ltaly Liguria

41 IT2 Italy Lombardia

42 IT31  ltaly Trentino-Alto Adige
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43 IT32 ltaly Veneto

44 IT33  ltaly Friuli-Venez. Giulia
45 IT4 Italy Emilia-Romagna
46 IT51  ltaly Toscana

47 IT52  ltaly Umbria

48 IT53  ltaly Marche

49 IT6 Italy Lazio

50 IT71  ltaly Abruzzo

51 IT72  ltaly Molisse

52 IT8 Italy Campania

53 IT91  ltaly Puglia

54 IT92 Italy Basilicata

55 IT93  ltaly Calabria

56 ITa Italy Sicilia

57 ITb Italy Sardegna

58 NL1  The Netherlands Noord-Nederland
59 NL2  The Netherlands Oost-Nederland
60 NL3  The Netherlands West-Nederland
61 NL4  The Netherlands Zuid-Nederland
62 UK1  United Kingdom North

63 UK2  United Kingdom Yorkshire and Humberside
64 UK3  United Kingdom East Midlands

65 UK4  United Kingdom East Anglia

66 UK5  United Kingdom South East

67 UK6  United Kingdom South West

68 UK7  United Kingdom West Midlands

69 UK8  United Kingdom North West

70 UK9  United Kingdom Wales

71 UKa  United Kingdom Scotland

72 UKb  United Kingdom Northern Ireland

!See Appendix Il for the NUTS classification used in this paper.

“Germany was not include since there were no data on value added available.

3t would have been preferable to correct patents by manufacturing employment. However, since the correlation
between population and manufacturing employment is very high (the correlation does not differ significantly
from 1 at the 5% significance level) this would probably not have made much difference.

“Theln function is used to give the index a gradual increase (decline) when the extent of concentration gradually
becomes more (less).

*The variables used are all corrected for population densiiy.regarded as the total number of regions in
Europe.

®For a description of the NACE CLIO sector codes, see Appendix I.

"Not yet documented.

8 n the calculation of the coefficient of Moran, we only took into account the neighbours up till the fourth order,
since beyond that distance we do not expect any spillovers due to geographic proximity.
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