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Introduction
The basic assumption behind the idea of innovation systems is that the interaction between various types of organizations in producing innovations has become increasingly important. 

One of the key insights of modern innovation theory is that innovation is systemic, in the sense that firm-level innovation processes are generated and sustained by inter-firm relations, and by a wide variety of inter-institutional relationships. Innovation and the creation of technology involve systemic interactions between firms and their environments: central links include those with customers and suppliers, science and technology infrastructures, finance institutions and so on. Such ideas have been central to the 'national innovation systems' literature, which can be extended to the regional case.

(Heidi Wiig and Michelle Wood: What Comprises a Regional Innovation System? An Empirical Study, 1995, Step report R01, ISSN 0804-8185, http://www.step.no/reports/Y1995/0195.pdf)

For a given innovation the innovation system comprises the actors and their interactions that have had significant impact on the innovation itself. So defined, innovation systems knows no national or regional borders. However, from the perspective of national policy, a geographical delineation of innovation systems is relevant since innovation processes are dependent upon political decision making, for example public spending on higher education and research.

When talking about national, regional or local innovation systems we first of all assume that innovative activities are geographically delineated, and then we assume that within these geographical areas innovation production is conditioned by interacting actors in the regions. Neither assumption is self-evident, but need further theoretical and empirical justification. Especially if we consider scientific activities it is clear that geographical constraints are of diminishing importance (Luukkonen, Persson & Sivertsen 1992; Melin 1996). The decreasing importance of geographical constraints can also be observed with the help of patent data. Based on such analysis it becomes apparent that the share of Swedish owned patents with foreign inventors increases, as well as the share of Swedish inventions owned by foreign companies. 

In the literature there is a distinction between the proponents of the geographical dimension (Lundvall 1993; Edquist 1997), and those who delineate innovation systems by technological or industrial sector (Freeman 1987; Nelson 1993). Two main reasons can be identified for using geographical boundaries in order to define innovations systems. First of all, the use of national boundaries aims to identify actors that share a common culture, history, language, and social and political institutions (Breschi & Malerba 1997). These factors are invoked in order to explain apparent variation between various national systems (e.g. Edquist & Lundvall1993). The second reason is that most public policies influencing the innovation system are still design and implemented by nations. 

From a regional policy perspective, it is often assumed that a region needs to have a critical mass of academic and industrial actors that interact in order to develop technologically and prosper in economic terms. In fact, during the last two decades regional policies have to a large extent tried to create regional innovation systems by decentralizing national resources, primarily within the higher education and academic research, and to stimulate interactions between academia and industry.

In order to monitor the development of regional innovation systems there is an urgent need for indicators that can inform us about:

1. The regional distribution of innovation resources and activities

2. The flow of people and information within and between regions 

3. The interactions among actors within and between regions

In this paper we present an empirical study using these indicators to characterize the regional innovation systems in Sweden. There are two main research questions that we will answer: 

1. What is the distribution of academic and private R&D activities among the regions as well as within the regions? 

2. What is the pattern of inter- and intra-regional flows of resources and interaction among academic/public and private researchers? 

If there is a skewed distribution of resources and activities among the regions we could expect strong gravity forces forming the patterns of interactions. Also the balance between private and academic activities and resources will affect the intra- as well as inter-regional interactions. For example, if a region has a significant larger amount of private than academic R&D we could expect relatively great external inflow of scientists as well as high degree of inter-regional collaboration between industry and academia. On the other hand regions that have a strong academic sector with little or no private R&D will have a relatively high degree of inter-regional outflow of researchers and inter-regional interactions. 

Data and Methods

In this study region corresponds to the 21 predefined Swedish administrative regions, which are also called counties (län). Sector is either private or academic. For PhDs we could not distinguish between academia and other public sectors, and thus we categorized them as belonging to either private or public sector. For each region we provide data on:

Distribution of resources and activities

· Stock of PhDs in private and public sectors

· R&D full time equivalent (FTE) by sector 

· Swedish SCI-papers

· US-patents issued to a Swedish assignee

Flows

· Geographical and sectorial mobility of PhDs

· Papers citations made by Swedish US-patents (if a patent has “other references“)

Interactions

· Co-authorships between sectors in Swedish SCI-papers

The geographical distribution and flow of human resources is analysed in terms of concentration and mobility of PhDs. This information is collected from a database containing all individuals that have received their PhD degree between 1986 and 2000. Since we have annual information of the occupation and location of these individuals we can also study their mobility between regions and sectors. The PhD as an indicator is interesting not only as a indicator of the stock of human resources but also as an indication of the interactions between organizations and sectors, since the movement of PhDs can be considered as a boundary spanning phenomenon.
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Figure 1. Map of Swedish regions/counties

Results

The first question addressed in the study concerned the regional and sectorial distribution of resources in the Swedish innovation system. 

Table 1. Indicators by County. Absolute numbers.

	
	1999
	1999
	1999
	1999
	1998/99
	1998/00
	

	County
	PhD

Public
	PhD

Private
	R&D

FTE

 academia
	R&D 

FTE

 private
	SCI

Papers
	US

Patents
	Patents

citing 

papers

	Blekinge
	60
	15
	83
	205
	63
	29
	2

	Dalarna
	92
	50
	81
	524
	107
	60
	2

	Gotland
	23
	7
	11
	0
	25
	0
	0

	Gävleborg
	115
	24
	70
	662
	101
	113
	32

	Halland
	113
	31
	68
	100
	156
	66
	5

	Jämtland
	60
	7
	69
	0
	39
	10
	1

	Jönköping
	76
	44
	69
	582
	104
	61
	2

	Kalmar
	75
	23
	53
	160
	99
	19
	0

	Kronoberg
	93
	23
	111
	194
	66
	25
	3

	Norrbotten
	217
	50
	504
	628
	365
	28
	0

	Skåne
	1811
	664
	3123
	4986
	6179
	517
	42

	Stockholms
	3277
	1937
	5590
	14726
	11634
	1296
	474

	Södermanland
	73
	48
	46
	745
	132
	73
	1

	Uppsala
	1600
	331
	3268
	714
	5897
	135
	18

	Värmland
	147
	29
	157
	313
	91
	73
	15

	Västerbotten
	788
	55
	1493
	420
	2078
	26
	4

	Västernorrland
	72
	23
	86
	596
	98
	55
	2

	Västmanland
	92
	129
	76
	1633
	173
	93
	30

	Västra Götaland
	1015
	1673
	3063
	12532
	5608
	595
	57

	Örebro
	165
	27
	104
	694
	231
	37
	4

	Östergötland
	689
	137
	1050
	2504
	1796
	103
	9

	Total
	10653
	5327
	19175
	42918
	35042
	3414
	703


Based on the absolute numbers in Table 1 we can calculate imbalances between the public and private sectors. In Table 2 we have calculated the ratio between number of PhDs in each sector, for a given region, divided by the ratio for the whole country. The same index was constructed for public and private R&D FTE, as well as for papers and patents. Then we can see that the greatest imbalances occur in Västerbotten county, which has about seven times more PhDs in the public sector than the whole of Sweden, seven times as many public R&D FTE and seven times as many papers as patents. Uppsala is in a slightly better situation since the mix of private and public PhDs is more balanced, but the amount of private R&D FTE is much lower than expected. Probably this can be explained by Uppsala having more PhDs in relation to private R&D work. The Stockholm region is better balanced in all these respects. Regions with a relative surplus of academic R&D and PhDs could be looked upon as having an innovation potential that is not fully exploited. However, the main obstacle for realizing this potential appears to be the lack of research-intensive industry. 

Table 3. Indicators by County. Relative to Sweden.

	County
	
	
	
	

	
	Public to
	Academic to
	Private PhDs to
	Papers to

	
	Private PhDs
	Private R&D
	Private R&D
	patents

	Blekinge
	2.00
	0.91
	0.59
	0.21

	Dalarna
	0.92
	0.35
	0.77
	0.17

	Gotland
	1.64
	0.00
	0.00
	0.00

	Gävleborg
	2.40
	0.24
	0.29
	0.09

	Halland
	1.82
	1.52
	2.50
	0.23

	Jämtland
	4.29
	0.00
	0.00
	0.38

	Jönköping
	0.86
	0.27
	0.61
	0.17

	Kalmar
	1.63
	0.74
	1.16
	0.51

	Kronoberg
	2.02
	1.28
	0.96
	0.26

	Norrbotten
	2.17
	1.80
	0.64
	1.27

	Skåne
	1.36
	1.40
	1.07
	1.16

	Stockholms
	0.85
	0.85
	1.06
	0.87

	Södermanland
	0.76
	0.14
	0.52
	0.18

	Uppsala
	2.42
	10.24
	3.73
	4.26

	Värmland
	2.53
	1.12
	0.75
	0.12

	Västerbotten
	7.16
	7.96
	1.06
	7.79

	Västernorrland
	1.57
	0.32
	0.31
	0.17

	Västmanland
	0.36
	0.10
	0.64
	0.18

	Västra Götaland
	0.30
	0.55
	1.08
	0.92

	Örebro
	3.06
	0.34
	0.31
	0.61

	Östergötland
	2.51
	0.94
	0.44
	1.70

	Total
	1.00
	1.00
	1.00
	1.00


There is an almost perfect correlation between the different indicators, such as the regional distribution of PhDs and the production of papers and patents etc (Table 3). This suggests that resources of this kind are geographically clustered according to a model saying that if you got a lot of public resources and activities you also will have a lot of private resources and activities. Still, there are some obvious exceptions such as the Västerbotten county, where the public sector is not matched by the private.

Table 3. Correlations between the Swedish Triple-P Indicators by County

	
	PhD Public
	PhD Private
	SCI

Papers
	US

Patents
	R&D private

	PhD Private
	0.82
	
	
	
	

	Papers
	0.99
	0.89
	
	
	

	Patents
	0.89
	0.95
	0.92
	
	

	R&D private 
	0.79
	0.99
	0.85
	0.94
	

	R&D academia
	0.98
	0.88
	1.00
	0.89
	0.84


It is observed that the regional concentration of PhDs is much higher in the private than in the public sector (Table 4). The higher geographical concentration in the private sector can also be observed in the regional distribution of R&D man-years. Stockholm is by far the dominant region in the Swedish innovation system with more than 30 percent of the different kinds of resources. Furthermore, Stockholm has relatively more of the stock of PhDs produced in Sweden during 1986 to 1999, more private R&D, and US patents, as well as a very high proportion of Sweden’s science linked patents. Consequently, the Stockholm region is a major attractor of young scientists and high tech industries. 

Table 4. Measure of Concentration of People, Papers and Patents 

	Indicator
	Concentration
	Percent in Stockholm

	PhD (Public)
	0.29
	30.8

	PhD (Private)
	0.42
	36.4

	Papers
	0.38
	33.2

	Patents (USPTO)
	0.31
	38.0

	Science linked patents
	0.55
	67.4

	R&D private 
	0.36
	34.3

	R&D HEDUC
	0.34
	29.2


Note: Concentration (C) is an entropy measure. Let pi be the proportion that a given unit i has of all papers and N the number of  counties, then  C=1 - (- Σ pi*ln(pi))/ln(N)). C may vary between 0 and 1, where 1 is maximum concentration to one of the counties.
It should be noted that all these comparisons are made on the aggregate level, which means that for example a good balance between public and private PhDs could not be taken as an evidence for locally produced PhDs working in the private sector. A better matching would have been to study the actual flow of PhDs between the sectors of a region, or to match scientific and technological field of public and private activities.

The analysis of the PhDs mobility patterns reveals that PhDs from Stockholm’s higher education sector are less mobile than PhDs from the other university regions. Furthermore, there is a net gain for Stockholm in terms of having more PhDs within the county than produced by its higher education sector. Norrbotten reveals the same gain despite a high outward mobility. The net gain for Norrbotten can be explained by the recent establishment of the technical university in Luleå (Table 5). 

Table 5. Production, mobility and loss of PhDs
	
	A
	B
	C
	D
	E

	County of PhD exam
	No of 

PhDs produced in

1986-1999
	PhD migration

Not in

county 1999
	PhD employed in

County

1999
	Mobility

percent

B/A*100
	Net loss

percent

(A-C)/A*100

	Norrbotten
	258
	94
	267
	36.4
	-3.5

	Skåne
	2974
	810
	2475
	27.2
	16.9

	Stockholms
	5012
	795
	5214
	15.9
	-4.0

	Uppsala
	3312
	1628
	1931
	49.2
	41.7

	Västerbotten
	1047
	358
	843
	34.2
	19.5

	Västra Götaland
	2995
	671
	2688
	22.4
	10.5

	Östergötland
	1030
	366
	826
	35.5
	19.8


If we look at the flow of PhDs the same tendency can be observed when we study the inflow of PhDs to the private sector. Table 6 shows that the private sector in Stockholm is better in attracting PhDs from other regions than the other two main urban regions, i.e. Västra Götaland (Gothenburg) and Skåne (Malmö/Lund). Table 6 also reveals that is a higher geographical mobility in the private sector. The only exception to this is Norrbotten, which has largest share of imported PhDs in both the public sector and private sector. 

Table 6 Percent of PhD having received their degree in the same region as there are currently employed by sector
	County
	Public sector
	Private sector

	Norrbottens län
	54.4
	54.0

	Skåne län
	86.4
	78.3

	Stockholms län
	79.6
	61.3

	Uppsala län
	87.9
	72.2

	Västerbottens län
	77.0
	67.3

	Västra Götalands län
	83.8
	82.7

	Östergötlands län
	74.9
	68.6


When it comes to the mobility of PhDs we find a tendency towards an increase in mobility between sectors. The more recent PhDs being more mobile after three years after graduation than those who got their PhDs at the start of the period (Figure 1). Closer examinations of the data reveal that the increasing tendency for Swedish PhDs to go to the private sector coincides with an increase in geographic mobility. Since the PhDs in the private sector is more geographical mobile it seems reasonable to conclude that this increase in sectorial mobility causes an increase in geographical mobility. However, it is also clear that this tendency varies among the Universities. PhDs from universities in the main urban regions are clearly more stationary (Table 5). 


Figure 1. Percent of PhD graduates employed in private sector three years after graduation 

Our study of the interaction between academia and industry consists of an analysis of the patterns of collaboration. The main finding is that intra-regional co-authorships between industry and academia are stronger in the three big urban regions, Stockholm, Gothenburg, Malmö/Lund. For other main universities, like Umeå and Uppsala, most of the industrial links are outside the region (Table 7). 

Table 7. Number of papers co-authored between university and industry by region.

	
	1998/1999
	1998/1999
	1998/2000
	1998/1999

	County
	Industry and

academy

within county
	 Industry within

and academy

outside county
	Academy within

and industry

 outside county
	N of industry

 papers

	Blekinge
	0
	3
	0
	5

	Dalarna
	1
	7
	1
	17

	Gotland
	0
	0
	0
	0

	Gävleborg
	1
	6
	0
	16

	Halland
	0
	6
	0
	8

	Jämtland
	0
	0
	0
	0

	Jönköping
	0
	4
	0
	4

	Kalmar
	0
	0
	0
	7

	Kronoberg
	0
	2
	0
	6

	Norrbotten
	4
	2
	17
	11

	Skåne
	172
	122
	82
	440

	Stockholms
	170
	227
	187
	634

	Södermanland
	0
	19
	1
	39

	Uppsala
	74
	66
	170
	242

	Värmland
	0
	3
	3
	9

	Västerbotten
	10
	8
	55
	23

	Västernorrland
	2
	15
	1
	25

	Västmanland
	0
	59
	1
	77

	Västra Götaland
	121
	153
	101
	438

	Örebro
	0
	0
	0
	1

	Östergötland
	8
	14
	97
	29

	Total
	563
	716
	716
	2031


Patents citing papers can be looked upon as a link between technology and science. Table 8 shows the distribution of such citation links between the region of the patent and the region of the cited paper. Most of the time these links are within the region. A majority of the patents citing papers are within biotechnology and a large share of the assignees are biotech firms citing the literature of the nearby university.

Table 8. Patent to paper citation links among university regions
	
	Patent region
	 
	 
	 
	 
	 
	 

	Paper region
	Skåne
	Stockholm
	Uppsala
	Västerbotten
	Västra

 Götaland
	Öster-

götland
	Total

	Skåne
	76
	96
	24
	4
	4
	0
	204

	Stockholm
	18
	210
	43
	7
	7
	0
	285

	Uppsala
	6
	96
	53
	12
	7
	0
	174

	Västerbotten
	5
	27
	12
	59
	1
	0
	104

	Västra Götaland
	15
	78
	8
	15
	37
	1
	154

	Östergötland
	0
	20
	4
	0
	1
	3
	28

	Total
	120
	527
	144
	97
	57
	4
	949

	N of patents citing
	50
	219
	41
	21
	20
	3
	354

	
	
	
	
	
	
	
	


Note: This table was the result of searching all Swedish SCI papers 1986-2001 among Swedish assigned US-patents 1986-2001. If a patent cites a paper from two regions each of the two regions gets one citation.

Conclusions

The main results of this study are that the regional distribution of academic activities is more dispersed, than the industrial R&D activities within the industrial sector. This does in turn govern the flow of scientists from academia to industry, as well as the collaborative links between universities and industry. In Sweden great expectations for regional industrial development have been expressed as an effect of the decentralization of the academic system. However, our data suggests that the flow of knowledge resources, people, papers and innovations, tends to gravitate to the main urban centres. The match between the science base and the industrial innovation activities is negative for the rest of the regions. For the whole country to prosper, the existing gravity forces have to be balanced by industrial policies that stimulate intra-regional links between academia and industry. To what extent this can be achieved by attracting major private actors to the region or by stimulating local entrepreneurship is an open question. 
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AB Stockholms län 


C Uppsala län 


D Södermanlands län 


E Östergötlands län 


F Jönköpings län 


G Kronobergs län 


H  Kalmar län 


I Gotlands län 


K  Blekinge län 


M Skåne län 


N  Hallands län 


OPR Västra Götalands län 


S  Värmlands län 


T Örebro län 


U  Västmanlands län 


W Dalarnas län 


X  Gävleborgs län 


Y Västernorrlands län 


Z  Jämtlands län 


AC Västerbottens län 


BD Norrbottens län








