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Sammanfattning 
Denna uppsats bygger på hypotesen att det finns ett starkt samband mellan exportkapa-
citet och en hög innovationsgrad. Framförallt framhävs att framgångsrik export förutsät-
ter penetrering av en marknad genom en innovationsprocess. Sverige som är ett litet 
land med begränsad inhemsk marknad är i hög grad beroende av produktion och export 
av kunskapsintensiva varor, vilket torde förutsätta en extensiv innovationsaktivitet för 
att bibehålla konkurrenskraften. Mot denna bakgrund analyseras till hur stor del svensk 
export kan förklaras av en hög innovationskapacitet. Lite mer specifikt analyseras vilka 
regioner i Sverige som uppvisar en framgångsrik export och därigenom en extensiv in-
novationsgrad, samt vilka faktorer som påverkar denna kapacitet.  I anknytning till detta 
resonemang tycks en spatial version av den välbekanta produktcykelmodellen vara yt-
terst passande eftersom den explicit fångar denna innovationsprocess, omlokalisering av 
produktion samt exportdynamik. Den mest framträdande innebörden av denna modell är 
att vissa regioner är mer benägna att inhysa innovativa exportföretag pga. förekomsten 
av fördelaktiga faktorer som är rumsspecifika för dessa regioner. I den specificerade 
modellen identifieras sådana faktorer som tillgänglighet till lokal, inomregional och ut-
omregional forskning, medelantal patent samt lokal täthet av arbetande som förklarande 
variabler till exportkapacitet i Sveriges kommuner. Regressionsresultaten visar att det 
framförallt är inomkommunal tillgänglighet till forskning som påverkar exportvärdet i 
kommunerna. Vidare så dominerar tillgängligheten till industriforskning över universi-
tetsforskning både beträffande förklaringsgraden av totalt exportvärde samt exportvärde 
per kilo. Dessutom framkommer att regionstorlek har en positiv inverkan på totalt ex-
portvärde.          
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Abstract 
This paper provides support for the view that there should be a close link between inno-
vation and export performance. In essence it is argued that successful exporting requires 
penetration of a market through an innovation process. For a small country like Sweden 
depending on production of knowledge intensive goods and product competition, to re-
tain its international competitiveness, this notion is likely to hold true. Against this 
background an analysis aimed at testing to what extent Swedish export capacity can be 
determined by innovation is presented. In addition the factors perceived as influencing 
this capacity are identified and their relative importance is assessed. Specifically patent 
and R&D data are treated as the main proxies for innovation activity. Moreover the rela-
tive export and innovation performance among the Swedish municipalities is analyzed. 
A spatial version of the product cycle model is introduced as it explicitly captures the 
process of innovation, relocation and export dynamics and forms a link to the succeed-
ing theorizing. In particular it suggests that certain regions are more likely to be the lo-
cation for innovative exporting firms due to advantageous intrinsic favorable attributes 
specific to these locations. In the specified model such attributes that are assumed to in-
fluence export capacity in the Swedish municipalities are defined as local, intra- and in-
terregional accessibility to research, average number of patents and density of employ-
ment. Regression results suggest that accessibility to research from within the munici-
pality exerts the principal effect on export and innovation capacity. Moreover the influ-
ence of accessibility to industry R&D dominates over the university variable in both re-
gressions, with total and per kilogram export value as dependents. In addition regional 
size exerts a rather strong positive effect on total export value.   
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1 Introduction 

1.1 The link between exports and innovation  
In past and contemporary economic research measures of innovation performance and 
technological change have typically involved one of three major aspects of the innova-
tive process. Either an input measure in the form of R&D expenditure, an intermediate 
output measure in the form of patents expressed as the number of inventions or a direct 
measure of innovative output (Acs, Anselin & Varga 2002). The latter type of measure 
which exists in the US in the form of “The literature-based innovation output indicator” 
should, if reliable, be considered as the most satisfying as it explicitly captures innova-
tions. This direct indictor is however often difficult to compile, not always accurate and 
therefore nonexistent in many countries. Consequently there is no strong consensus re-
garding which of these indicators that should be considered as most appropriate, but 
patents as well as R&D statistics have nevertheless become widely accepted amongst 
academics as proxy measures for innovative activity. In addition it has frequently been 
pointed out that there is a close link between export and innovation performance as 
competitiveness on export markets to a large extent is determined by innovation capac-
ity.  The underlying validating argument is the Schumpeterian premise that the innova-
tion process relies upon the development of a technology by a profit seeking entrepre-
neurial agent who introduces it into the economy. What is required is hence penetration 
of a market through an innovative process and a reasonable indicator for such a market 
penetrating innovative process is likely to be exports data.  

Arguably export performance can be said to be determined by some capacity depending 
on the endowment and quality of capital and labor, price competitiveness, and primarily 
technology embodied in innovations. As argued by Posner (1961) the traditional Heck-
scher-Ohlin and Ricardian models of trade are incapable of explaining the escalating in-
tra-industry trade between advanced countries with similar economic structures and  
trade is merely generated by differences in the rate and nature of innovation in different 
countries. Taking into consideration that Sweden should be perceived as a small country 
depending on export of knowledge-intensive goods and penetration of new markets 
through product competition, there should be a close link between export and innova-
tion performance. Stated differently Sweden has to be considered as a nation with a 
competitive advantage in production employing high skilled labor as opposed to a low-
wage country relying on price competition. This ought to be a highly reasonable claim 
considering that out of the top 15 exporting industries in 2003, the “hi-tech depending” 
telecommunications, medical and car industries comprised over 40 percent of the total 
Swedish export value (OECD, ICTS). Consequently Swedish international competitive-
ness is to a large extent depending on successful innovation.   

In light of this theorizing it seems highly intriguing to raise the question to what extent 
Swedish export performance can be explained by innovation, or differently stated if 
there is a relationship between exports and proxies for innovation. Consequently the 
prime objective of this paper is to perform such an analysis by presenting a model in 
which export capacity, primarily expressed as aggregated value, is regressed upon prox-
ies for innovation activity such as patents and R&D statistics. The intension is further-
more to determine what regions in Sweden that generate a relative large amount of ex-
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ports and to assess the relative importance of the regressors perceived to influence inno-
vation and export capacity. Since export value per kilogram is likely to better reflect in-
novation activity than the aggregated regressand, the analysis will also involve the use 
of this variable in order to see how the results change.  

To underpin the reasoning a theory which explicitly incorporates innovative activity and 
export dynamics is required. Seemingly a spatial version of the product cycle theory, 
which predicts that innovations are the driving force behind exports, provides the most 
appropriate theoretical framework in this context. This modeling framework explicitly 
captures the innovation phase, in which new product cycles are initiated, and illustrates 
the successive process of relocation in the life of a product. The interesting prediction of 
this theory is that metropolitan regions are more prone to be the location for firms, in-
troducing new products, due to certain inherent attributes. These regional specific fea-
tures will naturally be explored in detail later on but do roughly include such factors as: 
concentration of infrastructure, knowledge-intensive composition of the labor force, 
universities and R&D resources and a rich supply of producer services (Johansson & 
Karlsson 1987). Furthermore a location of this kind is often characterized by high ac-
cessibility to other locations of the same type due to established networks for interna-
tional and interregional communication and transportation (ibid.). In the succeeding 
analysis, such attributes will in part be captured by the variables; accessibility to local, 
regional and interregional industry-and university research and density of employment. 
Furthermore average number of patents is expected to exert a positive effect on export 
value as it traditionally has been treated as a proxy for innovation and also is closely re-
lated to the R&D variables. An important task is to assess the relative importance of 
these explanatory variables as they, according to theory, determine the relative innova-
tion and export capacity among regions.  

The major advantage with the spatial product cycle model is moreover that regions can 
be designated as innovation-phase, growth-phase or mature product regions, corre-
sponding to their tendency toward a particular phase in the product cycle (Malecki 
1981). If the prediction that large metropolitan regions often constitute innovation-phase 
locations is accurate, we might expect to find that large regions, such as the Stockholm, 
Gothenburg and Malmö, host a relatively large amount of successful exporting indus-
tries.     
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1.2 Purpose 
The purpose of this thesis is to analyze to what extent Swedish export performance can 
be explained by innovation and to assess the relative importance of the factors affecting 
this innovative capacity. This will also involve an assessment of the relative export ca-
pacity among different Swedish regions.  

1.3 Outline  
The second chapter of this paper will shed some light on the rather complex nature of 
knowledge and explicate firms’ incentives to innovate. Moreover the problems associ-
ated with measuring innovations will be highlighted. This discussion involving the link 
between export success and innovative activity will form a link to chapter three in 
which a spatial version of the product cycle model will be introduced. This framework 
explicitly captures the process of innovation, relocation and export dynamics and also 
forms a link to the preceding theorizing. Chapter four is then devoted to presenting and 
evaluating empirical findings and observations, which underpin and elucidate the rela-
tion between innovation and export performance. In the succeeding chapter the model 
which will be subject to estimation is developed and explained. This model identifies 
aggregated export value and value per kilo in each Swedish municipality as dependent 
variables and a handful of regressors perceived as having significant explanatory power. 
In chapter six this model is then analyzed applying OLS linear regression. The main ar-
guments and results are thereafter presented in the concluding remarks which also give 
suggestions for further studies within the current field of research.  
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2 The Nature of Knowledge and the incentives to innovate   
This section explicates the public good features of knowledge and how these affect the 
incentives to innovate.  It is moreover argued that firms can obtain a competitive advan-
tage in international trade by engaging in innovative activity to reap increased export 
shares 

It has been widely recognized that technological progress is a prime motor behind eco-
nomic growth (Romer 1990). The definition of technology and the underlying knowl-
edge is however associated with more ambiguity. To shed some light on these concepts, 
knowledge can be viewed as an input to technology whereas technology is assumed to 
be the applicable part of the existing knowledge. This knowledge is in turn defined as a 
mass of general accumulated knowledge that incorporates all science and individual un-
derstanding and experience. Saying that the knowledge is applicable implies that it can 
be used to increase productivity in the economy since it determines how effectively the 
resources in the production process can be used.  

Of great importance for this paper is the perception that what is needed to commercial-
ize the technology is a process of innovation, in which an entrepreneurial economic 
agent develops the technology in order to introduce it to the market (Schumpeter 1934). 
In this context a pertinent aspect is the incentive to innovate, which is affected by inher-
ent knowledge features. It has namely frequently been pointed out that knowledge, to a 
large extent, possesses the characteristics of a public good. As has been acknowledged 
by Romer (1990), knowledge has to be assumed to be at least partially non-rival in na-
ture despite the fact that the process of knowledge production is driven by economic 
agents responding to market incentives. The rational behind this is that the costs in-
curred when developing a new technology are fixed which implies that the new design 
can be used over and over again in as many productive activities as desired (ibid.). The 
important concern stemming from these public good features of knowledge is, as has 
been argued by Geroski, that knowledge producers frequently find it difficult to appro-
priate more than a fraction of the increased value generated by their efforts. The obvious 
reason is that innovators will have difficulty preventing others from taking advantage of 
the more general forms of scientific and engineering knowledge that are generated in 
the course of developing some specific product or process (Grossman & Helpman 
1990). An objection to this might be that knowledge should be considered to be at least 
partially excludable since some part of it can be patented or kept secret (Romer 1990). 
Patent laws do obviously restore some of the incentives to produce knowledge as they 
restrict the knowledge diffusion, which gives the inventor or innovator a sort of regu-
lated monopoly over his/her idea. One should however realize that far from all knowl-
edge is patented as patenting has its drawbacks. For instance patents are costly and more 
importantly other inventors are free to study the patent application and learn valuable 
knowledge, which makes it easier for these agents to “invent around” the patent (Cohen, 
Nelson & Walsh 2000).  

What is to be extracted from this discussion is that commercialization of some technol-
ogy requires a process of innovation and that incentives to innovate are affected by the 
possibilities to appropriate the associated profits. Patent regulations do arguably, to 
some extent, strengthen this ability to reap the benefits from innovation. As argued ear-
lier patent statistics have also been widely accepted as a proxy for innovative activity. 
This notion has explicitly been tested by Anselin, Varga & Acs (2002) by applying the 
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well known knowledge production function (KPF)1 on US data. Their findings suggest 
that patents constitute a good indicator of new technology creation even though it is 
pointed out that the measure has its shortcomings (Acs, Anselin& Varga 2002).  

It seems rather compelling that export of a new product requires penetration of a market 
and commercialization of the idea or invention regardless of whether this piece of tech-
nology is patented or not. The crucial point in this context is that exporting firms in 
Sweden obviously have an incentive to engage in innovative activity as this may gener-
ate some regulated monopoly power and extra normal profits, enabling the firm to re-
main competitive. As recognized by Grossman and Helpman (1991) the development of 
a product enables an innovator to establish a market niche, allowing him/her to charge a 
price above marginal cost. Similarly an improvement of an existing product has the im-
plication that the innovator can price above the cost of production and still find people 
willing to buy his superior, state of the art product (ibid.). The important implication 
that follows is that firms can obtain a competitive advantage in international trade by 
engaging in innovative activity to reap increased export shares���

As pointed out by Malecki (1981), firms that actively engage in R&D activities to de-
velop new processes and products are able to reap higher profits and to hold on to larger 
markets than firms that have more static product mixes. From this it also follows that 
innovation activity has pronounced regional impact as regions with firms operating in 
stagnant or declining industries with low innovation frequency, often are subject to 
plant closures and layoffs. All in all it is important to conclude that it is these potential 
profit opportunities obtained through the innovation process that creates the incentive 
for economic agents to engage in R&D activities (Grossman& Helpman 1990). This 
moreover provides support for the perception that R&D data, in addition to patent 
counts, constitutes a proxy for innovative activity. On this token Pavitt and Soete (1980) 
have recognized that whereas there are different advantages and disadvantages associ-
ated with the use of R&D and patent statistics, both indicators have become accepted 
amongst academics as proxy measures for innovative activity.   

Having untangled the nature of knowledge and some important aspects of innovation 
we now turn to a presentation of a spatial version of the product cycle model as it ex-
plicitly captures the process of innovation, relocation and export dynamics. In particular 
this framework is highly relevant in this paper as it suggests that larger metropolitan re-
gions are more likely to be the location for firms initiating new product cycles embod-
ied in a high innovation and export ratio. Furthermore it elucidates the relocation of 
production which explains why certain regions might host firms that are prime exporters 
of more standardized goods.  
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3 Product Cycle Theory and Geographic localization  
On the succeeding pages a spatial version of the product cycle model will be introduced 
as it explicitly captures the process of innovation, relocation and export dynamics and 
forms a link to the foregoing theorizing. In addition the notion of geographical localiza-
tion and knowledge spillovers will be explored.  

As was acknowledged in the introduction product-cycle models of international trade 
predict that innovations are the driving force behind exports and do hence explicitly in-
corporate innovation and export dynamics. Through empirically oriented analysis it has 
been well established that economic activity, innovation and technological development 
form or follow wave-like patterns in space and time. This observation provides the 
foundation for the product cycle framework and has been extensively explored and de-
veloped in different versions of the model. In light of the stated hypotheses in this pa-
per, concerning the aspect of localized innovation and exports, it seems natural to take a 
closer look at a version which encompasses regional considerations. The intention is in 
particular to present a theoretical framework that incorporates the link between innova-
tion and export and also explains why metropolitan regions provide more favorable lo-
cations for innovative firms. Scholars such as Norton & Rees 1979, Malecki 1981 and 
Nijkamp 1986 have devoted their research to analyzing such regional and interregional 
aspects and developed models of dynamic competition, innovation processes and the 
role of knowledge in technological change. As early as in the 1960’s, Vernon and 
Hirsch, who has to be considered as major contributors in this field of research, opened 
up the analysis toward a study of spatial product cycles. What they both emphasized 
was that during the life of a product the demand for different types of knowledge, skills 
and other inputs changes in a systematic way (Johansson & Andersson 1998). Specifi-
cally the main features of this type of model framework are the following aspects of 
technique and location change (ibid.):  

• During the innovation phase, the new product is developed in the most advanced regions of the 
world on the basis of research, experimentation and testing. The product is then produced in a 
small set of regions which have a location advantage in terms of R&D resources and knowledge 
intensity of the labor force. The new product is gradually exported from these initiating regions 
to other importing regions.  

• In the growth stage, domestic and foreign demand expands to a point where interregional direct 
investment becomes feasible. In this phase, the process technology usually has become more 
streamlined so it can be transferred and imitated more easily.  

• When the product has matured in terms of market penetration and design of production methods, 
the initiating regions often lose their advantage and the production moves to regions with lower 
costs. Frequently this relocation also involves a decomposition of the original production process 
in such a way that the production of components is placed in a set of regions with an advantage 
to carry out routinized production, while assembly activities may stay in the original locations in 
the proximity of large markets.  

From this division of spatial relocation phases we can conclude that certain locations of-
fer firms more favorable opportunities for innovation and product development than 
other. The reason why such product-competing regions often obtains a comparative ad-
vantage as a place for introducing new economic activities is generally stated that the 
intrinsic richness of ideas and activities therein provide an environment for creativity 
and novelty. As has been acknowledged by Karlsson and Johansson (1987) the regional 
specific features that gives such a location its resource advantage consist of: concentra-
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tion of infrastructure, a knowledge-intensive composition of the labor force, universities 
and R&D resources, and a rich supply of producer services. The services from these re-
sources will evidently be accessible at comparatively low costs in the resource rich loca-
tions.   

In this context the process of knowledge transfers becomes relevant and deserves some 
attention. Evidently knowledge generated in the production of a certain product will be 
useful or perhaps even necessary in the production of another product. This diffusion of 
knowledge can be either in the form of a formal transfer between economic agents or an 
informal knowledge spillover which doesn’t involve any compensation. How this diffu-
sion of knowledge has affected geographical concentration of economic activity has 
been subject to extensive research and many attempts have been made to identifying the 
factors promoting these spillovers. According to Marshall (1920) localization of firms 
can be explained by external economies of scale and that there essentially are three cru-
cial factors promoting these externalities: labor pooling, specialized suppliers and 
knowledge spillovers.  

The important suggestion is that these attributes most often are found in the metropoli-
tan innovation-phase regions. This perception rests on the notion that high spatial con-
centration of people and firms in cities provides an environment in which ideas move 
quickly from person to person and from firm to firm. This has been recognized by Glae-
ser (1996) who stress that “urban proximity, the closeness of innovations towards the 
sources of potential demand, and the closeness of innovators to suppliers and critics, has 
served throughout history as an engine by which ideas move across individuals”. More 
tangible evidence has been provided by Ciccone & Hall (1996) who have shown that 
local employment density is positively correlated to more frequent initiation of new 
products. In their analysis they show that the output to input ratio will rise with higher 
density and that density contributes to higher levels of specialization. Moreover denser 
areas have greater variety, because more intermediate services producers can break even 
implying a positive relationship between density and productivity. Further studies by 
Acs, Anselin & Varga (2002) indicate that whereas densities are important to explain 
localization patterns, accessibility to research seems to be the most prominent factor in 
promoting generation of new knowledge and products. This conception will be dealt 
with in more detail in the succeeding chapter in connection with the model specification 
and will involve an assessment of the relative importance of local, regional and interre-
gional accessibility to both industry and university research. In this context it will also 
be recognized that patents, to some extent, is likely to capture the effect from R&D ac-
cessibility as patents most often are the outcome of extensive research and testing. 
However, as not all products and processes are patented, both the patent and R&D vari-
ables will be incorporated in the analysis in order to assess their relative explanatory 
power.   

Going back to the more explicit product cycle reasoning a successful development of a 
product is associated with a future spatial diffusion of market demand. This expansion 
stimulates and is stimulated by the introduction of standardized automated production 
methods depending on scale economies. Consequently production no longer relies on 
the relatively cheap and abundant resources in the “birthplace” locations, but merely on 
resources which are comparatively scarce in the same locations (Karlsson and Johans-
son 1987). Such resources consist of land and labor with more standardized skills and 
production knowledge. The spatial effect stemming from this switch in resource use is a 
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successive movement of production to more peripheral locations where more standard-
ized production techniques have a cost advantage. What is crucial to grasp is that the 
combinations of factors which are essential for creating and introducing new products 
and processes often differ from the factors which allow a profitable low cost production 
when the production scale is growing and becomes routinized. In accordance with 
Vernon’s description of the product life cycle, as a product matures in terms of process 
development and market penetration, the initiating region loses its comparative advan-
tage and the production becomes regionally decentralized (Andersson & Johansson 
1984). The reason is that as a specific type of production matures it gradually uses less 
of competence dependent production inputs and more of standardized inputs which are 
available at lower costs in locations with relatively lower knowledge intensity and com-
petence (ibid.). 

The main notion that we can extract from the preceding theorizing is that new product 
cycles are more frequently initiated in urban metropolitan regions since the attributes 
favoring innovation performance are usually inherent to these locations. According to 
Andersson & Johansson (1984) a Metropolitan region may be viewed as a large produc-
tion system that usually encompasses a major share of the economic activity in a coun-
try. In addition these regions spatial interconnections form the basic parts of the interre-
gional trade and information network within nations on a global scale (Andersson & Jo-
hansson 1984). Furthermore, due to established networks for international and interre-
gional communication and transportation, these Metropolitan locations are characterized 
by high accessibility to other locations of the same type (Karlsson and Johansson 1987). 

Ultimately this makes such a region more likely to be the location for firms initiating 
new product cycles embodied in a high innovation and export ratio. Further, a high 
R&D intensity enables a region to retain an advantage over longer periods of time by 
enlarging the technological capacity at a faster pace than competing regions. What the 
spatial product cycle modeling framework hence tells us is that innovative activity and 
export performance tend to be localized. Regions within a country can as recognized by 
Malecki (1981) be designated to innovation-phase, growth-phase or mature product re-
gions due to location specific characteristics. Regarding these product cycle dynamics 
Sweden should generally speaking be considered as an “innovation phase country”. 
This implies the presence of many advanced regions wherein new products are devel-
oped as a result of significant research, experimentation and testing.  

This innovation capacity should as argued earlier be considered as imperative for a 
small country like Sweden, which to a large extent relies upon exports of more knowl-
edge intensive goods and innovation as a comparative advantage. Successful exporting 
does seemingly depend heavily on innovation performance for a country like Sweden 
but in order to validate and explicate this link, some underpinning seems necessary. The 
succeeding chapter will therefore involve supporting arguments based on empirical re-
search and observations.   
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4 Explicating the link between exports and innovation  
This chapter is designated to provide support for the notion that export capacity should 
be considered to be closely linked to innovation performance. This suggestion will be 
underpinned by theorizing based on empirical research and observations. �

The starting point in validating the strong link between export and innovation perform-
ance is to recognize that there is predominantly one stand of theoretical literature pre-
dicting a relationship between innovation and export, namely international trade models 
stressing product-cycle features in the production of goods over time. Such models tend 
to take innovation as exogenous and predict that innovation influences exports. Evi-
dently the traditional Heckscher-Ohlin and Ricardian models of trade are incapable of 
explaining the escalating intra-industry trade between advanced countries with similar 
economic structures. As acknowledged by Posner (1961) it is important to recognize 
that trade is merely generated by differences in the rate and nature of innovation in dif-
ferent countries. The underlying assumption is the familiar concept that the develop-
ment of new products does not occur simultaneously in all countries since new products 
or processes are introduced because entrepreneurs are driven by profit incentives. 
Through new innovations countries can obtain comparative advantages in some goods 
and trade is consequently driven by the existence of technical know-how, not available 
elsewhere regardless of differences in factor endowments (Posner 1961). Essentially 
two countries may have industries with identical factor endowments but different pro-
duction, due to the innovative comparative advantage. Further Posner lists four reasons 
why innovations should be expected to be concentrated in one industry or group of in-
dustries. To start with there might be “clustering of innovations” in one industry due to 
connection between one innovation and its successor. Secondly, there might be connec-
tion on the demand side in the sense that complementarities in consumption may lead to 
pressure for innovations in products jointly demanded with that just innovated. Third, 
by coincidence, an industry may be blessed with an excessive quota of innovating en-
trepreneurs or research staff in a particular period. Finally the rate of investment in “in-
novation-generating” research may differ between industries.  

Whether the comparative advantage acquired through the innovation process is sustain-
able over time or not moreover, depends on the presence of dynamic scale economies. 
Such dynamism is obtained through general technical progress over time, experiences 
from yesterday’s production and development of new methods, lowering particular 
firm’s unit costs. If knowledge flows freely however, after a lapse of a learning period, 
factors will be adapted to new uses and the importing country will be able to imitate the 
novel idea or product (ibid.). The length of this imitation lag is further assumed to de-
pend both on the learning period and a reaction lag, which will be greater the less the 
degree of competition in the industry. The essential point is that during the imitation 
lag, to the extent that the innovating country’s capacity does increase, this country will 
be experiencing a boost in exports. What follows from Posner’s theory of trade is that 
exports should constitute an appropriate innovation indicator as entrepreneurial agents 
obviously have an incentive to gain a comparative advantage on export markets through 
innovation.  

This perception that competitive entrepreneurs can obtain increased export shares 
through innovations has explicitly been captured in the well known “North-South” 
model, originally developed by Vernon (1961) and revisited by Krugman (1979). This 
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framework, which rests upon the product life cycle theory examined in the previous 
chapter, presupposes that invention and initial manufacturing of new products occur ex-
clusively in the North. This is the case because R&D capabilities are well developed 
there and since proximity to large high-income markets facilitates innovations. As time 
elapses, methods of production become more standardized and technology transfer or 
imitation by the low-wage southern firms takes place. The model hence rules out the 
possibility that southern firms will have exclusive production capacity for some variety 
as productivity of northern entrepreneurs as innovators far exceeds that of southern en-
trepreneurs. In short the central premise is that interregional trade in manufactured 
goods involves exchange of the latest innovative goods produced only in the North, for 
older, more established goods produced predominantly in the South (Krugman 1979). 
As recognized by Grossman and Helpman (1991), who have developed the model even 
further, entrepreneurs in the North will expend resources to bring out new products 
whenever the expected present discounted value of the subsequent oligopoly profits ex-
ceeds current product development costs. The risk that each northern oligopolist faces is 
the possibility of being copied by a southern imitator, which would bring about the end 
of the profit stream generated from the innovation. The product competing North 
thereby has an absolute and comparative advantage in developing new products and 
bringing them to the market due to the discrepancy in innovative ability between the 
two regions. In line with Posner’s reasoning innovation can hence be perceived as a 
driving force behind exports due to the associated profit opportunities.  

An interesting question that is raised by Grossman and Helpman (1991) is further 
whether innovation can be perceived as driving exports or if causation may run in the 
opposite direction. In short they recognize that it is likely that exports may themselves 
be a cause of innovation activities as predicted by global economy models of endoge-
nous innovation and growth. In a recent study from 2004 Lachenmaier and Wössman 
have empirically tested whether innovation causes exports using a uniquely rich Ger-
man micro dataset. Their results show that innovation activity give rise to increased ex-
port shares and that only a relatively small fraction of the positive correlation seems to 
emanate from the reverse causation. In essence, being innovative gives firms a substan-
tially larger export share than non-innovative firms in the same sector.  

Further support for this notion has been put forward by Greenhalgh (1990), who has 
found evidence in favor of the view that innovation sustains international market shares 
for advanced industrial countries. Specifically Greenhalgh assesses the role of price and 
non-price factors in determining net trade performance using UK, disaggregated indus-
try time series data for traded goods and services. The study results in two important 
findings, the most predominant being the indication that industries with a record of high 
levels of innovation will be net exporters whilst non-innovators will be more likely to 
be net importers. Secondly industries which are successful innovators will face lower 
price elasticities and higher income elasticities for their products than if they had been 
non- innovators or lagging innovators (Greenhalgh 1990).  

Finally, more tangible evidence in favor of the idea that export data should be consid-
ered as an appropriate proxy for innovation performance is provided by Pavitt and Soete 
(1980) who explicitly suggest exports shares as a measure of innovative activity. All in 
all the results indicates that there is a strong relation between export shares and innova-
tive activity. For such a small country as Sweden, which as earlier argued relies on in-
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novation and export performance to remain competitive, this is particularly likely to 
hold true. 

Having established the important role of exports when dealing with innovation counts 
we now turn to an analysis aimed at answering the question to what extent Swedish ex-
port performance can be explained by innovation. This involves the presentation of a 
model in which export capacity, primarily expressed as aggregated value, is regressed 
upon proxies for innovation activity such as patents and R&D statistics. The intension is 
furthermore to determine what regions in Sweden that generate a relative large amount 
of exports and to assess the relative importance of the regressors perceived to influence 
innovation and export capacity. 

A main hypothesis is that products, which are subject to exporting, are more likely to be 
developed in regions with intrinsic advantageous attributes for location of firms such as 
high access to R&D, density of employment and an environment in which knowledge 
transfers easily. The larger metropolitan areas of Stockholm, Gothenburg and Malmö 
should in line with theory constitute such innovation- phase regions since they probably 
possess many of the favorable characteristics for localization in addition to an abundant 
supply of high skilled labor. As a caveat to this statement the possibility that smaller re-
gions might be high performers when it comes to innovation and exports is not ruled out 
and not at all perceived as unlikely. Certain Swedish regions may also be exporting 
goods requiring more standardized production techniques in line with the product cycle 
theory.  However, since Sweden as previously argued to a large extent relies on export 
of knowledge intensive goods, which presupposes innovation as a comparative advan-
tage, the claim that there is a close link between export and innovation performance 
seems particularly reasonable.  
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5 Modeling innovation and export performance  
This chapter outlines the model specification of this paper and provides theoretical vali-
dation of the chosen variables expected to affect export capacity. It should be pointed 
out that the functional form of the model presented here will not stay intact throughout 
the analysis and is merely meant to provide a basic structure����

Having established that there is a close link between innovation and export performance 
the next undertaking is to specify a model which explains export capacity as a function 
of some explanatory variables. In accordance with the initial basic form of the model to-
tal value of exports in the Swedish municipalities, which is assumed to embody innova-
tion performance, will be regressed upon a handful of variables expected to affect inno-
vation capacity. Due to some potential shortcomings associated with the use of this ag-
gregated variable, an alternative model encompassing export value per kilogram as re-
gressand, will however also be utilized to assess differences in the regression results. 
The regression equation incorporating aggregate export value is presented as Equation 
5.1 below and exhibits the features of a simple linear regression specification. The 
model encompassing the regressand value per kilogram, displayed in Equation 5.2, will 
however take on a logarithmic functional form due to some statistical predicaments dis-
cussed later on. The sample consists of 288 Swedish municipalities.  
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(Equation 5.1) 

Where: 

iEV -  aggregated value of exports in municipality i (2003 and 2000)  
α  -   constant 

iPAT  -  Number of patents as an average in municipality i (1994-1999) 

iAIM -  local accessibility to industrial R&D in municipality i (ave. 1993-1999)  

iAIR - municipality i’s accessibility to industry R&D from the region wherein 
municipality i is located (ave. 1993-1999) 

iAIO - municipality i’s accessibility to industry R&D from outside the region 
(ave. 1993-1999) 

iAUM - local accessibility to university R&D in municipality i (ave. 1993-1999) 

iAUR - municipality i’s accessibility to university R&D from the region wherein 
municipality i is located (ave. 1993-1999) 

iAUO -  municipality i’s accessibility to university R&D from outside the region 
(average 1993-1999) 

iDEN -  density of employment in the municipalities urbanized area (1999) 

iD1  -  dummy variable taking on the value of 1, if the municipality i has a popu-
lation larger than 100 000. 

iε -   stochastic error term  
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Aggregated export value, which is employed as dependent variable in the basic model 
encompasses the total value of exports in each Swedish municipality in 2003. Arguably 
export per capita could possibly be used as an alternative to the aggregated variable as a 
weighted variable seems more appropriate. However, as the marginal correlations for 
this capita weighted variable with respect to most regressors is practically indistinguish-
able and regression upon it yields dubious results with no significant parameters its 
utilization is not considered as an option in this paper. In its place the variable export 
value per kilogram will be incorporated as a weighted regressand in order to see how 
the result changes. Similar to export per capita this variable exhibit notable indistinct 
correlations with the regressors and is associated with similar statistical hitches. These 
predicaments have however been circumvented by a logarithmic transformation of the 
value per kilogram variable and the regressors. This logarithmic model is specified in 
the following manner:  

εβββββα ++++++= iiiiii DDENTOTUTOTIPATEVK 154321 lnlnlnlnln  

(Equation 5.2#�

Where: 

iEVKln ' log of exports value per kilogram in municipality i (2000)  
α  -   constant 

iPATln  - log of number of patents as an average in municipality i (1994-1999) 

iTOTIln - log of total accessibility to industry R&D in municipality i (ave.1993-
1999)  

iTOTUln - log of total accessibility to university R&D in municipality i (ave.1993-
1999) 

ln iDEN - log of density of employment in the municipalities urbanized area (1999) 

iD1  -  dummy variable taking on the value of 1, if the municipality i has access 
to local research  

iε -   stochastic error term  
 
As initially stated, the purpose of this thesis is to analyze to what extent Swedish export 
performance is determined by innovation activity and further to identify the factors ex-
plaining this innovative performance. A handful of such factors, perceived as influenc-
ing the rate of innovation, are therefore included as explanatory variables in the regres-
sion equation. Specifically the rate of patenting is assumed to be correlated to the rate of 
innovation as innovators often use patents to attain a sort of regulated monopoly over 
his/her idea as argued by Geroski (1995). However, as patents most often are products 
of extensive research and testing it is obviously the case that the patent variable will 
correlate strongly with the variables expressing accessibility to R&D. In the subsequent 
regression analyses these variables will therefore be separated in order to get a better 
image of their relative explanatory power on export capacity. As has been acknowledge 
by Cohen et al. it is obviously the case that not all inventions and innovations stemming 
from research activity will be patented due to the potential drawbacks associated with 
patenting, and the patent and R&D variables might therefore capture different aspects of 
innovation activity. In addition it seems interesting to assess the relative importance of 
these regressors as patents and R&D expenditure traditionally have been viewed as two 
different proxies for innovation performance.  
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Furthermore, local density of employment is in line with the findings by Ciccone & Hall 
(1996) and Carlino et al. (2001) perceived as playing an important role in determining 
innovation capacity. The premise is in essence that high spatial concentration of people 
and firms in cities provides an environment in which ideas move quickly from person to 
person and from firm to firm. Furthermore growth of productivity is influenced by lo-
calized knowledge spillovers which in turn depend on the density in a given location 
(Carlino et al.). Technically, the density variable is calculated using the total employ-
ment of the municipality divided by the land area of the urbanized area in the munici-
pality. As there is no specific data available for employment in the urbanized area the 
assumption that all employment in the municipality is concentrated to the urbanized 
area is invoked. This implies that the density measure will overstate the local employ-
ment density somewhat.   

The variables capturing accessibility to industry and university research are further ex-
pected to explain a substantial part of the variation in the mean response. The main un-
derpinning finding is provided by Acs, Anselin & Varga (2002) who recognize that 
whereas densities are important to explain localization patterns, accessibility to research 
seems to be the most prominent factor in promoting generation of new knowledge and 
products. Accessibility to research for a municipality is, in accordance with Andersson 
and Karlsson (2004), defined as the sum of its internal accessibility to a given opportu-
nity and its accessibility to the same opportunity in all the other municipalities. The un-
derlying reasoning is that traveling, and transporting knowledge is time and resource 
consuming and that this cost rises with distance. What is emphasized is that two regions 
may have the same geographical distance to an opportunity but unequal time distance to 
this opportunity (Andersson & Karlsson 2004). The implication is that the region with 
the highest accessibility to research will produce and diffuse technology more effi-
ciently and therefore be more prone to exhibit innovation activity. Technically, a mu-
nicipality’s accessibility to some opportunity is calculated on the basis of traveling 
time-distance to research both within the municipality and to other regional sources in 
line with the following division:  

AR=ARL+ARI+ ARE        (Equation 5.3)
  

Where AR represents the total accessibility to research and is divided into ARL, ARI, ARE 
which express local, intraregional and interregional accessibility respectively. (ibid.) 
These classifications are made by saying that local accessibility has a time distance of 5-
15 minutes which implies that several spontaneous contacts will take place daily. Inter-
regional level accessibility implies a time distance of 15-50 minutes, allowing for con-
tacts and travels made on regular basis by commuting. Finally the interregional accessi-
bility means that the opportunity is so far away that the time distance exceeds 50 min-
utes, allowing for only planned contacts with low frequency. The accessibility data for 
industry- and university research is furthermore compiled as an average for the period 
1993-1999. Hypothetically this might give rise to a problem since the dependent aggre-
gated export value variable is based upon data from 2003, but since we have to take ac-
count of the fact that R&D activities are likely to result in innovations and associated 
exports only after a certain time lag, this potential predicament should not be reason for 
any concern. On the same token the export value per kilogram variable is compiled for 
year 2000. The 288 municipalities are furthermore used as they constitute standard sta-
tistically units in Sweden. As Knivsta didn’t receive municipality status until 2003 it has 
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been excluded in the analysis since part of the data is complied for earlier years. The ac-
cessibility variables are based on the division of the municipalities into 81 so called LA-
regions, which are defined by the commuting frequency between them. Furthermore a 
dummy that indicates if a municipality has a population larger than 100 000 is included 
to account for agglomeration effects and the possible positive influence region size may 
have on export and innovation performance. This possible size effect should however 
also be indirectly present in the density and accessibility variables. Naturally the regres-
sion equation finally incorporates a stochastic error term which captures the effect on 
the mean response not explained by the regressors.  

5.1 Anticipated results 
What the postulated model is expected to show is in essence that the selected regressors 
exert a positive effect on export capacity expressed as aggregated value of exports and 
value per kilogram in the municipalities. The underlying premise is that a high export 
ratio to a large extent is associated with innovation performance which is perceived to 
be positively correlated to research and patenting.  As already stated, accessibility to in-
dustry- and university R&D is in line with the findings by Acs, Anselin and Varga 
(2002) anticipated to exert a predominant effect on export capacity. By examining the 
correlation matrix displayed in appendix one it is evidently the case that out of the dif-
ferent accessibility variables, local accessibility to industrial and university R&D ex-
hibit the highest marginal correlations with aggregated export value. Specifically these 
correlations are 0.854 and 0.706 respectively for this regressand. The value per kilo-
gram variable can roughly be said to exhibit the same correlation structure with respect 
to the regressors, but with considerable lower values. In addition the value per kilo vari-
able only allow for an assessment of the relative importance of university and industry 
R&D respectively as the different regional accessibilities has been aggregated. The in-
tra- and inter regional accessibility variables are however displayed in appendix one, 
and show only negligible correlations. The expectation is therefore that that accessibility 
to R&D from within the municipality will explain most of the variation in export capac-
ity.  

Referring back to the correlation matrixes in the appendixes it is however clear that the 
patent variable has the overall highest marginal correlation with the dependent aggre-
gated export value variable of 0.9 and a relatively high correlation with the value per 
kilo variable. Since patenting correlates markedly with both density and the R&D ac-
cessibility variables, as can be seen in appendix 1 and 2, and thus capture much of the 
effect of these regressors, the patent variable will be separated from the accessibility 
variables, which also will allow for a more accurate assessment of  their relative ex-
planatory power. In particular this division is made since simultaneous employment of 
the patent and R&D variables results in the predicament of muticollinearity, which 
might cause the regression parameters to have a sign different form the marginal corre-
lation and/or change drastically when a regressor is added or deleted. A further potential 
predicament caused by multicollinearity is that variables with high marginal correlation 
might have insignificant regression parameters and it will also be impossible to calcu-
late elasticities correctly. In this context is should however be pointed out that the good-
ness of fit of the model expressed as the adjusted R2 value should not be affected by this 
“multicollinearity hitch”.  
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To obtain an image of the relations between export capacity and the regressors expected 
to have the most significant explanatory power, as previously discussed, one can study 
the scatterplots in appendix 3. Seemingly density and the local accessibility variable for 
industry R&D exhibit a fairly linear relation with the aggregated value variable, which 
indicate their influence, whereas the university variable show a more indistinct pattern.    
Furthermore the scatters for patents and these regressors elucidate the intercorrelation 
that gives rise to the substantial part of the mulitcollinearity. More tangible explication 
of the relations commented on here is provided by a selection of crosstabulations pre-
sented below. These crosstabs are divided into the three categories; low, medium and 
high and explicates the correlations between the selected variables. 

Table 5.1  

CROSSTABULATION FOR  TOTAL EXPORT VALUE AND LOCAL  

 ACCESSIBILITY TO INDUSTRY R&D 

Count

78 14 4 96
53 22 21 96
12 13 71 96

143 49 96 288

Low
Medium
High

TOTAL
EXPVALUE

Total

Low Medium High
 AIM

Total

 

N=288 2χ = 125.380  Sig. 0.000 df=4 

Table 5.2  

CROSSTABULATION FOR  TOTAL EXPORT VALUE AND LOCAL   

ACCESSIBILITY TO UNIVERSITY R&D 

Count

76 20 96
69 27 96
49 47 96

194 94 288

Low
Medium
High

TOTAL    
EXPVALUE

Total

Medium High
AUM

Total

 
N=288 2χ = 18.604 Sig. 0.000 df=4 

Table 5.3  

CROSSTABULATION FOR  TOTAL EXPORT VALUE AND DENSITY 

Count

45 40 11 96
36 29 31 96
15 27 54 96
96 96 96 288

Low
Medium
High

TOTAL 
EXPVALUE

Total

Low Medium High
DENSITY

Total

 
N=288 2χ = 46.813 Sig. 0.000 df=4 
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Table 5.4  

CROSSTABULATION FOR  TOTAL EXPORT VALUE AND PATENTS 
 

Count

53 37 6 96
35 36 25 96

4 26 66 96
92 99 97 288

Low
Medium
High

TOTAL
EXPVALUE

Total

Low Medium High
PATENTS

Total

 
N=288 2χ = 46.813 Sig. 0.000 df=4 

Table 5.5  

CROSSTABULATION FOR  PATENTS AND  TOTAL  ACCESSIBILLITY TO  
UNIVERSITY  RESEARCH  
 

Count

53 31 8 92
37 31 31 99

6 34 57 97
96 96 96 288

Low
Medium
High

 PATENTS

Total

Low Medium High
TOTU

Total

 
 
N=288 2χ = 74.100 Sig. 0.000 df=4 

Table 5.6  

CROSSTABULATION FOR  PATENTS AND  TOTAL ACCESSIBILLITY TO  
INDUSTRY  RESEARCH  
 

Count

58 27 7 92
32 32 35 99

6 37 54 97
96 96 96 288

Low
Medium
High

PATENTS

Total

Low Medium High
TOTI

Total

 
N=288 2χ = 79.886 Sig. 0.000 df=4 
 
The information that can be extracted from these crosstabulations is evidently that high 
levels of total export value are associated with high values of the respective regressors 
and vice versa. The two last tabulations moreover indicate the intercorrelations between 
the patent variable and the accessibility to research variables. (Summery statistics for all 
pertinent variables are displayed in Appendix 4) 
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6 Export capacity and regression results  
This chapter deals with the analysis of the data which involves defining the relative ex-
porting capacity among the Swedish municipalities, performing regression analyses, 
and drawing inferences.  

6.1 The distributional pattern of municipalities   
In line with the postulated theorizing in previous chapters one would expect to find that 
relatively large metropolitan municipalities or municipalities located in such a region 
will exhibit a high aggregated value of exports. This seems to be a reasonable assump-
tion since larger regions naturally are more likely to have the intrinsic advantageous at-
tributes discussed earlier, favoring the location of numerous exporting firms. When ex-
amining which municipalities that rank high in total export value it turns out that this 
prediction to a large extent is accurate. Not surprisingly table 6.1.1 reveals that Stock-
holm and Gothenburg, which are the largest municipalities in Sweden rank highest in 
aggregated export value. Apparently this might give a somewhat deceptive picture since 
smaller municipalities with fewer firms but relatively extensive exporting would rank 
low on the list. The seriousness of this caveat should however be toned down as it turns 
out that also small municipalities, such as Trollhättan and Avesta, rank among the top 
ten exporting regions in Sweden, which hence suggests that regional size is not the sole 
determinant of aggregated export value. Presumably other factors than municipal size, 
such as accessibility to research and density of employment are vastly important deter-
minants when it comes to a high total value of exports.  

1 � � � �/���� 

RANK OF THE TOP 20 MUNICIPALITIES IN TERMS OF TOTAL EXPORT VALUE (2003) 
 

RANK MUNICIPALITY TOTAL EXP VALUE SEK 
1 Stockholm 127 286362524 
2 Gothenburg 98 461426845 
3 Södertälje 53 041257023 
4 Trollhättan 22 165442035 
5 Avesta 14 076613635 
6 Västerås 14 065349390 
7 Malmö 12 638167567 
8 Lund  11 732958799 
9 Norrköping 11 424315257 

10 Solna 10 941928790 
11 Växjö 10 428434214 
12 Sandviken 9962911502 
13 Jönköping 9776928794 
14 Stenungsund 9616916672 
15 Mölndal 9293511356 
16 Eskilstuna 9219582507 
17 Borlänge 8865469239 
18 Uppsala  8697909561 
19 Helsingborg 8540539937 
20 Sundsvall  7894302428 
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However, it seems highly reasonable to assume that the presence of a large influential 
exporting firm residing in these smaller municipalities is the prime reason to their high 
rank. For instance Södertälje hosts the renowned truck manufacturing firm Scania, 
whereas Avesta and Trollhättan respectively are the locations for Avesta Sheffield and 
SAAB. The presence of such major companies in these municipalities is of course a 
principal explanation to the high aggregated value per kilogram.  

As stated previously the marginal correlation structure for the aggregated variable and 
the value per kilogram variable were quite similar but the rank of municipalities with re-
spect to the two variables however deviates substantially, as can be seen by comparing 
Table 6.1.1 with Table 6.1.2 below.  

Table 6.1.2 

RANK OF THE TOP 20 MUNICIPALITIES IN TERMS OF VALUE PER KILOGRAM (2003) 

RANK MUNICIPALITY EXP VALUE/KG (SEK) 
1 Österåker 1198.2 
2 Gällivare 672.1 
3 Kumla 551.3 
4 Salem 456.3 
5 Vingåker 346.1 
6 Grästorp 258.6 
7 Robertsfors 232.2 
8 Botkyrka  174.9 
9 Östhammar 172.8 

10 Södertälje 153.6 
11 Sjöbo  147.6 
12 Trollhättan 147.2 
13 Järfälla 144.6 
14 Täby 144.1 
15 Orust 135.8 
16 Tyresö 128.9 
17 Mullsjö 124.2 
18 Gnesta 119.8 
19 Hörby 116.8 
20 Trosa     114.8 

 
Several remarkable differences can obviously be found when comparing the two ranks. 
Most striking is probably the predominance of smaller municipalities in Table 6.1.2, 
which in many cases are not even among the top 20 when it comes to aggregated export 
value. The implication that can be extracted from these dissimilarities is probably that 
the value per kilogram variable captures another aspect of export capacity than the ag-
gregated variable. Arguably value per kilo should constitute a better indicator of innova-
tion performance since products that demand more skilled labor and technical know 
how in its production obviously will come at a higher price compared to for instance ag-
ricultural products, and consequently have a higher value per kilogram. The rational is 
that a high value per kilogram should be associated with the innovative product-
competition rather than price- competition as discussed in conjecture with the product 
cycle theory in preceding chapters. Even though small, the municipalities in Table 6.1.2 
presumably host successful innovative firms engaging in production of more valuable 
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goods, which production relies upon technical know-how and skilled labor. For example 
it turns out that Österåker, which ranks top one on the list, has a seemingly high share of 
people employed within the research and manufacturing sectors. Specifically this share 
is about 45 percent, which might explain the municipality’s high value of exports per 
kilogram    

As virtually none of the top municipalities with respect to aggregated export value can 
be found in the latter Table however, it seems incorrect to claim these are not as innova-
tive as the ones that rank high in value per kilo. Rather the smaller municipalities with 
high export value per kilogram are relatively high performing innovators with respect to 
their size whereas Stockholm, Gothenburg and the remaining metropolitan regions pri-
marily are the birthplace locations for new innovations.  

Having established this regional distribution of export capacity the next task is to exe-
cute regression analyses which will show the relative importance of the explanatory 
variables expected to influence the regressands. 

6.2 Presentation and assessment of regression results  
In order to draw inferences about the relative importance of the variables perceived as 
affecting export capacity and hence indirectly innovation performance, OLS linear re-
gression will be applied on the cross-sectional data at hand. As argued earlier the pre-
dicament of mulicollinearity is most likely to arise as the regressors correlate with each 
other, yielding spurious results. From the correlation matrix in appendix 1 it is evident 
that the patent variable correlates markedly with the variables expressing local accessi-
bility to industry and university R&D respectively, notably with density and the dummy 
variable capturing size effects, and almost negligible with the remaining variables. Fur-
thermore the different accessibility variables do not surprisingly correlate strongly with 
each other. Most notable is the strong correlation between the variables expressing ac-
cessibility to industry and university research on the local and intra-regional level. The 
implication of these inter-correlations between the regressors is as earlier stated that 
several variables basically capture the same thing. Thus, the patent and accessibility 
variables are separated and employed as regressors in two different regressions. A re-
gression including all the inter-correlated accessibility variables is still performed de-
spite the anticipation of misleading results in order to get a first image of the statistical 
requisites. As argued the value per kilogram variable is likely to better reflect innovative 
activity than the aggregated regressand. However as the former variable is associated 
with some statistical problems and both variables are of interest in the analysis, the first 
regression model will incorporate the aggregated variable at this stage.  

The initial regression results from this first model is displayed in column 2, denoted    
REG(1) in Table 6.2.1 Evidently patents exert a substantial positive effect on aggre-
gated export value as the variable is significant on the 0.01 level with a t-statistic as 
high as 26.27. This result is however not too surprising considering the strong marginal 
correlation between these variables. As far as the control variables are concerned, den-
sity turns out less significant than the dummy capturing size effects. The adjusted R2 of 
0.81 moreover indicates a notable fine goodness of fit of the model.  �
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Table 6.2.1  

REGRESSION RESULTS. DEPENDENT VARIABLE = AGGREGATED EXPORT VALUE 

VARIABLES REG (1) REG (2) REG (3) REG (4) 

Constant 2.7E-08 
(0.4) 

-3.6E-08 
(-0.6) 

-1.3E-07 
(-0.01) 

1.0E-09 
(3.2) 

Patent average 0.848** 
(26.2) 

- - - 

Accessibility to university  R&D 
within the municipality 

- -0.117** 
(-2.7) 

1.126** 
(2.6) 

0.143** 
(3.1) 

Accessibility to university R&D 
within the region 

- -0.998** 
(-13.0) 

- - 

Accessibility to university  R&D 
from outside the region 

- -0.104* 
(-2.3) 

-0.035 
(-1.0) 

- 

Accessibility to industry R&D 
within the municipality 

- 0.911** 
(23.3) 

0.693** 
(15.5) 

0.714** 
(16.6) 

Accessibility to industry R&D 
within the region 

- 0.978** 
(12.6) 

0.035 
(1.0) 

- 

Accessibility to industry R&D 
from outside the region 

- 0.048* 
(1.1) 

- - 

Density 0.037 
(1.2) 

0.101** 
(3.1) 

0.066 
(1.6) 

- 

D1: Large pop (>100 000) 0.067* 
(2.3) 

0.070* 
(2.4) 

0.078* 
(2.1) 

0.085* 
(2.2) 

Number of obs. 288 288 288 288 

Adjusted R2 0.81 0.84 0.75 0.75 

Remarks: Standardized beta coefficients displayed over t-values in parentheses. (The standardized, rather than unstandardized beta-
coefficients, are used since the regressors are measured on different scales). 

** Denotes that the variable is significant on the 0.01 level.  
* Denotes that the variable is significant on the 0.05 level. 

As previously argued patents are often products of research which imply that much of 
the effect from industry and university R&D is likely to be captured by the patent vari-
able. However since far from all innovations and inventions are patented it is reasonable 
to assume that the patent and R&D variables, to some extent capture different aspects of 
the innovation process. Furthermore we are interesting in assessing the relative impor-
tance of the different accessibility variables which is why regression 2 is performed. 
The results confirm the presence of a substantial problem of multicollinearity as the ac-
cessibility to university R&D variables all have negative signs despite positive marginal 
correlations. Moreover the variable expressing intra-regional accessibility to industry 
R&D is way too significant considering the marginal correlation with the dependent 
variable. As a consequence the results obtained through this first regression doesn’t al-
low for a very meaningful interpretation but we can note that accessibility to industry 
R&D from within the municipality, density and size seems to be important determinants 
of total export value. Before proceeding one should recognize that the adjusted R2 of 
0.84, which signify an excellent goodness of fit of the model, is not inaccurate. What 
this implies is obviously that the regressors capture a substantial part of the variation in 
export capacity, which suggest that a substantial part of Swedish export performance 
can be explained by innovation.  
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In order to mitigate the obvious problem of multicollinearity regression 3 and 4 are per-
formed. In regression 3 the intra-regional university variable and the inter-regional in-
dustry variable are excluded as they exhibit the lowest marginal correlations with the 
regressand. The results are displayed in the REG (3) column, and it turns out that the 
variables expressing local accessibility to both university and industry R&D are signifi-
cant on the 0.01 level whereas the dummy for regional size is significant on the 0.05 
level after the exclusion. What this suggests is seemingly that these three variables, in 
addition to the patent variable, are conductive when it comes to explaining the variation 
in aggregated export value in the Swedish municipalities. It is obviously difficult to de-
termine how much of the influence from patenting that can be explained by accessibility 
to research but it is evident that local accessibility to industry R&D is a vastly important 
determinant of aggregated export value. Somewhat surprising is however the fact that 
density turns out insignificant. By examining the correlation matrix in Appendix 1 one 
might guess that this is due to that the accessibility variables and the dummy, to a large 
extent, capture the effect of employment densities.  

Exclusion of the variables that proved insignificant in regression three naturally results 
in increased significance of the remaining regressors, as can bee seen in the REG (4) 
column. One might argue that the industry variable appears to be somewhat overstated 
as it has a very high t-value of 16.6. This is probably partly due to the influence of out-
liers in the data in the form of larger regions. To account for this possibility the top 
three municipalities in aggregated export value, Stockholm, Gothenburg and Södertälje 
are excluded�in an additional regression. The results are not presented hear but it turned 
out that even though the explanatory power of both university and industry R&D de-
creases substantially the industry R&D variable remains most significant, which con-
firms its relative dominance over the university variable.  

An additional potential statistical problem that have not been discusses this far is that of 
heteroskedasticity, or “unequal variances of the errors”, which might effect the signifi-
cance values. White’s test for heteroskedasticity on the data, indicates presence of the 
problem as the f-statistic is as high as 185.8. Not knowing whether this might pose a 
problem or not the first regression model is run once again with White heteroskedastic-
ity consistent standard errors and covariance correction. The results are displayed in Ta-
ble 6.2.2 below and comparing the values obtained with the ones in Table 6.2.1 it turns 
out that the overall structure is basically the same in terms of relative explanatory power 
among the regressands. Comparing the two tables it is obviously the case that the pa-
rameter values stays unaffected whereas the t-values for this corrected model are lower 
as a result of reduced heteroskedasticity. A remark that merits some attention is how-
ever that the dummy variable is somewhat more significant than accessibility to local 
university research in this model, indicating the importance of regional size. The R2 val-
ues are furthermore unaffected and remain high.  

Whether these heteroskedasticity corrected results should be considered as more accu-
rate is uncertain but as the relative importance of the regressors basically stays unaf-
fected, with the exception of the density variable, this question seems to be of minor 
importance. Noteworthy is however that the local industry accessibility variable remains 
most significant 
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Table 6.2.2�

WHITE HETEROSKEDASTICITY CONSISTENT STANDARD ERRORS & COVARIANCE 
DEPENDENT VARIABLE = AGGREGATED EXPORT VALUE 

VARIABLES REG (1) REG (2) REG (3) REG (4) 

Constant 2.7E-08 
 (0.4) 

-3.6E-08 
 (-0.6) 

-1.3E-07 
 (-0.01) 

1.0E-09 
 (3.2) 

Patent average 0.848** 
(7.6) 

- - - 

Accessibility to university  R&D 
within the municipality 

- -0.117 
(-0.9) 

1.126 
(0.5) 

0.143 
(0.5) 

Accessibility to university R&D 
within the region 

- -0.998** 
(-3.2) 

- - 

Accessibility to university  R&D 
from outside the region 

- -0.104 
(-1.6) 

-0.035 
(-0.77) 

- 

Accessibility to industry R&D 
within the municipality 

- 0.911** 
(8.2) 

0.693** 
(3.5) 

0.714** 
(3.5) 

Accessibility to industry R&D 
within the region 

- 0.978** 
(3.1) 

0.035 
(0.47) 

- 

Accessibility to industry R&D 
from outside the region 

- 0.048 
(1.0) 

- - 

Density 0.037 
(1.0) 

0.101* 
(2.1) 

0.066 
(1.1) 

- 

D1: Large pop (>100 000) 0.067 
(0.85) 

0.070 
(1.1) 

0.078 
(1.0) 

0.085 
(1.2) 

Number of obs. 288 288 288 288 

Adjusted R2 0.81 0.84 0.75 0.75 

Remarks: Standardized beta coefficients displayed over t-values in parentheses. (The standardized, rather 
than unstandardized beta-coefficients, are used since the regressors are measured on different scales). 

** Denotes that the variable is significant on the 0.01 level 
* Denotes that the variable is significant on the 0.05 level 

 Next regressions are run with the logarithmic export value per kilogram variable as re-
gressand, as it is expected to more accurately capture innovation performance. The un-
derlying purpose of this change of dependent variable is naturally to see how the results 
changes and if the relative importance of the regressors differs in the two cases. As rec-
ognized, this variable exhibit notable indistinct correlations with the regressors and is 
associated with similar statistical hitches as the omitted per capita variable. Conse-
quently a logarithmic transformation of the value per kilogram variable and the regres-
sors becomes necessary. Since many municipalities have zero access to local R&D, the 
accessibility variables have been aggregated, which implies that we can only assess the 
relative importance of industry and university R&D respectively. A dummy for access 
to research within the municipality has further been incorporated to make this aggrega-
tion possible. The regression output is displayed in Table 6.2.3 and it turns out that the 
patent variable exerts a considerable positive effect on export value per kilo also in this 
model. As far as the accessibility variables are concerned, none of them turns out sig-
nificant due to the presence of mulitcollinearity. One can however note that total access 
to industry R&D is the most significant variable in the initial regression. Moreover all 
explanatory variables have the right sign albeit with low t-statistics. The adjusted R2 

values in these regressions are furthermore markedly lower than in the regression em-
ploying aggregated export value, which probably is due to the statistical quandary asso-
ciated with the value per kilo variable 
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Table 6.2.3  

REGRESSION RESULTS. DEPENDENT VARIABLE = EXPORT VALUE PER KILOGRAM 
(LOG) 

VARIABLES REG (1) REG (2) REG (3) REG (4) 

Constant 1.461 
(1.1) 

1.396 
(1.2) 

1.360 
(1.2) 

1.348 
(1.2) 

 Patent average (log) 0.201** 
(2.6) 

- - - 

Total accessibility to univer-
sity  R&D (log) 

 

- 0.079 
(0.4) 

0.276** 
(4.1) 

- 

Total accessibility to indus-
try  R&D (log) 

 

- 0.205 
(1.2) 

- 0.276** 
(4.3) 

Density (log) 0.080 
(1.1) 

0.065 
(0.9) 

0.054 
(0.8) 

0.073 
(1.1) 

Dummy for local accessibil-
ity to research 

-0.024 
(-0.3) 

-0.032 
(-0.5) 

-0.028 
(-0.4) 

-0.031 
(-0.5) 

Number of obs. 266 288 288 288 

Adjusted R2 0.049 0.080 0.078 0.083 

Remarks: Standardized beta coefficients displayed over t-values in parentheses. (The standardized, rather 
than unstandardized beta-coefficients, are used since the regressors are measured on different scales). 
* *Denotes that the variable is significant on the 0.01 level. 
* Denotes that the variable is significant on the 0.05 level. 
 
Since the predicament of mulitcollinearity implies that the importance of the accessibil-
ity variables not enough pronounced regressions three and four are performed , in which 
the total accessibility to university and industry R&D are separated to circumvent the 
problem of inter-correlation. As a result, both industry and university accessibility to re-
search, become significant on the 0.01 level. This obviously indicates the presence of 
multicollinearity and that total access to R&D explains a substantial part of the variation 
in export value per kilo. In this logarithmic model the influence of accessibility to re-
search actually dominates over the effect from patents, which suggests that extensive re-
search is a prerequisite for a high rate of patenting. What this ultimately implies is that 
Swedish export success and international competitiveness to a large extent can be pro-
moted by devoting recourses to research and development.  
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Conclusions  
As was initially recognized, the purpose of this thesis was to analyze to what extent 
Swedish export performance can be explained by innovation and to assess the relative 
importance of the factors affecting this innovative capacity. In this endeavor the main 
presumption was that there is a strong link between export capacity and innovation per-
formance, a perception that was underpinned by theorizing based on empirical research 
and observations. In this context it was suggested that innovation should be considered 
as a major comparative advantage for Swedish exporting firms. A spatial version of the 
product cycle model was further introduced as it explicitly captures the process of inno-
vation, relocation and export dynamics and forms a link to the preceding theorizing. In 
particular it suggests that certain regions are more likely to be the location for innova-
tive exporting firms due to advantageous intrinsic favorable attributes specific to these 
locations such as accessibility to research and density.  

The specified model identified local, intra-and interregional accessibility to industry and 
university R&D, density and average number of patents as regressors, perceived to exert 
a positive effect on export capacity. Export capacity was signified by aggregated export 
value and value per kilogram in order to be able to estimate and compare the two differ-
ent models. The ranking of the Swedish municipalities in terms of total export value 
showed that larger regions such as Stockholm, Gothenburg and Malmö rank high but 
that smaller municipalities such as Avesta and Trollhättan also are among the top ten 
exporters. What this suggests is probably that accessibility to research and density is 
more important than regional size in explaining aggregate export value. However, ex-
port value per kilogram should probably be considered as a more suitable innovation in-
dicator. The rational is that a high value per kilogram should be associated with the in-
novative product-competition rather than price- competition. The distribution of mu-
nicipalities with respect to this variable shows a predominance of smaller municipali-
ties. These are probably high performing innovators with respect to their size whereas 
the larger metropolitan regions still are the birthplace locations for new innovations.  

The regression analysis, which is performed to assess the relative importance of the ex-
planatory variables, is complicated somewhat due to the presence of severe mulicollin-
earity. However successive exclusion of the variables with the lowest marginal correla-
tion, yields seemingly consistent results. It turns out that accessibility to research from 
within the municipality explains most of the variation in export capacity. Specifically 
the influence of accessibility to industry R&D dominates over the university variable in 
both regressions, with total and per kilogram export value as dependents. Overall the 
patent variable however exhibits the highest significance, in both the initial model and 
the logarithmic model. Obviously a high rate of patenting, which indicates innovation 
activity, exerts a strong positive effect on export capacity but do also correlate markedly 
with the R&D variables. In addition density of employment seems to be of only minor 
importance whereas regional size proves to have more explanatory power. In essence 
the findings suggest that investments in industry R&D should have a strong positive ef-
fect on export value in the Swedish municipalities whereas university R&D might not 
be that significant in this respect. The high adjusted R2 values obtained in the regres-
sions employing aggregate export value as dependent variable moreover indicate that a 
large part of the variation in export value can be explained by innovation.  
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Future studies within this field of research could possible involve an assessment of the 
export and innovation performance among different Swedish industries, in different 
product segments, to determine for what products Sweden has a predominant innovative 
capacity. It would also be interesting to investigate whether the high performing export-
ing firms do their own R&D or if they merely locate in a region with high accessibility 
to this research.    
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Appendix 1 
Correlation Matrix with export value as dependent  
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Appendix 2  
Correlation Matrix with export value per kilogram as dependent  

Correlations

1 ,292** ,296** ,177** ,235** ,039
. ,000 ,000 ,003 ,000 ,511

288 288 288 288 266 288
,292** 1 ,939** ,478** ,607** ,251**
,000 . ,000 ,000 ,000 ,000
288 288 288 288 266 288
,296** ,939** 1 ,412** ,610** ,201**
,000 ,000 . ,000 ,000 ,001
288 288 288 288 266 288
,177** ,478** ,412** 1 ,577** ,361**
,003 ,000 ,000 . ,000 ,000
288 288 288 288 266 288
,235** ,607** ,610** ,577** 1 ,413**
,000 ,000 ,000 ,000 . ,000
266 266 266 266 266 266
,039 ,251** ,201** ,361** ,413** 1
,511 ,000 ,001 ,000 ,000 .
288 288 288 288 266 288

Pearson Correlation
Sig. (2-tailed)
N
Pearson Correlation
Sig. (2-tailed)
N
Pearson Correlation
Sig. (2-tailed)
N
Pearson Correlation
Sig. (2-tailed)
N
Pearson Correlation
Sig. (2-tailed)
N
Pearson Correlation
Sig. (2-tailed)
N

LNVALUKG

LNTOTU

LNTOTI

LNDENS

LNPAT

Large pop (>100 000)

LNVALUKG LNTOTU LNTOTI LNDENS LNPAT
Large pop
(>100 000)

Correlation is significant at the 0.01 level (2-tailed).**. 
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Appendix 4 
Summery statistics 

Variables No of 
obs. Minimum Maximum Mean Std..Deviation 

Expvalue 288 221530 127286362524 2719717237.5 10187417217.367 

Patent 288 0.00 838.67 10.3808 53.83168 

Aum 288 0.00 3012.26 52.5254 320.82356 

Aur 288 0.00 1990.38 114.9097 300.98408 

Auo 288 0.00 1022.65 96.4920 164.14587 

Aim 288 0.00 643.80 8.3385 46.33785 

Air 288 0.00 383.32 19.4739 50,91126 

Aio 288 0.00 168.15 13.8888 19.33645 

Density 288 142.63 3265.67 606.6946 346.82133 

Large 
pop 288 0.00 1.00 0.0382 0.19200 
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