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Abstract

This paper gives an overview of research on econctusters and clustering and is motivated by
the growing intellectual and political interest tbe subject. Functional regions have the features
that agglomeration of economic activities i.e. tdus, benefit from. Functional regions have low
intra-regional transaction and transportation @st has access to the local labour market. The
features of spatial economic concentration weraflang time disregarded and it was first in the
early 1990s that Krugman brought the subject it $tage light. The scientific interests of
cluster and clustering phenomenon have after tee/™mntroduction rapidly increased in the last
decade. Hence, the subject is being thought abwsueducation levels. The importance of cluster
and clustering has also been recognized at a édtiegional and local level and cluster policies
are becoming a major part of political thinking.eBle policies are however often based on a
scarce analysis where no strict criterions aredtat
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1. Introduction

This paper presents a comprehensive overview afaree oneconomic clusters and would
hopefully be of interest to scholars as well ptamtiers involved in cluster formation and cluster
management. Clusters and clustering has caugltmgination of scholars and policy makers as
well as business people. A general search on Gao@letober 2006 on the concept cluster gave
about 116 million hits. An unrestricted search ooo@e Scholar gave about 1,550,000 hits,
while a search restricted to economic and sociahses gave about 206,000 hits. These results
clearly illustrate the great general scientificemast in clusters and clustering. The interest in
clusters and clustering among researchers in ecdesoamd related subjects is also increasing
rapidly. Using EconLit of October 2006, we find eébrhits for clusters in 1969 but 146 hits for
clusters in 2005.

The study of clusters and clustering and relateojests are now an integral part of many
undergraduate and postgraduate studies in busiadssnistration, economics, economic

geography, and urban and regional planning. Aptiiey level governments at central, regional,
and local levels in most developed countries hamedacted cluster studies and introduced
policies aiming at supporting existing clustersnedl stimulating the emergence of new clusters.
The success of these policies has varied subdtaiiid cluster policies seem to have become an
integral part of the political thinking on industri and regional policies. International

organisations, such as the OECD, have conductedrnmdjster studies to support the

development of cluster policies (Malmberg & Mask2002).

The growing intellectual as well as political irgst for clusters and clustering is the prime
motivation for this paper. The current large instrén clustering and agglomeration is a
culmination of a research tradition that goes biacthe 19" century and that is associated with
names such as von Thinen, Marshall, Weber, OhloovElr, Cristaller, Palander, Ldsch, Isard
and Beckmann. Even if both economists and econgeugraphers have contributed to tiedd

it has been mainly economic geographers that ha khe research tradition running.
Mainstream economists have largely ignored spasales until the early 1990s, when Krugman
(1991) suddenly seemed to realise that the magingfrfeature of the geography of economic
activity was concentration — a problem analyzedHngelling (1931), Christaller (1933), and
Losch (1943). However, since then also a growinglmer of non-spatial economists have started
to pay in interest into what has become known asw/fconomic Geography’Fuijita, Krugman

& Venables (1999) explain the increased theoreaoal empirical interest among economists for
where economic activities take place and why tr@centrate in space. Their major explanation
is that has to do with its importance for core ar@a economics such as urban economics,
location theory, and international trade theory.

What is an industrial cluster and what do differezgearchers imply when using the concept?
Despite substantial research on clusters, theillsmuch confusion concerning the proper
conceptualization of a cluster, except that it enerally conceived as a non-random spatial
concentration of economic activities (Ellison & @¢&r, 1997). Gordon and McCann (2000) have

! For an overview of the contributions of econonmgéographers and economists to the study of clusteesScott
(2004).
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offered some help by providing a comprehensivessssent of various theoretical frameworks in
which industrial clusters have been analyzed. Thaye observed that the phenomenon of
industrial clustering has attracted researcherm feeveral disciplines and research traditions
employing a diverse set of theoretical frameworksl analytical approaches. Varieties of
conflicting conceptualisations have been used, whi&s generated ambiguity. Concepts such as
agglomeration, cluster, industrial district, regabeconomic milieu, and industrial complex have
been used more or less interchangeably with ofeeg hittle concern about how to make them
operational. Gordon & McCann identify three analgtiy distinct forms of spatial industrial
clustering, each of them subject to logic of itsnow

« The classical model of pure agglomeration, refgrtim job matching opportunities and
service economies of scale and scope, where ektemarise via the local market and
local spillovers.

e The industrial-complex model, referring to expliliitks of sales and purchases between
firms leading to reduced transaction costs.

* The club model, also referred to as the social-agtwnodel, which focuses on social
ties and trust facilitating cooperation and innamat

Whatever type of cluster, the phenomena of indaistiustering is evidence of the pervasive
influence of interdependently increasing returnsu@nan, 1991). Typical for clusters is the
existence of one or several forms of direct andidirect interaction between economic agents.
Increasing returns obtain, when such interactiamegges positive externalities for the economic
agents belonging to the cluster.

The three cluster notions above may coexist siocal Imarkets, local transaction links, and local
social networks can be integrated in various coatibns into functional regions. Thus, even if it

is possible to analytically distinguish three “guobuster models, it is important to realise that

industrial clusters in reality often exhibit ricutbcomplicated and integrated features, many of
which may be difficult to create or influence bylipp measures. Many industrial clusters are
unique and the result of specific historical ciratamces. Cluster models give little guidance for
the development of such clusters, since they aradhult of specific circumstances, which are
more or less impossible to imitate.

2. The Functional Region — The Home of Clusters

The concept of market potential can be used asam$n® describe economic concentration and
the opportunities of making contacts within andwsetn such concentrations (Lakshmanan &
Hansen, 1965). There are several strong reasonmdiing a precise distinction between a
region’s internal and external market potentiale Deographic delineation of a functional region
is in a fundamental way related to the identificatof its internal market potential. The internal

market potential is a measure of the market oppdrds existing inside the borders of a

functional regiorf.

2 |n a precise analysis one has to define the manddemntial with regard to each specific group addarcts or each
specific group of economic activities. However, énave want to illustrate the impact of a generalizearket
potential concept, represented by the size andehsity of a functional region.
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A functional (urban) region is characterised byatgylomeration of activities and by its intra-
regional transport infrastructure, facilitating @ade mobility of people, products, and inputs
within its interaction borders. The basic charastier of a functional region is the integrated
labour market, in which intra-regional commutingvesl as intra-regional job search and search
for labour is much more intensive than the intgigeal counterparts (Johansson, 1998). The
border of a labour market region iggaod approximation of the borders of a functioregion.
The idea of the functional region has a place irsthmoodels of urban economies. In New Urban
Economics, for example, an urban region is ideadifby deriving increasing commuting costs
from increasing distance to the city centre, whidsts the majority of all work places (Fuijita,
1989).

It is a common assumption in regional economicsghaducts vary with respect to the contact or
interaction intensity associated with their inpadér output transactions (von Thinen, 1826;
Losch, 1943; Hirsch, 1967kor products with standardised and routine trarsagirocedures,
little or no direct contact between buyer and selde necessary. Moreover, when the same
supplier and customer repeat the same deliveryintkeaction between these two actors can be
routinised, and hence the contact intensity goesngaausing transaction costs to decline.
However many products are traded under complex (and comtBisive) transaction
conditions, which may involve many transaction pimaena such as inspection, negotiations and
contract discussions, legal consultation and docwaten of agreements. Such products may
themselves be complex and have a rich set of atésh but the basic thing is that from a
transaction point of view, they are not standadlisend the interaction procedures are not
routine. A special case of a contact-intensive saation is when a product is customised and
designed according to specifications by the custoimea process of supplier-customer
interaction. Thus, we can assume that the contdensity associated with selling and delivering
different products varies considerably.

Another common assumption is that interaction cas¢smuch lower for transactions within a
functional region than between functional regionBis implies that contact-intensive products
can be claimed to have distance-sensitive trargacbsts and that these geographic transaction
costs rise sharply when a transaction passes @adorder (Johansson & Karlsson, 2001). This
also implies that products can be distance-seesitith respect to input transactions. Similar
arguments apply to the labour market in the semseindividuals (firms) search for jobs (labour)
mainly inside their functional region. As a restlte interaction frequency associated with dis-
tance-sensitive products supplied in a given regictuding labour can be assumed to decrease
with increasing (time) distance from the regionente (Holmberg, Johansson & Stromquist,
2003). Actually, it is a general result from sphitieraction theory, that the interaction intepsit

is a decreasing function of the time distance betwarigin and destination (Sen & Smith, 1995).

For each type of product in each functional regibnis possible to divide the total market
potential into the internal (intra-regional) ane #xternal (inter-regional) market potential. Firms
wanting to supply distance-sensitive products rfingta sufficiently large demand for their sales
inside their own region. When internal economiesaile prevail, the internal market potential
must exceed a certain threshold if firms produdimgance-sensitive products will be able to
make a positive profit, i.e. “economic density” teas (Ciccone & Hall, 1996; Karlsson &

Pettersson, 2006).
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The size of the internal market potential in a eagis among other things a function of its
infrastructure provision. Infrastructure for intetian has the role of offering high density
combined with low transaction costs, i.e. a largeeasibility (Johansson, 1996). This implies that
suppliers have a large accessibility to customadsthat producers have a large accessibility to
suppliers of specialised inputs as well as to hieolsis supplying specialised labour inputs.

Infrastructure has two fundamental roles (LakshmanB989): (i) it influences both the
consumption and the production possibilities ofisties, and (ii) it is intrinsically a collective
good in the sense that it is not only common tohaluseholds but also common to both
households and firms. Thus, infrastructure in adoasy will influence the size of the internal
and external market potential of a functional regloy (i) extending its links for interaction
trough space, and (ii) creating intra- and intgji@aal accessibility of regions. Infrastructurecals
extends over time through its durability, whichates sustainable conditions for production and
consumption for extended time-periods.

3. The Emergence and Growth of Clusters

The traditional analysis of location and clusterergphasise the relative abundance of resources
“trapped” in a functional region (Ohlin, 1933). Thapproach is a resource-based theory of
location and clustering (and trade). The critieaaurces have the character of durable capacities,
which on the one hand, consists of natural resguatel on the other hand, of the supply of
infrastructure in the form of facilities and netksy R&D organisations, existing production
capacities with specific techniques, and the supglydifferent immobile labour categories.
Modern resource-based models often emphasise t@ysof knowledge-intensive labour as a
primary location factor. The durable capacitiesegate comparative advantages in the sense of
Ricardo and influence the potential specialisapoofile of a functional region. Although these
characteristics are more or less exogenously givéime short and medium term, a major part of
the durable characteristics (except natural ress)irchange gradually over time and are to a
large extent created by investment and migratikeirocesses.

The resource-based approach has been challengeckemt decades by scale-based models (Dixit
& Norman, 1980; Lancaster, 1980; Krugman, 1979,01881981; Ethier, 1982; Helpman,
1984). However, this point was explicitly made atlg by Ohlin (1933). They explain location
and clustering (and trade) in a context of intearad external economies of scale and local and
external market potentials, where the dynamicdefinterdependence between market size and
economies of scale is essential. In the short aedium term, the properties of markets are
durable phenomena, which create comparative adyasita pertinent regions. It is obvious that
in order to understand the emergence and in ptatjdine growth and dynamics of clusters there
is a need to bring the two approaches together.pgoasible approach to do this is to associate (i)
the resource-based advantages to the input madtentgals of each sector, and (ii) the scale-
based advantages to the customer market potemwtia¢mch sector (Holmberg, Johansson &
Stromquist, 2003).



The realisation of scale economies and the assdcipbtential of division of labour, i.e.
decomposition of production, and specialisationiatensically related to the size of the market
(Stigler, 1951; Arrow, 1979; Beckmann, 1958; Tirdgmr, 1967; Kaldor, 1970). When the
decomposition takes place within a firm, the fimkds advantage of internal economies of scale,
and when decomposition leads to outsourcing of ytdn, the firm may take advantage of
external economies of scale. Internal economiescalle are technological phenomena related to
individual firms and imply that the productivitydreases (the unit cost decreases) as output gets
larger. They may be related to the existence of oneseveral productivity-enhancing
indivisibilities (fixed-cost factors), such as ingible equipment, knowledge resources including
patents, brand names, material and non-materialonk$ or set-up costs including learning how
to do it (Koopmans, 1957), i.e. a “catalyst”, whigftust be present in the production process
without being used up (Krugman, 1990). It is nat #bsolute size of the fixed costs that matters.
Instead, the size of the fixed costs should beteéldo the size of the potential demand
(Chamberlin, 1933, Krugman, 1991).

In theories of agglomeration of firms, i.e. clugtgr internal economies of scale and the size of
the internal and external market potential of ragiare used as the principal factors explaining
the spatial agglomeration of firms. Internal ecoresof scale are essential components in all
models, which emphasize the role of variety of atgpand inputs, respectively. Firms with
internal economies of scale search for functioagians with a large enough market potential for
making it possible to produce with a profit anddtional regions in which many firms want to
locate develop a large market potential. Some tygegoods and many types of services are
connected with large geographical transaction cogléch implies that it is the intra-regional
market potential that determines whether profitgimeduction is possible in a region or not.
Thus, it is essential to classify products withamgto their distance sensitivity as regards
transaction costs. Based on such an approach andeaify specific categories of products with
a potential to develop clusters in small, mediurediand large functional regions, respectively.

Industrial clustering cannot be explained solely infernal economies of scale. Of equal
importance is the existence of external scale-evde®y which are vital for a sustainable
development of clusters in regions. The first tgpeexternal economies of scale — localisation
economies — is a systems phenomenon, which occhesn weveral firms, producing similar
products, are located in the same functional regia in the same *“industrial district”.
Localisation economies are vital for specialisatamal clustering processes in small and medium-
sized regions (when they are not resource-basetiaf$son & Karlsson, 2001). The second-type
of external economies of scale — urbanisation etwe® — is another type of systems
phenomenon, which occurs in large urban regionsrigpmany different and interacting clusters.

The impact of external economies of scale in thenfof location economies was emphasised
already by Marshall (1920). A firm operating undenstant returns to scale can benefit from
positive external economies from the output frorheotfirms in the same region, i.e. from

external economies of scale (Chipman, 1970). Leatiin economies generally play a central

role in many models in urban and regional econoragsvell as in models of spatial product
cycles (Mills, 1967; Henderson, 1986; Hirsch, 1967)

According to Marshall's theoretical scheme, there three sources for the positive industry-
specific effects from clusters, i.e. the agglomerabf firms, namely (1) non-traded local inputs,
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(2) local skilled-labour supply, and (3) informaticspillovers. The first category may be
considered as distance-sensitive inputs. Due to ¢ggpgraphic transaction costs, these inputs are
more expensive when delivered from sources outgidefunctional region. This implies that
proximity becomes an advantage when firms are catéal, since the concentrated demand from
the pertinent industry also attraateighbouring firms, which are input suppliers (afrious
kinds). These input suppliers have their own irdéetonomies of scale. Thus, it is important for
them to have accessibility to a sufficiently ladgmand, which in this case is provided by the
localised firms in the clustéThe desire of specialised input suppliers to biénsame region as
their customers is determined by a combinatiorr@gdent interactions with their customers and
distance-sensitive transaction costs.

The second category of agglomeration economieslaged to a firm’s labour acquisition costs.
In a functional region where a large share of di®our force already has specialised skills, the
costs for a firm to expand its labour force maydaeer than otherwise. For example, search and
training costs can be assumed lower when the |lapoalris large in a functional region. At the
same time, a cluster of firms can attract to thgiore a rich variety of labour categories,
specialised to suit the industry in question. Adaag to the above arguments, proximity to
specialised input suppliers and specialised lakapply will imply that inputs can be acquired at
a lower total costs for given quality levels. Besawf this, the described phenomena belong to
the family of pecuniary externalities.

The third category, the information and knowledgailable in clusters is a regionally available,
semi-public good. This phenomenon has the charafter non-pecuniary externality, since it
brings benefits that are not charged at a priceggixin the form of land prices. Information and
knowledge are spread without being priced in theiregional neighbourhood, because in such
an environment with intense face-to-face interacitobecomes prohibitively costly to privatise
all information and knowledge. Hence, some of ill wpillover, sometimes as the result of a
conscious mutual exchange of information. The mfation and knowledge of importance
concerns a wide area, such as information and ledge about production technique, product at-
tributes, input suppliers, customers, and/or macketditions. The Marshall approach provides an
explanation of the sources of agglomeration ecoeasmithin an individual industry, i.e. in a
single-industry cluster.

Another scheme for analysing agglomeration econsmw@s outlined by Ohlin (1933). In
contrast to Marshall, Ohlin focused more on how itidvidual firm is affected by co-location
with other firms. In his classification, agglomeoateconomies have four origins:

* Internal economies of scalassociated with the production technique or prbodoc
conditions of the individual firm.

* Localization economigsvhich affect the individual firm as an influenitem the industry
to which it belongs.

» Urbanisation economiesvhich arise from the size of the regional econanyg thus are
external to the industry and its firms.

% Neighbouring firms may in addition include speisieti customers, which are attracted by the coraeatrand
varied supply from similar firms located in the saregion, i.e. from the cluster.
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* Inter-industry linkage®f input-output type, where proximity to suppli@sintermediate
inputs reduces their price.

Both input and customer market potentials tendawy with the size of the functional region.
This makes it possible to combine resource-baseadl stale-based models to explain the
emergence and growth of clusters. We can assurhéhth&arger the functional region, the larger
the potential to combine internal and external eooies of scale and the larger the economic
density. In particular, for large functional urbaegions scale economies imply a location
advantage with regard to all products with a “tdemand” and thus clusters in these industries
mainly will be found in such regions. Thus, largeban regions can specialise in “cluster
diversity” and rely on the double force of intermald external scale economies. However, scale
economies constitute an equally important phenomédno industrial clustering in functional
regions of all sizes. Also smaller regions can tgyve specialisation, i.e. a cluster, in a self-
organised way, but in this case, the developmelihited to a set of closely related products in
the same industry with low geographical transactiosts supported by localisation economies.

In the sequel, we present a sketch of how the ilmtaif a firm to small and large functional
regions, respectively, may release a set of seifarcing circular processes, which in an
endogenous change process give rise to one orasesasters through what Myrdal (1957)
described as cumulative causation. This form oftpesfeedbacks is in general constrained by
on the one hand, the development of the demantkineigion and in its external markets, and on
the other hand, by the existing capacities in tinfof built environment, accessibility based on
transportation systems, production capacities, labdur supply. For certain activities, these
constraints may not be binding, whereas other itiesvrequire adjustments of the durable
capacities. The market potentials can be assumadjist at a faster time scale than the durable
capacities. In the longer time perspective, redicapacities and the regional economic milieu
will adjust through a system of coupled feed-bailkkdges. The interaction between scale
economies and regional durable characteristicstihassame nature both in small and large
functional regions, although external linkages theo (and larger) regions are more vital in
smaller regions. For small and medium sized regittresadjustment of durable capacities may be
assumed rather specific with regard to the narretmo$ sectors, which form the specialisation
nucleus of such regions. The sketch of how thetimecaof an individual firm may release a
clustering process will be done by referring toa(ifirm’s customer market potential, (ii) a firm’s
input market potential, and (iii) a firm’s labourgut market potential. In a similar manner, it is
possible for the individual household to identify (i) job market potential, (ii)) housing market
potential, and (iii) consumption market potentighe interaction infrastructure will function as a
support factor in the development process.

3.1 Clustering in Smaller Regions

Due to the low internal customer market potenhamaller regions, clustering in smaller regions
must be based on products with low geographicalktetion and transportation costs. Suppose
now that a firm producing a product with low geqgreal transaction costs is established in a
smaller region and starts to supply distant markietising advantage of the existing external
customer market potential. If the firm is successind starts to grow, information and
knowledge about the product, its production proceassl its market will increase. This might
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under the right circumstances induce the formatibmore firms in the form of both pure start-
ups and “spin-offs” from the original firm produgrthe same and/or closely related products
also to supply distant markets, i.e. the emergandegrowth of a cluster.

The growth of the size and number of firms in thme industry will increase the industry’s input
market potential and labour-input market potenfldlis will induce the location and growth of
input suppliers in the region, in particular thasput suppliers supplying distance-sensitive
inputs. As the input suppliers have their intersahle economies, growth among the input
suppliers will lead to lower input prices for thieigter firms which makes it possible for them to
lower their output prices and thus become more @&itiye at the distant markets they supply.
The increased demand for labour among the clustas fwill lead to the emergence of a labour
market supplying the specialised skills demandeolutfh education, in-migration and on-the-job
training. The development of a specialised laboupps/ decreases the labour costs, the
recruitment costs, and the risks of the clustangirwhich lower their costs and increase their
competitiveness. The growth of the number and sizeluster firms naturally increases the
availability of information about the actual prodsjcproduction processes, and markets, which
reduces the search costs and the R&D costs ofnitigidual cluster firms and contribute to
strengthen their competitiveness and growth paknilihus, we can see how the clustering
process and the different sub-processes it indacaself-organised manner creates an economic
milieu, which tend to attract more firms to thestkr due to the availablecalization economies.

If the accessible market is very large, the clustay grow very large. In such a case, the intra-
regional market potential may become so large abdlusters emerge both to supply inputs and
consumer products with general regional growthhasend-result. However, in many cases the
accessible market is limited, which implies tharthis a limit for the growth of clusters in many
small regions. Regions with such clusters can Iserdeed as industrial districts.

3.2 Clustering in Larger Regions

What about clustering in larger regions? Suppoaé @ahnew firm is located to a larger region,
possibly substituting previous imports to the reg{dacobs, 1969). This will induce the number
of jobs and the income in the region to increashkickv will increase the customer market
potential in the region. If this augmentation ignsficant, it will stimulate an expansion of

activities in existing firms. It may also triggdmnet introduction of new firms into the regional

market. Thus, we can imagine a cumulative procgBih expands activities in incumbent firms,
stimulating start-up of new firms and increasetheanumber of jobs and incomes.

For distance-sensitive products, the export flawvsther regions are often small. However, as the
production grows, in particular in incumbent firntlse cost per output decreases due to internal
economies of scale. This makes it possible to latherexport prices, which may generate an
increase in the export flows. In this way, thesenpanies can take advantage of the market
potential in other regions.

In relation to this analysis, one should obsenat thternal and external scale economies might
be present simultaneously. The effect of positiveermal economies is attraction of firms with
similar activities to each othéWhen firms with similar activities start to locatear each other,
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i.e. to cluster, their input suppliers are alsonstated to locate in the region, to the extent that
their input deliveries are distance-sensitive, Whitakes it possible for the input suppliers to take
advantage of internal economies of scale. Ovethi§ implies that a large overall market

potential in a region can ascertain and stimulhgedevelopment of input-market potentials in
general. This will further improve the productioanditions of the cluster as well as of other
activities with similar input requirements. As timput-market potentials increase, falling output
prices are generated both for the inputs and ferfitial products. As the prices of the final

products decrease, exports to other regions widitimeulated and the external market potential of
the region will grow in importance.

When firms with internal economies of scale locatea region, the intra-regional market

potential increases, which makes it possible forarfoms with internal economies of scale to
locate in the region. Thus, the spontaneous bebawabfirms with internal economies of scale

may generate a clustering of firms in regions thi#r a large enough market potential. It is
important to note that clusters in most cases eeamgl develop spontaneously in evolutionary
processes. As more and more firms cluster togetagous external economies may develop,
which further stimulate the clustering of firms.

3.3 Clustering as an Entrepreneurial Process

Clustering processes are located and limited to ftimetional region where the initial en-
trepreneur or group of entrepreneurs decided tatéoa new firm. The emergence of clusters is
often triggered by events that make a natural orat@sset of a functional region an important
location factor for an industry or that encourag®aal entrepreneur or group of entrepreneurs
engage successfully in a specific industry (Feld@&abchreuder, 1996). Entrepreneurs function
as change agents and at the same time as theyrigen dy the possibility to earn an
entrepreneurial profit they also influence the dtads for other entrepreneurs to start and
developfirms. They do this by changing the demand and lsupgnditions in the region as well
as over time and develop norms and other informstitutions, which form the entrepreneurial
climate in the region. Due to their co-locationinfs are also able to develop trust-based
relationships, not only with other firms in the sanmdustry but also with other important
economic agents in the functional region, suchupplgers, customers, public authorities, R&D
institutions, and so on (Press, 2006).

Cluster formation processes are not linear prosebsg¢ can be described as adaptive, self-
organising processes. These processes engagerengnes as well as political decision makers
and contribute to the establishment of supportimd) governing functions as well as material and
non-material infrastructures often with the helppablic resources. This implies that the cluster
and the regional specialisation created throughatttesities of entrepreneurs tend to become
unique due to its history (Krugman, 1991) and timkserently difficult to copy (Feldman &
Martin, 2004).

When entrepreneurs during the cluster formatiorcess decide to start new firms they take
advantage of those resources, which have accurdutater time, such as customer market
potential, input supply potential, financial capisocial capital (Westlund, 2006). Cluster growth
is often driven by the start-up of “breakaway fifrm@acobs, 1969), i.e. firms started by
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entrepreneurs with experiences from the same indushtrepreneurs with experiences from the
same industry create the cluster and contributiéstoontinued growth (Feldman & Romanelli,
2006).

To the extent that these entrepreneurs are suatessdir activities will further strengthen the
regional economic milieu including its institutiorend its social capital and increase the
possibilities to take advantage of internal ancedl economies of scale as well as to establish
new firms. Successful clusters not only creatertbein resources, institutions, and potentials.
They also attract resources, such as financialtalagabour and entrepreneurs from other
functional regions. However, there is no guaranikee clusters, which have developed well in
early stages will continue to grow. There are eXaspf clusters, which after being successful in
early stages starts to deteriorate long beforendieire stage (Feldman & Francis, 2004).

Since entrepreneurs initiate economic activitied boild up resources and market potentials,
they are a necessary factor in the dynamic cldstenation process. Entrepreneurial processes
are mostly localised processes. New firms are to a high exdtnted in the functional region
where the entrepreneur lives and has establish@dneocial and social networks and has access
to a customer market potential as well as an isppply potential.

3.4 Knowledge-based Clustering

Special attention is in the literature given to wiexlge-intensive clusters often described as
innovative or high-tech clusters, which have a hgjmare of knowledge-handling labour
employed, i.e. a high share of employees with aarsity education. One may also recognize
another form of knowledge-dependence among knowlaatgnsive clusters, which reveals itself
as large input shares from knowledge-intensive tiguppliers. When a knowledge-intensive
cluster grows,it will lead to an increased demand for highly edutal@bour, which will
stimulate knowledge-intensive labour to move to thgion and more people to take higher
education. This implies an overall increase of ibgion’s knowledge intensity. The cumulative
consequence is that there will be a simultaneousteracting expansion of the job-market
potential of knowledge-intensive households.

It is obvious that knowledge flows, including kn@dbe spillovers, are at the core of knowledge-
based clustering. Since knowledge has been foube weographically concentrated (Audretsch
& Feldman, 1996), location is crucial in understagdknowledge flows. In addition, the capacity
to absorb flows of new technological (and entrepweial) knowledge is facilitated by
geographical proximity (Jaffe, Trajtenberg & Herster, 1993; Baptista & Swann, 1998). The
exchange of ideas has been used as one major atiptafor the clustering of economic activity
and differences in income and productivity acrossggaphic space (Marshall, 1920; Henderson,
1974).

Proximity is obviously essential for knowledge flewwhether they are transaction-based,
transaction related or spillovers (Karlsson & Jasam, 2006) for the following reasons:

 |If the price of transaction-based knowledge flows dassumed distance-sensitive,
knowledge transactions inside a region are moreuiable than inter-regional knowledge
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transactions. Given this assumption, a proximitiemality will exist, which stimulates
knowledge buyers and suppliers to locate in theesaagion.

» If ordinary input purchases are assumed distanositaee, sellers and buyers of inputs
have an incentive to locate in the same region. s€gumently, transaction-related
knowledge flows will be proximity dependent.

» Pure knowledge spillovers are generally assumextear as apart of extra-market social
interaction, which is considered distance-sensitei@ployees who shift between firms,
bringing knowledge with them as they move, alsoseathis type of knowledge flow.
Thus, proximity externalities will be associatedtwpure knowledge spillovers.

Large regions offer special advantages for knowdelolgsed clustering since they combine a large
supply of knowledge with diversity and proximity darthus offer the best conditions for
knowledge flows. When a large region has achievetihiial advantage in knowledge supply,
i.e. of human capital, it will attract knowledgesating and knowledge-utilising firms and
stimulate the formation of knowledge-based clustéhe underlying reason is that such regions
offer the best opportunities to take advantageafaasing returns in knowledge production.

4. Efficient versus Innovative Clusters

The concept of external economies of scale reltegrious more or less complex forms of
externalities. Johansson (2005) makes a distindtigtveen three aspects of externalities: (1)
source, (2) economic nature, and (3) consequenedlisiinguishes two externality sources: (i)
proximity, which affects transaction costs and lftes uncharged spillovers, and (ii) link

effects, which affect both transactions and infdraraspillovers. As regards the economic nature
of externalities we have (i) pecuniary externadittbat operate via prices, i.e. via the market —
intra-market externalities — or via inter-firm l&k- quasi-market externalities —, and (ii) non-
pecuniary, i.e. technological, externalities, whicperate outside the market — extra-market
externalities. The consequences of externalitipeapin the form of

» efficiency externalities, which create static diffieces between regions with regard to
productivity and the costs per unit of output oifrfs, and

e innovation externalities, which are dynamic phenoame@nd appear as a change of
economic efficiency (new routines) but also in then of new products, increased prod-
uct diversity and similar novelties.

As shown in Johansson (2005) the above three aspéeixternalities can be complemented by
another dimension of importance for understandihgtering, namely a distinction between
horizontal and vertical externalities, where vetiexternalities can be separated into upstream
and downstream externalities. This provides us withuch richer understanding of the various
factors generating efficiency and innovation exadities:

1. Efficiency externalities:
* Vertical:
i. Downstream externalities that affect the price $epp can charge
customers.
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ii. Upstream externalities that affect the input co$terms.
» Horizontal:

i. Formal and informal cooperation between two or nfores in the same
industry, e.g. joint marketing and transport saoln$éi of long-distance
exports and shared market information.

* Pure demand:

i. The size of the local demand facilitating explogatof scale economies
for suppliers.

ii. The size of the local labour demand generatingbaua market with a
supply of labour with specialised skills.

2. Innovation externalities:
* Vertical:

i. Downstream externalities affecting the knowledgevi from customers to
suppliers.

ii. Upstream externalities affecting knowledge flowsnirinput suppliers to
producers.

» Horizontal:

i. Formal and informal knowledge flows between firmghe same industry,
e.g. joint R&D efforts based upon a cooperatiok lar pure knowledge
spillovers.

* Pure demand:

i. Size and diversity of local demand facilitates expents and com-
munication with customers in the product developihpeacess in the early
phases of a product cycle.

ii. Size and diversity of local labour demand genegatan inflow of
knowledge workers generating a larger and morersified supply of
qualified labour.

Some of these externalities are by definition bagaeh proximity, while others can be based on
either proximity or link effects. However, link effts are dependent of location. Regions with a
cluster of firms in a specific industry might ovieme develop general as well as specialised
interregional transport and communication infrastuee, which facilitates the development of
link effects. Large regions with many clusters iffedent industries will normally develop a rich
general interregional transport and communicatidrastructure, which generally supports the
development and exploitation of link effects. Thusgions may offer proximity or link
advantages or both to one or several industrieggchmmay result in the emergence of one or
several industrial clusters.

What is important with this exposé of various em#dities is that it shows that the emergence,
development and competitiveness of clusters mighbdsed upon a variety of externalities and
not least varying combinations of externalities.isTimplies that a deep understanding of

industrial clustering is dependent upon a clearewstdnding of various externality phenomena,
their sources and their nature and how they magraot with each other. It also implies that

different clusters may be based upon quite differeachanisms and that general cluster policies
are difficult or even impossible to develop.
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What is particularly important is that we can maksimple distinction between what we might
term efficient and innovative clusters. We can khof the traditional industrial district as an

example of an efficient cluster, while modern pheeoa such as Silicon Valley or Telecom
Corridor are typical examples of innovative clustdriven by the continuous development and
spread of new knowledge. Depending upon the loglur different clusters, cluster policies

must be adapted to the special circumstances.

5. The Sustainability of Clusters

The market potential variables discussed aboveesept resources that adjust on a slow time
scale, which implies that the growth of clustera igradual process. This implies that a functional
region’s overall market potential, as well as iedfic components, plays the same role as
infrastructure. The different market potentials affunctional region provide an arena for
processes that adjust on a fast and medium-speedl dcale. Furthermore, the input market
potentials comprise among other things the regicougiply of capital, labour (with different
skills, experiences and education) and built emrirent, which all are factors emphasised in
resource-based models of location and clustering.

It is important to ask questions about the knowdenigensity of the labour force in different
functional regions since there is a strong focuskoowledge-intensive clusters in the cluster
literature. Many studies provide empirical supptwtthe assumption that households with
university education and other skill attributesucls as entrepreneurial skills, are attracted to
migrate to and stay in regions that offer an ativachousehold milieu, i.e. large and varied
household market potentials (Clark, et al., 200@riéfa, 2002; Glaeser, Kolko & Saiz, 2001).
The latter includes natural and artificial amemsitas well as climatic attributes. In addition, the
household milieu is strongly affected by the fuocél region’s household infrastructure, which
comprises its housing market potential and the sstosity it offers from housing areas to (i) the
supply of household services, (ii) the supply ofeaities of different kinds, and (iii) job
opportunities in different workplace areas. Thisplies that a functional region’s household
milieu is a partly independent attractor (repelleoit household location and regional labour
supply. However, it also implies that regional labmarkets adjust by means of a process where
firms follow the location of the labour supply, mat than the opposite (Quigley, 1990; Maclellan,
1990). This form of causation is associated with ‘tnowledge society’ in which the growing
economic sectors have a high demand for knowledigssive labour, primarily with university
education. Under these conditions knowledge-intenebuseholds select residential locations in
areas and functional regions with an attractiveskbold milieu and firms with a large demand
for knowledge-intensive labour have to adjust tHe@ation accordingly. Thus, the supply of
knowledge-intensive labour is one factor driving ttustering of firms.

Infrastructure for interaction in a functional reqiis, primarily, the entire built environment with
is various networks for transportation and commatnon and its various arenas for meetings,
negotiations, education, and so on (Batten, Kolday&sAndersson, 1989; Kobayashi, 1995). It
also includes the links connecting the region vather functional regions and the associated
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external market potentials. The intraregional isfiracture has the function of making it possible
to combine a high economic density with low intéi@t costs for all existing markets.

High density and low geographic transaction costply ‘thick’ markets with large demand,

many customers and suppliers and frequent transactMoreover, the interaction infrastructure
may also enlarge the markets in a functional regiora complementary way by including

geographic domains, which previously belonged tbeotfunctional regions or even other
functional regions as a whole. In this case, exteriss and/or improvements of transport
infrastructure integrate new geographical areah thé functional region by reducing the travel
time distances to these areas. This form of entaege also implies that the internal market
potential of the functional region grows, whil@éclines in neighbouring functional regions.

The overall market potential of a functional regiam. its size and density, is an infrastructure
phenomenon in itself. It changes in a process of s®w adjustments and provides collective
market opportunities that benefit both householu$ frms. In growing functional regions, the
location of households and firms form a self-refnfiog dynamic process, i.e. a process with
positive feedbacks. Over time, the (slow) formatidnegional infrastructure affects the process
by gradually building up the basic conditions foe thousehold milieu and the economic milieu
of firms. Naturally, the economic milieu is partletermined by the job and firm location
processes. However, we assume that the econom&una$ a whole changes at a much slower
pace than the location of firms and clustering déésnce, in a limited time perspective it is
possible to treat the milieu characteristics ag@amately invariant. The same argument applies
to the relation between the household milieu are dlgnamics of household location. The
regional change process described here has thedbmterdependent dynamics such that firms
and households mutually adjust to each other.

Economic history shows that creative and innovativsters can grow and stay competitive for
long periods but is also shows that even the mastessful clusters can start to decline and ulti-
mately disappear (Braudel, 197ndersson, 1985, 1987; Janick & Toulmi®78; Malmberg &
Maskell, 2002). Many regions that have faced sesgatectural problems in recent decades had
thriving clusters in their time. This observati@ises a number of questions. What are the factors
that can end even very successful clusters? Asetfaetors the same for effective and innovative
clusters? Are there cluster configurations thatkater or worse for long-term survival? What
can active cluster policies do to avoid the detation of clusters and to what extent should they?
Here it is important to observe that the factor thnce enabled a cluster to form and to grow
may not necessarily be as important in sustairting i

Tichy (1998) argues that cluster sustainability imatter most properly considered over a long
development wave analogue to a product cycle, duithich a cluster forms, then grows and

eventually reaches maturity and even decay. Howewé not given that the development of

existing clusters over time is deterministic, aplaxed by Press (2006, p.6):

* A formulation like this is in sharp contrast toetlso called export base model, according to whimmemic
activities locate independently, whereas the lalmoply of households are assumed to adjust tal¢hneand for
labour, partly through in-migration. In this cabeuseholds follow jobs. Regional change procesk#sskind are
usually associated with the ‘industrial societyacdcterised by homogenous labour employed in feastor
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“Empirical evidence on the development of clustaas revealed that despite the dynamics in the
spatial distribution of industries, there is notstiting as a deterministic life-cycle running from
emergence to exhaustion. Depending on the resmdriseal agents, change events may not shift
the industry away from an existing cluster. Insté&azhl decline can be avoided if agents in the
cluster are able to accommodate the new situation.”

Cluster sustainability may besaused by internal as well as external threats.ifteenal threats
come from what may be termed structural rigiditi€aese rigidities may develop within the
cluster firms in the form of obsolete products gndduction technologies but also within their
economic milieu in the form of obsolete infrasturet obsolete labour training and education,
obsolete R&D, obsolete institutions, internal orgulkatory in-flexibilities (Porter, 1990).
Conservative investment policies might lead clissterbecome locked-in in irreversible develop-
ment paths that over time prove to lead to a stdt®bsolescence. From an evolutionary
perspective (Nelson & Winter, 1982), one can alsagine clusters specialising in (what in the
global selection process turns out to be) infeaionon-preferred technologies. These and other
cluster-specific developments, such as, increaspprtunistic behaviours (Maillat, 1998), can
reduce agglomeration economies or increase coongesbtsts thus making a location in the
functional region less advantageous.

External threats are:

(i) cyclical disturbances

(i) fundamental technological changeas. technological discontinuities in product process
technologies,

(i) fundamental demand changesuch as changes in quality and quantity of dem&ngl
cluster-competition effectdue to, for example, reduced geographical tramsacosts as a result
of investments in transport infrastructure, and

(v) changes in economic and industrial policiésr example legislation, tariffs and other trade
regulations (Porter, 1990; Karlsson, Johanssonati@t, 2005).

If the internal and/or the external threats becamneality, they may of course be counteracted by
actions from the economic agents in the clustevelsas from policy makers in the region. If for
example the firms in a cluster a threatened by ¢ost competition a survival strategy for the
cluster firms might be to change from the productd standard goods to the production of non-
standard goods based upon design or customisdtieme are, however, limits to what changes
in strategy or policy can achieve under these mstances, and if the effects of the threats are
marginal, it is easy for de-agglomeration or destdting cumulative processes to set in that
ultimately might lead to the end of a cluster (MakdL957). Probably, the de-clustering process
in many cases might reach new cluster “equilibriehere a smaller cluster still can be
competitive. In other cases, where there are fumeddsh changes in relative cost conditions
between locations or fundamental technological ghartlusters might very well face extinction.

6. Cluster Policies

Cluster policies are currently a hot topic. Poliogkers in many countries at both the national
and the regional level have come to believe thapsting and creating clusters is the major
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option to be competitive and to be a winner indlabalisation race (Maillat, 1998; Lagendijk &
Cornford, 2000; Lundvall, 2002). A search on thenaapt “cluster policy” using Google in
October 2006 gave about 38,500 hits. Certainlyetiea strong need for a thorough discussion
of cluster policies and not least the rationalectaster policies. In many countries at the natiopna
as well as at the regional and local level clustevelopment has become the solution to
economic development. However, in many cases,alagtvelopment seems to be based on no or
very limited analysis. Clusters are found and idiext without any clear criteria. When criteria
are used, they are often very simple, such asitotauotients. Still worse, there is often very
little analysis of what factors that gave risette emergence of clusters, the factors keeping them
together, the long-term prospects of the clustiérs, fundamental reasons motivating political
intervention, the problems of applying cluster pials.

Existing clusters can often be efficiently suppdrb®y policies. Stimulating emergence of new
clusters is substantially more complicated. Hawingpessed the success of a limited number of
successful high-tech clusters many regions waninittate and nurture their own high-tech
clusters. This is often done with little and mossiyperficial analysis. Often the initiatives to
create new clusters are based upon rather simplétion strategies, which severely
underestimate the difficulties of launching newstéus. The difficulties are real since research
has had rather little help to offer concerningtleeessary and sufficient conditions for successful
launching of new clusters.

Clusters contribute positively to real income levial regions. This has important implications for
regional development polices. However, it is noviobs what the implications are and how
cluster policies should be designed (Karlsson &u§lo 2002). What type of regional cluster
policy to apply depends on

1. type of cluster(s),

2. actual degree of cluster formation in the regiom a

3. information and knowledge about existing clustensl &luster policies possessed by
relevant political authorities.

In the ideal case, policy measures should be @detdwards the causes of the problem to be
solved. It is important to realise that externasitiwhich stimulate cluster formation is a sign of
what is called a market failure. This holds irregpely of the externalities are pecuniary or
technological. In traditional economic welfare thgothe existence of market failures has
generally been taken as a motivation for politicéérference. However, this view has become
more nuanced in recent decades. Political intenteres associated with its own costs and these
costs must be weighted against the benefits froanoved or reduced market failures.

In the case of technological externalities, mafidtre is obvious. The individual firm has no
incentives in its calculations to consider the pesi(negative) effects for other firms of its own
activities. Thus, the individual firm will not coier the value of its own activities for the cluste
and for the overall national economy. This conditimplies that, for example, private companies
in a market economy regularly under-invest in R&Ice it does not consider the value for other
firms of its knowledge creation.
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Pecuniary externalities on the other hand are mdaileres connected with scale economies or
imperfect competition. The utilization of scale romies, the supply of products, and the degree
of competition are all limited by the size of theanket potential. If more customers enter the
market or if suppliers better can access distankets this limitation is reduced and a socio-
economic benefit arises through lower unit costsvider supply of products and/or increased
competition. Thus, it is not the pecuniary exteitied as such, which represent market failure. It
is just a symptom of a market failure, which confesm the production conditions (scale
economies) or the market form (imperfect compatitio

Certain market failures due to externalities camwaded if the effects can be internalised, €.g. i

the firms in a cluster decide to coordinate thetndties through a common ownership or through

contractual arrangements. Cluster firms can algmrose themselves and work jointly to get

more firms and/or household to locate in the regimcrease the market potential of the region,
if the size of the market potential is too smal positive pecuniary externalities to be realised.
There are, in fact, plenty of examples of the thhg private sector leadership can play for cluster
initiation and cluster development (Stimson, Sto&gRoberts, 2002). However, if the number of

economic actors is large it might be impossiblac¢hieve internalisation or to organise a private
sector leadership. There are also limitations tatwituster firms can achieve. Many important

policy issues, such as the building up of mateaiatl non-material infrastructures, in most

countries reside within the public sector. Obvigughere are two cases when public sector
cluster policies might be considered under assumgtof perfect information. The first case con-

cerns private sector coordination failures, whareape sector coordination might be substituted
with public sector coordination. The second casecems sub-optimal market potentials in

regions with clusters, where public sector infrastire investments can contribute to increased
market potentials by means of the extension or avesfjfunctional regions and/or better access
to external markets. Coordination failures and/ndar-optimal market potentials can result in

clusters operating under suboptimal scale or tbtdrial profitable clusters are not established.

As a cluster consist of those firms, which bestayke to take advantage of a region’s market
potential and its durable resources, regional etuysslicies should primarily focus on supporting
and developing existing clusters. Due to the ertsteof positive externalities, the existing
clusters in a region will normally not achieve agstimal scale spontaneousijo the extent that
existing clusters are not capable of driving aoad development it is natural to raise questions
about new clusters and thus the possibilities forctural change in a region through cluster
substitution (Venables, 2001).

Even if there might exist basic welfare argumentscfuster policies, there is still the underlying
problem that the relevant authorities often lac&assary information and knowledge about

» the character of the cluster benefits,

» what the exact causes of the cluster benefits are,

» which clusters that generate particularly strongter benefits,
* what actually constitutes the coordination problanyg

* the role of intra- and interregional market potaistifor clusters.
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Furthermore, there are other problems relatedusiet policies, which have to do with the risks
for manipulation, lobbying, and the existence gfmasetric information.

Another problem related to cluster policies is ttidfierent economic processes work at different
time scales. Product markets, for example, normaignge through relatively rapid processes,
which generate demands that durable regional cteaistics, such as the labour force with its

pertinent skills, real capital, infrastructure ¢apiand so on, must be adjusted. As competition to
its character is dynamic, there is a constant needpgrade the regional economic milieu of

clusters. The problem is that such capacity anditguedjustments are a slower and above all a
more sluggish process than the processes in tigeigranarkets (Johansson & Karlsson, 2001). If
the lags in the development of labour supply, bemvironment and infrastructure are large, the
growth of clusters may be retarded and rapidly fato a negative phase. The possibilities to

counteract lags in the capacity and quality adjesiisiand to create conditions for a sustainable
cluster growth rests in long-term and credible wegl cluster and other development policies,

which are capable of reducing the uncertainty antbegeconomic actors in the cluster about the
future growth prospects of the cluster.

According to the modern theory of endogenous regdi@eonomic growth regional growth and

thus also cluster growth is something that growadunternal regional conditions, which can be
influenced (Johansson, Karlsson & Stough, 2001) elisline with this view, cluster policies and

general regional development policies deal withdtiions, which essentially must be developed
and implemented with region-specific knowledge abdase. Thus, cluster policies must be
implemented at the regional level even if a momagehensive view and financial support might
come from the national level.

Internal economies of scale mainly rest outside dbenain of economic policies. However,
policies, which lead to lower fixed costs for labaind capital, reduce the dependence of firms on
the size of the regional market potential. Moreptiget new clusters running it is important to
create optimal conditions for start-ups, spin-offgin-outs, and firm growth. It is also important
to create a clear vision and strong image for nksters by means of a conscious and profiled
marketing.

The geographical transaction costs are partly oetexd by the infrastructure and transport
policies, which in many countries are determinedthe national level. Lower geographical
transaction costs extends the borders of functioegions and increases the regional market
potential, which creates scope for the developnagidt growth of more industries and clusters
and of firms with internal economies of scale. Bf@ort costs are becoming an increasingly
important factor for the development of clustersodser costs connected to international trade
decrease. It is important to observe that the f@aofity of investments in infrastructure is larger
in regions with clusters than in regions withoutsters. Normally cost-benefit calculations of
infrastructure investments use to disregard this.

Large parts of the knowledge generation in a reggarharacterised by collective characteristics.
Knowledge developed by one firm tends over timeliftuse to other firms in the region. This

generates increasing returns in the regional ecgremma whole, i.e. the growth of the regional
economy can be influenced by investments in knogde®&D, and human capital. Even if there
IS no one-to-one-relationship between knowledgensity and profitable clusters there are still
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strong reasons to believe that clusters are marermm in knowledge intensive industries than in
other industries. This implies that if a region wgmo stimulate cluster growth and cluster
formation there are strong reasons for public itmests in higher education and R&D.
However, it is important to notice that precisionthis case is more important than volume. The
investments in higher education and R&D must bstelurelevant.
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