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Abstract:

This paper aims to contribute to the identificatiohthe key parameters of cluster life cycles. We
assume that clusters are embedded in larger teoigimdl fields, so that the search for these
parameters focuses on the way by which clustersédcdisconnect their cycle from the cycle of
technologies, in order to insure their long termahility. For that, we set out 6 propositions
concerning (i) the nature of location decision enédities that prevail in the co-location procegs)

the particular diffusion process of composite testbgies and the positioning of clusters along this
process; (iii) the structural properties of clusteland the particular role and position some
organizations play in their evolution. Throughrags-synthesis of the whole of these propositiwes,
discuss 4 basic scenarios of the structural andlutamary pathways of clusters.We show that
clusters succeed in disconnecting their cycle ftbencycle of technologies if and only if they digpl
resilience properties.
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CLUSTERS FOR LIFE OR LIFE CYCLES OF CLUSTERS
From declining to resilient clusters

Abstract:

This paper aims to contribute to the identificatiohthe key parameters of cluster life cycles. We
assume that clusters are embedded in larger tecigical fields, so that the search for these
parameters focuses on the way by which clusterddcdigconnect their cycle from the cycle of
technologies, in order to insure their long termahility. For that, we set out 6 propositions
concerning (i) the nature of location decision enédities that prevail in the co-location procegs)

the particular diffusion process of composite tesbgies and the positioning of clusters along this
process; (iii) the structural properties of clusteland the particular role and position some
organizations play in their evolution. Throughrags-synthesis of the whole of these propositwes,
discuss 4 basic scenarios of the structural andlutimary pathways of clusters.We show that
clusters succeed in disconnecting their cycle ftbencycle of technologies if and only if they digpl
resilience properties.

Key-words : cluster, cycle, location externalitikspwledge, structural properties, resilience

JEL code: D85, L14, 031, R12

1. Introduction

After a decade of a growing literature on clustgrgegional scientists and a growing attentionhef t
European Commission for cluster policies, the qaesdf cluster viability (Menzel, Fornahl, 2007;
Vicente & al, 2007; Suire, Vicente, 2009) has taabéhe heart of the scientific community agenda as
well as the policy makers debates. For the fortheryesearches on cluster success stories do vt ha
to hide the fact that some clusters also declinat deast, exhibit fluctuations in their developrne
The reasons of such a chronic instability haveganvestigated in order to go beyond the image of
cluster as panaceaof regional development (Martin, Sunley, 2003)r & later, the financial effort
that supports the cluster policies requires undedihg why some clusters succeed when others
decline, in order to improve the cluster policytfdem.

To understand cluster dynamics, it calls for startivith a more precise definition as possible @f th
concept. Clusters are more than the simple spgad@degation of firms and other institutions in ensa
place. Clusters can be identified since this cafion process is correlative to an emerging strectu
of knowledge interactions. In a systemic and nekwapproach, a cluster can be viewed as a more or
less cohesive local network, part of a larger neékwepresenting a technological field (Owen Smith,
Powell, 2004).

This definition has two major implications for quurpose:
- Cluster viability is not independent of the ondla technological field as a whole.
- Cluster viability depends on the ability of its leative organization to impose and maintain
whole or part of a technological standard.

The paper investigates these two implications yeldping a theoretical framework introducing the
guestion of clusters instability and viability inloe question of the knowledge dynamics at word in

particular technological field. The basic ideahattthe cluster local viability depends on the glob

viability of the technological standard partly otally coming from this cluster. Thus, there igr@isg
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parallel to do between cluster dynamics and tedugichl dynamics since (i) cluster life cycles could
be the result of technological standard emergendedédfusion (rather than product life cyclesr s¢,

(ii) cluster stability could be the consequencel@ collective effort to insure the stability arftet
evolution of a technological standard in time apdce.

In order to highlight this (not strict) parallel theeen “competing technologies” and “competing
clusters”, the paper discusses a set of param#étatsinfluence the growth and performance of
clusters. These parameters are related to (i)ntliwidlual motives to locate close to others and the
resulting co-location dynamics; (ii) the complerks between the composite technologies and their
mass-market diffusion; (iii) the evolving structupaoperties of knowledge networks. Clusters life
cycles will result therefore from the singular conations of these critical parameters.

Section 2 starts by proposing two central hypoth#sat outline the search for cluster life cycleg k
parameters. Section 3 investigates the clusteiliyaéind stability as regard as the nature of taoa
decision externalities that prevail in the co-lomatprocess. Section 4 studies cluster life cydss
regard as the diffusion process of composite tdolgies and the positioning of clusters along this
process. Section 5 associates cluster life cyoléiseir structural properties, their resulting azafato
impose standards on markets, and their degreesibierece. Section 6 proposes a cross-synthesis of
the whole of previous propositions, and sets oatkby scenarios that correspond to the different
patterns of clusters life cycles

2. Overview on cluster aggregate efficiency: two basic hypothesis

To understand clusters life cycle requires havingoaerview on the critical parameters of clusters
aggregate efficiency. Since Porter ideas, an abiognditerature emerged focusing on the
geographical, cognitive, institutional and relaibdimensions of clusters, and stressing on howsethe
dimensions interplay efficiently (Torre, Gilly, 200Boschma, 2005). Others works have tried to
understand how clusters emerge and grow accordiegdlutionary paths which depend on the nature
of location decision externalities, giving risegeculiar co-location dynamics (Suire, Vicente, 2009
From these considerations, one can admit thateskistan be identified since these co-location
processes are correlative to emerging structuréamiledge interactions, more or less cohesive, and
part of larger networks which represent technolalgields (Owen-Smith, Powell, 2004).

This definition has two major implications for opurpose, which can be stated as two basic
hypothesis

H1: Cluster viability depends on the viability bettechnological field as a whole.

Biotech clusters, IT clusters, nano clusters... aesaystructures that cannot be studied without
investigating their embeddedness in the dedicaeknblogical field dynamics. The cluster viability
will obviously depends on the internal ties buherton (i) its connections with the whole of the
technological field, (ii) the centrality of the csidered cluster in the technological field, ang (he
viability of the technological field itself in thmarket dynamics.

Firstly, starting from the later, the viability af cluster will be even more likely to be strongt ttiee
emerging technologies will face an increasing dadr@ong the product life cycle, whatever the form
of the product diffusion at this preliminary stagecondly, the viability of the cluster will depeod

the competition and/or strategic differentiationtvieen clusters in the same technological field. A
cluster which exhibits more centrality than anotiél be more likely to be viable due to a tradita
effect of increasing returns to adoption, whatetrex internal organization of the cluster at this
preliminary stage. Thirdly, the connections of thaster to the technological field represent acait
parameter of its viability. As a matter of facteyhcondition the way by which firms will succeed to
insure all the phases of the knowledge value chiaom the exploration phase to the phases of
knowledge integration/combination, before an extpt@mn on markets, whatever the dominant phase
of the cluster at this preliminary stage.
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Considering these complex interactions betweentasiand technological fields, clusters can grow
according to multiple co-location motives and catge First of all, clusters can grow through the
regional identity and the reputation capital (RoslanKhessina, 2005; 2005; Suire, Vicente, 2009)
some of them can exhibit in the technological fi€ldlusters can also grow through the attraction of
firms developing complementary and related knowdedgsets. Clusters can also grow endogenously
by spin-offs. The combination of these co-locatimotives will engender differentiated clusters
concerning their internal organization and the myangent of local knowledge spillovers.

H2: Cluster viability depends on the ability of iellective organization to impose and maintain a
technological standard.

If we admit that the viability of a cluster is tlerollary of its evolving position into a range of
competing clusters, it will dependeteris paribuson how its interactions structure permits to isgo
and extend over time successive technological atdsd This idea is not new and can be found in the
analogy between the two analytic models of compget@athnology and Silicon Valley of B. Arthur
(1989, 1990). He clearly displayed the fact thaht®logical standards and location standards emerge
from the same economic mechanisms of increasingn®tto adoption. Nevertheless, the analogy
between technology and location dynamics is noficsaifit to understand cluster dynamics. For
instance, a technological standard can diffuseemfie cluster producing this standard can decline,
and reciprocally, a cluster can still grow whileethechnological standard at the origin of its
development declines. It would be thus more relevanidentify and understand how these two
dynamics interplay and under what critical paramsete

The technological diffusion depends strongly on ¢basumers adoption behaviors. From the early
adopters who research novelty and performanceet@ithgmatic adopters who research a convenient
solution and service (Rogers, 1962), the innovatiasto be transformed from a disruptive technology
into a dominant design. The network effects whielhnpt to increase the satisfaction of consumers
and reach their willingness to pay (Katz, Shapi@94; Liebowitz, Margolis, 1995), and the contagion
effects which lead to conformity in a wide rangetioé population (Geroski, 2000), are the salient
properties which allow to understand how a techyylestablishes itself as a leading one or does not
overstep the stage of the early adopters.

The question is thus to understand how the clustidgctive organization could support and favos thi
technological diffusion process. The basic ideth#& clusters are more viable and attractive iretim
that their collective organization is able to cotler phases of the knowledge value chain by wieh t
technology becomes a dominant design. Knowledgduatamn and diffusion is a complex process
covering different dimensions from the analytictb@ marketing dimensions which cross different
knowledge phases (Asheim, 2007, Cooke, 2007). Aimlmmh design could emerge from a peculiar
cluster only if its network-based collective orgaation is structured in such a way that fragmented
knowledge inputs coming from different organizatoare combined along each phase of the
knowledge process. In addition, as the diffusiotechnologies depend on the “chasm” between the
earlier adopters and the mass population lovingaghgrices, socioeconomic network effects and
convenience (Moore, 1991), this collective knowkedgnamics between the emerging analytic “idea”
and the exploitation on global markets appearfiasey structural process of clusters viability and
cycles.

These two hypothesis — clusters are embedded imadgical fields and their viability depends on
their ability to diffuse technological standard$orm the general framework of a more complete as
possible study of the critical parameters of thestdr life cycles. The first of them refers to trezy
nature of the location decision externalities. Fritva regional “identity effect” to the “knowledge
accessibility effects”, differentiated location imidiual motives can engender different trajectooés
clusters. The second one refers to the complexepsof technology adoption by consumers and
therfore to the economic vitality of the technotmifield, which can have strong consequences on
clusters dedicated to this field. The third oneergfto the structural and non structural clusters
properties (Owen-Smith, Powell, 2004). These oresnjt to examine how clusters covers (or not)
each phase of the knowledge value chain, and tbudiscuss their evolving efficiency in the
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knowledge creation/diffusion process. In a firgpstthe complexity of these parameters requires to
extract and discuss separated propositions. Bufaitmer are strongly related and necessitate in a
second step to link them in an appreciative thebevolving clusters.

3. Co-location processes and cluster viability

First of all, to understand why these clusterstexti®l perform, it is necessary to understand throug
what aggregation mechanisms of location strateg@se clusters dominate a major part of the
innovation and the demography of the technolodiedds. From the initial conditions and the small
historical events (Arthur, 1990; Krugman, 1991)the geographical charisma of clusters (Appold,
2005; Romanelli, Khessina, 2005), different kindslacation motives can drive the co-location
process, each of them leading to different stahilibperties of the aggregate structure. One okdlye
criterion of these properties is the knowledgeteelainrelated variety (Ashiem & al, 2007) the co-
location process creates in the course of theesingt process.

Proposition 1: cluster viability depends on the idam externalities governing the sequential co-
location process

The evolutionary way of thinking in Economic Geqgmg (Boschma, Frenken, 2006) invites to invest
the question of cluster viability in a dynamicalcna-macro approach (Suire, Vicente, 2009). To
appraise the cycles of clusters in the futurertha@tcess, their decline, their cyclic growth, dulM be
appropriate to discuss the evolving aggregateieffay in respect with the nature of the sequential
process of location decision making. Basically, ithea is that the individual motives of location
decision making at each step of time of the clubterinfluence the performance of the aggregate
structure, while in return the evolving aggregdtacture can influence and change the nature skthe
individual motives.

Suire and Vicente (2009) had shown that two kindsaslocation mechanisms prevail in clustering
processes and engender differentiated evolutigmattyways. These mechanisms are based on location
decision externalities in that location decisionpoédecessors influence decision of followers, but
according to different motives or different constta in the decision algorithms. For instance,
Microsoft decided to locate a research plant inSiieon Valley, even belatedly in 2001, for mosve
that can be supposed to be ambivalent and in sottente contradictory. On one hand, the
convergence between Internet and mobile phone indasd “webservices” has required for this
major company to re-locate part of its researciviict The re-location has been done close to the
research activities of the major companies withclwHinowledge complementarities and integration
permit to Microsoft to enlarge its consumer “indl base” (Katz, Shapiro, 1994). That is the so-
called locatiometwork effectOn the other hand, it could be supposed thaGtdatle company was
incited to locate its plant in Silicon Valley indar to benefit from the geographical charisma #ed t
audience (Appold, 2005; Romanelli, Khessina, 20@¢ Silicon Valley displayed in this
technological field. Obviously, that is due to th#éccess some firms have acquired in this place, as
Google, its main competitor. To claim to be oneth market leader and to be located out of the
leading place could be a miscalculation. That ésltitationaudience andegitimacy effect

These two effects, which can interplay or not &t féwel of a single organization, display different
cluster trajectories according to the prevalencernaf of the effect on the other along the sequehce
the location decision making. If the legitimacy e=ff prevails, Suire and Vicente (2009), using a
informational cascades approach, showed that ctustn emerge and grow fast, in particular when
the first adopters are perceived as having a strepgtation and economic success that they reduce
uncertainty on the right place where to locatesTlgitimacy can create a mimetic isomorphism (Di
Maggio, Powell, 1983) and a growing cluster geolgiegd charisma (Appold, 2005). The metaphor
with financial markets and speculative bubbles lbarused to explain how a place reaches to attract
firms and investments. But the stability of thedtional norm, as for stock market indexes, is feagi
and not solidly founded on a real appreciationhef benefits of the co-location, but on the follosver
expectations that this place will be successfulabee the pioneers were successful. If the network
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effect prevails, the trajectory will display a difent pathway. In this case, the co-location preces
rests on location strategies based on voluntarpections with predecessors, for the goal of systemi

production and reciprocal knowledge accessibiligch follower gains from his connection to the

network, so that the co-location process is paffeddant and engenders an evolutionary stability of
the aggregate structure.

Empirical literature is rather poor concerning tdus declines or cycles. Nevertheless one canenotic
the study of Longhi (1999) on the case of the Eeamphigh-tech cluster of Sophia-Antipolis. Longhi
showed that the cluster entered in a down periathefcycle at the beginning of the nineties, adter
vigorous period of exogenous attraction of intaoral plants based on a policy of territorial
marketing which focused on the reputation of thstfadopters. The emerging satellite platform
(Markusen, 1996) stopped its growth, for reasons lthnghi imputed to the specific properties of the
interaction networks of this kind of meso-structuréhis example is emblematic of many high tech
clusters for which the success at a moment of thae be explained by a sort of geographical
charisma. This later rests on a location imitatredavior that Appold (2005) summarizes by the idea
that“[Each] manager could conclude that the number o€sessful laboratories at a particular site is
an indicator of its productivity”(p.21), without any kind of direct interactionsatircould insure the
stability of the aggregate structure. Dalla Prid &icente (2006) and Vicente & al (2007) observed a
more radical cluster cycle in the French Silicomti&e. They show that the 1997-2003" bell-shaped
curve of location of dotcoms in this central pladeParis resulted from two periods. The signal sent
by Yahoo and Lycos to the followers characterizesl growth period. While the sudden decline and
dispersed relocation phenomenon were correlativéhéo Internet Bubble crash and the lack of
interactions between firms which would have pereitto collectively organize a new standard of e-
business models. They concluded recognizing theeabthe legitimacy effect on the “velocity” of the
clustering process — Romanelli and Khessina (26p8ak of the weight of the external “audience” —,
and stressing on the network effect for enforchmggtructure beyond the standard life cycle.

Obviously, these two types of location decisioneaxalities interplay at different moments and at
different degrees in clustering processes. Clugtercycles could result in some extents on the way
and with the weight these two effects influencedlusters trajectories.

Proposition 2: cluster viability depends on theateld/unrelated knowledge variety resulting from the
sequential co-location process

Knowledge variety, which is a central concept adlationary economics (Dosi, 1982; Saviotti, 1996),
has been recently recognized as one the key pazesnet cluster long term aggregate efficiency
(Frenken & al, 2007, Asheim & al, 2007).

Knowledge variety is related when cognitively digt&nowledge assets are effectively combined.
Indeed, technological fields, in which clusterscaed to establish themselves as leading placeksl cou
deeply differs according to the degree of heteretgmf capabilities that are combined. For inseggnc
some eco-innovations or “cleantech” in the agrigalt sector (water-saving in irrigation, efficient
land treatment, ...) are the result of the combimatid strongly distant knowledge assets stemming
from sectors such as satellite industry, GIS saftwand agricultural machinery. The foremost
innovations in the tourism industry emanate from tlonjunction between knowledge coming from
different sectors such as travel agencies, new wethas, agro-food industry, which clearly do not
share digits in industrial standard classificati@ixamples can be easily multiplied and the main
characteristics of the clusters from which emetgesé innovations concern the peculiar structural
organization of knowledge relations (Owen-SmithwBlh 2004), which permits to explore new
technological windows and exploit new markets. baleknowledge variety would be more related
due to the complex structural properties of thewpet through which knowledge inputs are
combined than due to the simple co-locationaopriori optimally and intermediary distant knowledge

! These structural properties are developed seBtion
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assets. Clusters have more chance to open newotegioal windows and develop new technological
fields that they connect core capabilities in gahepurpose technologies (software,

telecommunications, transport, energy, ...) with tépees in other sectors that have to evolve

according to expanding market paradigms, such asilitgoor sustainability. For instance, some

successful places had emerged from the cross-ctiimmédetween software, media and mobile phone
industry during the rising of demand for mobile naed®thers has emerged from agricultural and food
sectors, healthcare and energy sectors when theea@gs of the risks of the climate change had
reached a critical threshold in the population K&@008).

Following our definition, knowledge variety will banrelated, not for reasons of an excess of
cognitive distance, but due to lack of structurgamization that prevents the potential combinatibn
distant pieces of knowledge to be turned into irations. Related or unrelated variety in clustera at
given period will depend on the evolutionary looatitrajectories which result from the above-
discussed types of location decision externalities.

Indeed, if the legitimacy and reputation effectvaiits along the history of the co-location procéss
scenarios could be expected. Firstly, the growilage could exhibit a strong “external audience”
(Romanelli, Khessina, 2005) that attracts firmether organizations, especially when one or the few
first adopters are perceived outside to be theilgafirms of a given sector (Suire, Vicente, 2009).
Nevertheless, this process could engender a stnongpphily in knowledge because this external
audience, which is reinforced by medias, profesdionganizations or external links, focuses mainly
on outsiders that share close knowledge resoutdisis case, a cluster can grow and be identidiged

a key place of a particular technology developmieyntaggregating competitors and favoring spinoffs.
This process might be also strengthened by thacttin of complementary organizations that work
along the knowledge value chain, such as univesséind research units, design centers or dedicated
financial or marketing services. The place becom&sociated to the technological field, which is
generally strongly associated to a specific sestothat knowledge variety is weak. One of the most
famous example is Akron, Ohio (Sull, 2001; Romédn&hessina, 2005; Buenstorf, Klepper, 2009),
which has historically gathered a large part oé tmanufacturers and the essential part of the
knowledge value chain of tire industry. This higtal process fits with the marshallian externaditie
but also with the weight of the geographical chadsthat played on the location decision of
“outsiders” who search for legitimacy rather tharconnect to variety. Considering the French Silico
Sentier again (Vicente & al, 2007), the fast aggiomion of e-business dotcoms, and associated
venture capitalists and digital rights lawyers, H@n focused on a very narrow segment of the
Internet industry. That is precisely this lack afriety which slows up the innovation rate and could
stop the co-location process. It could provoke ss lof legitimacy and a decrease of the external
audience of the place, with, sooner or later, @&y of the previous locational cascade. This ewre
situation is typically the one observed by Vicefital (2007) in the Silicon Sentier. They showed tha
the financial crash of the Internet bubble in 200 its consequences on dotcoms demography, had
suddenly substituted denigration to legitimacyhiea tveb entrepreneurs’ community.

Secondly, legitimacy and reputation effects in tmga decision making could lead to knowledge
unrelated variety — at the opposite of knowledgendyohily just above-discussed — when the co-
location mimetic process is based on the belief 8tane places symbolize the “ideal-type” of
intensive and efficient R&D places, whatever thelustrial sector. The presence of a famous
university, modern facilities, the support of loeald sometimes national elites, a certain wayfef li
fitting with the creative labor force expectatioasg the main features which are generally captured
the initial conditions of the more successful sceeparks (Longhi, 1999; Appold, 2005). This form of
clustering process corresponds to a social infleepcess (Appold, 2005, Watts, 2007; Suire,
Vicente, 2009): firms decide to locate on a patéicyplace by arbitrating between the weakness of
information on each alternatives and the signahefresearch productivity of the predecessors. This
“be and be seen” attitude (Appold, 2005) playedew tole in the development of science parks and
technopole in the eighties. In these structureswhedge variety can be strong, because the signal
refers to a general assessment of the researcliginoty and the world-wide identification of the
place, rather than a particular knowledge speecititin of the predecessors. Nevertheless, thistyarie
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is unrelated, because social influences and leg@tymeffects play at the level of thex ante
observation of location decision of others, with@ity assurance ofx postdirect knowledge
interactions. The aggregate structures are cloeettsatellite platform” model that Markusen (1996
observed and describeRgsearch Triangle Parkeing one of the most famous examples (Appold,
2005). Satellite platforms emerged generally frva Willingness of local or national elites to ceeat
legitimacy effect by a fitted territorial marketirggrategy, and subsidies, designed to attract redsea
plants of knowledge-based companies. First movarsset in motion followers so that the cluster
grows by the attraction of unrelated branches térarlly based multiplant firms. The key feature of
the resulting regional structure ‘the absence of any connections of networks withnregion and
the predominance of links to the parent corporatéma other branch plants elsewher@arkusen,
1996, p. 304). But according to her, and confirmmd the specific case of Sophia-Antipolis
investigated by Longhi (1999), this type of clusteuld exhibit a chronic instability. Indeed, tHéeet

of reputation and legitimacy of the place on theaation of plants, which is a strong contribution
the regional development, could not counteract dhserved weakness of endogenous growth of
spinoffs and render vulnerable in the long termghecess observed at a given period. The only way
to reduce this growth vulnerability is that spirsofiroke knowledge in order to turn unrelated
knowledge variety into related one, but the palficdeatures of satellite platforms restrains the
probability of such a crossed-knowledge process,tduhe fact that strategies and decisions aremad
mainly externally (Longhi, 1999).

At the opposite, related variety has more chandeetthe feature of clusters when location decision
externalities based on networks effects prevaih@lthe evolutionary trajectory of the co-location
process. The pure legitimacy and reputation effisgpdy a wide spectrum of scenario between a great
knowledge variety and a strong knowledge homopkitynversely, network effects play at the level of
the ex anteobservation of the followers on the possibilityctannect their knowledge with the one of
the predecessors and thus can implyearposthigh level of relatedness since followers seamh f
knowledge complementarities. In this case, clusieosv by endogenous and exogenous effects. (i)
Spinoffs emerge, connect separated knowledge, aptbre new knowledge combinations. (ii)
Outsiders are attracted by the accessibility ofvkedge, whereas insiders find opportunities to
connect to new entrants due to the diversificatbrapplications in which their knowledge can be
introduced in. Variety will thus be even more reththat the individual motives for location refer t
the search for network effects in technologicaggnation. This proposition converges with Saxenian
idea for who Silicon Valley is a regional network-based indwstisystem that promotes collective
learning and flexible adjustment among specialistdpcers of a complex of related technologjies
putting the network effects on related technologiethe core of the aggregate structure stability a
viability (Suire, Vicente, 2009).

4. Composite Technology Life Cycle (CTLC) and clustersviability

In parallel to the location decision externalitiet)ster viability and life cycles maintain complex
relations with the cycles of technological fieldsen if the dynamics of the former cannot be reduce
to the one of the later. Literature on these refatiis well-documented (Audretsch, Feldman, 1996;
Klepper, 1996; Menzel, Fornahl, 2007). A clustan ga through a long period of stability and growth
while the technological field at the origin of ievelopment declines. At the opposite, a cluster ca
enter into a decline period even before the tedwichl field reaches its maturity, due to the
competing and selection pressures between clusiersy the cycle of the technological field.
Moreover, product cycles depend on consumers demamditions, so that the links between cluster
and technological field life cycles cannot be stddvithout any considerations and feedbacks from
market dynamics. Indeed, market conditions andewel of the consumers demand for a technology
influence the chances of the technological field #ime dedicated clusters to reach maturity. But
conversely, the demand conditions will be even ntaneducive to the technology diffusion that the
structural and geographical organization of thénetogical field permits to turn new ideas and very
upstream knowledge into dominant designs, cheatamdiardized technologies.
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Proposition 3: clusters viability depends on theywhat organizations succeed in crossing over the
chasm between the early and the mass-market.

Product life cycle (PLC) is a well-documented toidhe economics literature (Rink, Swan, 1979).
Based on the well known work of Everett Rogers 2)9énost of the technological products tend to
follow a sigmoid diffusion trajectory. The model &ogers implicitly supposes a technological
determinism. As soon as the product begins to skffinto the market at time 0, it passes through all
categories of consumers (innovators, early adoptarty majority, late majority and laggards) sash

at time T the product dies. In that way, the défdr stages of product life correspond to an
introduction, growth, maturity and decline stag@st the characteristics of technological produds d
not perfectly fit within this framework, particulgrdue to the existence of a “chasm”, identified by
Moore (1991), especially on technological mark&goffrey Moore has developed a convincing
complementary approach of Rogers theory of diffustée proposes to differentiate two kinds of high
tech markets, the early markets and the mass msafietween both, a chasm that a technological
product does not cross over naturally. The mainaggtions rely on the type of consumers who
demand some specific characteristics of their prtsduln the early market, (defined with a
representative consumer of typd) consumers are visionary in the sense that theyldvaccept a
non-zero default productthey want to start out with a pilot project whichakes sense because they
are going where no man has gone befor@oore, 1991). Products are defined by many
characteristics: functionalities, design, ergonoraimd more generally symbolic features such as
mobility, bio-health, wired life style for instanclklost of the time, the product is an on-developmen
product and co-evolve with the feedback of conssm@oncerning the industry, there is a high
uncertainty on the level of demand and profitapildading to highly volatile profits. Many products
did not succeed to cross this chasm. For examplbedevel of a single organization, at the beffign

of the 1990’s, the Compact Disc format is the daninstandard for digital music. Sony tried to
impose a new and portable device with mini disygis. The features were original in the sense that
mini discs allowed recording in a new compressiwanit favoring a new way for portability and
mobility. But if the product diffused in local maskof Japan through@l type of markets (musicians
and audio enthusiasts), it did not succeed in orgghe chasm and did not dominate the market of
portable and recording digital music in other coi@st Excessively high price and a proprietary
format and design are commonly accepted explaratidhis typical situation at the level of an
organization can be arise also at the level of fihrms agglomerations. Vicente & al (2007),
concerning the above-discussed case of the FreilicorSSentier, associated partly the sudden
decline of the agglomeration of dotcoms to thealisections between the expectations of consumers
in terms of quality and security of electronic saaotions and the unsettled models of pricing grase
and technological choices.

Conversely, on the mass market (defined with aessrtative consumer of tyg® ), consumers are
pragmatists andcare about the company they are buying from, theityuof the product they are
buying, the infrastructure of supporting productsdasystem interfaces, and the reliability of the
service they are going to getfMoore, 1991). To put it differently, they just wamero-default
products, well fitted with their needs and at tlesttprice. By consequence, the internal dynamics of
an industry would be different because of the mataf the market but also because of the
characteristics of the demand. Klepper (1996) atepper and Simons (1997) have highlighted this
point. The former suggests that the couple exityeahd the intensity of R&D are no longer stable
over the PLC. Precisely, at the beginning of aeyttiere is a high level of entries within the isioly
and these firms, small ones most of time, are mesipte for innovative products or processes. Many
of them will die before the product reaches the smaarket. But, some of the successful vertical
integrated firms who will dominate this cost oretho2 market was most of the time present on the
early market. At that time, the level of entriesather low, as Klepper and Simons (1997) empisical
showed for four industries.

These results are also particularly in accordanitie RLC approach of Abernathy and Clark (1985)
and Utterback and Abernathy (1975). Fundamentiitythem, there are three phases along the PLC.
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There is afluid phasewhere technological and market uncertainties pkeltais almost a large
experimentation game in the market place and marajl $irms base their advantage on differentiated
product features. Companies have no clear idegmtamtial applications for the innovation, nor on
what direction the market might grow, but this gnform to what consumers of tyg#l want. In a
sense, this is a very open structure where nevamstior new connections would play a crucial role.
Then, there is &ransitional phaseAs producers start to learn more about the piatietgchnology
applications and about consumer’s needs, stan@d#iahzwill emerge. Precisely, this phase is strgngl
featured by the appearance al@ninant desigrfAbernathy, Clark, 1985). In the words of Utterkac
(1994)“the dominant design product has features that cetitgrs and innovators must adhere if they
hope to command significant market share followinyie product innovation is now incremental and
firms will use strategies to consolidate their gosiin order to succeed in the battle of dominant
design. They start increasing production capaaily process innovation in order to face the next
phase, thespecific phase,where consumers am@2 type. Now the competition has shifted from
differentiation to product performance and pricempetition. Firms have well identified the
characteristics of consumers and have a clearrpiaifi the market segments. The market moves
toward an oligopoly and incumbents are able to reedheir position through supplier relations,
distribution channels and other complimentary a&ssleat will create barriers to new entrants. In
accordance with Klepper (1996}he number of producers grows initially and themaches a peak,
after which it declines steadily despite contingeawth in industry output”.

The industrial dynamics within a particular teclogstal field is partly the consequence of the
position over the PLC but also, and it is a corgllaf the nature of the demand. Inevitably, tHsa
means that the nature of the demand has impactheospatial organization of innovative firms.
Audretsh & al (2008) have tested the propositiora e€gion life cycle. They show that a routinized
phase where innovation takes place within top-peirfiog incumbents succeeds to an initial
entrepreneurial phase where Jacobs externalitidsraer-industry start-ups prevail. From a certain
point of view, this recent work is in line with ader one (Audretsh, Feldman, 1996). Indeed, the
purpose was to understand the way an innovativreitgdiends to spatially cluster or not accordiig t
the stages of the industry life cycle. As tacit Wiexlge prevails in the early stage of an indusfey |
cycle, the geographical proximity plays an importaole to diffuse knowledge spillovers. On
contrary, innovative activity tends to be more hygtispersed during the mature or declining phase.
In such a framework, cluster life cycle could besmvmore shorter that the cluster collective
organization does not cross over the chasm. Moredgwe cluster life cycle could be shorter than the
product life cycle, even if the product reacli#sconsumers, if its entrepreneurial dynamics does not
match with an overlap of technological phases aatkat demand for new products (Menzel, Fornahl,
2007).

Proposition 4: The cluster viability depends on #wslution of elementary bases of knowledge along
the composite technology life cycle (CTLC)

Technological products are fundamentally for mdshem composite products combining knowledge
coming from different organizations and knowledgevimnments (Antonelli, 2006). Indeed,
successful technologies and new markets emergaiently from the crossing of other previous
separated technologies and markets. Beside thédred phases of exploration and exploitation §rm
invested in their “isolated” innovation processiis can also enlarge their technological market by
forming partnerships based on a mutual knowledgessibility. This intermediate phase requires
additional R&D, a mutual understanding and engisemobility (Nooteboom, 2000), due to the
compatibility constraints and engineering procesiese combinations imply. This additional phase
has been invested by Cooke (2007), who proposesparate knowledge production in three stages.
Based on the classic distinction between explanéiploitation phases (March, 1991), Cooke
proposes to add a phase of examination between Dotis, there is a necessary phase of exploration
in order to innovate in some right ways on the raabut a necessary phase of exploitation in omler t
be competitive on markets. Therefore, firms haven@nage the way their internal resources are
affected to these phases. The couple exploratiploigation co-evolves along the PLC whit the
characteristics of the demand and successful argtmins are those who succeed in this ambidexterity
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management (Raisc and Birkinshaw, 2008). Regarcngposite goods, as many technological are, a
phase of examination is always a necessary conditi@ross the chasm. When the dominant design is
not well defined and firms are on the early marketappears very difficult to succeed without
partnership. The technological product is supplgda collection of firms and organizations or
similarly by an opened cluster that permits forhrearganization to enlarge the potential tradabibity

its own technology by combining it with the onetbe other(s). Many IT clusters respond to this
examination phase in which each organization sutscee extending its own market crossing digital
technologies with media, phone industry, cleantb@iiech and so on (Cooke, 2002).

In order to have a better understanding of the kedge value chain of the composite knowledge
processes, one can split up the production of lentdogical composite good into 4 non independent
sub-activities more or less present. Each onelageak to a category of organizatios and/or indaktri
strategies. Following Asheim (2007), we distinguistween 3 types of knowledge bases. The first
one is analytical (al) and concerns scientific kieolge often based on deductive processes and
formal models, while the second is synthetic (a®) aefers to applied problems and engineering
solutions often based on inductive cognitive preeesPut another way, the first phase tries tofgodi
pieces of knowledge through patents or scientiibligations, while the second one is more tacit and
tries to combine these different pieces of knowéedlga more market oriented way. The third base
helping to succeed in the market concerns symifelitures (a3) of technological products and
requires a design and art approach of the techyolbbelps making the technology friendly. Finally
we propose to add a fourth knowledge base: the ptimst and marketing strategies (a4), which have
to fit with consumer preferences needs. This cdsihted industrial configuration constitutes a taur
specialization. We then assume that regarding ¢lgee@ of maturity of a product or the position glon
the CTLC, a technological field (T) is then struettl by a previous activities pre-order and a convex
combination of these fourth bases, such that Z?zl/liai, wherezz‘zl/‘li = 1. For instance, a
technological field defined with the vectdqil; = 0.6,4, = 0.3,4; = 0.1,4, = 0} is immature,
composite technologies are beta-version and mastpported by intensive fundamental research
while marketing and/or price strategies are inexist Conversely, the following vectdil;, =
0.1,4, = 0.3,4; = 0.2,4, = 0.4} defines a mature technological field which produs&andardized
products or services and most of all structuregrge and cost saving strategies.

Following this definition, the®1 market type is then characterized with the follayvpre-ordem2>
A1>23> 4 while the©2 market is defined by this pre-ordet> 13> 12> 1.

The following figures resume our purpose.

analytical analytical
price synthetic price synthetic
design/art
design/art
Figure 1 -©1 market Figure 2 -62 market

Table 1 summarizes the firm strategies and the degreetasfdardization behind the supply of
composite technological products.
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O1: early market ©02: mass market

Analytical (al) Rather unstable, research and veBtable, economics of scale
upstream beta-tests, differentiation
strategy

Synthetic (a2) Rather Unstable / engineering apétable / update version

development of a beta-technology
for an expected tradability

Symbolic, design/art (a3) Ergonomics and custonunat Stable
Marketing and price strategy (a4) Unstable or nisthategy Price discrimination
Phase cycle Fluid phase Specific phase

table 1 - co-evolution of knowledge bases and nakases

This table calls for two further comments. It apgethat the phase of examination or the necessity t
integrate efficiently different pieces of knowledgea necessary condition to cross the chasm ierord
to be competitive on the mass market. This cormrededo the transitional phase in the words of
Utterback. The second one is that there is a madted “beta-test market” with a representative
consumer name@0 where firms are in a highly intensive exploratipkase. It also means that
analytical knowledge base is the main activity Wahigels the technological field, and price stragsgi
as well as design activities are absent. FiguepBesents this configuration.

analytical

price synthetic

design/art

Figure 3 -©0 market

By consequence, along the CTLC, the dominant fdrkmowledge production (1 for dominant, 3 for
dominated) determines the type of supplied prodogtsalso the features of the market to redeinle
2 summarizes our concerns.

60 | o1 | Chasm | 02
Knowledge base
Analytical Unstable Rather unstable Stable
Synthetic Unstable Tradable beta Update version
version Standardization
Design/art Unstable Customization anddgcs)im :]nant Stable
Mkt and price strategies Not established Unstable S riceP

discrimination

Knowledge prod phase

Exploration 1 2 3
Examination/integration 2 1 2
Exploitation 3 3 1

Table 2 - co-evolution of knowledge phases and CTLC

Individual characteristics of representative consigrare not stable along the CTLC, so that clusters
have to organize themselves in order to providenaposite technology that fits well with the demand.
In order to be competitive in the “beta-test markeuisters have to be very open in order to mazami
this relational exploration phase. This opennesiefied by a high concentration of activities doie
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the exchange of tacit (Audretsch, Feldman, 1996) aralytical knowledge (Asheim, 2007)nd by
weak ties with knowledgattensive organizations (Ow-Smith, Powell 2004), ie, public reseal
organization and intesectoral sta-up and spinoffs. A necessary condition of a sudok
introduction of a compositechnologyin the early market ithat a phase of integration has now tc
dominant, even if explorative phase is still actiespecially because business models and featfi
the technologies are not ysabilized.

In synthesisclusters which provide pieces of composite knogt are defined by a “magic squar:
in which the summits represent the elementary kadge bases that shape the internal organiz
and the positioing of the cluster along the (LC. By the way, theclockwise rotatin appears as a
critical feature of theviability of clusters

analyt cal
e0
Price Lo S
52 : | =¥, i

Desiznfart |

Figure 4- Co-evolution of markets and knowledge bases

As for the individual motives that govern the ldoatdecision making,he case of Microsoft, ont
again, is an interesting stylized illustration bé tway by which thCTLC interplays with knowledg
relations in evolving clusters. Microsoft decidedidcate in Silicon Valley ir2001. Dan’l Lewin is
the former vice presiderfor .NET business development strategy within Méorft. At this time

Microsoft is a leader on the mass market for sawaut encounts some difficulties with the mark
turning point of web services. Indeed, in 2001, vesvice are typically locatdd on the very
beginning of the CTLC (betestand early market). By opening a research lab ircdil Valley,
Microsoft tries to maximize its own explorative igittes by managing efficiently its alliance wi
inter-sectoral stamps as well as with plic research organizations, in order to get acdesthe

analytical knowledge of distributed comput. Microsoft wants to benefit from the local territd

resources in order to define and refine the opandstrd XML, the one which allows data portity

between services and devices. One of the objedivddicrosoft is then an attempt to make softw
and services available whatever the platforms: P@adheld computers and cell phonFor that,
Microsoft needs to embrace and absorb the knowlon open standards that are developed ir
valley. Lewin said at this timél believe our commitment to these standards, #melcomplement «
what goes on in the Valley, will create great ogpoities” and “ have seen dozens of companie
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less than a year materialize a relationship withcMBoft. It's immensely satisfying to be part of
identifying opportunities’{SeattlePl.com, 03/08/2002).

Finally, and in order to cross the chasm and sutingen introducing a composite product to the mass
market, the exploitation phase has now to be dombijneven if a regular update process of the
products engenders intra industry spinoffs, as shempirically by Audretsh and al (2008). In that
phase, the technological field has reached its mityatand could be geographically dispersed, even if
clustered structures could co-exist and being drgdraccording to the hub and spoke topology which
is typical of mature industries (Markusen, 1996)tHis framework, a particular cluster will reats i
maturity since it succeeds in covering the integradf these knowledge bases in the knowledge value
chain. Then its long term viability will depend time one of the technological field as a whole, but
also on its intrinsic resilience capabilities thapear in the transition fro®2 market to©0 market
and that are the necessary condition of the teolgrea! overlaps and of the cluster self-reinforcetne
mechanism.

5. Network structural propertiesand clustersviability

Clusters are more or less cohesive localized strestthat display interesting structural properines
terms of knowledge distribution, accessibility grpeopriability in a particular technological field
(Owen-Smith, Powell, 2004). The noteworthy reseasclof Storper and Harrison (1989) and
Markusen (1996) previously emphasized the heteemen structuring of firms’ agglomerations,
using monographs and classifying each ones intoeggte categories. Network density, clusters
inside/outside relations, are the main parametead tletermines these categories, and give an
overview of the coexistence of cluster structucahfs. Recently, regional scientists went further on
this topic by using Social Network Analysis (SNAJrfthe empirical treatment of relational data
(Owen-Smith, Powell, 2004; Guiliani, Bell, 2005; &#&tma, Ter Wal, 2007. Vicente & al, 2008).
Using a set of quantitative structural indicatonsl &fficiency criteria, this methodology permits to
highlight how technological fields are organized dvow pieces of knowledge flow and combine
themselves along the knowledge value chain. Momoweganizations display different role and
position in a network and in the structuring okahnological field. In particular the embeddedradss

a cluster in its technological field depends on specific role of some geographical gatekeepers
(Rychen, Zimmermann, 2008) that broke relation leetw clusters insiders and outsiders (Gould,
Fernandez, 1989). Whereas the way by which the scloster will be embedded in its local
technological environment will depend on the spedihowledge gatekeeper organizations that broke
local relations between organizations working iscdinnected technological fields. Some of these
structural properties can thus be particularly appate to study the viability of geographical ¢krs

in relation to their innovation rate, their intekrmganization and their position (in) and connacti
(to) the whole of the technological field.

Proposition 5: clusters viability depends both be tlensity of their internal knowledge relationslan
on the way by which there are connected or ndb¢onthole of the technological field.

The first hypothesis of this work stressed thastets viability cannot be appraised without focgsin
on the technological field as a whole. And suppgshmat this latter can be represented by a network
structure, thus, clusters appear as significantnailyorks that display a more or less cohesive
structure in a same place and are connected tosdthéhe field. One of the first critical parametd
network structures that permits to highlight thembedded clusters” hypothesis is the density of
relations. It is simply defined as the ratio ofuadtrelations to the number possible relations tang
gives a good measurement and marker of the comitgatf the network. Obviously, a network with
fully connected nodes is an extreme case thatrigréen the reality as well as from an efficient
structure. Indeed, fully connected networks, geplgically clustered or not, display redundancies in
knowledge flows (and thus excessive transactiorstsfoand engender risks of knowledge under
appropriability due to the absence of arms-lengthtions (Uzzi, 1997). At the opposite, a network
with very few connections between nodes traducesettistence of a technological field in which
knowledge flows through a limited number of pathsiaiyn this extreme case, the network structure
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implies a narrow range of knowledge inputs combdmatand innovations, if they occur, come from
more or less isolated organizations. Density ofrtéevork is thus a good indicator of how knowledge
variety is connected and how knowledge spreadsugfirodifferent pathways in the structure.
Moreover, the distribution of links in the wholekmological field can display geographical features
of denser local relations so that clusters candemtified as significant cliques in the aggregate
structure. This cliquishness property, i.e groupsnodes that are more closely tied between
themselves than with other nodes, reveals thatrgpbgal proximity matters for innovation since
cligues are geographically localized. But non loeddtions can play either a central role in thabgl
structure, as discussed by Bathelt & al (2004) Bgpdhen & Zimmermann (2008), so that clusters
viability and cycles depends on their internal migation as well as their connectivity to the globa
network through a limited number of geographicaltékeepers” (Gould, Fernandez, 1989).

For instance, Owen-Smith and Powell (2004), usiNg $n a dataset of biotech patents and strategic
alliances in Boston cluster, compared the sametdulonological field dynamics in two different
geographical scales and showed that the cohesivetise in the Boston cluster rests on the active
participation of public research organizations, glas large companies and venture capitalists are th
central nodes of the “Boston + network”, i.e théwwgk including all organizations in any locations
having a tie to an institution of the Boston sampliere precisely, in the Boston cluster, the public
research organizations, which are preeminent iugitream explorative phase, play a very “leakier”
role and water the local structure by connecting nonnected organizations. Moreover, when the
technological field reached a certain level of mi#guand knowledge diffused in the wide “Boston +
network”, venture capitalists and integrative bagnpanies became central in the market strategy and
display a strong structural weight in the extendedwork by posit themselves as geographical
gatekeepers. This result suggests that local exdpler phases co-exist with wider phases of
knowledge exploitation on markets, and strengthbes previous fieldwork-based observations of
Storper & Harrison (1989) and Markusen (1996) comiog thehub and spokestructure of many
clusters, and the importance of their outside cotivigy. Vicente & al (2008), used a close empitica
methodology on a dataset of collaborative projactsavigation satellite systems. Navigation Vahley
the Midi-Pyrenean cluster of navigation satellitestems — is a clustered local structure that is
embedded in a wider European (and world-wide) nétwod thus homes organizations that mix local
and non-local knowledge relations. They found bt & strong local cliquishness between spinoffs,
public research organizations and big companigbhefatellite industry in Midi-Pyrenees region co-
exist with a limited number of structural bridgestdeen the later and other big European satellite
companies. Results showed that the local densityelations are based on the combination of
knowledge coming from different sectors (satellitepftware, telecommunications, air fleet
management, tourism, transport, ...) in explorativel antegrative knowledge phases; whereas
European “pipelines” between incumbents and pulgiencies of space industry rests on strategic
alliances devoted to market exploitation and stedidation constraints. Thus, the viability and
development of the Midi-Pyrenean cluster dependsiam the local interaction structure permits to
connect knowledge variety but also on the abilityth® geographical gatekeepers to cross over the
chasm of the diffusion process and transform nexasdand knowledge into dominant designs and
standards.

Proposition 6: clusters viability depends on théstnce of a core/periphery structure that favors
resilience

Beside the cliquishness property, the overall densi knowledge relations in a cluster can also
display a core/periphery structure (Borgatti, EtterE999), in a structural rather than a geograghic
sense. For an average level of relational densityc¢luster dedicated to a specific technologieddl f
some organizations can have a high density ofioesbetween themselves by sharing and combining
knowledge intensively in the “core” of the clustevhile some other organizations having a low
density of links between themselves and with thisteked organizations of the core can be located in
the “periphery” of the relational structure. Barsib005), focusing on the long term evolution of
scientific networks, has shown that core/periphstyuctures are concomitant to the gradual
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structuring of knowledge fields. Networks do nobke at random. A network will evolve through a
clustering process that enhances the corenesseofidtwork (Cattani, Ferrina, 2008), while more
marginal “players” remains weakly connected to ¢bee, even if they could be weakly connected to
another networks. The cohesive structure of the deads their members to stabilize and share
conventions and exploit efficiently their outputdiereas peripheral members constitute a pool of new
and fresh ideas. Then networks evolve and can grouwgh the particular role of organizations that
connect the core and the periphery, strengthenctite and favor the existence of a permanent
periphery, as observed by Uzzi and Spiro (2005)Herevolving network of Broadway artists.

Organizations that are embedded in the core ofsthecture are able to coordinate their action,
exchange knowledge and favor its circulation, white others located in the periphery are not.
Core/periphery structures are rather efficientesitieey combine a level of cohesiveness that improve
the knowledge seeking and matching in all the condtiplying pathways and reducing distance, with
the necessary openings towards “distant” knowleddke periphery. Organizations in the core have a
greater cumulative experience and a strong embeddedn the technological domain, but may find it
difficult to renew their knowledge and explore idghat do not conform to the established standards.
A clustered network without periphery can suffee tbonsequence of a lock-in when market
conditions evolve more or less suddenly.

Then, this structure fits well on one side with tteenposite knowledge value chain of technologies
which requires performing the integration and eitptmn of technologies in conformity with the
current consumers demand. On the other side, weant markets enter in a phase of decline, they
permit to strengthen few but strategic exploratiee with well-targeted organizations that opeiate
related technological fields. A core/periphery lmig suited to overlap knowledge processes and
knowledge phases while a pure cohesive structunetisOrganizations that broke relations between
the core and the periphery play thus an importah in the structure. In particular, when
organizations at the periphery of a cluster dedatab a particular technological field are also
connected to another technological domain, the nizgdons in the core that are tied with the
periphery are the essential players of the clustetution due to their knowledge gatekeeper role.
Romanelli and Khessina (2005) observed the roleplagys this overlapping process in the evolution
of places. They showed that the places strengtfiethe more their regional identity and their
innovative performance that, at each step of tithe, dominant technological field of the place is
related to smaller ones. In a same way, Cooke (2008erved that cleantech clusters arise from the
overlapping process of originally disconnect Jaanbiclusters, through the peculiar role of
entrepreneurs that posit themselves locally ascleshby which capabilities in one sector mutate int
another.

6. Discussion

Cluster viability and cycles are thus strongly etated to three categories of critical parametg@)s:
the nature of location decision externalities ahd tesulting knowledge variety the co-location
process engenders propositions 1 and 2); (ii) the particular diffusion process of compesi
technologies from the beta test market to the maamket propositions3 and4); (iii) the structural
properties of clusters and the role of geograplacal knowledge gatekeepemdpositions 5and 6).

All these critical parameters interplay in the ldegnm cluster dynamics. A first overview considgrin
competing clusters in a technological field givesoaerall explanation of how they interplay. A more
precise analysis based on scenarios displays tiheewalutionary and structural pathways along the
market phases of composite technologies.

6.1. A first overview on cluster life cycles

The viability of a technological fieldT] can be appreciated according to the linear convex
combination of the four knowledge bases developed section 4 (analytic, synthetic,
symbolic/art/design, marketing/price strategy).ttis framework, each clust€® represents a sub-
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network of this technological field, so that the#spective viability depends partly on the way with
which these knowledge bases are combined insids. tieave consider that=f(C1, C2, ... Cn), the
set of clusters C that belong to the technolodieddl T, then, followingproposition 4 each cluster
can be defined by a vector of knowledge Xexi( An2,An3,An4) whereni is the contribution of cluster
n to the knowledge baseFollowing this definition)1 can be written a&l = }7_; 1j1 wherej labels

each cluster. Due to the structural and historfetierogeneity, clusters differ according to their
peculiar combination of knowledge bases. Supposkigers (C1, C2, C3) that are contributors to a
technological field T on the beta test marké, and suppose that C1=C1(0;0;0.5;0.5),
C2=(0.6;0.4;0;0;0) and C3=(0.3;0.4,0.3,0). C2 arBl &e very active contributors to the very
upstream phase of the technological field valudrchdile C1 is not. Conversely, if we reach the
mass marke®,, then C1 is now well positioned due to its captd on more cost-oriented activities,
while C2 is not. Obviously, these parameters atestadic and their combination evolves according
both to the nature of location decision exterregitproposition 3 and the relational structure of the
embedded organizationpropositions 5and 6). For each cluster, the vector of knowledge bases
evolve through an endogenous and an exogenoussgtdeelated spinoffs and network effects as well
as audience and legitimacy effects can reshape ttwsbinations along the knowledge value chain as
well as the size and the relational structure a@hecluster. But the most important question at this
stage refers to the links between the CTLC anddtticated clusters one. The dynamics of the later
depends on the dynamics of the former. If the teldgical field exhibits a weak level of
compositeness, that is to say that technologiesotitend to cross many applications in many sectors
in a phase of knowledge integration that requirgire@ering and synthetic knowledge, then the
product life cycle will be shortened as well as deelicated clusterser se This technological phase is
typical to the©, early market in which technologies have to bewgetas standards that integrate
themselves in various technological systems. Ca®grin this®, phase, if the technological field is
more opened and find integration opportunitiesamyér technological systems leading consumers to
increase their willingness to pay for the standdren the product life cycle will be time extendetl

the clusters that managed these integration pmage®; market succeeded in crossing the chasm,
while the others declined. At last, even for clistibat have succeeded to go through the chasm from
the beta test marke?, to the mass marke?, by positioning themselves as dominant clusterthén
technological field, they could not pursue theivelepment without a strong capability of resilience
once market demand decreases and technologicdastEndecline in long term. In that case, clusters
can exhibit longer cycles than technologies if theyme entrepreneurs — the local knowledge
gatekeepers — in upstream phases of knowledge ggeedmainiy.1 andA2 knowledge bases) that
are able to redirect their basic competencies anil knowledge in a overlapping process with an
emergent technological field (Cooke, 2008). Clustghich exhibit an excess of specialization in the
downstream phases of the knowledge value chairexakided of this resilience mechanism — the
cluster C1 in our example —. For the others, thecsiral properties of clusters and the particular
broker role of some embedded organizations cowdg il favor of this resilience. The resilience of
clusters, which can be defined as the endogenau=egs by which a relational structure prevents
lock-in effects in a technological field, constéatthemissing linkbetween the, and©, markets of

the figure 4.

6.2. Scenarios of cluster life cycles

Considering this overview on cluster life cyclggure 5furnishes a highlight of various scenarios that
rest on a particular combination of the above-dised propositions. These scenarios appear in the
five black boxes of the figure. Each one corresgotal a particular trajectory in which location
decision externalities (Suire, Vicente, 2009) anhéng network structures (Barabasi, 2005;
Boschma, Frenken, 2009) interplay along the comgdschnologies diffusion and cycles fra@gto

O, markets.
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Figure 5 — life cycle of clusters

[18]



- The declining clusters

Figure 5displays two typical situations of declining clers, i.e clusters that for different reasons do
not cross the chasm between the early market ichwtgchnologies exist and the expected mass
market. Literature is poor concerning the clustaitires even if some cases presented in section 3
give interesting explanations. Starting frondgbeta-test market in which an emerging technological
field is mainly supported by analytic knowledgeaiwery scattered network (a high valué.bfin the

6, market), declining clusters, among the clusteas éine involved in this field, are the ones thawgr
only through an external audience and legitimadgotf In the first case (the upper one), the exern
audience and legitimacy effect plays on the bellet some of the leaders of the emerging
technological field are located theprdpositionl), so that a locational cascade occurs associatad t
strong knowledge homophily in the place and a latkknowledge interactions. The aggregate
structure enters thus in th@, early market with a deficient interaction struetuthe core of
interactions between analytic, synthetic and ergging knowledge that defines and stabilizes a
technological standard does not emerge. A lackafknowledge can explain such a situation.
Conversely, an excess of knowledge homophily engisndor organizations a risk of under
appropriation of their internal knowledgpr@position 3. This risk prevents the strengthening of the
network and prevents the analytical solutions tduoeed into practical and tradable ones. Following
propositionl, the aggregate structure displays fragility, intipalar when another cluster succeeds in
setting a competing standard (tdeminant clusterin the following scenarios), or when the “first
leader mover” at the origin of the locational catraecides to relocate elsewhere. The short success
story of the French Silicon Sentier developed mresfy (Vicente & al, 2007) corresponds to this
scenario. The second case occurs when audiencéegitichacy effect plays at the regional level
rather than the organizational level (Romanelliek$ina, 2005, Appold, 2005). A particular place
which symbolizes the “ideal type” of intensive aeflicient R&D places, whatever the industrial
sector, will attract organizations that focus xdh andA2 knowledge bases in a decentralized and
“‘jacobian” process. Followingroposition 2 in spite of the intensive effort of research, #xeess of
knowledge variety and non-coordinated activitie®agiorganizations impede the expected clustering
process to emerge and, as in the previous casateiddknowledge strategies do not benefit from the
critical mass of connected organizations that pisrioi cross the chasm that follows the early market
(proposition 3. The decline of the Sofia Antipolis platform (Lgin, 1999) at the middle of the
nineties corresponds to this situation.

The external audience and the capital of reputatmme places exhibit at a moment of time do not
constitute a sufficient condition of a stable etioloary pattern of clusters. This result convergéh

the one of Romanelli and Khessina (2005). Heretwleopposite cases of knowledge homophily and
unrelated variety developed proposition2, and the resulting lack of cohesiveness in theegde
structure, explain these trends.

- The dominated clusters

Starting now from the right of thgure 5 dominated clusters correspond to a particulae aHs
clusters that succeeded in crossing the chasm fren®, early market to the®, mass market
(proposition 3, but with a risk of instability and decline due & weakness ih4 knowledge bases.
These clusters reached their maturity by a stramgagtence of network effects in the co-location
process along the phases of the development détimology propositions land2). These clusters
gain in cohesiveness as far as external organimaaod endogenous spinoffs make connections and
relate variety with the core of initial innovatoms,order to bring complementary pieces of knowkedg
and enlarge the spectrum of tradable applicatibhi& growing process based on an active phase of
knowledge integration & engineering2(knowledge bases) allows to set up a viable Isaidard on

the mass markepfoposition 3, due to the increasing satisfaction the pragn@iitsumers gain from
the effort of the core organizations of the clustepropose a reliable and well designed prodi@t (
knowledge bases). Nevertheless, this type of alustelld exhibit fragility when their structural
properties go far from the efficient cluster/pipelistructures developed proposition 5 Indeed,
considering that exists a strong parallel betwemnpeting technologies and competing clusters, the
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battle of standards can have its counterpart irbtitde of clusters. In this context, even if astéu
succeed in crossing the chasm, its long term vigliepends on the way by which some of these core
organizations manage the exploitation phase ofntogies. Without a world-wide networks of
relations that permits to match the incrementabyations £3 knowledge bases) with an appropriate
cost-oriented strategy4 knowledge bases), dominated clusters are thefoneghich the cycle will

be shorter than the cycle of the competing clustieas succeed in setting up this matching (the
dominant clusters).

- The dominant clusters

The dominant clusters follow the evolutionary tresfdhe dominated clusterprppositions 1to 4),

but the former achieves to construct the globaklpips while the later does nagiréposition 5.
Notice that in this case the network effect playgger in the9, mass market phase, whatever it comes
from “outsiders” or insiders (spinoffs). These ¢&rs won the battle of standards in their
technological field and display thus more attragti@ss and creativity. Dominant clusters are fedture
by an efficient matching of all theknowledge basegfoposition 4, each one explaining the overall
structural properties of these clusters. The emgrgiohesive structure in th@, early market is
confirmed and strengthenedén mass market. This structure exhibits on one sidigtalevel of local
cohesiveness that insures the combination of doabyinthetic and design and art knowledge. On the
other side, a limited number of hub organizationsrdinate this combination process as the same as
they make connections with outsiders. Indeed, thHades posit themselves as the geographical
gatekeepers between the local structure and soreaxl organizations pfoposition 5. Their
gatekeeping strategies consist either in extentliegmarket once the technology is mature, and
reinforcing the standard diffusion by forming ségit alliances in world-wide markets, or developing
cost-oriented strategied4 knowledge base) with farther partners that lag®mod position in low-
cost production and incremental innovations. ThediNfiyrenean cluster of navigation satellite
systems in one example among many others (Vicerag &008). This cluster is a central one in the
European satellite industry due to its endogenoapalulities to innovate and to ensure a
standardization process in the European techna@bgiternatives of the U.S GPS technologies. The
two local incumbents of satellite industry are locambedded in a cohesive structure with SMEs and
public research organizations that develop and ongithe navigation and positioning technologies
and explore new services and applications in maayoss (tourism, telecommunications, transport,
agriculture, ...). On the other side, beside thefategy of local coordination, these hubs form
alliances with other incumbents in Europe, sina dtifusion of these technologies and applications
rests on the necessity for consumers that techieslagye convenient and services are in-between
compatible and interoperable, as for the mobilenghiadustry.

The life cycle of dominant clusters follows thue fife cycle of technologies. Their cycle will bees
more longer that the clusters will succeed in naaning as long as possible their structural progert
that match a local cohesiveness with geographiatdkgepers, and their efficient combinatioriof
knowledge bases that permits to control the prodes® ©, market to the©, mass market.
Nevertheless, dominant clusters can decline siheetdéchnological field reaches its maturity and
enters on a decline period. An excess of spectaizan a declining technological field locks-ineth
cluster, as observed for instance by Klepper (18¢9&)e Akron district. The network effect that yda

in the co-location process and the efficient matghdf knowledge bases are not then sufficient
conditions for clusters to disconnect their cycé¢he CTLC.

- The resilient clusters

Resilient clusters are the ones that succeed inowligecting their cycle to the cycle of the
technologies. Clusters will be even more resilidwatt they maintain the appropriate technological,
structural and attractiveness conditions that petandverlap technological fields in the continuoin

the market phases. This overlapping process arigbe “shadow zone” between tl mass market
phase of a mature technological field and éhebeta test market of an emerging one. A cluster that
achieves to be dominant in a particular technokddield will be furthermore resilient if and onlfy
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its position on this mature field coexists witheamdogenous capability to invest the emerging pbase
another related one.

Some conditions summarized figyure 5 have to be fulfilled in order that such a processurs.
Firstly, following propositions land2, clusters will be resilient if the network effedtghlighted for

the dominated and dominant ones coexist with aiceaimount of external audience of the place, even
if this external audience does not engender a fidlynected network for clusters at the first staige
their growth. A local cohesive structure emergesthia O; early market phase of a particular
technological field, whereas a disconnected teagichl periphery composed by other organizations
producing various kinds of knowledge assets “(kmalgke heterophily”) constitutes a latent base of
related variety. As previously exposed by Vicentel &uire (2007), network effects and cascades
effects in location decision making do not prodim®y term viability of clusters if one of the both
plays without the other. If the network effects dathe development of a cohesive structure that
strengthens the production of a standard, audiandelegitimacy effects favor its resilience, i. it
ability to avoid the territorial lock-in and turmrelated variety into related one once the techyicéd
field starts to decline. Secondly, followingopositions 3and 4, clusters will be resilient if the
upstream bases of knowledge procedskpowledge base an@ in a less extent) are still active even
if the main technological field of the considerddster is on the mass market phase which requires a
strong activeness of tHe8 andi4 knowledge bases. Indeed, at the end of the cdtapeshnology

life cycle when the9, mass market is saturated, a clugtehould decline as far as the technology
declines ifAj1 andAj2 are under of a critical level. Under this lewble mechanisms of endogenous
growth are inactive due to the lack of explorat@apabilities, and a resulting lack of creative and
entrepreneurial activities supporting a cross-satgpinoff regime (Cooke, 2008). In these situaio
the technological overlapping process does not wihnkdly, following propositions 5and6, clusters

will be resilient if they exhibit particular strustl properties. On the one hand, as for the damina
clusters model, the existence of geographical gafedrs is required in order to strengthen theipasit

of the technological standard on tl#® mass market pfoposition 5. Moreover, the resulting
cluster/pipelines structure reinforces the extemadience of the cluster (Romanelli and Khessina,
2005) so that audience and legitimacy effects a@yging with network effects and maintain a certain
amount of knowledge heterophily in the local aggtegstructure. On the other hand, resilience
requires that knowledge gatekeepers connect tlcertiected organizations of the periphery in order
that the core of the network moves as far as thaecgf the technology on the market moves
(proposition §. Indeed, during the transition between éheearly market and thé, mass market, the
core of the dominant cluster had been reinforcethgbable to impose a dominant design and standard
though a strong activeness of the and\4 knowledge bases and a structuring around a dore o
integrated and hub organizations (Markusen, 19B6j}. a cluster that evolves toward a pure core
structure will take the form of a dominant cluséed will decline as far as the composite technology
declines. Nevertheless, if some organizations @ictire connect the disconnected organizationseof th
periphery, the technological overlapping processiéen peripheral members and the core-embedded
organizations occurs, and the structure evolvesebiience toward a new analytic and engineering
phase. Cattani and Ferriani (2008) provide a gdlodtiation of such a knowledge gatekeeping
strategy in their study of the creative performantehe Hollywood motion picture industry. They
show that the most creative organizations are ti@s that posit themselves as intermediaries between
the core and the periphery. The core representhesos/e structure of relations between traditional
majors with their well-established practices andwvemtions of “mass-media” movie®{ mass
market), whereas periphery gathers organizationis gisruptive and creative technologie?, peta
test market) that are developed off the beaten phithe dominant conventions. The Hollywood
motion picture industry is thus resilient thanks ttee intermediary organizations that connect
disconnected players and escape the pressuremtorrooto the established norms when the later
begin to decline. To put it differently, the lorgrm viability of this place in this industry resufrom

its collective organization which matches efficlgrihe exploitation and the exploration phases glon
the life cycle of products. Knowledge gatekeepeesthen a necessary condition for the resilience of
clusters, since they permit to the peripherg.bfandi2 knowledge bases to be connected to the core
of design and market strategies and refresh theenvelaturation effects occur on the mass-market.
Following our abstracted representation, a regilgusterj is thus the one that benefits from a good
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position on the upstream phase of the knowledgeevehain Xj1>01j2>01j3>0Aj4>0), but also a
position in the technological field which favorsthesilience }j1>Ai1,Aj2>0i2, Aj3>0Aj4>0) wherei
represents a competing dominant or dominated clustihe field. The examples furnished by Cooke
(2008) concerning the network-based entreprenepratess by which the Silicon Valley and the
North Jutland clusters moved toward clean and gteehnologies are very illustrative of such a
process of cluster resilience.

6. Conclusion

How clusters evolve, grow and decline is nowadays af the most essential issues on clusters after a
decade of researches on how they work and performa.of the main results of this paper has been to
highlight and explain the differentiated patterfi<loster development, each of them being featured
by a more or less great disconnection from theecgéltheir dedicated technological field. We have
put forward that these patterns depends on thdidoed decision externalities that govern the co-
location process. The resulting structural propsertind the consequences on the cluster’s ability to
deal with the phases of the knowledge value clatie,also the key criterions to cross the chasm
between creativity and market performance. Theclfge of a cluster will be longer than the cycfe o
the technology if its structural and attractivengssgperties permit to impose a technological steshda
and maintain resilience conditions when the stahddeclines. The resilience of the clusters is
therefore the critical property that permits toipesly disconnect the cycle of clusters from thele

of the technologies.To sum-up, (i) clusters will fasilient if they combine network effects and
audience and legitimacy effects in the co-locaporcess. The former participates to the structusing
the technological field, while the later maintath® conditions for clusters to go from a particular
mass-market to another related early one. (ii) t€hgswill be resilient if the knowledge bases fritra
analytic knowledge to the marketing and price oaes present and connected in a structure that
permits to technologies to be locally developed ardely diffused on markets. (iii) At last, clusser
will be resilient if they display an evolving copetiphery structure, in which the standard is
reinforced and exploited in the cohesive structundiile entrepreneurial connections to the
disconnected periphery allow knowledge gatekeepersurn new ideas into new mass-market
technologies before the previous standard stadsc¢bne.

Obviously, from the resilient to the declining sagas of our evolutionary approach of cluster life
cycles, the former constitutes the ideal-type sxhein terms of regional development policies, s t
resilience properties of clusters should be furttereloped in order to renew the catalysts of elust
policy platforms.
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