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Abstract

In this paper we take a critical view of clusterlipp from a

theoretical perspective. We argue that the conoéptlusters is
correctly based on agglomeration economies whichplyim
externalities and complex non-linear dynamics of tlespective
economic system. This has fundamental implicatidos the

dynamics of the system. Cluster policy can work adose of
agglomeration economies. However, agglomeratiom@oes also
imply major dilemmas for cluster policy which are the areas of
sectoral and temporal targeting and are discusstds paper
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1 Introduction

Since the publication of Michael Porter’'s book “T@empetitive Advantage of Nations” [1]
the popularity of term “cluster” has soared. In #vademic world, on the one hand, it served
as a new label and as a new rationale for oldecaquts of externalities and economies of
agglomeration. In policy, on the other hand, it weelcomed as a flexible instrument for
supporting industrial sectors and regions. A numitfeconsultancy firms developed blue
prints of cluster policies and began aggressivedyketing the concept [2].

When we look around today, cluster policy seemisetdhe regional policy instrument of the
early 2f' century. Clusterland Oberdsterreich GmbH [3] lists less than 41 cluster and
network initiatives for the small country of Austriall of them implemented at a regional
level. They display a substantial amount of overlgght of the clusters are focussed on
wood, furniture and construction, another eighthealth, wellness and life sciences. Five
initiatives respectively concentrate on variouseasp of transportation, and on energy and
environment. The Austrian country of Oberdsterréidpper Austria) alone hosts 11 clusters
and networks, which are coordinated by a privataiganized company that is indirectly
owned by the country of Upper Austria and other igaublic institutions. Being named
“Clusterland Oberdsterreich GmbH” (“Cluster Countdypper Austria Ltd.”) the company
carries the cluster inflation already in its name.
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At a European level, cluster initiatives can benfbin a broad range of countries (see [4], p.
24f). “Some of them have started clusters polidmsy ago—Catalonia and the Basque
Country in Spain, Veneto in ltaly, Scotland in td&, Denmark, the Netherlands—while
others have started within the last few years—a barnof Austrian regions, the Czech
Republic, the UK, Sweden—or have further develofiea through national initiatives—
France, Germany” ([5], p.4). The European Unionpsuifs various cluster initiatives, among
them initiatives to improve the communication begwecluster initiatives (see [6]). In their
draft of “A European Cluster Memorandum” a “Europe@luster Alliance” calls for the
European Commission among other points to “Strewarine support it provides to cluster
efforts through different programmes to enable aremeffective use of the available
instruments” ([5], p.6).

In this paper we want to investigate cluster pofigm a theoretical point of view. We will
distinguish strictly between clusters as a theocaéteconomic concept, which describes the
spatial agglomeration of specific economic actdgfi and cluster policy as a policy
instrument, which intends to encourage and supgp@tagglomeration in order to generate a
self sustained regional growth process. The maguraent is that exactly the same
agglomeration factors that lead to the formatiorclokters work against cluster policy. The
agglomeration factors yield a non-linear dynamiacess which is path dependent, may yield
multiple long term equilibria, and is therefore yaefifficult to predict. This makes cluster
policy particularly difficult and implies very highsk of failure and wasting money.

The paper is organized in 4 sections. In the nesti@n we briefly review the theoretical basis
of the cluster concept. In section 3 we will illzge the consequences of this theoretical basis
for the behavior of the economy. We will specifigdiocus on the implications for cluster
policy and demonstrate the main dilemma of thisicgol The paper will close with a
summarizing section.

2 The Theoretical Basis of Clusters — AgglomeratiokEconomies

As has been pointed out by a number of authorq7[ZB] [9] [10] [11]), clusters are a rather
vaguely defined concept. Martin and Sunley [12]resaspect that the success of the cluster
concept derives in large parts from its vaguengls view is shared by Torre [8]. Kiese [2]
goes even a step further: “In any case, fuzziressast welcome with consultants, allowing
them to sell the concept widely and to truncatejrap, adapt or amend it at their pleasure”
(p. 270). Fortunately, for the argument of this graywe do not require a precise definition of
clusters. The only element we need is one thabnsneon in all cluster definitions we know:
the existence of agglomeration economies. Theyhadactors that make the existence of a
concentration of companies of a certain type ditracfor the location of additional
companies.

Marshall [13], who is considered the founding fatleé the concept of agglomeration
economies, distinguishes three mechanisms thatilsot& to the advantage of agglomeration
of economic activities: First, the linkages betwéems in the value chain. Spatial proximity
between firms that are in a buyer-supplier-reladtlows them to save on transport costs and
enjoy economies of scale. Second, Marshall arghasthere is a thick labour market in
agglomerated areas. For employers the agglomeratiers the advantage of a good choice
of workers with the required skills. For workersancentration of potential employers allows
them to specialize and to develop and utilize sesppecific knowledge. The third argument of
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Marshall is that of technological externalities.d@l work is rightly appreciated, inventions
and improvements in machinery, in processes andyéimeral organization of the business
have their merits promptly discussed; if one mantsta new idea, it is taken up by others and
combined with suggestions of their own; and thiseitomes the source of further new ideas”
([13] p. 225). The third one of Marshall’s mechanssis particularly important from a cluster
policy point of view as these knowledge spillovars typically intended to be stimulated by
cluster policy.

Agglomeration economies are “at the heart of modsuster theories” [14]. Without the
existence of agglomeration economies of any kilmdnemic activities would not cluster at
all as they would be driven apart by increasesha grices of land and other inputs. But,
agglomeration economies are not merely a factdreébanomists may or may not use in their
lines of reasoning. As has been shown for exampl8tarrett [15] and Mills [16], as soon as
we allow for transport costs, an economy withoujlagneration economies collapses into a
structure that is adequately named “backyard dapna [17]: . “Each consumer becomes a
Robinson Crusoe producing for his own consumpt{@b8], p. 3).

Cluster theory is not the only economic conceptt thests solidly on agglomeration
economies. The innovation systems approach (s€e[209 is another example. An even
more prominent case is the new economic geogrgafiy [18] [21] [22]), which utilizes the
fixed cost digression of the Dixit-Stiglitz moded implement agglomeration economies.
Venables [23] argues that despite different stmestuarguments and spatial scope, all new
economic geography models “require two buildingcki One is an understanding of the
costs of distance, and the other is a descriptioth® mechanisms that cause activity to
cluster.” (p. 740)

In a technical sense, agglomeration economies @sgiye externalities interacting between
the economic actors. A firm that decides to lodata specific region takes into account its
own costs and revenues, but not the agglomeratiomognies it may generate with this
decision. Neither its potential contribution to tleeational advantages of related production
or to the thickness of the labour market nor thevledge spillovers it may generate are
decisive for the locating firm. For the regionaloeomy as a whole they may be quite
important. This has consequences for the path\@ldpment of the regional economy, for its
sectoral composition, its competitive position &isis other regions, and for the social value
of the development.

3 Dynamic Consequences of Agglomeration EconomiesThe Dilemma of
Cluster Policy

Many regional scientists employ the assumptionggfi@meration economies in the various
theoretical contexts and argue in terms of tectgioéd and knowledge spillovers, thick
labour markets, and the advantages of spatial mioxi Very few, however, spend any
thoughts on the longer term consequences of tressamgtions. And these consequences can
be quite dramatic.

To illustrate the implications of agglomeration eromies, let us borrow a very simple but
quite illustrative model from [25]. They compareotwersions of the model. In every period
one unit is added to one of two containers by al@amn process. We can think of the
containers as regions and of the units as firmgherfirst version of the model the probability
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that the firm is assigned to one of the regiong,regionA, is fixed and constant over time.
Because of the law of large numbers, in the lomgthe region’s share of firms will approach
the respective probability. There is one long ruuikbrium that we can predict with
certainty. If the process is disturbed by some erogs event, once it has ended, its impact
will be eliminated over time by the growth process.

In the second version, an externality is introduced the model. Instead of constant and
exogenously given, the probability that the nennhfis assigned to regiohis assumed to be
equal to this region’s current share of firms. Thecome of the assignment process at one
time period not only changes the distribution ot at that period, but also the chance of the
future assignment processes. This adds an extgrriltie result is a so called Polya-process.
Polya [26] showed that in the long run the relatireguencies resulting from this process
tend toward a limitX with probability one, where X is a random variable uniformly
distributed between 0 and 1" ([27], p. 36). In otheords, the distribution of economic
activities will converge toward equilibrium, buhere are infinitely many equilibiria possible
and at the beginning of the process all are eqli&éiy.

Note that the convergence toward an equilibriunu@aiplies that the equilibria are equally
likely only at the beginning of the process. Wheka process runs with every time period it
adds to the stock of firms in the two regions whstightly narrows the range of reachable
long term equilibria: equilibria similar to the cant shares of firms between the two regions
become more likely, those further away from therentr share become less likely. This
mechanism is referred to as path dependence. Wigeved from a certain point in the
process, the long term outcome of the process dispgron the path the process has taken up
to this point. The expected long term result depanubn the previous path.

So, the model dynamics display multiple equilibpath dependence and lock-in. Since there
are an infinite number of equally likely equilibritne long term outcome of the process is
completely unpredictable at its beginning. Althoulga two versions of the model differ only
by the added externality, their dynamics and largtresults differ considerably.

What does this imply for cluster policy? First, wh&e compare the two versions, we see that
the introduction of the agglomeration economiesita® a case for cluster policy. In the first
version, any policy intervention is fruitless, snthe development eliminates its temporary
effects over time. In the long run the share ofiaegA always tends toward the given
probability. In the second version, however, polean move the system into a certain area
where it will remain because of path dependenceiddily, cluster policy makes sense only
for those sectors of the economy which are chatiaeté by agglomeration economies.
Targeting the policy in terms of the sector is imiant. For sectors that lack agglomeration
economies that policy will not work and simply bevaste of money.

It is difficult, however, for policy to identify thse sectors that are characterized by
agglomeration economies. The mechanisms are difficudentify and observe directly, and
the observable tendency for spatial agglomeratioa sector is not necessarily the result of
agglomeration economies affecting this sector. Bymas well result from spatially
concentrated inputs or markets or the close linkagaother sector that agglomerates.

Second, the effect of the policy crucially depengsn intensity and timing of the policy. To
demonstrate this, we run our model on the basudiftdrent policy assumptions for 10,000
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time periods, record the final share of firms forecof the regions, and repeat this process
10,000 times.
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Figure 1: Distribution of long term shares at diéfiet start values

Figure 1 shows the distributions of the long teimare of regionA when we start with one
firm in each region (1-1) or exogenously distribthe first 10 (5-5) and the first 20 (10-10)
firms evenly between the two regions. The secordithind alternative can be viewed as a
policy that attempts to create a more even firntrihistion between the two regions. As we
see from the figure, this policy does increasedf@nce that the long term outcome will be
close to an equal distribution between the regids.also see that this effect is stronger the
stronger our policy intervention is. Note that thalicy is applied only to the first ten or
twenty of 10,000 firms that are allocated in theolghprocess. So, because of the path
dependence of the process the policy is highlycéffe.
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Figure 2: Distribution of long term shares with 10-policy applied at different times

However, path dependence also works against clpst@y. Because of path dependence the
policy works best when it is implemented at theibeing of the process. When we let the
process run for a number of iterations and adgtiey then, it is much less effective, since
the process has already reached a certain stagatiofdependence. Figure 2 shows the
distribution of the long term result with the samaicy applied at different period of the
process. As a policy we exogenously set 20 firndstolregionA and 10 to regiom. In the
three versions shown in Figure 2 this policy is legpright at the start of the process
(identical to the 10-10 option of figure 1), aftd®d0, and after 1000 time periods respectively.
When it is applied at the beginning, the policyosgly increases the chance for an
approximately equal distribution of firms in thengprun. In the other two cases, the effect of
the policy is much smaller and mainly confined e reduction of the chance of extreme
outcomes. For cluster policy we can conclude ttateffectiveness may differ depending
upon the maturity of the process. The results ef ghevious model indicate that a young
process will be much easier to influence by clug@icy than one where the allocation of
firms in space has already been going on for aewhilowever, the mature processes are
much easier to identify than the young ones. Theyehtaccumulated a noticeable number of
firms and have demonstrated their growth potemialther regions. Really young processes
consist of only a few small firms and are therefeasily overlooked by policy. The dilemma
this implies for cluster policy is obvious: whercdncentrates on those sectors that are easy to
identify its policy is likely to fail because ofdipath dependence implied by the already well
developed structure of the sector. When it trieéois on the really young sectors, which are
easy to influence, it runs the risk of missing thight” sector and investing in the wrong
ones, since these sectors neither have reachdtalenass of firms nor have accumulated a
record of success. As it seems, most cluster iiviéa prefer the first evil over the second one.

The results mentioned so far imply that the eadialuster policy is applied to the growth
process of a sector the bigger is its chance focess. However, this is an artefact of the
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model and not generally the case. To illustrats, thgt us look at a slightly more realistic
model [28]. This model combines a standard neoclalsgrowth model with a simple version
of Marshall’'s technology spillover argument. Thétda is implemented in such a way that
innovations are assumed to accumulate over timeaah of two regions just like the firms
accumulated in the previous model. The chanceath@novation is assigned to region A at a
certain time is assumed to be equal to that regishare in overall production. In a simple
way this implements the argument that an agglonoeraif economic activity is likely to
generate more innovation.

The model considers two production factors; onectvhs mobile between the two regions
(capital) and an immobiteone (we call it “labor”, but one can also thinkibés land). Capital

is accumulated over time according to a standapstataaccumulation process and moves
freely between the regions in reaction to diffeemdn capital rents. Although labor is
immobile, wages are equal to the marginal proddiclabor in the region and thus react
accordingly. The regional level of production résufrom a Cobb-Douglas production
function being applied to the amount of capital dador and the accumulated level of
innovations available in the region.
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Figure 3: Six typical model runs

Figure 3 shows six typical runs of this model. Tiwgizontal axis shows time, the vertical
axis the production share of one of the regionsllisix runs the production share converges
toward either a value of 1 or 0, meaning that pobida ends up strongly concentrated in one
of the regions. This long term behaviour differardatically from that of the standard
neoclassical growth model which always yields puatidun to be equally distributed between
the two regions. Again, the only difference betwdlea two models is the agglomeration

! One of the factors has to be fixed. Otherwis@aituction would immediately move to the one regimat has
a temporary advantage and crash the model.
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economies that we introduced by assuming that iath@v will be more likely to occur in a
region with a higher share of production.

From the equations of the model we can derive aioglship between the region’s share of
innovation and the probability that it will receitiee next unit of innovation (for details see
[28]). From this we can derive information about thynamic behaviour of the model. As it
turns out, the model has a fixed point at 0.5, wherovation and production are equally
distributed between the two regions. The stabdityhis fixed point, however, changes over

time. The condition for stability iSN < 21-a)

, Where a is the production elasticity of

capital, 7 is the growth rate generated by one timeunit obuation, andN is the number of
time periods the process has been running. Sineetwlo parameters are given ahd
increases over time, whatever the parameter vathesmodel first runs through a phase
where equal distribution of production is a stadution and then enters a phase where this
solution becomes unstable and more so with evergtibn. In Figure 3 the border between
the two phases is marked by the vertical linehlnfirst phase the model behaves similar to a
neoclassical growth model tending toward equalribigion and with disturbances being
washed away over time. In the second phase patandepce takes over and forces the
production share in one or the other direction mglhe region either the winner or the loser
of the process.

When cluster policy wants to ensure that the regsothe winner, it faces an even severer
timing problem than before. While in the model abaluster policy should be applied as

early as possible, in this model it needs to cotpesathe right time, not too early and not too

late. The right time, obviously, is when the mosigltches from one phase to the other. When
the policy is applied very early in the first phagehe process, by the time of the transition to
the second phase, its effect will mostly be washady by the process’s tendency toward the
equal-shares equilibrium. When the policy is amplieo late, path dependence may have
pulled the region already too far toward the loséng such that the policy will not change the

long term result. In both cases the money spewtuster policy will be wasted.

To be effective, cluster policy will have to be &dh around the period of the transition
between the first and the second phase. Howe\usrpémiod is difficult to identify for policy
makers. In the first phase, the model behavesdikeoclassical model and does not even
show any clear evidence of agglomeration econorfiesthe respective sector does not even
show clustering tendencies and may not be conslderarget for cluster policy at all. The
effects of the agglomeration economies may becopparant only after the model has
entered the second phase. At this stage, clusteypaeill have to react quickly and with
sufficient funds in order to overcome the inertigoath dependence that has already set in.

We do not claim that the two models that we haseudised in this paper perfectly describe
the economy. In reality the economy is much monmmex than these simple models. The
models show, however, that the introduction of aggration economies into the model, that
is suggested by convincing theoretical arguments @am abundance of empirical evidence
dramatically changes the long term dynamics ofntleelels. In both our examples the version
with agglomeration economies behaved completelyemiht than the model without
agglomeration economies.
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While the introduction of agglomeration economie®viles the conceptual basis for
clustering of economic activities and cluster pglieven in our simple models it also
generates serious dilemmas for the targeting atetpolicy:

1. sectoral targeting: the instruments of clustergyotan only work for sectors whose
operation is characterized by agglomeration ecoesmHowever, agglomeration
economies per se are difficult to identify and &pically only inferred from the
observation of clustered spatial location pattefiffeese patterns are not necessarily
the result of agglomeration economies in this gebidt can result from spatially
concentrated inputs or agglomeration economiesthercsectors in the value chain.
Moreover, sectors need to develop to a certainestagfore their agglomerated
location pattern can be observed.

2. temporal targeting: our models indicate that theativeness of cluster policy will
depend upon the time when it is applied. The argurogpath dependence that results
from agglomeration economies suggests that clpstiéry is more effective the earlier
it is applied. Our second model, however, showgxample where early application
of the policy will also be ineffective because bk tequilibrating mechanisms of
capital accumulation and capital mobility.

In order to apply the cluster policy effectivelyjuster policy makers need to know much
more than they typically do and realistically cénis quite likely that most of the funds for
cluster policy are applied to sectors and/or aetiwhen their effect on long term growth and
performance is negligible. These funds, of cowsmyld be better used in other policy areas
or on other sectors. Particularly the strategy areting those clusters that have been
successful in other regions in the past appear®dsiirom this point of view.

4 Summary and Conclusions

In this paper we have discussed cluster policy feotheoretical point of view and raised the

guestion, whether with reasonable probability @ugtolicy can lead to a self-sustained

regional growth process. After a brief introductwhich sketched some of the cluster policy

initiatives in Austria and in the EU, we demonsrtitat the concept of clusters is based upon
agglomeration economies, a set of externalitiesclwimake it advantageous for economic

activities to agglomerate in space. Cluster polgpically attempts to strengthen these

mechanisms.

While agglomeration economies are a necessaryquisite for the existence of clusters and
for the applicability of cluster policy, they alswake cluster policy conceptually difficult and
very risky. As we show in this paper, agglomerattmonomies lead to path dependence of
the respective growth process. This implies somiewse dilemmas for cluster policy makers
in terms of where and when to apply the policy.t&escwith agglomeration economies are
difficult to identify for various reasons. Most thfe time they are identified only indirectly by
the identification of clusters when they have alsetormed in some regions. At this stage of
development path dependence has already developgach a state that it will be difficult
and costly to overcome. As far as the timing ostdu policy is concerned, we show with two
simple models that timing is crucial for the lomgm success of the policy and that the policy
can be applied too late, but also too early, dejpgndpon the form and parameters of the
underlying development process.
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We conclude from the discussion of this paper besiause of agglomeration economies it is
extremely difficult to identify the best target athee best timing for the application of cluster
policy. Since cluster policy makers typically lathe detailed knowledge of the nonlinear
dynamic process that generates clustered locatpattdrns, it is very likely, we conclude that
in most cases funds invested in cluster policy haveegligible effect on the long term
distribution of growth and cannot generate a settaned regional growth process. In most
cases those funds are largely wasted and wouldaplpbe better used in alternative policies.
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