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1. Introduction 
 
In evolutionary economics, the notion of path dependence has attracted widespread attention, 
after the seminal works of Paul David and Brian Arthur in the 1980s and 1990s. Paul David 
(1985) described the adoption of new technologies as a path-dependent process and applied it 
to the famous QWERTY case. Brian Arthur (1989; 1994) extended it to the field of economic 
geography, among others, with a special focus on industry location. 

In this paper, I discuss two models proposed by Arthur that describe the spatial 
evolution of new industries as a path-dependent process. These models will be criticized for 
three main reasons. Firstly, I claim these models should not be considered evolutionary, 
because they do not account for the three key evolutionary concepts of variety, selection and 
retention. In other words, the fact that approaches deal with path dependent processes do not 
make them evolutionary by definition. In the literature, this is still poorly understood (see 
Essletzbichler and Rigby, 2007). Secondly, Arthur’s models treat poorly the role of geography 
when explaining the spatial evolution of an industry. Arthur’s models basically explain how 
path dependence shapes the economic landscape, but no attention is given to the question how 
geography may feedback on that, making it a place-dependent process at the same time. 
Thirdly, chance events play a major role in path dependent processes, especially when new 
path creation occurs (Mahoney, 2000). Although Arthur’s analytical framework enables to 
determine the importance of chance events (as opposed to necessity), the region remains a 
black box, most clearly during the initial stage of the life cycle of an industry. 

Consequently, Arthur’s models of path dependence can never serve as an satisfactory 
explanation for the spatial evolution of new industries, let alone be a major building block of 
an evolutionary approach in economic geography (Boschma and Lambooy, 1999; Boschma 
and Martin, 2007). The objective of the paper is to provide an alternative framework that take 
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all these critiques on board. This framework builds on the Window of Locational Opportunity 
approach that was introduced by the Californian School of Economic Geography in the late 
1980s (Scott and Storper, 1987; Storper and Walker, 1989), and which has been refined by 
Boschma (1997), Boschma and Van der Knaap (1997) and Boschma and Lambooy (1999) in 
the 1990s. After having presented this framework, I will apply this analytical framework to an 
empirical study of the spatial evolution of the British car industry. 

The structure of the paper will be as follows. In Section 2, I discuss the path dependent 
models of Arthur on the spatial evolution of an industry. In Section 3, I present the Window 
of Locational Opportunity concept and apply it to the case of the British automobile industry. 
Doing so, I will explain the importance of related industries to explain new path creation in 
space. Section 4 draws some conclusions. 
 
 
2. Arthur: location of new industry as path-dependent process 
 
A basic research question is: why do new industries develop in some regions, and not in 
others? So, why is Silicon Valley located at the West coast of the US, and why did Detroit 
become the capital of the US car industry? This has, of course, major consequences for the 
long-term development of regions and, thus, the evolution of the urban and spatial system 
(Simmie and Martin, 2007). Following Schumpeter (1943), countries and regions that are 
capable of developing new growth sectors will sustain long-term development, because these 
will compensate the inevitable decline in other parts of their economies (Ormerod, 2005). 
 
2.1 two simulation models 
 
In his seminal book published in 1994, Brian Arthur explained the location of new industries 
as a path dependent process. We will discuss two of his simulation models, in which the 
notion of path dependence is presented in its most pure form (see for an extensive review 
Boschma and Frenken, 2003). 

The first model is a spinoff model, in which a new industry grows firm by firm 
through spinoff dynamics. A spinoff is a new entrant founded by an entrepreneur that has 
worked as a former employee in a firm in the same industry. There is abundant evidence that 
spinoff dynamics are quite predominant during the growth phase of a newly emerging 
industry (Agarwal et al., 2004; Helfat and Lieberman, 2004; Koster, 2006). And spinoff 
companies tend to locate near their parent organization almost by definition. Building on 
these stylized facts, Arthur constructed a model that basically follows one simple rule: the 
probability of each region to generate a new spinoff is proportional to the number of 
incumbent firms in that new industry in the region. In this model, the spatial pattern of the 
industry is the result of a pure path dependent process. The winning region is the one that was 
just lucky to have many spinoffs early on, which increased its probability to develop more 
spinoffs, et cetera. Another property of the model is that the spatial outcome is unpredictable: 
it depends on the stochastic sequence of spinoffs in the beginning of the life cycle of the 
industry where the industry will locate. In sum, the spin-of model provides an explanation for 
why an industry may concentrate in space, without falling back on place-specific conditions 
or agglomeration economies. 

The second model concerns an agglomeration model. It basically states that the more 
start-ups in a new industry enter in a region, the stronger the impact of agglomeration 
economies. The model again follows a basic rule: the probability of each region to generate a 
new entrant in the new industry is dependent on the number of firms in that sector in that 
region. Doing so, the model accounts for a dynamic perspective on agglomeration economies 
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which is similar to the process of cumulative causation proposed by Myrdal (1957). That is, 
agglomeration economies come into being in the region where the sector grows and 
concentrates most strongly, because new and better infrastructure becomes available, 
specialized suppliers emerge, the local labor market becomes more specialized, supportive 
institutions are being established, et cetera. As these positive externalities are geographically 
bounded (Feldman, 1999; Maskell and Malmberg, 1999), the region that gets a head start will 
become the center of that new industry. Again, it is unpredictable which regions will host 
many start-ups early on, but as soon as a critical mass of firms is reached in one region, 
increasing returns come into being, and all other start-ups will opt for this region: the winner 
takes it all, and we end up with a spatial lock-in. 
 
2.2. a sympathetic critique of Arthur 
 
Despite some very appealing properties, the basic structure of Arthur’s models can be 
criticized for the following reasons. 
 First of all, Arthur’s models are basically entry models. In that sense, they violate key 
properties that are part and parcel of an evolutionary approach to industrial dynamics. For 
instance, they do not account for firm dynamics. Firms cannot exit: as soon as they enter, they 
live forever. Firms can also not grow, let alone conduct strategic behavior (e.g. collaborate 
with other firms, relocate, doing R&D) that might improve their competiteveness. In Arthur’s 
models, the number of firms is simply growing continually. As a consequence, his models 
simply ignore the effects of competition, market selection and changes in the market structure 
that occur along the life cycle of an industry (Klepper 1997). 
 Secondly, apart from selection, Arthur’s model violates a key principle of evolutionary 
economics, that is, variety or heterogeneity of firms. Firms are treated as being one and the 
same: the role of firm-specific routines and competences is completely ignored. In his spinoff 
model, for instance, each firm has the same probability to generate new spinoffs, and each 
start-up is treated equally. Both assumptions are not consistent with empirical findings. The 
American economist Klepper (2002a; 2002b) claimed that the spinoff process should be 
regarded as an effective mechanism of knowledge transfer between generations of firms: (1) 
spinoff companies show a higher probability of survival when they inherit successful routines 
from their parents. So, acquiring experience as an employee in a very successful parent 
organization that provides a superior leaning environment increases the success of 
entrepreneurship; (2) spinoff companies perform better than other types of entrants (e.g. 
inexperienced firms), showing that the spinoff process reflects an effective transfer 
mechanism of routines and competences from incumbent firms to new entrants. And because 
the spinoff process is geographically localized, Klepper’s model provides an explanation for 
why an industry concentrates in a region: this is made dependent on the accidental presence of 
some successful firms in the region that generate many successful spinoffs in the area. As 
such, the literature on the spatial evolution of an industry becomes rooted in an evolutionary 
theory of the firm, and the firm is not treated anymore as a black box. 

Thirdly, Arthur’s models of path dependence assume space is irrelevant when a new 
industry emerges. Arthur abstracts from space, treating it as being flat and neutral before a 
new industry starts to grow. In such a world, chance events determine the location where the 
new industry develops. The value added of Arthur’s models is that they explain how path 
dependence shapes the economic landscape. However, his models are silent on how 
geography may feedback on that, making it a place-dependent process at the same time. 
According to Martin (1999) and Martin and Sunley (2006), path dependence should not only 
produce space (industries creating space), but places also impact on path dependence 
processes (making it a place-dependent process). One of the implications is that some regions 
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may be more favorable than other regions to develop new industries based on spin-off 
dynamics and the build-up of agglomeration economies. The basic question then arises: to 
what extent do new industries start from scratch, and to what extent do they build on place-
specific features that make some regions a better place to develop new industries, as 
compared to other regions. The Window of Locational Opportunity (WLO) concept accounts 
for that (Boschma, 1997). We will turn to this topic in Section 3, where we will argue that 
new industries build on generic resources: the probability of regions to develop a new 
industry might depend on the availability of related industries, among other things. In 
addition, the WLO-model provides an analytical framework to estimate and determine the 
importance of chance in the spatial formation of a new industry: the higher the number of 
regions that are well endowed with the generic resources relevant to that new industry, the 
more difficult it becomes to predict the spatial pattern of that new industry. 

Fourthly, in Arthur’s agglomeration model, positive externalities will grow 
unboundedly with the increase of firms in a region. There are no countervailing powers. 
Consequently, Arthur’s models overlook the fact that spatial lock-in may turn into something 
negative. Negative externalities may come into being, such as higher factor costs, which make 
big agglomerations difficult places for firms to survive. The concentration of many 
competitors in one place may also mean a strong local selection environment that may impact 
negatively on the survival rate of new start-ups. In addition, Arthur did not really think over 
the consequences of path dependence in his models: once a trajectory is started, it excludes 
and forecloses other paths. As economic geographers know too well, the downsides of path 
dependence become especially apparent in old industrial regions. Going through long and 
deep economic crises, these areas were often incapable of moving their economies into new 
directions (Grabher, 1993; Hassink, 2005). Institutional explanations have gained much 
prominence in this literature. Following Olson (1982), they pointed for instance to the 
devastating effects of vested interests (including those of local and national policy makers) 
that hampered the creation of new paths in old industrial regions. 

 
 

3. The Window of Locational Opportunity concept 
 
In Section 3.1, the Window of Locational Opportunity concept will be presented in a brief 
manner. Doing so, we explain how the WLO concept deals with the problems in Arthur’s 
models mentioned in Section 2.2. In order to prove its empirical relevance, the empirical case 
of the spatial evolution of the British automobile industry will be presented. 
 
3.1 the Window of Locational Opportunity concept 
 
The Window of Locational Opportunity approach was introduced by the Californian School 
of Economic Geography in the late 1980s (Scott and Storper, 1987; Storper and Walker, 
1989). In a nutshell, the WLO-concept states that new industries provide new opportunities 
for each type of region, because they represent a fundamental break with the past. Similar to 
Arthur’s argument, they claim that new industries have the capability to generate or attract 
their own conditions of growth: new industries produce space through their own growth and 
development in places, instead of the other way around. For instance, most emerging 
industries cannot draw on favorable institutional conditions in their early days of existence: 
they require new institutional structures to develop fully. As soon as the new industry emerges 
somewhere, new supportive institutions come into being and contribute to the increasing 
returns at that particular locality (Murmann, 2003). As a result, the windows of opportunity 
are believed to be open during the early development of the new industry. Potentially, these 
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decisive moments in economic history may break the centre-periphery nature of the urban and 
regional system, possibly leading to leapfrogging. At a later stage of the life cycle of the 
industry, the WLO become more closed, due to self-reinforcing mechanisms like the build-up 
of agglomeration economies, as embodied in localized knowledge spillovers, et cetera. 
 The WLO model has been extended and refined by Boschma (1997), Boschma and 
Van der Knaap (1997), and Boschma and Lambooy (1999). One extension concerns the 
question whether it is realistic to assume that new industries start from scratch. The WLO-
concept claims that new industries build on generic resources, such as generic knowledge. 
These are resources that are not yet specific enough to match the needs of the new industry 
but they may support their growth and even act as necessary conditions. However, these are 
not considered to be sufficient conditions for the growth of a new industry. Only through 
evolutionary processes of growth, as manifested in spin-off dynamics and/or the build-up of 
agglomeration economics, can we explain the growth of a newly emerging industry in space. 
 This logic allows us to construct an analytical framework that can assess the 
importance of chance events during the spatial evolution of a new industry. For that purpose, 
we have to determine which necessary conditions have to be present locally to sustain the 
growth of a new industry. This is most likely to differ from industry to industry. For instance, 
local access to a technical university may be a necessary condition for the rise of biotech, 
while local access to an engineering knowledge base might have been more relevant for the 
rise of new industries like electrical engineering and automobiles. The next step is to 
determine the extent to which these generic conditions are spatially distributed, as the 
probability of a region to develop a new industry may depend on the availability of these 
generic resources. It then becomes a matter of identifying potential regions, and excluding 
other regions that lack any of these basic requirements. The higher the number of regions are 
endowed with the relevant generic resources, the more difficult it becomes to predict the 
spatial pattern of the new industry. In that case, the windows of locational opportunity are 
relatively open: the dynamics of spinoffs and agglomeration economies will then decide 
which of the many potential regions will ultimately develop the new industry. 

This can be illustrated by Figure 1 that has been taken from Boschma and Van der 
Knaap (1997). The spatial system is divided in ten regions. As shown at the intermediate 
level, seven out of ten regions are well endowed with favorable generic resources for a 
particular new industry. In this example, the new industry will ultimately flourish in two 
regions, namely region A and region C. 

Region A was a potential location with a favorable environment, so this comes as no 
surprise. However, what we often tend to forget is that this was still quite an unpredictable 
event, because we still cannot explain why the other six potential candidates that were equally 
endowed with favorable generic resources did not develop the new industry. Therefore, we 
need in addition a more dynamic, evolutionary type of explanation for why it happened in 
region A, and not in the other favorable regions. Here we may follow the line of reasoning 
Arthur proposed: the fact that the new industry located in region A may be attributed to 
spinoff dynamics (i.e. region A was lucky to have many successful spinoffs in the early stage 
of the industry’s life cycle) and/or the build-up of agglomeration economies (i.e. region A was 
lucky to be the first to pass the critical threshold of entrants in the new industry, which brings 
into existence all kinds of positive externalities). 

The question remains why region C was also capable of becoming a major center in 
the new industry despite the fact that it was not a potential location. Although less likely, this 
possibility cannot be entirely excluded, because spinoff dynamics and the build-up of 
agglomeration economies may more than compensate for the absence of generic resources. 
And as soon as the new industry starts to develop, region C may also draw or attract those 
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resources (such as skilled labor or generic knowledge) from other regions, as illustrated by the 
arrows in Figure 1. 
 
 
Figure 1. The window of locational opportunity concept 

 
Source: Boschma and Van der Knaap (1997), p. 252 
 
 
In sum, the WLO concept provides an analytical framework that accounts for chance during 
the spatial evolution of industries, but at the same time, it does not associate chance with the 
fact that new industries start from scratch, as Arthur did. In addition, the WLO model enables 
us to determine empirically the extent to which chance influences the spatial outcome: the 
more potential locations can be identified empirically, the lower the degree of predictability, 
and the more open the windows of locational opportunity are. Empirical studies show this 
may differ from sector to sector: for some new industries, the WLO could be considered quite 
open, while for other sectors this was true to a lesser extent (Boschma, 1997). 
 
3.2 the case of the British automobile industry 
 
After this introduction, the WLO-concept will be further illustrated by an empirical analysis 
of the spatial evolution of the British car industry. Based on an extensive database of all 
entries and exits in the British automobile industry in the period 1895-1968, this research 
conducted Cox regressions to explain the survival rates of automobile firms in more than 50 
British regions (for details, see Boschma and Wenting, 2007). 

In their survival analysis, Boschma and Wenting provided evidence that new entrants 
in the new British automobile industry performed better when they emerged in a region that 
was well endowed with related industries like coach and cycle making industries. These 
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related industries provided generic knowledge and skills that could be readily exploited in the 
new automobile firms. So, a new industry does not necessarily start from scratch: some 
regions have a higher probability to develop the new industry from the very early start, as 
compared to other regions. In addition, the analyses showed that start-ups in the new 
automobile sector of which the entrepreneur had acquired work experience in those same 
related industries (defined as experienced firms) demonstrated a higher performance than 
automobile firms lacking experience in related industries. In other words, new industries may 
have their roots in old related industries based on the transfer of knowledge through 
entrepreneurial dynamics between related industries. This outcome suggests that new path 
creation may be especially successful when regions diversify into new but related directions 
and build on generic resources present in the region. 

So, one reason to explain why the Coventry/Birmingham became a center of the 
British automobile industry was because it was well endowed with related industries like 
coach and cycle making in the late nineteenth century before the automobile sector started to 
expand. However, it was not the only place in Britain in those days: those related industries 
could be found among many British regions to a greater or lesser extent. So why did Coventry 
become prominent in that new field of economic activity? Boschma and Wenting explored the 
two dynamic explanations mentioned before, that is, spinoff dynamics and agglomeration 
economies. The findings showed that spinoff dynamics could be mainly held responsible for 
that. As expected, spin-off firms showed the highest survival rates, especially when they 
originated from successful parent organizations, and the Coventry/Birmingham region 
benefited from that at quite an early stage. By contrast, the build-up of agglomeration 
economies (as proxied by a high number of automobile firms in a region) did not impact 
positively on the performance of new entrants in the first stage of the life cycle of the British 
automobile industry. During the second stage of the industry’s life cycle, a high concentration 
of automobile firms in a region even had a negative effect on the survival rate of new entrants, 
probably because of strong local competition and a harsh selection environment. 
 
 
4. Conclusions 
 
The WLO model, as illustrated by the British case study covers almost all of the critiques we 
had on the models of Arthur. 

First of all, the WLO model takes on board the Darwinian trinity of variety, selection 
and retention. It allows for firm dynamics and market selection. Firms can enter and exit, they 
compete with each other, and they do so differently along the industry’s life cycle because of 
changes in the market structure. The WLO concept also acknowledges that firms accumulate 
different routines and competences over time. The heterogeneity of firms is expressed in 
terms of the techno-economic background of the entrepreneur which impacts on the 
performance of new entrants. As the example of the British car industry showed, the more 
close the routines of the new entrants were related to automobiles, the higher their 
performance. Having said that, the principle of inter-firm variety could be elaborated more, 
allowing for changes in firm behaviour and firm-specific routines after firms enter the new 
industry, for instance (see e.g. Krafft, 2004; Wezel, 2005). 

Secondly, the WLO concept does not abstract from space when a new industry starts 
to develop. Places may feedback on path dependence processes: regions with generic 
resources like related industries may be favorable places on which the growth dynamics of a 
new industry can take off. Chance may still matter in new path creation though. The WLO 
approach provides an analytical framework in which the importance of chance can be 
empirically determined ex post: the higher the number of regions endowed with the relevant 
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generic resources, the more difficult it is to predict the spatial pattern of the new industry. 
Doing so, chance has been contextualized in space, as the ‘new’  is grounded in the ‘old’ , but 
not in a deterministic manner. In addition, the WLO model also accounts for the fact that 
spatial lock-in may turn into something negative. For instance, the spatial concentration of a 
new industry may generate strong competition between local firms that reduce the survival 
rate of firms in the new industry in that particular location. 

Despite certain evolutionary qualities of the basic WLO model, there is room for 
extensions in the near future. I will briefly mention two of these. 

First of all, the WLO model could incorporate more the effects of inter-firm variety 
within regions. For instance, it has been suggested more than once that new industries require 
Jacobs’  externalities to grow (that is, a high degree of different sectors in a region), because 
new technologies are explored and a lot of experimentation is going on (Neffke et al., 2007; 
Ter Wal and Boschma, 2007). In addition, one might expect that related variety in a region 
(that is, a high degree of technologically related sectors in a region) might be crucial to induce 
new growth paths. Because related variety in a region may enhance the effective transfer of 
knowledge between complementary sectors, it is more likely to result in major innovations 
than either knowledge flows within one sector or knowledge flows between very different 
sectors with too much cognitive distance (Frenken et al., 2007). 

Secondly, instead of merely focusing on the level of the region, the WLO model could 
also incorporate the role of networks. There is increasing awareness that non-local linkages 
may bring in new variety into the region (Bathelt et al., 2004). However, access to non-
regional knowledge itself is not sufficient to trigger new growth paths: local absorptive 
capacity is needed to understand and transform external knowledge into new path creation and 
regional growth. Related variety may be crucial here once again. Boschma and Iammarino 
(2007) have proved empirical evidence that inflows of extra-regional knowledge that are 
related (but not quite similar) to existing knowledge in a region is most likely to enhance 
interactive learning and regional growth. What is especially interesting is that the evolution of 
networks may be described as a path-dependent process, based on the principle of preferential 
attachment (Barabasi and Albert, 1999; Andersson et al., 2003): each new node joining the 
network may have a preference for linking with a node that is already highly connected, in 
order to get access to many other nodes through this very one node. As network linkages are 
easier to establish and cheaper to maintain when the geographical distance between the nodes 
is not large, clusters are likely to emerge in space (Gluckler, 2007). Network dynamics are 
then an alternative evolutionary mechanism, besides spinoff dynamics and the build-up of 
agglomeration economies, that can make a new industry concentrate in space and determine 
which of the potential locations becomes the center of a new industry. 
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