
 
 

University of Birmingham

Pathways of regional transformation and Industry
4.0
De Propris, Lisa; Bailey, David

DOI:
10.1080/00343404.2021.1960962

License:
Creative Commons: Attribution (CC BY)

Document Version
Publisher's PDF, also known as Version of record

Citation for published version (Harvard):
De Propris, L & Bailey, D 2021, 'Pathways of regional transformation and Industry 4.0', Regional Studies, vol. 55,
no. 10-11, pp. 1617-1629. https://doi.org/10.1080/00343404.2021.1960962

Link to publication on Research at Birmingham portal

General rights
Unless a licence is specified above, all rights (including copyright and moral rights) in this document are retained by the authors and/or the
copyright holders. The express permission of the copyright holder must be obtained for any use of this material other than for purposes
permitted by law.

•Users may freely distribute the URL that is used to identify this publication.
•Users may download and/or print one copy of the publication from the University of Birmingham research portal for the purpose of private
study or non-commercial research.
•User may use extracts from the document in line with the concept of ‘fair dealing’ under the Copyright, Designs and Patents Act 1988 (?)
•Users may not further distribute the material nor use it for the purposes of commercial gain.

Where a licence is displayed above, please note the terms and conditions of the licence govern your use of this document.

When citing, please reference the published version.
Take down policy
While the University of Birmingham exercises care and attention in making items available there are rare occasions when an item has been
uploaded in error or has been deemed to be commercially or otherwise sensitive.

If you believe that this is the case for this document, please contact UBIRA@lists.bham.ac.uk providing details and we will remove access to
the work immediately and investigate.

Download date: 26. Apr. 2024

https://doi.org/10.1080/00343404.2021.1960962
https://doi.org/10.1080/00343404.2021.1960962
https://birmingham.elsevierpure.com/en/publications/cbda1b4f-aaa0-4ee4-a4b2-ce562f1e49aa


Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalInformation?journalCode=cres20

Regional Studies

ISSN: (Print) (Online) Journal homepage: https://www.tandfonline.com/loi/cres20

Pathways of regional transformation and Industry
4.0

Lisa De Propris & David Bailey

To cite this article: Lisa De Propris & David Bailey (2021) Pathways of regional transformation and
Industry 4.0, Regional Studies, 55:10-11, 1617-1629, DOI: 10.1080/00343404.2021.1960962

To link to this article:  https://doi.org/10.1080/00343404.2021.1960962

© 2021 The Author(s). Published by Informa
UK Limited, trading as Taylor & Francis
Group

Published online: 13 Sep 2021.

Submit your article to this journal 

Article views: 1462

View related articles 

View Crossmark data

Citing articles: 1 View citing articles 

https://www.tandfonline.com/action/journalInformation?journalCode=cres20
https://www.tandfonline.com/loi/cres20
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/00343404.2021.1960962
https://doi.org/10.1080/00343404.2021.1960962
https://www.tandfonline.com/action/authorSubmission?journalCode=cres20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=cres20&show=instructions
https://www.tandfonline.com/doi/mlt/10.1080/00343404.2021.1960962
https://www.tandfonline.com/doi/mlt/10.1080/00343404.2021.1960962
http://crossmark.crossref.org/dialog/?doi=10.1080/00343404.2021.1960962&domain=pdf&date_stamp=2021-09-13
http://crossmark.crossref.org/dialog/?doi=10.1080/00343404.2021.1960962&domain=pdf&date_stamp=2021-09-13
https://www.tandfonline.com/doi/citedby/10.1080/00343404.2021.1960962#tabModule
https://www.tandfonline.com/doi/citedby/10.1080/00343404.2021.1960962#tabModule


Pathways of regional transformation and Industry 4.0
Lisa De Proprisa and David Baileyb

ABSTRACT
We explore the impact of technological changes brought in by the Fourth Industrial Revolution on local systems of
industrial specialization. To do so we connect the Evolutional Economic Geography literature on regional
diversification with the literature on systems change, notably the multilevel perspective (MLP) framework, expanding
the latter with a place-based dimension enabling the application of technological transition to regional economies.
Here, a local system’s ability to transform rests on three capabilities: innovation capabilities, docking capabilities and
translational capabilities. Building on these, we identify four transformative paths: an endogenous transformative
path; a hyper-transformative path; an importation transformative path; and a regional obsolescence path. We stress
that local systems are not locked into a particular pathway, with implications for place-based industrial policy.

KEYWORDS
Industry 4.0; Fourth Industrial Revolution; multilevel perspective; regional transformation; technology transitions
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INTRODUCTION

There is much debate around the emerging wave of ‘Indus-
try 4.0’ technologies which many see as amounting to a
Fourth Industrial Revolution (FIR) with extensive socio-
economic disruptions (Benassi et al., 2020; Organisation
for Economic Co-operation and Development (OECD),
2017; Schwab, 2016). Initial studies have examined – at a
macro-scale – the impact of digital technology on jobs
and skills (Autor, 2015), themobility of global talent (Bald-
win, 2019), trade and foreign direct investment (FDI) flows
(Strange & Zucchella, 2017) and on environmental sus-
tainability (Götz & Jankowska, 2017). At the micro-
scale, there is a fast-moving debate on how digitalization
and automation in particular will reorganize resources in
the production process and the layout of factories (Ciffolilli
& Muscio, 2018). However, the impact on regional econ-
omies of FIR technologies is yet to be investigated in depth.

This paper contributes to the debate by exploring the
possible transformative paths local economies may face
as new technologies shake the technological foundations
of industries, value chains and thereby local systems of
production. Core to the evolutionary economic geography
approach (Martin & Sunley, 2006; Martin & Simmie,

2008) is the understanding that economic activities evolve
along predetermined time and space coordinates
(Boschma, 2015; Frenken & Boschma, 2007). Debates
on regional industrial transformation and structural
change (Grillitsch et al., 2018; Miörner & Trippl, 2017)
have looked at the emergence and evolution of regional
economies (Martin, 2010) and regional diversification
(Boschma, 2017). Yet our understanding of industrial
change and regional development is now challenged by
the technological discontinuity introduced by the current
wave of new technologies. This paper provides a first
attempt to explore this issue and does so by questioning
the impact on regions of the current technological revolu-
tion by exploring the links between new technologies, sec-
tors and local economies. In so doing, we focus in
particular on industrial local systems (spaces) where econ-
omic activities revolve around one main technology.
Highly specialized regions might be home to one such
industrial system, while more diversified regions might
have many. In both cases, industrial local systems are likely
to be shaken by emerging technological discontinuities
that will redefine their division of labour and markets.

Technological discontinuities have been studied within
the innovation literature in relation to system changes and
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transitions, in terms of technological regimes (Nelson &
Winter, 1982), technological paradigms (Dosi, 1982),
technological revolutions (Perez, 2010) and technological
waves (Kondratieff, 1979). This literature postulates that
although inventions (Schumpeter, 1942) might trickle
through over time, they tend to cumulate and tip over in
discontinuous technological jumps that disrupt the
socio-economic system only at discreet intervals (Perez,
2010). More recently, within this literature, the multilevel
perspective (MLP) (Geels, 2002, 2005) has emerged
attempting to explain the dynamics driving transitions
from one technological paradigm to the next. We extend
the MLP framework to explain what transformational
pathways local industrial systems might face in transition-
ing onto the new technological paradigm. We introduce a
more developed place-based element to the MLP frame-
work by suggesting in particular that regimes and niches
must be grounded in places.

The paper proceeds as follows. The next section dis-
cusses the technological changes brought in by the FIR.
The third section connects the Evolutional Economic
Geography (EEG) debate on regional diversification
with the literature on system change and transitions.
The fourth section presents an expansion of the MLP fra-
mework by adding a place-based dimension that enables
an application of technological transition to regional econ-
omies. Four paths of regional transformation are pre-
sented, with each illustrated by a case study. The fifth
section discusses some policy implications.

THE FOURTH INDUSTRIAL REVOLUTION

The literature on systems change has explained techno-
logical change as shifts in technological regimes (Nelson
& Winter, 1982), or of technological paradigm (Dosi,
1982), both driven by scientific discovery. The disruptive
impact of technological revolutions is captured by the con-
cept of technological waves (Kondratieff & Stolper, 1935),
suggesting that radical innovations emerge over time dri-
ven by scientific discoveries, but that they cumulate and
trigger technological change only when old technologies
exhaust their potential. Once a new technological wave
is released, it produces a multitude of incremental inno-
vations that permeate many aspects of the economy and
society, triggering a fundamental shift in the techno-econ-
omic paradigm (Perez, 2010). Kondratiev’s long waves
introduced discontinuities in technological progress,
linked with cycles in the global economy. In this view,
the disruption of new technologies in each wave funda-
mentally changes which resources are used and how they
are used, as well as reshaping the organization of pro-
duction, leading to a new phase of socio-economic growth.
Each transition from an old technological paradigm to a
new one tends to be uncertain, risky and painful as old
skills, resources, knowledge and ways of life are relin-
quished or made redundant before new ones establish
themselves and release their growth potential (Autor,
2015; Baldwin, 2019; Frey & Osborne, 2017; Lacity &
Willcocks, 2015).

There is general agreement that we are currently wit-
nessing the emergence of a new technological paradigm
that will arguably help shape economies and societies for
decades to come (Benassi et al., 2020; OECD, 2017). It
is also well understood that the breadth and depth of the
transformative impact to be expected from these new tech-
nologies will amount to a new (fourth) industrial revolu-
tion (FIR). Taking a broad view of the FIR, these new
technologies can be clustered under three linked domains:
(1) green and renewable technologies; (2) digital technol-
ogies (information and communication technology (ICT)
and mobile technologies, additive manufacturing or 3D
printing, artificial intelligence (AI), cloud computing, big
data analytics, Internet of Things, advanced robotics, sen-
soring, space technology and drones); and (3) new
materials (biotech, nanotech, neuro-technologies) (De
Propis & Bailey, 2020; Culot et al., 2020). Whilst there
is no consensus on what precisely constitutes the range
of FIR technologies, the above technologies relate as
well to the technology ‘roadmaps’ laid out by a range of
European governments including France, Germany and
Italy (Muscio & Ciffolilli, 2020; Santos et al., 2017).1

The pervasive and disruptive nature of FIR technologies
are expected to impact in a number of ways, including
inter alia: changing the capital–labour ratio by redesigning
the organization of production inside firms; impacting on
employment; redrawing value chains both in terms of value
creation functions and geographical presence; introducing
new value creation parameters in firms’ business models;
creating new sectors and markets; and ushering in new
demand and consumer needs (De Propris & Bailey,
2020; Pereira & Romero, 2017). The seeds of some of
these new technologies can be traced back to the mid-
1980s, but only now are socio-economic systems begin-
ning to absorb the extent of such disruptions. Although
often referred to as ‘Industry 4.0’, ‘Smart manufacturing’
or the ‘digital revolution’, FIR technologies are broader
and consequently may trigger a transformational shift in
the techno-socio-economic paradigm attuned to a green
economy and society (De Propris & Bailey, 2020).

The disruptive and transformative changes of these
new technologies can be broadly grouped in three areas.
First, FIR technologies will likely reorganize production
inside and across factories (an ‘industry 4.0’ element; Cif-
folilli &Muscio, 2018) with a new balance between capital
and labour due to the adoption of digitally enabled tech-
nologies, as well as rearranging production along the
supply chain with a geographical recomposition of the
location of activities in part due to much more blurred bor-
ders between services and manufacturing (a value chain
recomposition element again linked to ‘industry 4.0’)
(Šlander &Wostner, 2019). Second, it will create comple-
tely new industries, markets and consumption spaces (a
new markets element). The myriad of applications gener-
ated from these new technologies will create new needs
and markets, but also – it is hoped – trigger a decarboniza-
tion of the economy, towards a bio-based economy for sus-
tainable life cycle expectations. Third, FIR technologies
will introduce new business models (Götz & Jankowska,
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2017) and a new innovation–production–consumption
continuum. The deployment, for instance, of AI, big
data and nano-technologies will expand the adoption of
servitization and of closer co-innovation between producer
and consumers through more efficient systems of ‘mass
customization’ (Baldwin, 2019; De Propris & Bailey,
2020).

Such transformative changes are expected to impact on
the nature of industries and on the organization of indus-
trial activities. Specifically, we explore the impact of tech-
nological changes brought in by the FIR on local systems
of industrial specialization by connecting the EEG debate
on regional diversification with the literature on techno-
logical transitions.

REGIONAL DEVELOPMENT PATHS AND
TRANSITIONS

A debate that started in the 1990s on clusters, industrial
districts and milieux shone a light on the benefits of indus-
trial spatial specialization and concentration where
specialization is intended as the ‘industrial identity of a
place’ (Becattini et al., 2009) for market responsiveness,
flexibility and innovation (Crevoisier, 2004; Porter
1990). Core to the evolutionary economic geography
approach has been the understanding that industrial
activities are place-based: namely, embedded in local eco-
systems by agglomeration and external economies, the
sharing of tacit knowledge and intangible assets, a fluid
interaction between firms, institutions and society, and
preferential access to dedicated and tangible assets (Becat-
tini et al., 2009; Bathelt et al., 2004). The presence of these
– generally speaking – local production systems weighed
heavily in determining the performance of the regional
economy where they are homed (Porter, 2000; Pyke
et al., 1990). The specialization dividend started to be
questioned when new studies showed that such production
ecosystems evolve through time due to endogenous forces
and exogenous shocks (Belussi & De Propris, 2013; De
Propris & Lazzeretti, 2009) with the risk of decline
being rooted in the very success that they achieved, due
to institutional and technological lock-in (Blažek et al.,
2019; Frenken & Boschma, 2007). The destiny of such
localized industries has consequences for regional econ-
omies, depending on their degree of reliance on such
specializations. The opportunity to avoid decline has
been discussed in the literature on regional industrial
path development where stories of renewal (Boschma &
Frenken, 2011) paved the way for a wide literature on
regional diversification. These observations were crystal-
lized in the concepts of related and unrelated varieties
(Asheim et al., 2011). It was argued that places and regions
less dependent on specific specializations have a greater
chance of evolving through organic changes by being
exposed to other specializations based on related or unre-
lated technologies (Boschma & Frenken, 2011). Therefore
the industrial composition of regional economies has been
a crucial explanatory factor in understanding regions’ evol-
utionary paths: the concepts of related and unrelated

varieties have been the interpretative key to explain the
decline, renewal or diversification of industries in regional
spaces (Grillitsch et al., 2018; Martin & Sunley, 2006).
The literature on industrial diversification is anchored in
the understanding in EEG that economic systems change
along evolutionary processes characterized by cumulative-
ness, path dependency (Martin & Sunley, 2006) and irre-
versibility (Frenken & Boschma, 2007; Martin & Simmie,
2008). Regional change could therefore enfold along some
possible development paths depending on their embedded
knowledge and capabilities (Grillitsch et al., 2019; Gril-
litsch & Trippl, 2014). Some of these development
paths are underpinned by incremental adjustments such
as in the cases of path extension, path branching and
path diversification (Grilltsch et al., 2018), as well as
path upgrading or modernization (Isaksen et al., 2018)
and path extension (Grillitsch et al., 2018; Isaksen et al.,
2018). In contrast, new evolutionary paths include: (1)
path importation or transplantation (Isaksen et al., 2018;
Martin & Sunley, 2006), whereby new development
paths emerge from new technologies and scientific discov-
eries (Isaksen et al., 2018) literally imported from outside
the regional and (2) path creation when new paths are
initiated by new industries emerging endogenously.
Indeed the geographical scales at which evolutionary
pressure are exercised is across local, regional and super-
regional spaces: Grillitsch et al. (2018) helpfully dis-
tinguish between concrete and abstract spaces to underline
the importance of linking concrete local industrial spaces
with more abstract industry spaces that connect super-
regional networks (Götz & Jankowska, 2017; Trippl
et al., 2018).

This literature has examined regions’ evolution against
a backdrop of stable and consolidated technologies as well
as instances of path creation underpinned by innovations
within the technological paradigm of the Third Industrial
Revolution, whether accessed internally or externally
(Trippl et al., 2018). The path dependency rationale of
the evolutionary approach foresaw industrial change and
therefore regional change as a fundamentally linear, irre-
versible and somewhat predictable process (Martin &
Simmie, 2008). However, as argued at the beginning of
this paper, technological change is currently occurring
rather in a disruptive and discontinuous way, forcing our
analysis to question what resources, processes and agents
that industrial local systems can leverage to transform
themselves thanks to or because of these new technologies.
The evolutionary paths mentioned above (especially the
path creation and path importation routes) are challenged
by the transformative force of a shift of the technological
paradigm, namely FIR technologies. In this paper we
suggest reconsidering these paths but with the idea that
the change is not evolutionary but rather revolutionary.

To understand the drivers and the dynamics of how the
current shock is pushing for a transformative regional
change, the literature on technological transitions and sys-
tem change can provide helpful insights. In particular, the
MLP framework suggests that successful transitions
require the overcoming of barriers that extend well beyond
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technological and economic dimensions (Geels, 2004,
2005), with a range of dimensions such as institutions,
infrastructure and society being seen as just as significant.

The MLP literature explains technological transitions
as shaped by interactions between three nested levels
within the system: landscape, regime and niche. These
form a nested hierarchy with niches embedded within
regimes, which are in turn embedded in the landscape
(Geels, 2005). There is no single cause or driver of change
at work (Geels, 2011), but rather, there is ‘circular causal-
ity’ in which processes at different levels interact with each
other.

Based on observing historical transitions, Geels and
Schot (2007) posited a typology of stereotypical transition
pathways: (2) a landscape that reinforces the regime, as
against one that disrupts the regime; and (2) a niche and
regime relationship that can be competitive or symbiotic.
The timing of interactions also plays a key role, denoting
the ‘readiness’ or ‘competitiveness’ of the niche based
upon its development level. Using these criteria, four poss-
ible transition pathways were outlined (Geels & Schot,
2007).

The MLP framework focuses on technologies and
therefore is largely space blind in its original conception
(Gibbs & O’Neill, 2017; Smith et al., 2010). While the
MLP framework’s three levels conceptually do not have
a geographical dimension, Geels & Raven (2006) accept
that landscapes, regimes and niches operate at the
macro, meso and micro-scales, whilst niches straddle
local and global scales (Geels & Raven, 2006). Also it is
acknowledged that each level is characterized by systems
of actors operating at different, although interconnected
scales (Berkeley et al., 2017). Nevertheless, even in the
MLP description of transition pathways (Geels &
Raven, 2006), niches and regimes must meet somewhat
on the same scale to allow system change to occur and,
thereby, transitions are argued to be seen as processes con-
necting multi-scalar structures (Coenen et al., 2012).
However, this issue is severely understated in the original
MLP approach. This ‘naïve conceptualization of space’
(Coenen et al., 2012) in the original MLP approach was
addressed when the latter was applied to study ecological
transitions (Gibbs & O’Neill, 2017; Hansen & Coenen,
2015; Smith & Raven, 2012; Truffer & Coenen, 2012).2

Indeed, Truffer and Coenen (2012, p. 15) note that cities
and regions may emerge as ‘powerful promoters of sustain-
ability transitions’. The debate on ecological transitions is
still ongoing and has stressed that when the MLP frame-
work is applied, space awareness becomes crucial.

PLACE-BASED MLP FRAMEWORK

In this paper we combine the EEG formalization of
regional development pathways with the tenets of the
MLP framework to understand the impact of new tech-
nologies (namely, FIR technologies) on industrial spaces.
The novelty is to capture the transition of industrial local
spaces. A first attempt to link the literature on MLP
with economic geography borrowed the concepts of

regimes and niches from the MLP framework to explain
regional diversification (Boschma et al., 2017). They ident-
ify four regional diversification trajectories, for example,
replication, transportation, exaptation and saltation, by
crossing regions’ existing industrial base (either techno-
logically old (regimes) or new (niches)) with regions’ exter-
nal shocks being either related or unrelated to their
specializations. This contribution, however, fell short of
spatially characterizing both niches and regimes, which
is what we propose in this paper.

The starting point of our conceptualization of a place-
based MLP is to take the three levels of socio-economic
transition, that is, landscape, regimes and niches, and
ground them in specific places. In particular, socio-techni-
cal landscapes capture the exogenous environment shaped
by various mega-trends, macro-challenges and opportu-
nities, sometimes powered by international pressures,
national level policies or bottom-up movements for
change. The landscape tends to spread across national
and international scales and provide a backdrop for the
way in which niches challenge existing regimes. Regimes
are defined as the socio-technical meso scale at which sys-
tems of firms, research and stakeholders operate and land
in specific places, regions, or cities. Technologies are
applied in a variety of industries and each of these tend
to cumulate over time in specific places, such as regions
or localities, generating techno-industrial local systems
of specialization. Such cumulation tends to roll out over
the timespan of a technological wave. Industries are the
destinations of the many applications coming out of a
new technology as the latter is transformed in endless vari-
ations of new processes and new products in the diffusion
stage of a new technological wave (Perez, 2010). We
would argue therefore that the time–space concentration
of cumulative specializations and branching within a
defined technological regime culminates in techno-indus-
trial local systems of specialization.

What distinguishes these systems from other well-
known concepts such as industrial clusters, industrial dis-
tricts and regional innovation systems, is that the focus
here is on the technological nature of their specialization.3

Such industrial local systems co-evolve with the technol-
ogy they embody. On the eve of a new technological revo-
lution, such systems are formed and grow as specific
applications of the emergent technology; their growth is
mirrored by the density and the complexity of the system
of firms and public and private stakeholders that over time
thicken the socio-economic local mesh. As the underpin-
ning technologies become mature, so do such systems and
their growth slows down reaching a stage where the use-
fulness of the technological skeleton becomes time limited.
The literature on industrial systems (Malerba & Orsenigo,
1997) argues that techno-industrial local systems of
specialization in the same sector fall within the same
industrial system to the extent that they face the same
challenges and opportunities in terms of markets and
technology.

Finally, niches are the sparks of new technologies, the
embodiment of the exploratory and science driven
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innovation that can occur outside the regimes, despite
regimes, but aspiring to attract the attention of regimes.
In line with Geels (2002), niches can be seen as incubation
rooms for new radical innovations, namely for novelties
that are far from market and adoption, and still at an
exploratory level. In our model, we consider that niches
are also place-based, which means they are created or
emerge, and operate in very specific places depending on
the innovation capability of that place. Knowledge cre-
ation requires actors that have extensive scientific knowl-
edge at the frontier of their fields, have advanced
research competences, and can function in conditions of
high risk and uncertainty thanks to patient funding from
public or private sources. Defined as such, the spatial con-
text in which niches emerge and develop should not be
overlooked; this is an extension to the stream of literature
on strategic niche management that has looked at niches as
‘protected spaces’ for the development of new technologies
emphasizing the link between science, sectors and markets
(Kemp et al., 1998; Rip & Kemp, 1998). Being science
driven, niches often start with knowledge that leads to rad-
ical innovations for which an industrial outlet is yet to be
identified, and it may be unclear whether and when an ave-
nue can open up for future applications. In their pure form,
the novelties produced within niches can have potentially
cross-sector and transversal applicability as is currently
the case for emerging digital technologies or other key
enabling technologies (KETs).

We describe the interactions between place-based
regimes and niches by adapting the well-known represen-
tation of Geels (2002). We distinguish regimes from
niches not only in terms of technological content, but
spatially as they might be located in different places. As
described in Figure 1, techno-industrial local systems of
specialization represent industrial local systems within
mature technological regimes, whilst niches emerge as
incubators of new technologies that can be co-located

with a system or be spatially distant. Each bubble captures
different techno-industrial local systems – each with its
own location and systemic peculiarities; while the green
squares represent the swarm of niches emerging first as
highly transversal technologies and then finding more
confined applicability as they are adopted with in local
industrial systems.

REGIONAL TRANSFORMATIVE PATHS

The spatial alignment (convergence) or dis-alignment
(divergence) between niches and regimes together with
the spatiality of the technological shock (endogenous or
exogenous) generate four transformative paths: endogenous
transformation path, hyper-transformation path, importa-
tion transformation path and regional obsolescence path.
We argue that the ability of industrial local systems in
regimes to transform themselves rests on three crucial
capabilities: innovation capabilities empower and equip
systems to create internally new niches that can transform
and renew the existing technology in a mature regime. The
absence of internal and systemic innovation capabilities
can be compensated by the presence of docking capabilities:
these capture the attractiveness and receptiveness of a sys-
tem for de-located niches to land in that particular place.
Docking capabilities can lure niches seeking a landing
platform and, at the same time, allow incumbent firms
to signal a need to import new technologies. Whether reli-
ant on internal or external innovation sources, the trans-
formative capacity of industrial local systems in a regime
rests on having translational capabilities, namely a high
absorptive capacity to access and absorb radically new
technologies, and further to develop new applications
combining existing knowledge bases with new ones intrin-
sic to niches. This is illustrated in the Tables 1 and 2. Each
transformative path is detailed below, with exemplary case
studies presented (Figures 2–5).

Figure 1. A place-based multilevel perspective (MLP) framework.
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Regional obsolescence path
We can start with the extreme case of an industrial local
system that is nested in a specific mature regime, and
risks become locked into it and becoming obsolete. This
occurs when businesses and local private and public stake-
holders are unable or unwilling to consider radically new
technological niches that are being developed related to
the same ‘industry’, whether located inside or outside the
system. The systemic resistance of the incumbent stake-
holders to consider technological change in order to pre-
serve the mature technology prevents the local system
from exploring any possible avenues of technological
change from which it is effectively decoupling itself.
Such systems lack the sufficient innovation, docking and
translational capabilities to capture the urgency of the
change. Systems that persist along this path will disappear
as eventually their underpinning technology will become
obsolete. In Figure 2 we represent the decoupling of the
industrial local system from emerging niches – captured
by the direction of the arrows – which might be developed
by actors outside the system, for instance competitors, or
by means of internal experimentation.

This defensive position can, however, be temporary,
whereby systems remain on this path for a short period
of time and jump on a new path of transformation by
accessing technologies developed elsewhere, if there is
enough landscape pressure for change (e.g., a change in
regulation, a crisis situation etc.) or markets are already
forming reducing the level of risk. The lag in adopting
the new technology results in the system having to play
catch-up and strategically assuming a follower position.
The case of the German auto industry centred in Bavaria
and Baden-Württemberg is considered below in this
context.

The auto system in Bavaria and Baden-
Württemberg
The German auto system centred in Bavaria and Baden-
Württemberg can be viewed as a local industrial system
on a path of regional obsolescence for a period of time
until the ‘Dieselgate’ scandal of late 2015 forced an abrupt
transformation, with it now playing catch up in battery

electric vehicles (BEV) technology. The system had by
the 1990s established a dominant position in the premium
sector, with a reputation built on engineering and
reliability. Yet that was not a position necessarily built
on technological and organizational leadership in pro-
ducts. In many regards, German auto makers were tech-
nology followers, often lagging Japanese rivals. For
example, lean production in the auto industry was pio-
neered over several decades by Toyota and deployed inter-
nationally by the 1980s; Volkswagen followed a decade
later. Similarly, while Toyota launched its first hybrid
model in 1997, VW did not launch a hybrid car until
2010. Where the German auto industry did lead was in
the design and build of internal combustion engines
(ICE) which suited larger premium models.

With the vast bulk of assemblers’ sunk costs related to
existing ICE technologies, such firms saw investment in
BEVs as highly disruptive. Manufacturers were reluctant
to shift investment into BEV development, and retained
an expectation that ICE vehicles would continue to
become more efficient, with an institutional lock-in for
conventional ICE vehicles. While this applied across
much of the European industry (Van Bree et al., 2010),
it was especially marked in this case in diesel technology.
Six to seven years ago, leaders in VW in particular still
saw BEVs as inferior despite Tesla already eroding Ger-
man brands’ premiummarket shares. By 2015 the German
system was lagging in terms of patents in key new technol-
ogies of electric mobility and with a supply chain firmly
locked into ICE technology. It was also investing little
in autonomous driving or mobility services, even though
these were already seen as key elements of the future
auto value chain. The system at this point was investing

Table 1. Transformative paths (TP).
Spatiality

Endogenous Exogenous

Alignment

regime-

niche

Convergence Endogenous TP

and hyper-TP

Importation

TP

Divergence Regional obsolescence P

Table 2. Transformative paths (TPs) and capabilities.
Innovative capabilities Docking capabilities Translational capabilities

Endogenous TP + − +

Hyper-TP + + +

Importation TP − + +

Regional obsolescence P − − −

Figure 2. Regional obsolescence path.
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heavily in ‘industry 4.0’ technologies in terms of smart fac-
tories but not in radically new BEVs as products.

It should be noted that some Japanese and American
auto makers had gone down different technological routes
in trying to reduce greenhouse gas emissions. Toyota had
invested heavily in petrol hybrids, while Tesla and GM in
the United States, and the Renault–Nissan alliance in
Europe and Japan, had invested heavily in BEVs. The
Bavaria/Baden-Württemberg auto system had effectively
placed heavy technological ‘bets’ on what was increasingly
seen as an obsolescent ICE (especially diesel) technology.
This ICE regime lock-in was the result of a mix of factors,
including large firm investment decisions, low fuel prices,
the high willingness of customers to pay promoted by high
levels of advertising expenditure, and not enough land-
scape pressure to force change (Clausen, 2018).

In late 2015 Volkswagen was found to have cheated
emissions tests by installing illegal manipulation software
in 11 million diesel cars. The resulting fall out undermined
consumer confidence and accelerated a rapid consumer shift
away from diesels. What became known as ‘Dieselgate’

forced the German auto system off a path locked into obso-
lescent ICE technologies. Indeed, combined with stricter
new environmental and testing standards at the European
level, this acted as a ‘wake-up call’ for Volkswagen, Daimler
and, to a lesser extent, BMW, spurring them to refocus on
future technologies – especially BEVs – and alternative
business models. Post-Dieselgate, the German auto system
has been playing catch up, investing heavily in BEVs as well
as mapping, car-sharing, connectivity, autonomous vehicles
and the infrastructure required for such technologies.
Incumbent German original equipment manufacturers
(OEMs) are now amongst the heaviest investors globally
in BEVs, with VW investing tens of billions of euros in
BEV technologies and infrastructure, aiming to sell 25%
of its own-brand vehicles as BEVs by 2035. Heavy invest-
ment in its BEV platform has led Ford to partner with it to
achieve scale economies in assembly. Germany has also
attracted the disrupter firm Tesla to build batteries and
BEVs in a new ‘gigafactory’ being built near Berlin.

Overall, theDieselgate arguably ‘saved’ theGermanauto
system (Kerier, 2018) by abruptly kicking it off a regional
obsolescence path. Its cumulated embedded knowledge in
auto manufacturing has nevertheless helped it jump from
the ICE regime to the BEV one relatively smoothly and
to become attractive to emerging niches looking for a land-
ing spot, such as BEV pioneer Tesla (Bailey, 2015).

Endogenous transformative path
A second case considers an industrial local system that,
despite being nested in a specific mature regime, is to be
able to explore radically new ideas, and to generate,
develop as well as incubate endogenously one or more
niches. For this to occur, the local system must present
sufficient endogenous innovative capabilities to stimulate
exploration and experimentation that go beyond and chal-
lenge the underlying technological regime. Endogenously
generated niches reflect exploratory learning processes
occurring in local research organizations, start-ups or
small firms, or the ‘skunk-works’ of embedded larger
firms, and/or in blue-sky public funded projects housed
in larger firms or business networks. These systems are
able to gestate technological niches thanks to the dense
scientific base made up of an infrastructure of actors and
linkages that not only feed incremental innovations to

Figure 3. Endogenous transformative path.

Figure 4. Hyper-transformative path.

Figure 5. Importation transformative path.
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the local system during the growth phase, but are also able
to start and incubate radically new ideas. In addition, they
are able to attract risk-loving stakeholders and public
funding. The bubbling of these experimentations at the
margins of the core technology of the local system provide
opportunities for radical transformations that at an early
stage might well find resistance by the incumbent actors
locked in the dominant regimes; however, finding them-
selves on the technological frontier, such niches are likely
to be connected globally via research and scientific lin-
kages, progressing at a pace that is therefore externally
set and likely to be idiosyncratic with respect to the local
system’s internal receptiveness (translational capability).
In the technological space that occurs as an old regime is
sidelined by a new one, these systems find themselves as
first-movers thanks to the endogenous technological capa-
bilities that the internal niches present. These can in fact
be deployed and inseminate the embedded regime with
new solutions, challenging and disrupting the equilibrium
of the socio-eco regime. Figure 3 describes the endogen-
ous nature of new niches and the receptiveness of the
industrial local system which is prepared to challenge its
techno-industrial foundation to explore the niches’ novel-
ties. These mutant systems are able to embark therefore on
an endogenous transformative path thanks to the techno-
logical niches that the system breeds and incubates. The
case of the Midlands Low Carbon ‘Phoenix Industry’ is
explored below in this context.

The Midlands low carbon ‘phoenix industry’
The Midlands automotive system became ‘locked-in’ to
core technologies and practices around the internal com-
bustion engine and steel chassis development through a
combination of complex supply chain arrangements,
sunk investments in equipment, the existing skill set of
the labour force and an industry-wide technological para-
digm. As a result, incumbent actors tended to favour incre-
mental innovation focused on the improvement of existing
technologies. However, the range of technologies that are
important to succeed in the industry has expanded in the
light of landscape change in the form of environmental,
regulatory and demand-led challenges – ranging from
electronics, to digital, to new fuel and power technologies
in the form of BEVs, and to light-weighting. As a result,
the role of specialist suppliers of knowledge, research and
development (R&D) and components has become crucial
for innovations of a more systemic nature (Köhler et al.,
2012). Under this view, more radical innovation, for
example around BEV and fuel cell powered vehicles, has
tended to be initially undertaken, ‘within universities, by
firms in other sectors or by enthusiastic amateurs, entre-
preneurs or start-ups’ (Köhler et al., 2012, p. 431). The
automotive industry has tended to enter into partnerships
with organizations outside the industry in order be able to
move beyond their core competencies and utilize expertise
from outside the sector, in line with the combinatorial
pathway identified above. However, this trend towards
open innovation has also helped the emergence of a ‘phoe-
nix industry’ centred on the UK’s traditional automotive

heartland, the West Midlands in recent years, focused
on low carbon technologies applied across a range of sec-
tors (Amison & Bailey, 2014), which can be viewed more
as an endogenous transformative pathway. So while in
assembly terms the region’s auto system is now largely reli-
ant on relatively small-scale premium and luxury vehicle
production plus a number of specialist niche firms, the sys-
tem has diversified into design and engineering expertise
with a focus on low carbon ‘enabling technologies’ applied
in automotive, aerospace, transport more broadly, and
construction. In the auto area, this includes: Jaguar Land
Rover in the premium and upper premium segments; a
network of first and second tier suppliers; a number of
niche vehicle manufacturers; and a concentration of
design, R&D and engineering consultancies plus univer-
sity research expertise (Amison & Bailey, 2014). The pub-
lic policy environment has also been supportive of the
industry, for example through the work of the former
regional development agency, Advantage West Midlands,
in diversifying the cluster and more recently through the
establishment of the Centre for Excellence in Low Carbon
and Fuel Cell Technologies (CENEX), the ‘High-Value
Manufacturing Catapult’ and ‘Advanced Propulsion
Centre in the region. These build, for example, on the
‘Niche Vehicle Network’ developed in the region on
open innovation principles so as to facilitate low carbon
technologies as enabling technologies across a range of
sectors, building on long standing competencies in the
region (Amison & Bailey, 2014). An interesting dimen-
sion is how actors have been assisted not only to reposition
on the existing global value chain in terms of higher value
tasks but also in terms of positioning on a completely new
global value chain as the auto industry shifts into an era of
autonomous connected electric (ACE) cars (Bailey et al.,
2020).

Hyper-transformative path
Techno-industrial local systems of specialization in
regimes characterized by one of the KETs linked to the
FIR (KETs such as AI and digital technologies more
broadly, biotechnologies, photonics or connectivity) can
embark on what we call a hyper-transformative path.
These systems are specialized in industries that by their
nature are underpinned by transversal technologies,
namely, technologies that can be utilized in a number of
diverse industries underpinned by very distant technologi-
cal and knowledge bases (Corradini & De Propris, 2017).
These systems have hyper-transformative capabilities
because not only they can seed endogenously new niches
that are technologically radically new or aligned or evol-
ving from existing ones, but they can also attract from
the outside niches in industries and technologies that are
diverse and distant from each other and those already pre-
sent in the system. The magnetic force of these systems to
draw in exploratory and far-seeing ideas to be developed
and tested provides a constant and self-reinforcing stream
of novelties. These in turn enable the local system to reg-
ularly jump across new regimes at a very early stage. We
have represented the interaction between the local system
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in a regime characterized by KETs and niches in Figure 4.
Silicon Valley is discussed in this context below.

Silicon Valley: ICT, digital technologies and
beyond
Silicon Valley (SV) has been the global hub in ITC tech-
nologies for almost seven decades with the constant pres-
ence of its universities, innovation infrastructure and
public funding via the defence budget (Mazzucato,
2013). It started by converting its war-related aircraft
industry in the 1950s into a space industry with specializ-
ations in electrical and electronics in the 1960s (Saxenian,
1983). What is SV today started to take shape in the same
years with the emergence of the semi-conductor industry
linked to defence. Its links with silicon, the material
used to make micro-chips, is what gave the Valley its
name. The latter grew quickly over the 1970s shifting
more towards blending the semi-conductor technology
with electronic communications, laser, microwave and
computer technologies (Saxenian, 1990). By the 1980s
SV was already a leading cluster in the manufacturing
and R&D of integrated circuits. Against this backdrop,
the 1980s saw the cluster mutating again from chip-mak-
ing to making computer systems with companies such as
Apple, Hewlett-Packard, and Sun Microsystems. At the
turn of the century, it was already a world leader in infor-
mation and communications technologies, but with an
ability to seize emerging technologically related and unre-
lated opportunities.

Silicon is also used to make solar cells, and in the early
2000s cleantech was added to the suite of knowledge bases
budding in the SV (Morton, 2006). Cleantech technology,
like others before, was a niche in a system with its techno-
logical core well established in a regime. Morton (2006, p.
21) argues that, ‘The business community [in SV] is not
fazed by the small size of the solar market today – it’s ener-
gized by the possibilities of tomorrow.’ The imagination
and inventiveness of the system has been witnessed
many times over in spotting new and emerging technol-
ogies and to have the ingenuity to pursue them. Since
the early 2000s, new niches in AI, robotics, augmented/
virtual reality, software design and internet-based social
networking are shifting SV’s knowledge bases towards
digital technologies.

As a leading industrial local system in the existing
regime of ICT, SV owes its success to an ability to
renew its core competencies constantly and incrementally
thanks to endogenous innovation public and private capa-
bilities, but crucially, also to augment and expand its
knowledge bases by identifying, creating and developing
radically new technological niches. A recent example of
this ability to engage with new and diverse technological
niches is the decision of the first fully electric car maker,
Tesla, to locate its manufacturing and R&D in SV and
not closer to the traditional automotive cluster in Detroit.
The reason for this is that electric cars are increasingly
digitally connected software and hardware on wheels,
and needed therefore close proximity to leading digital
technology providers. Second, as a decarbonized product

it made sense to locate close to leading cleantech firms.
This latest augmentation in its knowledge bases has
meant that more EV makers are now locating R&D
department in SV decoupled from their manufacturing
bases. For this, SV is an example of a local system on a
hyper-transformative path.

Importation transformative path
There are techno-industrial local systems of specialization
in existing regimes that do not have the internal capabili-
ties to create and gestate niches. This does not mean that
they lack innovation capabilities, as they might indeed
have an innovation infrastructure with private and public
research laboratories and research organizations, as well
as access to public funding. However, this innovation
set-up is unable to generate radical innovations. If the sys-
tem is nevertheless wired, receptive, attractive and favour-
able to experimentation, it can attract external niches to
anchor within it and pollinate its mature technologies
within an existing regime, in so doing pushing a systemic
transformational change. Its docking and translational
capabilities allow the system to be open to become a tech-
nological ‘hothouse’ for new industries by wiring itself to
globally dispersed carriers of frontier innovations.

Despite the absence of an endogenous ability to spur
niches, at times of technological change, these local sys-
tems can ‘lean over’ and jump onto a new technological
wave – new regime – because they have an ability to
hook or pull relevant niches thereby radically transforming
their technological foundation. These systems therefore
import transformative technologies to shift to a new indus-
try or to create a new market. The Jura Swiss watch cluster
is an example of a system that is changing along an impor-
tation transformative path.

Jura’s watches and wearables
Some of the most famous and valuable watches are made
in Switzerland. Indeed, much has been written on the
Jura Swiss watch cluster (Jeannerat & Crevoisier, 2011):
it went through ups and downs whilst preserving a com-
petitive position, with Swiss and Japanese watchmakers
having the largest market shares (Donzé & Borel, 2019).
Over time the cluster has increased its aesthetic and cul-
tural dimensions so as to capture value and in so doing it
has attracted luxury brands to locate in the region, and
more recently it has relied on cultural activities enabling
the co-production of branding activities (Jeannerat & Cre-
voisier, 2011). In this regard, policymakers have identified
and developed a ‘place brand’ which differentiates and
‘positions’ the cluster in a positive way from its competitors
(Bailey et al., 2020).

However, the cluster’s biggest threat might be yet to
come. Digitalization has been highlighted as one of the
main challenges for the cluster (Deloitte, 2017); this warn-
ing has included recommendations to develop e-com-
merce. Much less of a concern for the cluster has been
the emergence of new products in the market, in the
form of smart watches. However, wearables products,
including smartwatches, have become one of the fastest
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growing new industries globally (PwC, 2016). In 2018,
Apple sold 30.7 million units (up 36%), whereas the
Swiss watch industry only sold 21.1 million watches
(down 13%) (Forbes, 2020), casting a shadow on tra-
ditional watchmaking, of which Swiss brands occupy the
luxury top end. The Apple smartwatch emerged as a
niche in the digital technological regime that dominated
SV; and it was conceived as a miniature smartphone
strapped on the wrist with functions from emails to tracing
ECGs, with ‘telling the time’ being a relatively marginal
function. Nevertheless, this radical innovation is turning
the watch industry on its head. Some of the most famous
Swiss brands have started exploring this new market and
teamed up with hardware and software digital providers
from California to design their first smart timepiece.
Tag Heuer is one of them: it accesses Internet of Things
technology from Qualcomm in California by using its
Snapdragon smartwatch platform (see www.wearable.
com) and running the android smartphone technology
by Google Wear Operating System. Tag Heuer launched
its first-generation smartwatch in 2015 with some basic
additional connected functions, but its first real smart-
watch, with wellness and health functions (e.g., heart
monitor), fitness, Global Positioning System (GPS), com-
pass and gyroscope came out in 2020. The same has been
attempted by other Swiss watchmakers with similar strat-
egies, that has seen the traditional watch ‘teched-up’ with
smart functions previously delivered by mobile devices.
Two considerations are worth making here. One is that
Swiss watchmakers are entering a completely new market
by augmenting with new digital functions a traditional
product (analogue) whose technology is rooted in the
declining regime characterizing their industrial system.
The second is that the indigenous innovative capabilities
of the Swiss watchmaking system were uniquely geared
towards quality, materials and personalization as against
functionalities, and it failed to see the links between
mobile communications and watches endogenously.
Their ‘tech-up jump’ therefore required teaming up with
radical innovators representing relevant niches, albeit
located elsewhere.

CONCLUSIONS AND POLICY
IMPLICATIONS

This paper has sought to explore the impact of technologi-
cal changes brought in by the FIR on local systems of
industrial specialization that characterize regional econ-
omies. To do so we have connected the EEG literature
on regional diversification with the literature on systems
change, and in particular, Geels’ MLP framework. We
have expanded the conceptualization of the MLP frame-
work’s levels, that is, landscape, regime and niche, by add-
ing a place-based dimension that enables an application of
technological transition to regional economies. The place-
based MLP that we introduce assumes that regimes have
clear technological specificities that are applied to a par-
ticular local industrial system; at the same time, niches
are technological challenges that can be introduced by

actors embedded in the same local industrial system or
externally imported. Industrially diversified regions can
present more than one regime, whereas highly specialized
regions would have one regime only. Therefore, the trans-
formation force of FIR technologies will play out differ-
ently across localities and regions (De Propis & Bailey,
2020), and this will have implications for the focus of
and the innovation aspirations of a transformative place-
based industrial policy.

We suggested that the ability of a techno-industrial
local system in a regime to transform itself rests on three
crucial capabilities: innovation capabilities, docking capa-
bilities and translational capabilities. Depending on the
above, we identify four transformative paths: the endogen-
ous transformative path, the hyper-transformative path,
the importation transformative path and the regional
obsolescence path. Techno-industrial local systems are
not locked in any of these pathways, but strategic decisions
and investments by key business or institutional actors can
move a system from one path to another. The spatial and
systemic nature of regimes – captured by the term local
systems of industrial specialization – recognizes the role
played by businesses, public and private stakeholders in
shaping the composition and dynamics of innovation
capabilities, docking capabilities and translational
capabilities.

A transformative place-based industrial policy needs,
therefore, to ‘join up’ technologies, sectors and places,
and in ways that recognizes possibilities for regional trans-
formation pathways. A first challenge is to acknowledge
the necessity of policy interventions for a transformative
entrepreneurial discovery as against one more aimed at
incremental upgrading. Fostering a process of transforma-
tive discovery so as to identify opportunities and challenges
(Rodrik, 2004, 2008) allows overcoming resistance and
inertia, as well as the unlearning of obsolete routines and
know-how (Bellandi et al., 2021). This implies new
forms of technology policy to ensure that the ‘general pur-
pose’ nature of new technologies reaches different sectors
and regions through initiatives of awareness raising, diffu-
sion, adoption and emulation. Second, at the firm level,
such technological jumps require significant capital invest-
ment that need to be encouraged both by raising awareness
of the possibilities of new technologies’ applications, and
financially with investment vouchers (Valbonesi & Biagi,
2016). Third, at the systemic level, the concerted acti-
vation of public and private stakeholders should aim at
transforming the nature and the levers of the services
offered to firm in the form of club or semi-public goods
(Bellandi, 2006). These could comprise for example: skills
and (re-)training policies; access to finance and risk capital
for small and medium-sized enterprises; regional policies
to support the reshoring and onshoring of supply functions
and, as supply chains are fundamentally altered by techno-
logical adoption, supply chain initiatives that can encou-
rage the creation of new functions that rebuild or
reshape buyer–supplier linkages. Overall, the scale and
speed of the challenges posed by the FIR bring into
focus both the need and possibilities for a broader canvas
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on which to design transformative place-based industrial
policies that help regional economies with its localized
specialization to shift from one regime to the next.
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NOTES

1. The Italian government, for example, offers a compre-
hensive classification of nine industry 4.0-enabling tech-
nologies ranging across new manufacturing solutions to
cloud computing and big data analysis (Muscio & Ciffo-
lilli, 2020). Take up of Industry 4.0 support for small
and medium-sized enterprises has been analysed by
Coro’ and Volpe (2020).
2. Such work includes Dewald and Truffer (2012) on the
development of the photovoltaic industry in Germany;
Hodson and Marvin (2012) on the management of
urban sustainability in Manchester; Bridge et al. (2013)
on the energy market; and Yang et al. (2021) on sustain-
ability transitions in Chinese provinces.
3. The ‘industrial districts’ literature has stressed the impor-
tance of social ties, tacit knowledge and informal relationships
between firms and institutional stakeholders; whereas the
clusters’ literature underlines the buyers–suppliers linkages
scaffolding the local value chain; again, the regional inno-
vation literature points to the crucial role of innovation capa-
bility and the channels connecting innovation and diffusion.

ORCID

Lisa De Propris http://orcid.org/0000-0001-6208-3014
David Bailey http://orcid.org/0000-0002-1956-0556

REFERENCES

Amison, P., & Bailey, D. (2014). Phoenix industries and open inno-
vation? The Midlands advanced automotive manufacturing and
engineering industry. Cambridge Journal of Regions, Economy and
Society, 7(3), 397–411. https://doi.org/10.1093/cjres/rsu007

Asheim, B. T., Boschma, R., & Cooke, P. (2011). Constructing
regional advantage: Platform policies based on related variety
and differentiated knowledge bases. Regional Studies, 45(7),
893–904. https://doi.org/10.1080/00343404.2010.543126

Autor, D. H. (2015). Why are there still so many jobs? The history
and future of workplace automation. Journal of Economic

Perspectives, 29(3), 3–30. https://doi.org/10.1257/jep.29.3.3
Bailey, D. (2015). Could the Volkswagen scandal empower an elec-

tric car breakthrough? The Guardian, 30 September.
Bailey, D., Pitelis, C., & Tomlinson, P. (2020). Strategic manage-

ment and regional industrial strategy: Cross-fertilization to
mutual advantage. Regional Studies, 54(5), 647–659. https://
doi.org/10.1080/00343404.2019.1619927

Baldwin, R. (2019). The globotics upheaval: Globalisation, robotics and
the future of work. Oxford University Press.

Bathelt, H., Malmberg, A., & Maskell, P. (2004). Clusters and
knowledge: Local buzz, global pipelines and the process of
knowledge creation. Progress in Human Geography, 28(1), 31–
56. https://doi.org/10.1191/0309132504ph469oa

Becattini, G., Bellandi, M., &De Propris, L. (Eds.). (2009). A hand-

book of industrial districts. Edward Elgar.
Bellandi, M. (2006). A perspective on clusters, localities, and specific

public goods. In Clusters and globalisation. The development of

urban and regional economies (pp. 96–113). Edward Elgar.
Bellandi, M., De Propris, L., & Vecciolini, C. (2021). Effects of

learning, unlearning and forgetting on path development: The
case of the Macerata–Fermo footwear industrial districts.
European Planning Studies, 29(2), 259–276. https://doi.org/10.
1080/09654313.2020.1745156

Belussi, F., & De Propris, L. (2013). They are industrial districts, but
not as we know them! In Handbook of industry studies and econ-

omic geography (pp. 479–492). Edward Elgar.
Benassi, M., Grinza, E., & Rentocchini, F. (2020). The rush for

patents in the Fourth Industrial revolution. Journal of Industrial
and Business Economics, 47(4), 559–588. https://doi.org/10.
1007/s40812-020-00159-6

Berkeley, N., Bailey, D., Jones, A., & Jarvis, D. (2017). Assessing the
transition towards battery electric vehicles: A multi-level per-
spective on drivers of, and barriers to, take up. Transportation
Research Part A: Policy and Practice, 106, 320–332. https://doi.
org/10.1016/j.tra.2017.10.004

Blažek, J., Květoň, V., Baumgartinger-Seiringer, S., & Trippl, M.
(2019). The dark side of regional industrial path development:
Towards a typology of trajectories of decline. European

Planning Studies, 1455–1473.
Boschma, R. (2015). Towards an evolutionary perspective on

regional resilience. Regional Studies, 49(5), 733–751.
Boschma, R. (2017). Relatedness as driver of regional diversification:

A research agenda. Regional Studies, 51(3), 351–364. https://doi.
org/10.1080/00343404.2016.1254767

Boschma, R., Coenen, L., Frenken, K., & Truffer, B. (2017).
Towards a theory of regional diversification: Combining insights
from evolutionary economic geography and transition studies,
Regional Studies, 51(1), 31–45.

Boschma, R. A., & Frenken, K. (2011). Technological relatedness
and regional branching. In E. D. S. H. Bathelt, M. P.
Feldman, & D. F. Kogler (Eds.), Beyond territory: Dynamic geo-

graphies of knowledge creation, diffusion and innovation (pp. 61–
74). Routledge.

Bridge, G., Bouzarovski, S., Bradshaw, M., & Eyre, N. (2013).
Geographies of energy transition: Space, place and the low-car-
bon economy. Energy Policy, 53, 331–340.

Ciffolilli, A., & Muscio, A. (2018). Industry 4.0: National and
regional comparative advantages in key enabling technologies.
European Planning Studies, 26(12), 2323–2343. https://doi.org/
10.1080/09654313.2018.1529145

Clausen, J. (2018). Roadmap E-mobility Germany. Adelphi/
Borderstep/IZT.

Coenen, L., Benneworth, P., & Truffer, B. (2012). Toward a spatial
perspective on sustainability transitions. Research Policy, 41(6),
968–979. https://doi.org/10.1016/j.respol.2012.02.014

Pathways of regional transformation and Industry 4.0 1627

REGIONAL STUDIES

http://orcid.org/0000-0001-6208-3014
http://orcid.org/0000-0002-1956-0556
https://doi.org/10.1093/cjres/rsu007
https://doi.org/10.1080/00343404.2010.543126
https://doi.org/10.1257/jep.29.3.3
https://doi.org/10.1080/00343404.2019.1619927
https://doi.org/10.1080/00343404.2019.1619927
https://doi.org/10.1191/0309132504ph469oa
https://doi.org/10.1080/09654313.2020.1745156
https://doi.org/10.1080/09654313.2020.1745156
https://doi.org/10.1007/s40812-020-00159-6
https://doi.org/10.1007/s40812-020-00159-6
https://doi.org/10.1016/j.tra.2017.10.004
https://doi.org/10.1016/j.tra.2017.10.004
https://doi.org/10.1080/00343404.2016.1254767
https://doi.org/10.1080/00343404.2016.1254767
https://doi.org/10.1080/09654313.2018.1529145
https://doi.org/10.1080/09654313.2018.1529145
https://doi.org/10.1016/j.respol.2012.02.014


Coenen, L., Raven, R., & Verbong, G. (2010). Local niche exper-
imentation in energy transitions: A theoretical and empirical
exploration of proximity advantages and disadvantages.
Technology in Society, 32(4), 295–302. https://doi.org/10.1016/
j.techsoc.2010.10.006

Coro’, G., & Volpe, M. (2020). Driving factors in the adoption of
industry 4.0 technologies. An investigation of SMEs. In L. De
Propris, & D. Bailey (Eds.), Industry 4.0 and regional transform-

ations (pp. 112–132). Routledge.
Corradini, C., & De Propris, L. (2017). Beyond local search:

Bridging platforms and inter-sectoral technological integration.
Research Policy, 46(1), 196–206. https://doi.org/10.1016/j.
respol.2016.09.017

Crevoisier, O. (2004). The innovative milieus approach: Toward a
territorialized understanding of the economy? Economic

Geography, 80(4), 367–379. https://doi.org/10.1111/j.1944-
8287.2004.tb00243.x

Culot, G., Orzes, G., Sartor, M., & Nassimbeni, G. (2020). The
future of manufacturing: A Delphi-based scenario analysis on
industry 4.0. Technological Forecasting and Social Change, 157
(April). https://dx.doi.org/10.1016%2Fj.techfore.2020.120092

De Propris, L., & Bailey, D. (2020). Industry 4.0, regional disparities
and transformative industrial policy. In P. Tomlinson, M.
Barzotto, C. Corradini, F. M. Fai, & S. Labory (Eds.),
Revitalising lagging regions: Smart Specialisation and Industry

4.0 (pp. 67–78). Taylor & Francis.
De Propris, L., & Lazzeretti, L. (2009). Measuring the decline of a

Marshallian industrial district: The Birmingham jewellery quar-
ter.Regional Studies, 43(9), 1135–1154. https://doi.org/10.1080/
00343400802070894

Deloitte. (2017). The Deloitte Swiss Watch Industry Study 2017.
Dewald, U., & Truffer, B. (2017). Market formation and innovation

systems. In The Elgar companion to innovation and knowledge cre-

ation. Edward Elgar.
Donzé, P. Y., & Borel, D. (2019). Technological innovation and

brand management: The Japanese watch industry since the
1990s. Journal of Asia–Pacific Business, 20(2), 82–101. https://
doi.org/10.1080/10599231.2019.1610655

Dosi, G. (1982). Technological paradigms and technological trajec-
tories: A suggested interpretation of the determinants and direc-
tions of technical change. Research Policy, 11(3), 147–162.
https://doi.org/10.1016/0048-7333(82)90016-6

Forbes. (2020). How Apple killed the Swiss watch industry.
Frey, C. B., & Osborne, M. A. (2017). The future of employment:

How susceptible Are Jobs to computerisation? Technological

Forecasting and Social Change, 114, 254–280. https://doi.org/
10.1016/j.techfore.2016.08.019

Frenken, K., & Boschma, R. A. (2007). A theoretical framework for
evolutionary economic geography: industrial dynamics and
urban growth as a branching process. Journal of Economic

Geography, 7(5), 635–649.
Geels, F. (2002). Technological transitions as evolutionary reconfi-

guration processes: A multi-level perspective and a case-study.
Research Policy, 31(8–9), 1257–1274. https://doi.org/10.1016/
S0048-7333(02)00062-8

Geels, F. W. (2004). From sectoral systems of innovation to socio-
technical systems: Insights about dynamics and change from
sociology and institutional theory. Research Policy, 33(6–7),
897–920.

Geels, F. (2005). Technological transitions and system innovations: A

co-evolutionary and socio-technical analysis. Edward Elgar.
Geels, F. (2011). The multi-level perspective on sustainability tran-

sitions: Responses to seven criticisms. Environmental Innovation
and Societal Transitions, 1(1), 24–40. https://doi.org/10.1016/j.
eist.2011.02.002

Geels, F., & Raven, R. (2006). Non-linearity and expectations in
niche-development trajectories: ups and downs in Dutch biogas

development (1973–2003). Technology Analysis & Strategic

Management, 18(3–4), 375–392.
Geels, F., & Schot, J. (2007). Typology of sociotechnical transition

pathways. Research Policy, 36(3), 399–417. https://doi.org/10.
1016/j.respol.2007.01.003

Gibbs, D., & O’Neill, K. (2017). Future Green economies and
regional development: A Research agenda. Regional Studies,
51(1), 161–173. https://doi.org/10.1080/00343404.2016.
1255719

Götz, M., & Jankowska, B. (2017). Clusters and industry 4.0 – do
they fit together? European Planning Studies, 25(9), 1633–
1653. https://doi.org/10.1080/09654313.2017.1327037

Grillitsch, M. (2019). Following or breaking regional development
paths: On the role and capability of the innovative entrepreneur.
Regional Studies, 53(5), 681–691.

Grillitsch, M., Asheim, B., & Trippl, M. (2018). Unrelated knowl-
edge combinations: The unexplored potential for regional indus-
trial path development. Cambridge Journal of Regions, Economy
and Society, 11(2), 257–274. https://doi.org/10.1093/cjres/
rsy012

Grillitsch, M., & Trippl, M. (2014). Combining knowledge from
different sources, channels and geographical scales. European
Planning Studies, 22(11), 2305–2325. https://doi.org/10.1080/
09654313.2013.835793

Hansen, T., & Coenen, L. (2015). The geography of sustainability
transitions: Review, synthesis and reflections on an emergent
research field. Environmental Innovation and Societal

Transitions, 17, 92–109.
Hodson, M., &Marvin, S. (2017). Intensifying or transforming sus-

tainable cities? Fragmented logics of urban environmentalism.
Local Environment, 22(Suppl. 1), 8–22.

Isaksen, A., Tödtling, F., & Trippl, M. (2018). Innovation policies
for regional structural change: Combining actor-based and sys-
tem-based strategies. In A. Isaksen, R. Martin, & M. Trippl
(Eds.), New avenues for regional innovation systems – Theoretical

advances, empirical cases and policy lessons (pp. 221–238).
Springer.

Jeannerat, H., & Crevoisier, O. (2011). Non-technological inno-
vation and multi-local territorial knowledge dynamics in the
Swiss watch industry. International Journal of Innovation and

Regional Development, 3(1), 26–44. https://doi.org/10.1504/
IJIRD.2011.038061

Kemp, R., Schot, J., &Hoogma, R. (1998). Regime shifts to sustain-
ability through processes of niche formation: The approach of
strategic niche management. Technology Analysis and Strategic

Management, 10(2), 175–198. https://doi.org/10.1080/
09537329808524310

Kerier, W. (2018). How Dieselgate saved Germany’s car industry.
The Verve, 19 September.

Köhler, J., Schade, W., Leduc, G., Wiesenthal, T., Schade, B., &
Espinoza, L. T. (2012). Leaving fossil fuels behind? An inno-
vation system analysis of Low carbon cars. Journal of Cleaner
Production.

Kondratieff, N. D. (1979). The long waves in economic life. Review
(Fernand Braudel Center), 519–562.

Kondratieff, N. D., & Stolper, W. F. (1935, November). The long
waves in economic life. The Review of Economics and Statistics,
17(6), 105–115. https://doi.org/10.2307/1928486

Lacity, M., & Willcocks, L. (2015). What knowledge workers stand
to gain from automation. Harvard Business Review, 19(6).

Malerba, F., & Orsenigo, L. (1997). Technological regimes and sec-
toral patterns of innovative activities. Industrial and Corporate

Change, 6(1), 83–118. https://doi.org/10.1093/icc/6.1.83
Martin, R. (2010). Roepke Lecture on Economic Geography:

Rethinking regional path dependence: Beyond lockin to evol-
ution. Economic Geography, 86(1), 1–27. https://doi.org/10.
1111/j.1944-8287.2009.01056.x

1628 Lisa De Propris and David Bailey

REGIONAL STUDIES

https://doi.org/10.1016/j.techsoc.2010.10.006
https://doi.org/10.1016/j.techsoc.2010.10.006
https://doi.org/10.1016/j.respol.2016.09.017
https://doi.org/10.1016/j.respol.2016.09.017
https://doi.org/10.1111/j.1944-8287.2004.tb00243.x
https://doi.org/10.1111/j.1944-8287.2004.tb00243.x
https://doi.org/https://dx.doi.org/10.1016%2Fj.techfore.2020.120092
https://doi.org/10.1080/00343400802070894
https://doi.org/10.1080/00343400802070894
https://doi.org/10.1080/10599231.2019.1610655
https://doi.org/10.1080/10599231.2019.1610655
https://doi.org/10.1016/0048-7333(82)90016-6
https://doi.org/10.1016/j.techfore.2016.08.019
https://doi.org/10.1016/j.techfore.2016.08.019
https://doi.org/10.1016/S0048-7333(02)00062-8
https://doi.org/10.1016/S0048-7333(02)00062-8
https://doi.org/10.1016/j.eist.2011.02.002
https://doi.org/10.1016/j.eist.2011.02.002
https://doi.org/10.1016/j.respol.2007.01.003
https://doi.org/10.1016/j.respol.2007.01.003
https://doi.org/10.1080/00343404.2016.1255719
https://doi.org/10.1080/00343404.2016.1255719
https://doi.org/10.1080/09654313.2017.1327037
https://doi.org/10.1093/cjres/rsy012
https://doi.org/10.1093/cjres/rsy012
https://doi.org/10.1080/09654313.2013.835793
https://doi.org/10.1080/09654313.2013.835793
https://doi.org/10.1504/IJIRD.2011.038061
https://doi.org/10.1504/IJIRD.2011.038061
https://doi.org/10.1080/09537329808524310
https://doi.org/10.1080/09537329808524310
https://doi.org/10.2307/1928486
https://doi.org/10.1093/icc/6.1.83
https://doi.org/10.1111/j.1944-8287.2009.01056.x
https://doi.org/10.1111/j.1944-8287.2009.01056.x


Martin, R., & Simmie, J. (2008). Path dependence and local inno-
vation systems in city-regions. Innovation, 10(2–3), 183–196.

Martin, R., & Sunley, P. (2006). Path dependence and regional econ-
omic evolution. Journal of Economic Geography, 6(4), 395–437.

Miörner, J., & Trippl, M. (2017). Paving the way for new regional
industrial paths: Actors and modes of change in Scania’s
games industry. European Planning Studies, 25(3), 481–497.

Mazzucato, M. (2013). The entrepreneurial state: Debunking public vs.

private sector myths. Anthem.
Morton, O. (2006). Solar energy: A new day dawning?: Silicon

Valley sunrise. Nature, 443(7107), 19–22. https://doi.org/10.
1038/443019a

Muscio, A., & Ciffolilli, A. (2020). What drives the capacity to inte-
grate Industry 4.0 technologies? Evidence from European R&D
projects. Economics of Innovation and New Technology, 29(2),
169–183.

Nelson, R. R., &Winter, S. G. (1982). An evolutionary theory of econ-
omic change. Belknap.

Organisation for Economic Co-operation and Development
(OECD). (2017). The next production revolution: Implications

for governments and business. OECD Publ.
Pereira, A. C., & Romero, F. (2017). A review of the meanings and

the implications of the industry 4.0 concept. Procedia

Manufacturing, 13, 1206–1214. https://doi.org/10.1016/j.
promfg.2017.09.032

Perez, C. (2010). Technological revolutions and techno-economic
paradigms. Cambridge Journal of Economics, 34(1), 185–202.
https://doi.org/10.1093/cje/bep051

Porter, M. E. (1990). The competitive advantage of nations.
Harvard Business Review, 91.

Porter, M. E. (2000). Location, competition, and economic develop-
ment: Local clusters in a global economy. Economic Development

Quarterly, 14(1), 15–34. https://doi.org/10.1177/
089124240001400105

PwC. (2016). The wearable life 2.0. Connected living in a wearable

world.
Pyke, F., Becattini, G., & Sengenberger, W. (1990). Industrial dis-

tricts and inter-firm cooperation in Italy. International Institute
for Labour Studies.

Rip, A., & Kemp, R. (1998). Technological change. In S. Rayner, &
E. L. Malone (Eds.), Human choice and climate change (vol. 2.,
pp. 327–399). Battelle.

Rodrik, D. (2004). Industrial policy for the 21st century. John F.
Kennedy School of Government.

Rodrik, D. (2008). One economics, many recipes: Globalization, insti-
tutions, and economic growth. Princeton University Press.

Santos, C., Mehrsai, A., Barros, A. C., Araújo, M., & Ares, E.
(2017). Towards industry 4.0: An overview of European stra-
tegic roadmaps. Procedia Manufacturing, 13, 972–979. https://
doi.org/10.1016/j.promfg.2017.09.093

Saxenian, A. (1983). The genesis of Silicon Valley. Built

Environment, 9(1), 7–17.
Saxenian, A. (1990). Regional networks and the resurgence of

Silicon Valley. California Management Review, 33(1), 89–112.
https://doi.org/10.2307/41166640

Schumpeter, J. A. (1942). Capitalism, socialism, and democracy.
Harper & Bros.

Schwab, K. (2016). The Fourth Industrial Revolution. World
Economic Forum.

Šlander, S., & Wostner, P. (2019). 5. Transformation and transition
to industry 4.0: The Slovenian smart transformational approach.
In P. Tomlinson, M. Barzotto, C. Corradini, F. M. Fai, & S.
Labory (Eds.), Revitalising lagging regions: Smart Specialisation

and Industry 4.0 (pp. 55–66). Taylor & Francis.
Smith,A.,&Raven,R. (2012).What is protective space?Reconsidering

niches in transitions to sustainability. Research Policy, 41(6), 1025–
1036. https://doi.org/10.1016/j.respol.2011.12.012

Smith, A., Voss, J.-P., & Grin, J. (2010). Innovation studies and sus-
tainability transitions: The allure of the multi-level perspective
and its challenges. Research Policy, 39(4), 435–448. https://doi.
org/10.1016/j.respol.2010.01.023

Strange, R., & Zucchella, A. (2017). Industry 4.0, global value chains
and international business.Multinational Business Review, 25(3),
174–184. https://doi.org/10.1108/MBR-05-2017-0028

Trippl, M., Grillitsch, M., & Isaksen, A. (2018). Exogenous sources
of regional industrial change: Attraction and absorption of non-
local knowledge for new path development. Progress in Human

Geography, 42(5), 687–705.
Truffer, B., & Coenen, L. (2012). Environmental innovation and

sustainability transitions in regional studies. Regional Studies,
46(1), 1–21. https://doi.org/10.1080/00343404.2012.646164

Valbonesi, P., & Biagi, F. (2016). Incentivising innovation and adop-

tion of ICT: ICT innovation voucher programmes. JCR European
Commission.

Van Bree, B., Verbong, G. P. J., & Kramer, G. J. (2010). A multi-
level perspective on the introduction of hydrogen and battery–
electric vehicles. Technological Forecasting and Social Change, 77
(4), 529–540. https://doi.org/10.1016/j.techfore.2009.12.005

Yang, K., Schot, J., & Truffer, B. (2021). Shaping the directionality
of sustainability transitions: the diverging development patterns
of solar photovoltaics in two Chinese provinces. Regional Studies.
https://doi.org/10.1080/00343404.2021.1903412

Pathways of regional transformation and Industry 4.0 1629

REGIONAL STUDIES

https://doi.org/10.1038/443019a
https://doi.org/10.1038/443019a
https://doi.org/10.1016/j.promfg.2017.09.032
https://doi.org/10.1016/j.promfg.2017.09.032
https://doi.org/10.1093/cje/bep051
https://doi.org/10.1177/089124240001400105
https://doi.org/10.1177/089124240001400105
https://doi.org/10.1016/j.promfg.2017.09.093
https://doi.org/10.1016/j.promfg.2017.09.093
https://doi.org/10.2307/41166640
https://doi.org/10.1016/j.respol.2011.12.012
https://doi.org/10.1016/j.respol.2010.01.023
https://doi.org/10.1016/j.respol.2010.01.023
https://doi.org/10.1108/MBR-05-2017-0028
https://doi.org/10.1080/00343404.2012.646164
https://doi.org/10.1016/j.techfore.2009.12.005
https://doi.org/10.1080/00343404.2021.1903412

	Abstract
	INTRODUCTION
	THE FOURTH INDUSTRIAL REVOLUTION
	REGIONAL DEVELOPMENT PATHS AND TRANSITIONS
	PLACE-BASED MLP FRAMEWORK
	REGIONAL TRANSFORMATIVE PATHS
	Regional obsolescence path
	The auto system in Bavaria and Baden-Württemberg
	Endogenous transformative path
	The Midlands low carbon ‘phoenix industry’
	Hyper-transformative path
	Silicon Valley: ICT, digital technologies and beyond
	Importation transformative path
	Jura’s watches and wearables

	CONCLUSIONS AND POLICY IMPLICATIONS
	DISCLOSURE STATEMENT
	NOTES
	ORCID
	REFERENCES


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.90
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.90
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.245 841.846]
>> setpagedevice


