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Cities, Networks, Polycentrism — Examining the place of polycentrism in spaces of flows
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Abstract

In a globalising world economy, cities have increasingly come to be defined not by their size in terms
of built up area or population but by their functions in the networks constructed by cross-territorial
capital flows. In contemporary inter-city networks, city regions are differentiated not only by their
physical pattern of urban development but also by their functional pattern in network space. However,
the concept of city region ‘polycentrism’ has commonly referred to morphological space without
paying due regard to network space, functions and flows. This paper dissects the concept of
polycentrism by examining interrelationships and distinctions between city region network and
morphological space development in mature and developing economy contexts with reference to
research conducted in South East England and in the Mid-Yangtze River region, China. It is
concluded that a more progressive definition of polycentrism is needed to inform coordinated strategic
city region policy.

Key words

City networks / Polycentrism / Morphological space / Network space / Functional city region /

Polycentric urban region
Introduction Level 1

In a globalising world economy, cities have increasingly come to be defined not by their size in terms
of built up area or population but by their functions in networks that connect them to capital flows that
cross territorial boundaries (Rozenblat, 2010). As Sassen (1991) put it in her ‘global cities’ thesis,
“massive trends toward spatial dispersion of economic activities at the metropolitan, national and
global level, which we associate with globalisation, have contributed to a demand for new forms of
territorial centralisation of top-level management and control operations”. As the centralities for
management and control functions in network enterprises operating at different spatial scales,
globalising cities can be expected to be economically vibrant due to their role in facilitating the
circulation and accumulation of intellectual and financial capital. Moreover, according to protagonists
of Jacobs (1984), the vibrancy of such cities spills over metropolitan boundaries to form prosperous
globalising city regions (Scott, 2001a, b; Hall and Pain, 2006). A new paradigm of city networks,
functions and flows has therefore come to overtake the traditional paradigm of places and territorial

borders as the structure of the contemporary global space economy.



In the networked economy that has been evolving for half a century, it follows that city regions are
differentiated not only by their physical pattern of urban development but also by their functional
pattern in network space. In consequence, city region spatial form (morphology) and city region
‘Jacobsean’ economic expansion, while interrelated, are distinctive development processes that should
not be confused, the one with the other (Taylor and Pain, 2004; Pain, 2012). However, the concept of
‘polycentrism’ has referred to morphological space without paying due regard to network space,
functions and flows, for almost two decades in policy to rebalance uneven regional economic
development in Europe (European Commission, 1999; Davoudi, 2004; Duhr et al., 2005; Halbert et
al., 2006; Pain, 2008). Thus, European spatial planning strategy has promoted the development of
‘polycentric urban regions’ (PURs) based on examples of regions populated by many similar sized
urban centres, such as the Randstad region in the Netherlands, and the Rhine-Ruhr region in
Germany, which are regarded as a superior spatial form to ‘monocentric’ regions dominated by one

centre such as South East England and the French Paris region.

In this paper we argue for a more progressive definition of polycentrism that is informed by city
region network space patterns and how these map onto morphological space. Since capital and labour
have continued to migrate to rapidly enlarging world cities that are new bases of the capitalist
economy in twenty first century economic globalisation, governments worldwide have looked to
European policy on polycentrism to counter emerging regional development imbalances. Shedding
fresh light on the concept of polycentrism has therefore, we argue, come to have more, not less,
importance over time. Accordingly, in this paper, we attempt to dissect the concept of polycentrism
by examining interrelationships and distinctions between city region network and morphological
space development in mature and developing economy contexts. We address two questions: First, can
attention to city network space, functions and flows, usefully inform conceptualisation of city region
polycentrism; and, second, how should the concept of polycentrism inform planning policies in the

context of city regions that are at different stages of connecting to economic globalisation?

In order to shed light on these hitherto under-researched questions, evidence from two city region
cases will be drawn on in the paper: the South East England city region in the densely urbanised and
economically developed North Western Europe context and the Mid-Yangtze River city region in the
rapidly urbanising and developing economy context of China. The paper first introduces the two city
regions and their distinctive development contexts. Second, the concept of the city network in a
globalising world economy, its relevance for the Jacobsean economic expansion process, and for
polycentrism are considered. Third, the network approach to regional analysis is explained, some
common methodologies for the investigation of inter-city network flows and the rationale behind
different analytical approaches adopted in the case studies due to their distinctive development stages

are outlined. Fourth, the findings from the North West European study are reviewed before turning to



consider evidence on recent city region emergence in the Chinese case. Finally, distinctions between
city region economic expansion processes and polycentrism revealed by network space analysis in the
two cases are reviewed and the general implications for reference to polycentrism in planning policies
are considered. It is concluded that the concept of polycentrism can only have relevance for policy to
foster economic rebalancing when a theory of city region space as an artefact of city networks is taken

into account.
Introducing the Case Studies — The South East England and Mid-Yangtze River City Regions Level 1

The South East England case study was undertaken as part of a larger 2003-06 research project
conducted in eight North West European city regions to inform European Union (EU) policy on
polycentrism aiming to rebalance the European space economy and at the same time increase
Europe’s economic competitiveness in a global context (European Council, 2000; European
Commission, 2004, 2009; Hall and Pain, 2006; Pain and Hall, 2008)": the Randstad, Netherlands;
Central Belgium; Northern Switzerland; Rhine-Main and Rhine-Ruhr, Germany; Paris Region,
France; Greater Dublin, Ireland; and South East England (Hall and Pain, 2006; Pain and Hall, 2008).
North Western Europe is one of the most urbanised and economically developed regions in the world,
where city regions have become a prevailing urban form. The research was the first in the world to
draw on Scott’s (2001a) global city region thesis to examine polycentrism using a network analysis
lens. South East England was selected for study due to its apparent monocentrism compared to The
Randstad, Netherlands and the Rhine-Ruhr, Germany for example. South East England’s primary city,
London, is the most connected city in the world to dominant advanced producer services sectors and
is referred to in European spatial policy as a ‘global gateway’ city (European Commission, 1999;
Dubhr et al., 2005) potentially capable of generating economically value-adding flows to peripheral
regions with increased connectivity in the form of trans-European transportation networks (TENS)
such as high-speed rail. It is therefore seen as important for Europe’s global competitiveness but also
a source of economic vibrancy that that can contribute to rebalancing development from the European

‘core’ to ‘peripheral’ economies (Wallerstein, 1974; Friedmann, 1986).

Located in central China, the Mid-Yangtze River region was selected ten years after the South East

England research as a 2014-17 study? because, unlike the Yangtze River Delta city region that

1 “POLYNET: Sustainable Management of European Polycentric Mega-City Regions’ led by Peter Hall and
Kathy Pain at the Young Foundation, London, was a three year research project funded by European Regional
Development Fund that examined changes in functional connections and information flows in eight major city
regions across North West Europe.

2 The study ‘The Convergence of Geo-space and Network Space in City Region Development in China: taking
the Mid-Yangtze River City Region as an example’ has been granted the award of PhD in the Department of
Real Estate & Planning at the University of Reading, UK.



encompasses Shanghai or the Jing Jin Ji city region that encompasses Beijing, the Mid-Yangtze River
city region is seen in Chinese national spatial planning policy as rebalancing development between
the coastal and the non-coastal inland regions, which is a national priority to reduce growing
economic and social inequity associated with opening China up to globalisation. In particular, along
with rising labour costs, competition from other emerging economies, and recent global economic
malaise, China initiated a crucial transition period from a labour-intensive and capital-driven economy
to a more advanced and potentially resilient economy by the expansion of added-value activities. The
Mid-Yangtze River city region is thereby identified as a strategic growth region (‘growth pole”) in
China’s economic transition due to its established industrial base, well-developed infrastructure
system, developed higher education, well-qualified labour etc., and its geographical location, which
are seen as making it a conduit between the east and the west. As in the South East England case, the
Mid-Yangtze River study draws on Scott’s (2001a) global city region discourse and employs a series
of network analysis methods to shed light on emergent city network patterns in the process of regional
development. However, in contrast to developed South East England, the Mid-Yangtze River city
region is a developing inland region in the context of China’s rapid urbanisation and economic
transition. The contrasting characteristics of the case study city regions enriches the discussion of

progressive polycentrism.
City networks in a globalising world economy Level 1

In the globalising world, complex urban processes significant for economic development emerge from
relations and flows between cities with few spatial constraints. In city network space, economic
growth is increasingly associated with connectivity to the ‘space of flows’ facilitated by advances in
informational and communications technologies (ICT) and structured by the circulation of virtual
flows of information, finance etc. (Ohmae, 1990, 1995; Castells, 1996; Rozenblat and Pflieger, 2010).
However, local development outcomes in city networks remain intrinsically related to physical (geo-
spatial) proximity, yet few studies have investigated the associations between network connectivity
and flows, and spatial proximity that shape the space economy of city regions and fewer still have
considered the implications of the interplay between inter-city network processes and spatial

proximity for city region polycentricism.
City region economic development in inter-city networks Level 2

The rationale behind the argument for the influence of geo-spatial proximity on economic
development reflects the so-called “first law of geography” articulated by Tobler (1970 p. 234) as
“everything is related to everything else, but near things are more related than distant things”.
Contradicting ‘the end of geography’ associated with increasing global financial integration (O’Brien,

1992), according to this geo-spatial logic, distance remains a key determinant of economic location



because overcoming spatial constraints consumes energy and financial resources (Miller, 2004). Thus,
urban places that are physically close (proximate) to each other should be expected to have intensive
functional interactions, for example in employment and labour markets, that are advantaged by time-
cost reductions, for example, travel to work and business travel, which will, in turn, shape the pattern
of regional development as an outcome. Furthermore, spatial proximity is emphasised in ‘New
Economic Geography’ (Puga, 1999; Fujita et al., 2001) and endogenous growth theories (Aghion and
Howitt, 1997) as a significant driver of economic growth. Further, it is argued that economic actors
that are clustered in close physical proximity have access to flows of privileged information and
knowledge transfer, and benefit from co-learning associated with agglomeration economies
(Boschma, 2004).

This geo-spatial proximity rationale appears at first sight to contrast with that of city network theory
which emphasises that in the context of globalisation, technological developments reduce the cost of
overcoming spatial constraints to a substantial degree. In particular, the rise of the knowledge
economy is argued by ‘globalists’ (Cochrane and Pain, 2000) to generate intensive virtual flows.
Information, specialised knowledge and financialised capital associated with the activities of ‘new
economy’ knowledge intensive cross-border financial and linked business network enterprises (Wood,
1991) known as advanced producer services (APS), are subject to few spatial constraints. As Castells
(1999, p.295) claimed, urban spaces have become the ‘material arrangements’ allowing for
“simultaneity of social practices without territorial contiguity”. He asserted that ‘new economy’
activity and specifically APS office network flows, transcend the ‘space of places’ and that in the
present ‘network society’ trans-boundary flows of products, services, labour and knowledge,
interconnect cities and markets regardless of territorially defined place boundaries (Pain and Van
Hamme, 2014; Lizieri and Pain, 2014; Coe and Yeung, 2015). Resultant synergies between cities
(Massey et al., 1999) indicate that a purely geo-spatial explanation of economic development based
on city physical proximity, presents a partial view; contemporary urban spatial relations which are
now also characterised by complex virtual flows must also be taken into account. Distinctively, this
paper considers the congruence of urban geo-spatial distance and urban economic function-related
inter-city network flows in developed and developing city region contexts to shed light on the

guestion of polycentrism.
The polycentric city region in network space Level 2

The city region scale of analysis provides valuable insights into the normative relevance and practical
utility of the concept of polycentrism as a spatial planning tool to address uneven development. In
Europe, associated with enlargement and political ambitions for ‘territorial cohesion’ based on the
French principle of ‘aménagement du territoire’, polycentrism has been actively promoted as a policy

objective throughout the European urban system (European Commission, 1999, 2005, 2008, 2012).



As applied in European spatial strategy, the term polycentricity has referred to the outward diffusion
of development from major commercial cores and metropolises to smaller cities in order to rebalance
the uneven distribution of urban assets at city, regional, national and EU wide scales (Davoudi, 2004;
Hall and Pain, 2006). “Mega-city regions are a series of anything between 10 and 50 cities and towns
physically separated but functionally networked, clustered around one or more larger central cities,
and drawing enormous economic strength from a new functional division of labour” (Hall and Pain,
2006). Polycentrism thereby refers implicitly to the spatial arrangement of economic development and
thus to the convergence of physical proximity and network distance implied by the geo-spatial and

network space theoretical rationales.

As Watts (1999) put it in Small Worlds: The Dynamics of Networks - Between Order and
Randomness, ‘near’ (proximate) and ‘distant’ can interact to create complex city network
interconnections and these interconnections are particularly relevant for city region development. As
Scott (20014a, p18) noted, “global city-regions come to function increasingly as the motors of global
economy, as dynamic local networks of economic relationships caught up in more extended
worldwide webs of interregional competition and exchange”. It is argued in this paper that
understanding local (near) and distant (worldwide) interactions by adopting a network approach to
city region analysis can therefore shed valuable light on the interrelationship between functional and

geo-spatial development processes, uneven development and polycentrism.
Unravelling the concept of functional polycentrism Level 2

As Duranton and Puga (2001) argued, cities are increasingly recognised by their economic functions
and it is the spatial patterns associated with the functional relations between cities in city networks
that are the prime interest of this paper. As first identified in Harris and Ullman’s (1945) multiple
nuclei model, a polycentric urban development pattern is characterised by numerous urban centres of
similar size however as already discussed, city business network functional locations and exchanges
of people, goods and information that define ‘functional polycentricity’ as opposed to ‘morphological
polycentricity’ is critically important for space economy vitality at a city region scale. Later, Van Oort
(2010) argued that, “The outcome of functional polycentricity is a considerable regional cohesion in
personal, occupational and corporate relationships of people, organisations and firms that transcends
the boundaries of the traditional metropolitan areas.” (p. 726). Therefore, the pursuit of polycentrism
in spatial planning policy demands a reconfiguring of the city region urban hierarchy (Christaller,
1966 (1933)) with urban service functions dispersed out from higher-order central cities to lower-
order cities to reshape the ‘space of places’. However, accomplishing this aim in the contemporary

world of city networks is dependent on Castells’ (1996) ‘space of flows’.



Globalisation and the rise of the knowledge economy have transformed contemporary physical urban
spaces into data factories where circulating labour, capital, information, commodities and human
flows generate ideas, innovations, knowledge, entrepreneurships etc. that facilitate urban growth as an
outcome. In addition to the massive scale and intensity of these flows, they are distinctive in terms of
their content, quality, value-added, distance, and directional and temporal characteristics in different
local contexts. The heterogeneity of city network flows is reflected in the characteristics of the local
spaces where globalisation hits the ground. Meanwhile, the circulation of large-scale heterogeneous
flows gives rise to inter-city networks in which cities have different structural positions and network
roles (such as a commanding role or a broker role). In other words, the circulation of heterogeneous
flows, results in local spaces also characterised by heterogeneity in the form of diverse city network
functions and positions and development dynamics which must inform the issue of city region
polycentrism. The South East England and MYR city region different case settings — the former
characterised by APS sectors identified by Friedmann (1986), Sassen (1991) and Castells (1996) as
the drivers of a thriving knowledge economy versus the latter characterised predominantly by labour-
intensive manufacturing — allow polycentrism to be considered in relation to economic transition from

a capital driven to a knowledge-based economy.
City Networks as a Lens for Revealing City Region Polycentrism Level 1

With ICT technology breakthroughs and the development of high speed modern transportation, the
spatial constraints on inter-city flows and relations in economic activities have been much reduced
(Friedmann, 2005). The rise of the knowledge based advanced service economy has generated intense
virtual flows, capital mobility, knowledge exchange and information sharing that are dynamically
interconnecting cities across territorial boundaries worldwide. Therefore, while the network argument
relates to central place theory (Taylor, 2009), the two theories, the Christallerian hierarchy and the
concept of urban networks, are contraposed. Central place theory and Harris and Ullman’s view of
‘the nature of cities’ (1945) which focused on hierarchical centre-hinterland relations have become
less relevant to the reality of how the space economy maps onto city regions under the influence of
globalisation. As Taylor et al (2010) argued, central place thinking emphasises external urban
relations as a local-hinterland process whereas city network thinking recognises urban relations as a
non-local city flow process. A network lens is thereby required to complement central place theory in
the analysis of the functional polycentrism of city regions with distant as well as local economic

relations.
The city network approach — Some theoretical reflections Level 2

In fact, as early as 1964, Berry claimed that urban geography essentially focused on ‘cities as systems
within systems of cities’ (Berry, 1964), highlighting the need to look at the relations between cities in



a network perspective that pays due regard to complementary urban functions and synergistic business
links. In contrast to the emphasis on the local industrial base in competitiveness theory, Burt (2009)
illustrated that competition is essentially a relationships issue as opposed to a competition between
cities themselves and this observation has been supported by interviews with APS business actors
based on a city network approach (Taylor et al, 2003; Hoyler and Pain, 2004). Meijers (2007) also
found that the connections between cities tend to be more complementary than competitive in order to
take advantage of scale economies, knowledge exchange and synergies. Meijers (2007) further
explained that horizontal links allow collaboration while vertical links generate complementarities.
Thus, it is argued by numerous authors that establishing inter-city connections is important for urban
actors to develop cooperative business connections, to absorb external knowledge and to boost
innovation and regional productivity as an outcome (Hakansson, 1987; Powell et al., 1996; Nicolini et
al., 2003; Taylor et al., 2003; Bathelt et al., 2004; Mahroum et al., 2008; Breschi and Lenzi, 2014;
Huggins and Thompson, 2015).

The importance of spatial proximity for business connections is reflected in the significance for
headquarters location decisions of access to deep infrastructure that includes an array of specialised
business services suppliers, labour and skills, and international air connectivity between cities
(Button, 1999; Taylor et al., 2003; Bel and Fageda, 2008; Grubesic et al., 2008). According to
Meijers (2007), simultaneous vertical and horizontal network links shape urban development
processes because horizontal links allow collaboration while vertical links generate

complementarities.

The New Economic Geography highlighted the significance of relations between cities in shedding
light on urban space economy patterns (Krugman, 1991; Fujita et al., 2001) however the focus is
mainly on the effects of spatial proximity and the local embeddedness of economic activities, focusing
particularly on trade costs and market access (Redding and Venables, 2004). New Economic
Geography perspectives have not paid attention to the multi-directionality and borderless
characteristics of inter-city flows in a network context. To address the void of analysis of intangible
networks constructed by multidirectional, borderless flows, the notion of ‘calculative’ network capital
is proposed by some authors as a means of pinning down network outcomes in corporate interactions
(Huggins, 2010; Huggins and Johnston, 2010; Kramer et al., 2011; Smith et al., 2012), which
provides an avenue for inter-city network analysis. The notion of ‘calculative’ network capital argues
that such capital is embedded in functional positions that are determined by network node (city)
multidirectional ‘ties’ or links, and the attributes of those links. It is argued that a network is not only
a structure but is also a source of strategic capital which can generate opportunities and constraints for
city network actors. This understanding of city networks supports Bathelt and Taylor’s (2002)

assertion that a city’s strategic network position is not only an indicator of economic performance but



is also an important endogenous factor driving economic development. According to Jacobsean logic,
this economic development can spill over to proximate urban places and we argue here, that this may

generate ‘functional polycentrism’ at the city region scale.
Common methodologies for the investigation of inter-city network flows Level 2

There are several ways of investigating inter-city flow networks and their contribution to economic
growth and regional development methodologically. Three common approaches are Global
Production Network, Interlocking Office Network and Social Network Analysis. Resonating with
Global Value Chain (GVC) theory, in Global Production Network analysis, territories are seen as
integrated transnationally through value-added production processes (from decision-making, design,
production, distribution, through to sales and services) that have functional production location
outcomes in a globalised economy. Actors are theorised in the Global Production Network framework
not as individual agents per se, but as a constitutive part of the wider network. The approach focuses
on intra-firm chained linkages that add value to final products, thereby reflecting a microeconomic
industrial production perspective. In contrast, the present paper is concerned with how flows in city
networks influence city region development and their relevance for polycentrism. Thus, the case
studies selected for examination here used other network analysis approaches chosen to suit their
different development stages in economic globalisation: the Interlocking Office Network model
approach in South East England and the Social Network Analysis approach in the Mid-Yangtze River

region.

Taylor’s Interlocking Office Network model employed in World City Network analysis (Beaverstock
et al., 1999; Taylor, 2001a, 2004; Taylor et al., 2002) is based on Friedmann’s (1986) world city
hypothesis which emphasised functionality and big cities’ commanding roles in a world city hierarchy
and Sassen’s (1991) global city theory which emphasised the significance of APS sectors with high
value-adding activities in forming global cities which have outstanding connectivity (Castells, 1996).
Since APS firms need to provide specialised services to clients, they require access and closeness to
skilled labour pools, information-rich and prestigious environs, superior offices, and transport and
telecommunications infrastructures, all of which are predominantly found in big cities (Harrington
and Campbell, 1997); second, APS firms have formed their own global service networks as a new
force amongst MNCs (Moulaert and Daniels, 1991; Aharoni and Nachum, 2002; Harrington and
Daniels, 2006; Derudder et al., 2010). Essentially, as Scott (2001a, b) argued, the concentrated service
functions in global cities not only represent the geography of powerful command positions in the
global economy but they disseminate their power to counterparts through their international

operations, and they are thereby indicators of the presence of ‘vibrant’ metropolitan economies.



Drawing on Social Network Analysis, the Interlocking Office Network model uses data on office
functions in five APS network sectors - banking/finance, accountancy, law, advertising, and
management consulting - to map the interlinkages between cities based on the assumption that the
strength of inter-city work flows is determined by organisational network office functions -
headquarters, regional offices, local offices, and back offices (Taylor, 2001a; Taylor et al., 2002;
Taylor, 2004; Derudder and Taylor, 2016). Computing the strategic importance of cities in all APS
networks provides service values of cities hosting APS clusters as an approximation of inter-city
relations and thereby city network structures, revealing otherwise invisible patterns of city
connectivity that are an outcome of the dual spatial dynamic of office dispersal and concentration

(Sassen, 1991) and that generate inter-city networks.

In contrast to conventional statistical analysis, Social Network Analysis which underpins the
Interlocking Office Network approach, is theoretically rooted in sociological enquiry that looks into
the patterns of relationships between social actors. Associated with globalisation and the advent of
the information age, myriad actors are involved in relations interlinking them in complex and
heterogeneous ways, which allows the realm of Social Network Analysis to be extended to complex
social systems at flexible scales, from the interpersonal to the international. The approach is therefore
scale-free, which is advantageous in analysing multidirectional city interactions including functional
polycentrism. Furthermore, intertwined with the rapid development of computing technology, the
visualization of social networks becomes a powerful tool for conveying complex information using
graph theory. In the World City Network approach, the network has three levels: APS firms are the
economic actors in the network, the cities they use in their international operations are the nodes in the
network and the world economy constitutes the supra-nodal network level. The actual global strategies of
the firms that are operationalised through the nodes (cities) in which they have offices, generate the
interlocking World City Network (Taylor, 2001).

Rationale behind different analytical approaches adopted in the two case studies Level 2

The use of inter-city APS office networks as a proxy for city network connectivity as opposed to
actual inter-city flows between cities has been subject to critical debate (see for example, Nordlund,
2004) so in the North West European study of polycentrism in which South East England was one of
eight city region cases, additional data on daily travel to work flows, virtual flows of information
(email, phone, electronic) and face-to-face knowledge exchange within and between offices and
locations were used alongside Interlocking Office Network analysis (Pain and Hall, 2008). First, the
functionally defined city region encompassing all the areas having regular daily relationships based on
commuting flows was analysed. Second, polycentric patterns were revealed using an Interlocking
Office Network approach. Quantitative data on the office locations and importance of APS firms

operating at the city region, national, European and global scales were collected to identify regional

10



inter-city network functional relations (Taylor, 2004; Taylor et al., 2010). Third, questionnaires were
used to collect data on APS firms’ patterns of virtual communication to identify associated
information flows (Pain and Hall, 2006). Fourth, 600 in-depth interviews with senior APS actors were
used to elicit data on the quality and intensity of relations between city region-located offices and
others in their national, European and global networks as a proxy for the quality and intensity of inter-
city flows and relations.

A pragmatic problem for the Mid-Yangtze River case study research was that APS are not sufficiently
representative of its city economic structures which are undergoing early stage economic transition to
new economy enterprise in globalisation. Manufacturing remains the predominant industry and, in
consequence, data on APS sectors at the firm level, are neither available nor relevant metrics. At the
empirically ‘fuzzy end’ of the World City Network (Markusen, 2003), inter-city flows more directly
representative of functional polycentrism were direct inter-city capital flows in Mergers &
Acquisitions (M&A\) activities. Firstly, M&A deals involve large capital flows that are free from
spatial constraints, resonating with Castells’ (1996) ‘space of flows’ theory. Secondly, in contrast to
one-off trade deals, M&A deals are characterised by control transfer and long-term interactions.
Thirdly, M&A deals are characterised by intensive interactions and valuable spillovers such as
information exchange, technique sharing, elite communications and management learning (Freeman,
2004). Fourthly, M&A deals not only operate between target and acquirer companies but are also an
important component of APS activity, involving in particular financial and legal services, resonating
with Sassen’s (1991) global city theory. In network space, M&A projects explicitly reflect both long-
term elite interactions, technology sharing, production and management modes, and capital mobility

between cities across territorial boundaries.

As Bockerman and Lehto (2006) argued, M&A projects involve value evaluation, monitoring, sharing
assets and synergy operations and thereby as Rodriguez-Pose and Zademach (2003) found, M&A
deals are concentrated in global and globalising city regions, driving regional economies as an
outcome. M&A projects represent capital mobility between network enterprises and are important as
generators of regional aggregate capital flows and spillovers. M&A deals have grown continuously in
the MYR region since the year 2003, peaking in 2010 and followed by a recession period until 2014.
Social Network Analysis from which Interlocking Office Network analysis derives (Smith and
Timberlake, 1995; Taylor 2001, 2004) was the selected method used for analysis since it does not rely
on data on any specific sector and can investigate any city network relations constructed by direct
flows. The approach can be adapted to illustrate complex multi-directional flows and can also be used

to identify specific city functions not quantified in the Interlocking Office Network model.

M&A data from 2003 to 2014 from the Zephyr database (Bureau von Dijk, 2015) which is the most

comprehensive source on worldwide M&A deals and is updated hourly, were used to establish the

11



Mid-Yangtze River inter-city network, based on source and target companies, and source and target
cities, deal types and values, and industrial classifications including manufacturing and APS sectors
(Property Services, Banking, and Insurance & Financial Services). In total, 1238 M&A deals from
2003 to 2014 involved 42 cities in the region, forming a city-by-city network. All deals are valued
above 1 million Chinese Yen and deal types include mergers, acquisitions, minority stake (>2 per
cent), and capital increase. The key criterion for inclusion of deals in the analysis was that they
involve the transfer of a business and operations in the M&A process.

In conclusion, since the global cities literature pointed increasingly to the significance of network
enterprises in the construction of inter-city capital flows and networks (Friedmann, 1986; Sassen,
1991, Castells, 1996), investigation of the networks constructed by economic agents and circuits of
inter-city flows using data relevant for a city region’s development stage in economic globalisation,
has become an important research area for shedding light on functional and spatial development

patterns, and thereby polycentrism in the South East England and Mid-Yangtze River region cases.

City Region Emergence Processes in Network Space — Morphological or Functional Polycentrism?
Level 1

The South East England city region is dominated by Greater London which is 25km in radius despite
being bounded by a ‘green belt’ that has been largely successfully contained the expansion of the
metropolitan area since the mid-twentieth century. London’s population of over nine million
represents just under half the city region population. However South East England is one of the
densest city regions in North West Europe. Outside the London boundary, 50 smaller cities and towns
ranging in size from 79,000 to 600,000 in population have shown consistent and strong service sector
economic growth in the last half century. South East England employment shrank in the 1980s
especially in London, but rebounded in the 1990s, growing by 33 per cent with nearly a 25 per cent
increase in London. Employment is heavily concentrated in the service sector, especially the APS
sector; 80 per cent of all employment is in services, with banking and financial services representing
more than a quarter. Significantly, financial and linked business services are strongly represented in

cities and towns outside London, especially to the west of the city region.

Relative to developed South East England, the Mid-Yangtze River city region has only recently
become the location for large-scale urbanisation and economic development. Since economic reform
and the introduction of ‘open door’ policy in China which allowed its integration in the capitalist
world economy, the national urbanisation rate has boomed, rising from 18.62 per cent in 1979 to
54.41 per cent in 2014. As recently as 2016, Wuhan in the Mid-Yangtze River city region became the
only city in central China with a population exceeding 10 million. With its strong manufacturing

industrial base, the city region represents more than half of central China’s economic activity against
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several economic indicators: 53.19 per cent GDP, 55.05 per cent fixed asset investment and 51.22 per
cent fiscal revenue (NBS, 2014%). In contrast to the national decline in growth since the 2008 global
economic crisis, the city region’s economic development has maintained a double-digit growth rate
(NBS, 2014). However, the service economy remains relatively undeveloped in comparison with that
of South East England, especially in APS. Despite these stage of development differences, both case
studies have targeted analysis on inter-city flows associated with the activities of economic network
enterprises in order to shed light on city region functional and associated spatial development patterns.
The results therefore reveal the extent to which the regions are characterised by either functional or

morphological polycentrism.
Learning from the South East England case Level 2

Important for addressing the question, can attention to city network space, functions and flows
usefully inform conceptualisation of polycentrism, the European research identified two distinctive
city region development processes: Process A — ‘mega-city region economic expansion’ and Process

B — ‘mega-city regions of proximate cities’ (Taylor and Pain, 2007; Pain, 2008a).

Process A is distinguished by a polycentric functional pattern associated with multi-sector APS
clusters across South East England, which generate Jacobsean economic enveloping and upgrading of
an extensive city region surrounding London. London’s high multi-sector global APS network
connectivity is transmitted across the larger space forming a functionally interconnected city region
with smaller centres that are growing economically at a similar rate to London. Jacobs claimed that
city economic forces can be very powerful and in the case of South East England, process A involves
a simultaneous diffusion of markets, jobs, production, technologies and capital across the city region
space. Process A contrasts with process B which is distinguished by morphological polycentricity in
which cities are of a similar size but they are characterised by APS sectoral specialization, and a less
globally networked city region. Less globally connected first cities are failing to spread their
prosperity to a wider regional scale. Jacobs (1984) argued that city regions are not defined by natural
boundaries but instead they are the artefacts of cities whose economic energy dictates their
boundaries. The South East England case demonstrates that in a globalized economy, city energy
comes from global city networks and it can be spread through global cities across an extensive area,
producing functional complementarities between cities and towns of different sizes, and functional

polycentricity as an outcome.

% The National Bureau of Statistics (NBS) is the only agency authorised by the State Council
of China to collect statistical data and economic accounting in national scope.
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Related to the distinction between the two city region development processes identified, a finding
from the research relevant for the question of how polycentrism should inform planning policies in the
context of city regions that are at different stages of connecting to economic globalisation, was that
the morphologically polycentric city regions studied did not benefit from a balanced distribution of
economic activities. Interviews with APS firms in offices across the eight city regions revealed that
office networks at the regional scale are not necessarily representative of actual high value
information and capital flows between centres (Pain and Hall, 2008). All eight city regions, whether
morphologically or functionally polycentric, were found to have only one city with intense cross-
border global flows, illustrating that city functional primacy vs city functional polycentricity is
invisible if only morphology is considered. For example, the Rhine-Ruhr was the most
morphologically polycentric city region studied but this spatial pattern does not translate to a
functional pattern and functional polycentricity. Similarly, in South East England, city region
functional polycentricity associated with London’s supreme global APS network connectivity belies
its morphological description in European strategy as a monocentric urban region due to London’s
size. Nevertheless, the South East England geographical distribution of networked, economically
buoyant centres beyond London has a distinct western orientation. Former Government ‘Growth
Areas’ ‘Milton Keynes-South Midlands’ and ‘London-Stansted-Cambridge’ to the north-east of
London, contain important networked multi-sector APS clusters which give them connectivity at
different spatial scales. However, the ‘Thames Gateway’ to the East and ‘Ashford’ to the South East
of London, remain relatively disconnected from APS network activities and connectivity. Buoyant
economic centres include the ‘Reading-Thames Valley Corridor’ to the west of London which has the
second highest GVA in England to London. Therefore, the study found that morphological
polycentricity cannot reveal the underlying economic functionality and complementarities of city
regions. Attention to city network space, functions and flows is needed to inform conceptualisation of
polycentrism, demonstrating the need for more network analysis. The paradigm of city region

polycentrism required to inform policy, is the combination of functionality and complementarity.

Against this developed world research backdrop, what can be learned about the concept of
polycentrism from a recently emergent city region that is undergoing political economy change as

China is opening up to the capitalist economy and economic globalisation at a rapid pace?
Learning from the Mid-Yangtze River region case Level 2

The results from the Mid-Yangtze River case show that the number of M&A deals in the city region
has been increasing between 2006 and 2014 and is interconnecting its cities gradually. The city
network patterns in 2006 and 2014 illustrate distinctive phases during the network evolution process.
In the endogenous phase, most inter-city network links have been associated with city region primary

cities, Wuhan, Changsha and Nanchang, while there have been relatively few links between medium
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size cities and there have been several isolated cities located at the geographical periphery of the city
region. However, network links between medium size cities have been increasing over time and the
number of isolated cities has been decreasing during the endogenous phase even though the process of
change has been evolving slowly. The final pattern of the city network by the year 2014 showed that
the whole city region had become more integrated than before, characterised by a transition from a
centralised network to a balanced city region network. Thus, Mid-Yangtze city network development
is moving from a first endogenous phase which is characterised by the self-growth of cities to a
second interactive phase that is characterised by more multidimensional and complex inter-city
relations (see also Asheim and Gertler, 2005).

In addition, it is noted that although Wuhan is the most outperforming city in the region, its leading
role is challenged by Changsha and Nanchang, which indicates a pattern of polycentricity to some
extent. Additional investigation of the inter-city network included other city characteristics ranging
from global network to individual city network attributes using network centrality analysis. The
findings revealed that having similar sectoral attributes is not required to initiate city interactions.
Large cities with more central network positions and more intensive network links are more
heterogeneous. With the evolution of the network, the economic functions and network positions of
cities are changing. For example, Changsha, which was originally an indigenous hub for the Hunan
sub-region, has evolved into a leading city for the whole city region with the development of more
external functional connections to cities in other sub-regions. Thus, the pattern of network centrality is
shifting and is dependent on ‘when and at what particular relations we look’ (Timberlake, 2010, p.2).
In conclusion, it is found that Mid-Yangtze River city region is a dynamic complex centralised
network space full of multidirectional and transboundary flows where network power is concentrated

on primary cities and distributed across distinctive network functions.

Although the Interlocking Network approach that is based on the office functions of APS firms was
not adopted to estimate the city region’s network connectivity due to its stage of economic
development, APS sectors are highly representative of the knowledge economy and are thereby
important for the future city region economic upgrading (the Jacobsean process A). The reciprocal
association of manufacturing and APS sectors is expected to be the key to accomplishing economic
transition in inland areas of China, and the Mid-Yangtze River city region is expected to play a key
part in this transition. APS sectors provide specialised services to producers, which add value to
manufacturing production which is the foundation service market which will facilitate APS sector
development in the city region and in China as a whole, therefore, APS spatial agglomeration patterns
and their correlations with manufacturing were examined. A Pearson correlation matrix and Principle

Components Analysis showed that manufacturing and APS sectors (Logistics and
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Telecommunications, Financial Services and Banking, Real Estate and Research Services) are
correlated positively at significance level.

In conclusion, based on the evidence from network analysis using data on M&A capital flows, the city
region is not characterised simply by the economic functional expansion process B identified in
Europe: ‘mega-city regions of proximate cities’. There is evidence of an early stage Jacobsean ‘mega-
city region economic expansion’ (process A) and emergent functional polycentrism as an outcome.
Through M&A deals, capital (the main driver of Chinese economic growth) is flowing from primary
to secondary cities stimulating an increase in APS activity beyond primary cities. However, in the
Mid-Yangtze River region inter-city network, a high proportion of deals is initiated in primary cities,
particularly for high-value deals above 10 million yen, and big deals are transacted by localized APS
services located in those primary cities (Taylor et al., 2003). This finding resonates with empirical
work by Yang and Yeh (2013) in which they found that in contrast to manufacturing activities, APS
firms are more concentrated in Chinese high-tier cities. In contrast, the city network links examined in
South East England represent actual relations and information flows between APS actors and offices
located in cities and towns outside London. They are therefore distinct from Mid-Yangtze River city
region network links represented by M&A capital flows assisted by APS actors who are concentrated
in primate cities. Nevertheless, APS assisted advances in manufacturing production could in future
potentially spur the concentration and dispersion of APS offices in the city region to meet increasing
market demand for specialised financial and business services. This dual concentration and dispersion
space economy dynamic first noted by Sassen (1991), could potentially advance city region economic
expansion process A and associated functional polycentrism qualitatively. Next we turn to consider

the two questions posed at the start of the paper.
Polycentrism Embedded in Inter-city Flow Networks and Policy Implications Level 1

Firstly, based on the two case studies, what conclusions can be drawn about whether attention to city

network space, functions and flows can usefully inform conceptualisation of polycentrism?

The findings from both cases illustrate that distinctions between city region expansion processes
revealed by network analysis are relevant for polycentrism conceptualisation. Network space is
dynamic, heterogeneous and complex in nature (Baum et al., 2000) making networks, functions,
flows and complementarities critical for the meaning of city region polycentrism. Increasingly, the
relevant focus for policy is no longer the city; it is the city region (Kloosterman and Musterd, 2001, p.
627) which is generated through Castells’ space of flows and is highly networked through city
network links at different scales (Jonas, 2011). Instead of focusing on morphological polycentricity,
network thinking should be highlighted to shed light on functional polycentrism in the process of city

region development. The case studies demonstrate that the city networks created by cross-territorial
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economic activities (APS activities and M&A deals) are intrinsically embedded in city regions.
Associated with deepening globalisation, these urban interactions engage advanced productive factors
(human resources, knowledge and information) intangibly, representing a transformation from a two-
dimensional ‘place’ to a three-dimensional ‘space’. These advanced interurban flows are no longer
tied to Tobler’s first law of geography but overcome spatial constraints at low cost, facilitated by
modern transportation and information technology. Consequently, circulating interurban flows
construct a complex network space in which cities have different roles and functions that give rise to
complementary inter-city relationships and to functional polycentricity at a city region scale as an
outcome. We conclude that attention to city network space, functions and flows can usefully inform

the conceptualisation of regional polycentrism.

Second, how should the concept of polycentrism inform planning policies in the context of city
regions that are at different stages of connecting to economic globalisation? Corresponding
implications of the results from the investigation of network space in the two city regions are that
policies should be oriented to strategic network planning underpinned by cross-territorial cooperation
as opposed to competition. Active institutional networks and collaboration are vital for the
management of complex emerging regional spaces of flows that do not map onto established
administrative areas and territorial boundaries. The multi-directionality of inter-city flows identified
in both cases, points to the need for up-to-date network flow-tracking systems. Furthermore, such
systems need to be populated by data that are relevant to specific city region economic development
stages in order to assist strategic planning and to inform territorial cooperation based on otherwise
invisible city economic complementarities. Such systems could potentially more accurately pinpoint
economic expansion processes at a granular level in different city regions in Europe than has
previously been possible, as well as in other parts of the world. Policy aimed at city region
rebalancing based purely on a morphological polycentric pattern contradicts actual inter-city flows
generated in economic network space. In addition, intertwined with sectoral heterogeneity as an
important characteristic of city interaction, network flows and functional polycentricity, the assets and
capital that are embedded in urban locales will be important for network development. The findings
from the case studies reviewed in this paper therefore demonstrate that by taking into account the
congruence of geo-space and network space in economic globalisation, the concept of polycentrism
can better inform planning policies for city regions that are at different development stages. Given the
different development stages of city regions worldwide, policies aiming to rebalance the spatial
distribution of economic activity also need to take into account the characteristics of dominant city
region industries. For manufacturing-dominated regions, rebalancing should give weight to the
promotion of city interlinkages in chained value-adding processes while, for APS-dominated regions,
policies should be oriented towards recognition of and support for horizontal interactions across high

value-added APS sectors. We conclude that the concept of polycentrism can only have relevance for
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policy to foster economic rebalancing when a theory of city region space as an artefact of city
networks is taken into account and an appropriate network approach is applied in analysis.
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