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relations in the analysis. This is then employed in analyses of the latest service values matrix (175 firms x 526
cities) for 2013. Two types of analyses are performed. First, the aggregate measures of asymmetric network con-
nectivity are computed and compared to the conventional measure of global network connectivity. Results show
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Iéz}r’lv;zzgi}ity an accentuation of the hierarchical tendencies in the world city network. Second, the asymmetric connectivity is
World city network disaggregated into its three components - dominant, equivalence and subordinate - to produce a set of further
Producer services measures. Results tend to distinguish dominant ‘global places’, often financial centres, from places where firms
China ‘have to be’, largely capital cities of medium-sized states.
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1. Introduction

The subject of this paper is cities in globalization, and more specifical-
ly transnational inter-city relations. There has been a burgeoning litera-
ture on this topic over the last couple of decades, including many studies
of these relations as direct infrastructural links in both real space (air
travel, shipping routes) and cyberspace (the Internet), such as Choi,
Barnett, and Chon (2006); Derudder and Witlox (2005); Ducruet and
Lugo (2013); Mahutga, Ma, Smith, and Timberlake (2010); Matsumoto
(2004), and Smith and Timberlake (2001). Other measures of inter-city
relations adopted in this literature are derived from information on
corporate command structures, specifically headquarter-subsidiary
relations, which indicate flows of directive between cities in the manner
pioneered by Pred (1977) (e.g. Alderson, Beckfield, & Sprague-Jones,
2010; Rozenblat & Pumain, 2007; Rozenblat Zaidi & Bellwald, 2016).

In a parallel stream of research, such direct measures of inter-city re-
lations have been complemented by indirect measures based upon
models of potential workflows between cities through their advanced
service functions (Taylor, 2001; Taylor et al., 2010; Taylor & Derudder,
2016). Drawing on (1) the seminal work of Sassen (1991) on the ‘global
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city’ and the importance of advanced producer service firms therein,
and (2) Castells' (1996) writings on ‘spaces of flows’ as the prime social
space in economic globalization, in this literature an ‘interlocking net-
work model’ has been devised to study contemporary cities as global
service centres constituting a world city network (for the most recent
overview of this on-going project, see Taylor & Derudder, 2016). This
approach, one of the key streams of research carried out under the um-
brella of the Globalization and World Cities (GaW(C) research network,
has become an established way of measuring and understanding
inter-city relations. However, there remain many openings for new re-
search developments by expanding the conceptual and operational
remit of the interlocking network model (Derudder & Parnreiter,
2014). In this paper, we focus on one particular research development:
that of a more nuanced - in this case: disaggregated - specification of
inter-city relations. We apply this insight to revise the initial model
specification and produce new results that complement our earlier un-
derstanding of cities in globalization.

The most commonly reported output from the interlocking network
model is its measure of a city's global network connectivity. Couched in
network analysis terminology, global network connectivity is a measure
of degree centrality: the number of links incident upon a node (i.e. a
city). This measure provides a general indication of the degree of inte-
gration of a city into the world city network. For instance, it has been
shown that of Sassen's three archetypal global cities, London and New
York appear to be much more connected than Tokyo (e.g. Taylor &
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Derudder, 2016, chap. 5). In this paper we retain our focus on cities' in-
tegration into the network but move on to consider the nature of that in-
tegration by re-specifying and disaggregating the degree centrality
measure. In network analysis, the most common elaboration of degree
centrality is to disaggregate it into outdegree and indegree centrality, re-
spectively, and this depending on the ‘direction’ of the flows incident
upon a city. These measures have been employed in parallel research
on inter-city relations (e.g. Alderson & Beckfield, 2004; Alderson et al.,
2010; Krdtke, 2014; Rozenblat & Pumain, 2007; Rozenblat et al., 2016;
Wall & Van der Knaap, 2011), but to date the research stream drawing
on the interlocking network model has not really followed suit. In this
paper, we explore how the directionality of flows can be incorporated
in, and subsequently enrich the application of, the interlocking network
model.

Recent research by Neal (2014, 2016) and Hennemann and Derudder
(2014) has already started investigating the potential of refined and
alternative measures of connectivity in the context of the interlocking
network model. Here we complement these emerging efforts to extend
quantitative research on world city networks by focusing on the
asymmetries in relations between cities. To this end, we introduce the
idea of asymmetrical global network connectivity in which the direc-
tions of potential work-flows are included in the measurement. To
illustrate the new suite of measures, we compare them with the conven-
tional measurement of connectivity using the latest data for 2013. Thus
in addition to a conceptual contribution, the paper also has a basic em-
pirical contribution through an assessment of asymmetries in inter-city
relations within contemporary globalization.

The conceptual and empirical offerings are integrated in an
argument that proceeds in three parts. First, we introduce the
interlocking network model, summarize the original specification
and operationalization, and discuss how it has been extended and
amended. Second, we discuss the addition of the asymmetric compo-
nent. Comparisons of results suggest that asymmetric connectivity,
in which we distinguish between the centrality of cities in ‘sending’
and ‘receiving’ flows, accentuates hierarchical tendencies in the
world city network. In addition, there appears to be a capital city
and a world-regional patterning to the differences between the mea-
sures. Third, in a short conclusion we assess the importance of this
model re-specification and its empirical results for research on
inter-city relations within contemporary globalization.

2. Beyond the interlocking network model
2.1. The interlocking network model

In this paper, we focus on the GaWC research that has specified
transnational inter-city relations as an interlocking network created by
producer services firms (Taylor, 2001). The latter are identified, following
Sassen (1991), as prime producers of connections between cities,
through their financial, creative and professional work in multiple of-
fices across the world (cf. Beaverstock, Smith, & Taylor, 1999). Our
starting point is that producer service firms working through multiple
knowledge-rich cities are essential to the operation of contemporary
globalization. Although not the largest of firms in global terms, ad-
vanced producer services are nevertheless an ‘indicator sector’ in the
complex ecology that is the global economy. Just like indicator species
in nature demonstrate the wellbeing or otherwise of an ecology, this in-
dicator sector shows the same for today's worldwide economic process.
In other words, through our approach we are not describing economic
globalization as a whole but rather focusing on some of the strategic
places in its organization. Given this, in our description of results we re-
sort to broad vignettes for interpreting cities' connectivity profiles as per
our methodology and data.

The starting measure in this approach is a service value v;; with
information on the importance of the presence of firm j in city i.
These observations can be arrayed as a service value matrix V. In

network analysis, this matrix is commonly termed a two-mode
network (Liu & Derudder, 2012). In contrast to one-mode networks
(e.g. airline networks), where actors are directly interlinked, a two-
mode network is characterized by connections between two
separate sets of nodes (e.g. firms and cities). However, it is possible
to infer one-mode networks from two-mode networks by applying
a ‘projection function’ (cf. Neal, 2014). The interlocking network
model is such a projection function, as it converts V so that it gives
us insight in the interaction between cities through firms rather than
simply taking stock of firms' presences in cities.

The projection function entails converting the service value matrix V
into a relational matrix R of city interactions, and ultimately draws on
seeking out co-presences of firms in cities. The basic measure is city-
dyad connectivity CDC,_, between cities a and b for each pair of cities
and firms based on V:

CDCa,b = Ejvaj-vbj a=b (])

Network projections come with a specific set of assumptions (Neal,
2014). In the interlocking network model, the conjecture behind con-
ceiving CDC,_p, as a surrogate for actual flows of inter-firm information
and knowledge between cities is that the more important the office,
the more connections there will be with other offices in a firm's net-
work. A city's overall connectivity — which we term ‘global network con-
nectivity’ (GNC) - can then simply be calculated by aggregating all
possible links:

GNG, = EbCDCa_b: Ebivai.vbi a#b (2)

Values for city-dyad connectivity CDC,_p, and global network con-
nectivity GNC, form the evidential basis on which much of GaW(C's
quantitative research is based.

2.2. Data production and results

The model specification detailed in the previous section clarifies that
data gathering requires (i) identifying a set of global service firms, (ii)
selecting a set of cities that likely make up the world city network,
and (iii) finding or deriving service values that show the importance
of each city to the office network of each service firm. The details of
the latest data gathering exercise for 2013 are described in Taylor and
Derudder (2016, chap. 4), here we summarize the main steps in the pro-
duction of the data matrix of the services values of global service firms
across world cities.

First, we selected leading firms in 5 different sectors: 75 financial
services firms, 25 management consultancy firms, 25 advertising
firms, 25 law firms, and 25 accountancy firms. The information on
the location strategies of the 175 firms was gathered between Octo-
ber 2012 and February 2013. For each sector, the top-ranked firms
were chosen based on sectoral rankings for 2012, which tended to
be based upon 2011 data. We also identified substitute firms (i.e.
ranked just below 75 and 25) to cover for situations where a firm
had disappeared (e.g. been taken over) during the actual data collec-
tion. Although the data collection spans a 2012-2013 timeframe -
we will refer to the data as being for 2013 for shorthand purposes.
Second, city selection is based on a number of overlapping criteria. In
addition to the original 315 cities that featured in the initial data
gathering described in Taylor, Catalano, and Walker (2002), we
also included all cities with a population of more than 1.5 million in-
habitants in 2008; all capital cities of states with a population of
more than one million, and every city with a headquarter office of
one of our selected firms. This led to the selection of 526 cities. It is
this roster of cities that is used in recording information on the global
service networks of 175 firms.
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