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FOREWORD
The 9th World Congress of Metropolis, to be held in
Sydney in October 2008, is a great opportunity to generate
research into the future direction of cities. With this in mind,
the organisers of the congress have developed a number of
research publications that explore new concepts related to cities
as well as the emerging cities of India and China.
In organising the Congress, we found that there was a
network of researchers and commentators about cities across
the globe who had very interesting issues to raise. While many of
these will be presenting papers at the Congress, we also thought
it would be useful to develop a series of publications that raise
these issues in a provocative manner. The first of these books
will be about networks—the concept of cities interacting across
the globe. The second examines the spreading urban regions
around many cities followed by publications that look in detail at
the cities of China and India.
Contemporary world urbanisation, particularly the rise
of Chinese and Indian cities, means both opportunities and
challenges for Australian cities. These publications put Sydney
and other Australian cities in scenarios with global counterpart
cities to benchmark their urban performance. The provocative
topics are aimed to trigger fruitful debate in government, private
sector and the general public regarding how to create better
strategies for the future of Australian cities.
We would like to thank all contributors, sponsors and
research coordinators. Without their work, these publications
could not have been possible. The influence of their
contributions will be far reaching.

Chris Johnson
Director, Metropolis Congress 2008
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I N T R O D U C T I O N / C h r i s J o h nson

WHERE IS
SYDNEY?

Until recently cities were seen
as places. Think of New York
skyscrapers, the streets of
Paris, the canals of Venice or
Sydney Harbour.
Over the last 20 years or so a new reading of cities has emerged
and that is their role as connectors of global capital or as satellites for global
networks of advanced service providers. The new reading of the relevance
of individual cities is based on how global they are as opposed to how local
they are. This reading comes partly from the writings of Manuel Castells
on the City of Flows and the pioneering research of Saskia Sassen on Global
Cities (she framed the concept). But the role of cities as being networks of
economic activity also comes from the rise of service providers in the areas of
law, accounting, insurance, management, finance and design that are located
everywhere. Well—perhaps not everywhere—but certainly where they see
individual cities as being globally significant.
So a city like Sydney can rank well down the list of cities defined by size,
yet can be the 5th most connected city in the area of advertising services and
13th most connected city in the world. Sydney also rates highly in terms of
its branding, its image to the world, where the city is number one according
to the Anholt City Brands Index. Clearly Sydney rates well as a place and as a
networked city to the rest of the world.

CITY BRANDS
INDEX
www.citybrandsindex.com

1 Sydney
2 London
3 Paris
5 New York
8 Melbourne
22 Tokyo
35 Singapore
37 Hong Kong
47 Shanghai
57 Mumbai

LARGEST
CITIES
www.citymayors.com

1 Tokyo
2 New York
8 Mumbai
10 JAKARTA
14 LOS ANGELES
18 Shanghai
25 London
30 Hong Kong
56 Singapore
64 Sydney
69 Melbourne
This book explores this new dimension of global networks, of connected
cities, of the role of the internet in linking businesses across the globe, or the
rise of aircraft connectivity to world cities. To set the scene Saskia Sassen, the
originator of the very concept through her 1991 book The Global City writes
about the evolution of the city as part of a network of cities. Her book focused
on New York, London and Tokyo as the most global cities at the time of
writing. Since that time Tokyo has dropped down the list to leave nylon (New
York and London) as the name that represents the zenith of global cities.
Much of the content of the book comes from the Globalisation and World
Cities (gawc) research unit at Loughborough University in the uk. Under
the leadership of Professor Peter Taylor, gawc has become the acknowledged
leader in the concept and the ranking of world cities. Peter writes about his
research into the connectivity factor of cities under a number of service
providers and then ranks cities. Other members of gawc also contribute
chapters to the book covering the role of air traffic and the connectivity the
internet provides.

Quality
of life
www.monocle.com

1 Copenhagen
2 Munich
3 Tokyo
4 Zurich
5 Helsinki
6 Vienna
7 Stockholm
8 Vancouver
9 Melbourne
10 Paris
11 Sydney

WORLD CITY
CONNECTIVITY

www.lboro.ac.uk/gawc/

1 London
2 New York
3 Hong Kong
4 Paris
5 Tokyo
6 Singapore
13 Sydney
21 Mumbai
24 Melbourne
31 Shanghai
The issue of global connectivity is the underlying theme of the Metropolis
Congress being held in Sydney in October 2008. Indeed the conference is
called connecting cities and this refers to the global city network as well
as the growing connectivity of Sydney to the emerging cities of China and
India. Or the congress title could refer to the network of regional cities most
metropolitan regions contain. In Sydney this could be Parramatta, Penrith,
Liverpool, Wollongong, Gosford and Newcastle, all connected to Sydney’s
historic centre and also all connected to each other.
Global networks is also a very appropriate descriptor of many of
Australia’s, and particularly Sydney’s, companies who have taken on the world.
Companies like Lend Lease, Macquarie Bank, Westfield, Leighton (all partners
of the Metropolis Congress) have hubbed their businesses out of Sydney to
the rest of the world. Often driven by entrepreneurial immigrants like Dick
Dusseldorf or Frank Lowy, these companies replicated the travelling gene
that remote Aussies developed to become world travellers. The Lonely Planet
guides are another manifestation of the global network drive of Australians.
Based in Melbourne, Tony and Maureen Wheeler now produce travel guides
for backpackers to most countries in the world.

CENTRES OF
COMMERCE
www.mastercardworldwide.com

1 London
2 New York
3 Tokyo
4 Singapore
6 Hong Kong
7 Paris
12 Sydney
24 Shanghai
41 Melbourne
48 Mumbai

This book challenges the
comfort level of many cities.
It is not sufficient to be a nice place, it is not even sufficient to have good local
employment from local industries. The cities that are going to lead the world
need to be connected to flows of capital, they need to be visited by tourists,
they need to have satellite offices of the world’s biggest firms.
Technology is one of the drivers of connectivity. The internet and the
build up of data and its use to test city models will cross city boundaries. The
chapter on D_City by Davina Jackson visualises a virtual simulation of cities
as a network sharing comparative data to drive environmental, social and
economic outcomes. Through technology people connections can occur in a
virtual, fuel saving world that transfers knowledge instantly.
Connectivity through air travels is outlined by Ben Derudder and Frank
Witlox with some amazing statistics about the most important intercity
connections: The Hong Kong–Taipei route tops the list followed by New
York–Los Angeles and New York–London. But sitting fourth in the inter–city
connectivity index is the Sydney–Melbourne route, demonstrating the
importance of the relationship between these two relatively small cities by
world standards.
Jonathan Rutherford examines the virtual connections between cities and
the instant access to information. In the area of education the global trends
continue. Michael Hoyler and Heike Jöns measure which countries have the
most international students and Australia at 17.3% comes out top of the list
with the usa down at 3.4%.
As we extrapolate the city of flows into local manifestations we are
likely to see quite different cities emerge. Will the local be subsumed be
global quarters as Shanghai developed in the 1920s with French, American
and English quarters sitting with the traditional Chinese city? Will global
networks lead to Hong Kong like cities filled with expatriates from other
places? Sydney’s multicultural mix of restaurants represents a global city.
Maybe future measures of the degree of connectivity will use restaurant
diversity as a measure, or the number of international finance firms, or the
number of buildings designed by international architects like Norman Foster
or Renzo Piano.
Global networks of cities inevitably lead to the establishment of a
hierarchy of nodes. It is not surprising therefore to find that with the rise of
the concept of city networks has come a series of measures of where your
particular city may sit. Is your city the biggest? (Tokyo), or the most globally
connected? (London) or the best ‘city brand’? (Sydney)
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Saskia Sassen

An exploration of the new economic role
of cities and the networks they form in an
increasingly globalised world
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since the early 1980s there
haVE been dramatic changes in the
structure of the business and
financial sectors, and a sharp
ascendance of a cultural sector

As recently as the 1970s, many
of our great cities were in physical
decay and losing people, firms, key
roles in the national economy, and
their share of national wealth. As
we move into the 21st century, a
rapidly growing number of cities
have re–emerged as strategic places
for a wide range of activities and
dynamics. Even though major cities
worldwide have long been centres
for business and banking, since the
early 1980s there have been dramatic
changes in the structure of the
business and financial sectors, and a
sharp ascendance of a cultural sector.
Further, the number of global cities
has grown sharply as globalisation
expanded. Critical, and partly
underlying all the other dimensions,
is the new economic role of cities
in an increasingly globalised world,
and the associated architectural and
technical revolutions.
The network of about 50 global
cities in the world today provides
22

the organisational format for
cross–border flows. A key feature
of this format is that it contains
both the capabilities for organising
enormous geographic dispersal of
firms and jobs on the one hand, and
the capabilities for maintaining
centralised control over that
dispersal. The management and
servicing of much of the global
economic system takes place in this
growing network of global cities
and regions. This role involves
only certain components of urban
economies, but it has contributed
to a repositioning of cities both
nationally and globally. The
implantation of global processes
and markets has had massive
consequences for the restructuring
of large stretches of urban space.
While this mix of activities is
part of a new urban economy that is
most pronounced in global cities, it
is also emerging in smaller and less
globalised cities. This new urban

services–centred core has mostly
replaced the older, typically more
manufacturing oriented core of
service and production activities.
Some of these cities serve regional
or subnational markets. Regionally
and nationally oriented firms need
not negotiate the complexities
of international borders and the
regulations of different countries, but
they are still faced with a regionally
dispersed network of operations
that requires centralised control
and servicing, and the full range
of corporate business services—
insurance, legal, accounting,
advertising and other such services.
Thus these cities have also seen an
increase in high–income professional
jobs and thereby growth in sectors
linked to quality of life, including
the cultural sector. And, like global
cities, they have also seen a growth
in economic and spatial inequalities.
Thus, the specific difference that
globalisation makes to the growing

service–intensity in the organisation
of the economy is to raise the scale
and the complexity of transactions
and the orders of magnitude of
profits and incomes.
Although many of these changes
are by now familiar, it is far less clear
why cities should matter more today
in a globalised world than they did in
the Keynesian world of the mid–
1900s. In contrast, much is known
about the wealth and power of today’s
global firms and global financial
exchanges. Their ascendance in a
globalising world is not surprising.
And the new information and
communication technologies are
typically seen as the handmaiden of
these firms and exchanges—both tool
and infrastructure.
What then are the origins and
the explanation of this urban
transformation?

1. For data and additional sources on the empirical trends referred to in this article please see the following texts by the author.
Territory, Authority, Rights: From Medieval to Global Assemblages ( Princeton University Press 2008), especially chapters 5 and 7;
the 3rd. fully updated edition of Cities in a World Economy (Sage 2006); The Global City (2nd. Ed. Princeton University Press 2001).
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What has made cities strategic
is the new challenge of coordinating,
managing, and servicing the
increasingly complex, specialiSed
and vast economic activities of more
and more global firms and markets

24

F ro m t h e K e y n e s i a n c i t y to t h e g lo b a l c i t y

In that earlier period, cities were above all centres for
corporate administration, small–scale manufacturing, and commerce.
Cities were mostly the space for rather routinised endeavours. The
strategic spaces where the major innovations were happening were the
government (the making of social contracts, such as the welfare state)
and mass–manufacturing, including mass–construction of suburbs.
The most common and straight forward answers as to why cities
have become strategic in a global corporate economy are the ongoing
need for face–to–face communications and the need for creative
classes and inputs. Both are part of the answer. But in my reading,
they are surface conditions—the consequences of a deeper structural
transformation. It is the latter that contains the answer.
What has made cities strategic is the new challenge of coordinating,
managing, and servicing the increasingly complex, specialised
and vast economic activities of more and more global firms and
markets. It is perhaps one of the great ironies of our global digital
age that it has produced not only massive dispersal but also extreme
concentrations of top level resources in a limited number of places.
Indeed, the organisational side of today’s global economy is located,
and continuously reinvented, in what has become a network of about
50 major and not so major global cities. These global cities need to be
distinguished from the hundreds of cities which are located on often
just a few global circuits; while the latter kind of city is articulated with
the global economy, it lacks the mix of resources to manage and service
the global operations of firms and markets.
25

The more globalised a firm’s operations and the more digitised its
product, the more complex its central headquarter functions become
and hence the more their execution benefits from dense, resource–rich
urban environments. In global cities, then, the interaction of centrality
and density takes on a whole new strategic meaning: physical density is
the urban form housing an increasingly complex set of activities for the
management, servicing, designing, implementing and coordinating of
the global operations of firms and markets.
Further, the outcomes of this structural transformation get wired
into urban space. In this process, urban space itself is one of the actors
producing the outcome. This link partly explains why architecture,
urban design and urban planning have each played such critical
roles with the onset of economic globalisation. Architecture and civil
engineering have been central to the building of the new expanded urban
settings for the organisational side of the global economy. But it also
explains the emergence of a kind of spatial politics with struggles against
gentrification the emblematic case. Beginning in the 1980s, we see the
partial rebuilding of cities as platforms for a rapidly growing range of
globalised activities and flows, from economic to cultural and political.
When I first developed the global city model in the 1980s, my
starting points were the global networks of affiliates of firms, global
financial exchanges, global trade routes, and global commodity
chains. The emergent scholarship on globalisation examining these
global operations emphasised geographic dispersal, decentralization,
deterritorialisation. This was indeed all happening. But I was
interested in the territorial moment of all these increasingly globally
dispersed operations. At that time my idea was to focus on New York
and Los Angeles. They seemed to be major territorial moments. But
sticking to my own methodology—starting with global operations and
tracking the sites where they hit the ground—forced me to recognise
that it was, at that time, New York, London and Tokyo that stood out,
with Los Angeles way down on the list.
Applying this methodology today leads one to a vastly expanded
global geography of sites. There is more of everything—export
processing zones, off–shore banking centres, massive warehouses
that are one stop on global trade routes, and many more global cities.
It is clear that as globalisation has expanded since the 1980s it has
multiplied the sheer number of its territorial moments. The massive
move of more and more economic activities to electronic spaces could
not override the need for a growing number of territorial spaces all
over the world. The most highly developed is the network of global
26

cities, some major and some minor. This network is a
Today, there is a new
platform for the global operations of firms and markets type of informal
and increasingly also for civil society organisations and
economy that is
cultural activities.
In my research, I use a series of analytic steps to
part of advanced
capture this territorial moment of the global economy.
capitalism but is
This allows the researcher to capture in great detail
usually overlooked in
how a particular city is articulated with the global
economy.
standard analyses of
These analytic steps also carry the researcher deep
global cities that just
inside the city. They do so not through some general
count headquarters
descriptive approach, but in very specific and partial
ways. Figuratively speaking, the researcher rides the
variety of global circuits as they hit the ground in a city
and get wired into urban space.
Riding these circuits allows the researcher to arrive at parts of the
city that look like they have nothing to do with the global economy.
In the case of New York and most other major global north cities,
this includes a new type of informal economy that brings flexibility,
customisation, and speed to tasks that are usually part of routinised
and slow sectors. No one can imagine that Manhattan’s Wall Street
and corporate mid–town centre, or the world–class Broadway theatre
district and Metropolitan Opera are actually articulated with local
informal economies. They are. If I were doing research on Sydney, I
would want to see where all I would arrive riding those global circuits.
Today, there is a new type of informal economy that is part of
advanced capitalism but is usually overlooked in standard analyses
of global cities that just count headquarters. Being part of advanced
capitalism also explains the particularly strong growth and dynamism
of informal economies in global cities. The growth of this new
informal economy is also happening in cities of the global south, but
there it is often submerged under the older informal economy. And
it contributes to explain the proliferation of an informal economy
of creative professional work in these cities—artists, architects,
designers, software developers. The new types of informalisation of
work are the low cost equivalent of formal deregulation in finance,
telecommunications and most other economic sectors in the name
of flexibility and innovation. The difference is that while formal
deregulation was costly, and tax revenue as well as private capital
went into paying for it, informalisation is low–cost and largely on the
backs of the workers and their households.
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Cities are connected
by advanced service
providers with their
presence of branch
offices and staff

12,400 staff
25 countries
66 CITIES
40% outside
Australia
28

AS AT JANUARY 2008. *Staff seconded to joint venturer not included in official headcount
(Moscow: Macquarie Renaissance, Johannesburg: Macquarie First South, Savannah: Medallist)
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T h e m u lt i p l e c i rc u i ts o f t h e g lo b a l
e c o n o m y : b e yo n d c o m p e t i t i o n

There is no such entity as ‘the’ global economy. Rather,
there is a vast multiplication of global circuits that criss–cross the
world, some specialised and some not. While many of these global
circuits have long existed, what began to change in the 1980s are
their proliferation and their increasingly complex organisational and
financial framings.
Different circuits contain different groups of countries and cities.
The task then becomes to establish on what global/regional circuits a city
is located and what other cities are parts of each of these circuits. This
makes the global economy concrete and enables us to do more detailed
research on global cities than the usual counting of headquarters.
If I were to track the global circuits of gold as a financial instrument,
it is London, New York, Chicago, and Zurich that dominate. But if I
track the direct trading in the metal, Johannesburg, Mumbai, Dubai,
and Sydney all appear on the map. Coffee is mostly produced in Brazil,
Kenya, Indonesia, but the main trading place for futures on coffee is
Wall Street, even though New York does not grow a single bean. The
specialised circuits in gold, coffee, oil, and other commodities, each
involves particular places, which will vary depending on whether it is
a production circuit, a trading circuit, or a financial circuit. And then
there are the types of circuits a firm such as Walmart needs to outsource
the production of vast amounts of products, including manufacturing,
trading, and financial/insurance servicing circuits.
This proliferation of specialised circuits, each
There is no such containing particular groups of cities, also brings
entity as ‘the’ out the important fact that it is not just a question of
competition among cities, but in good part a division of
global economy, specialised functions with global scope. New York and
rather, there is a London are the biggest financial centres in the world.
they do not dominate all markets. Thus Chicago is
vast multiplication But
the leading financial centre for the trading of futures,
of global circuits and Frankfurt is the leading trader for, of all things,
that criss–cross British treasuries. These cities are all financial leaders
the global economy, but they lead in different sectors
the world, some in
and they are different types of financial centres. Each
specialised of these financial centres is particularly specialised
and some not and strong in specific segments of global finance, even
as they also engage in routinised types of transactions
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which need to be executed by all financial centres. Increasingly these
urban economies are part of a networked global platform.
The critical nodes in these intercity geographies are not simply
the cities, but more specifically, the particular, often highly specialised
capabilities of each city. Yes, there is competition among cities, but
there is less of it than is usually assumed because it is precisely this
specialised difference that is critical for a city as it gives it a particular
advantage in the global economy. This also points to the possibility
of an urban global politics among cities on similar circuits which
confront similar corporate giants.
Not only global economic forces feed this proliferation of circuits.
Global migration, cultural work, civil society struggles around global
issues (human rights, the environment, social justice); these and
others also feed the formation and development of global circuits.
Thus ngos fighting for the protection of the rainforest function in
circuits that include Brazil and Indonesia, the main global media
centres (New York, London), and the places where the major forestry
companies and the main buyers of wood are headquartered (including
cities as diverse as Oslo, London, and Tokyo). Detailed research
from the perspective of a given city makes legible the diversity and
specificity of each city’s location on some or many of these circuits,
and makes legible what other cities are on each specific circuit.
These emergent inter–city geographies begin to function as an
infrastructure for multiple forms of globalisation. The other side of
these trends is an increasing urbanising of global networks.
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Urban/regional specificity feeds
t h e k n ow l e d g e e c o n o m y

There is an interesting discovery that comes out of
recognising the value of the specialised differences of cities in today’s
global economy. It is that the deep economic history of a place matters
for the type of knowledge economy a city or a city–region winds up
developing. This goes against the common view that globalisation
homogenises economies. How much this deep economic history
matters varies, partly depending on the particulars of a city’s or a region’s
economy. But it matters more than is commonly assumed, and it matters
in ways that are not generally recognised. Globalisation homogenises
standards and management models. But it needs diverse specialised
economic capabilities.
Establishing how a city–region becomes a knowledge economy
requires highly detailed research. I will use a case I researched, Chicago,
to illustrate some of the issues.
Chicago is usually seen as a latecomer to the knowledge economy—
almost fifteen years later than New York and London. Typically the
answer is that Chicago had to overcome its heavy agro–industrial past:
its economic history is usually seen as a disadvantage compared to
old trading and financial centres such as New York and London. But I
found that its past has not been a disadvantage. It is one key source of its
competitive advantage in the global knowledge economy. This is most
visible in the fact of its preeminence as a futures market built on pork
bellies. The complexity, scale and international character of Chicago’s
historical agro–industrial economy required highly specialised financial,
accounting, legal expertise. But these were/are quite different from the
expertise required to handle the sectors New York specialised in—service
exports, finance, and trade.
It was Chicago’s past as a massive agro–industrial complex that gave
it some of its core and distinctive knowledge economy components
and has made it the leading global futures financial centre and global
provider of specialised services (accounting, legal, insurance, etc) for
handling heavy industry, heavy transport, and agribusiness. Chicago,
São Paulo, Shanghai, Tokyo, and Seoul are among the leading producers
of these types of specialised corporate services, not in spite of their
economic past as major heavy industry centres, but because of it.
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The ongoing weight of centrality and
d e n s i t y : t h e ot h e r s i d e o f g lo b a l d i s p e r sa l

Cities have historically provided national economies,
polities and societies with something we can think of as centrality.
The usual urban form for centrality has been density, specifically the
dense downtown. The economic functions delivered through urban
density in cities have varied across time. But it is always a variety
of agglomeration economies, no matter how much their content
might vary depending on the sector involved. While the financial
sector is quite different from the cultural sector, both benefit from
agglomeration; however, the content of these benefits can vary
sharply. One of the advantages of central urban density is that it has
historically helped solve the risk of insufficient variety. It brings with
it diverse labour markets, diverse networks of firms and colleagues,
massive concentrations of diverse types of information on the latest
developments, diverse marketplaces.
The new information and communication technologies (icts)
were expected to neutralise the advantages of centrality and
density. No matter where a firm or professional is, there should be
access to many of the needed resources. But the new icts have not
quite eliminated centrality and density, and hence the role of cities
as economic and physical entities. Even as economic activity has
dispersed, the centres of a growing number of cities have expanded
physically, at times simply spreading and at times in a multi–nodal
fashion. The outcome is a new type of space of centrality in these
cities: it has physically expanded over the last two decades, a fact
we can actually measure, and it can assume more varied formats
including physical and electronic formats. The geographic terrain
for these new centralities is not always simply that of the downtown;
it can be metropolitan and regional. In this process, the geographic
space in a city or metro area that becomes centralised often grows
denser than it was in the 1960s and 1970s. This holds for cities as
different as Zurich and Sydney, São Paulo and London, Shanghai and
Buenos Aires.
The global trend of expanded newly built and rebuilt centralised
space suggests an ironic turn of events for the impact of itcs on urban
centrality. Clearly, the spatial dispersal of economic activities and
workers at the metropolitan, national and global level that began to
accelerate in the 1980s actually represents only half of what is happening.
New forms of territorial centralisation of top–level management and
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control operations have appeared alongside these well–documented
spatial dispersals. National and global markets as well as globally
integrated operations require central places where the work of
globalisation gets done, as shown by the case of financial centres.
Centrality remains a key feature of today’s global economy.
But today there is no longer a simple straightforward relationship
between centrality and such geographic entities as the downtown,
or the central business district (cbd). Until quite recently, the centre
was synonymous with the downtown or the cbd. Today, partly as a
result of the new icts, the spatial correlate of the centre can assume
several geographic forms, ranging from the cbd to the new global grid
comprising the fifty plus global cities discussed earlier.
There are several logics that explain why cities matter to the most
globalised and digitised sectors in a way they did not as recently as the
1970s. Here I briefly focus on three of these logics.
The first concerns technology and its many misunderstandings.
When the new icts began to be widely used in the 1980s, many experts
forecast the end of cities as strategic spaces for firms in advanced
sectors. But it was the routinised sectors that left cities while advanced
sectors kept expanding their operations in more and more cities.
Today’s multinationals have over one million affiliates worldwide. But
they also have expanded their central headquarter functions and fed
the growth of a separate specialised services sector from which they
are increasingly buying what they once produced in–house. Why were
those experts so wrong? They overlooked a key factor: when firms
and markets use these new technologies they do so with financial
or economic objectives in mind, not the objectives of the engineer
who designed the technology. The logics of users may well thwart or
reduce the full technical capacities of the technology. When firms and
markets globalise their operations thanks to the new technologies, the
intention is not to relinquish control over the worldwide operation or
appropriation of the benefits of that dispersal. Insofar as central control
is part of the globalising of activities, their central operations expand
as they expand their operations globally. The more powerful these new
technologies are in allowing centralised control over globally dispersed
operations, the more these central operations expand. The result has
been expanded office operations in major cities. Thus the more these
technologies enable global geographic dispersal of corporate activities,
the more they produce density and centrality at the other end—the
cities where their headquarter functions get done.
A second logic explaining the ongoing advantages of spatial
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agglomeration has to do with the complexity and specialisation level
of central functions. These rise with globalisation and with the added
speed that the new icts allow. As a result global firms and global
markets increasingly need to buy the most specialised legal, accounting,
consulting and other such services. These service firms get to do some
of the most difficult and speculative work. To do this work they benefit
from being in complex environments that function as knowledge
centres because they contain multiple other specialised firms and
high level professionals with worldwide experience. Cities are such
environments—with the network of global cities the most significant of
these environments, but a growing number of other cities developing
one or another element of such environments. A third logic concerns
the meaning of information in an information economy. There are
two types of information. One is the datum, which may be complex
yet is standard knowledge: the level at which a stock market closes, a
privatisation of a public utility, the bankruptcy of a bank. But there
is a far more difficult type of ‘information,’ akin to an interpretation/
evaluation/judgment. It entails negotiating a series of data and a series
of interpretations of a mix of data in the hope of producing a higher
order datum. Access to the first kind of information is now global and
immediate from just about any place in the highly developed world and
increasingly in the rest of the world thanks to the digital revolution.
But it is the second type of information that requires a complicated
mixture of elements—something we might think of as—the social
infrastructure for global connectivity. It is this which gives major
financial and/or business centres a leading edge. When the more
complex forms of information needed to execute major international
deals cannot be gotten from existing data bases, no matter what one
can pay, then one needs the social information loop and the associated
de facto interpretations and inferences that come with bouncing off
information among talented, informed people. It is the importance
of this input that has given a whole new importance to credit rating
agencies, for instance. Part of the rating has to do with interpreting and
inferring. When this interpreting becomes ‘authoritative’ it becomes
‘information’ available to all. The process of making inferences/
interpretations into ‘information’ takes quite a mix of talents and
resources.
In brief, the density of central places provides the social
connectivity which allows a firm or market to maximise the benefits of
its technological connectivity. Cities can generate kinds of ‘knowledge,’
both formal and informal, that go beyond the sum of recognised
knowledge actors (e.g. professionals and professional firms in the
case of the economy). This is a type of immaterial capital I call ‘urban
knowledge capital.’

S ys t e m i c d e m a n d f o r g lo b a l c i t i e s

A country’s global city (or cities) contains the needed
resources and talents (often foreign firms and foreign professionals)
to bridge between global actors and national specifics. The results
of a recent large–scale study of 75 major and minor global economic
centres, the MasterCard Worldwide Centres of Commerce (2008),
makes it clear that as globalisation has expanded, the number of
these centres has grown. We used 100 data points organised into
sub–indicators, which eventually were aggregated into seven overall
indicators (Legal and Political Framework, Economic Stability, Ease of
Doing Business, Financial Flow, Business Centre, Knowledge Creation
and Information Flow, Liveability). This allows to identification of cities
that function as global centres. We then compared how cities perform
critical functions that connect markets and commerce globally. The
Index was developed by a panel of eight experts from different parts of
the world (including Peter Taylor and myself ) under the direction of
Dr. Yuwa Hedrick–Wong from MasterCard Worldwide.
The tables presented here only cover the overall wcoc (Worldwide
Centres of Commerce) Index and aggregate seven indicators, focusing
particularly on Sydney and what are considered its main rivals:
Melbourne, Singapore, Hong Kong, Kuala Lumpur, and Shanghai.
We have included the top ten cities and a variable number of cities
in each table, so as to include those cities ranked closely to each of
these six cities. There is a ranking that emerges from the aggregate
data of all the indicators and subindicators with some expected
outcomes—London and New York at the top. But once we enter other
variables, the results are far more distributed. This should suffice to
illustrate a few key issues. One issue is the variability of rankings for
each city across diverse criteria. It is also evident with the top–ranked
cities (London and New York) in the overall study: neither is in the
top ten for all the sub–indicators considered in the larger study. Such
a ranking system is one way of beginning to understand the fact that
we are dealing with a networked platform for globalisation and this
networked platform is more important than having a single ‘perfect’
global city, or a very small number of them.
As globalisation expanded in the 1990s, it actually created a
systemic demand for a growing number of global cities—their number
grew and came to include more and more regions of the world. This
demand for global cities continues to grow even if many of these cities
are found wanting on critical issues.
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INDICATOR 1

TOP 3

WORLDWIDE
CENTRES OF
COMMERCE INDEX

1

London

79.17

1

Stockholm

90.82

2

New York

72.77

2

Singapore ◀

90.82

3

Tokyo

66.60

3

Copenhagen

89.53

4

Singapore ◀
Chicago
Hong Kong ◀
Paris
Frankfurt
Seoul
Amsterdam

5
6

TOP 10

7
8
9
10
11
12
13
23
24
25
40
41
42
49
50
51

Madrid
Sydney
Toronto
Berlin
Shanghai ◀
Atlanta
Geneva
Melbourne ◀
Bangkok
Prague
Kuala Lumpur ◀
Moscow

◀ Sydney's main competitors
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Political and
Legal Frameworks

66.16

4

New York

88.28

65.24

5

Chicago

88.28

63.94

6

Philadelphia

88.28

63.87

7

Los Angeles

88.28

62.34

8

Boston

88.28

61.83

9

Atlanta

88.28

60.06

10

Miami

88.28

58.34

30

58.33

31

58.16

32

Osaka
Sydney
Melbourne ◀
Hong Kong ◀
Madrid

53.22
52.89
52.86
50.13
49.93
48.23

33
34
49
50
51
52
53

45.50

54

45.28

55

44.99

56
57

Bangkok
Shanghai ◀
Beijing
Shenzhen
Chengdu
Chongqing
Mexico City
Kuala Lumpur ◀
Warsaw

83.60
82.90
82.90
82.16
81.86
71.29
71.09
71.09
71.09
71.09
71.09
69.30
69.26
67.37

INDICATOR 3

Economic
Stability

Ease of Doing
Business

1

Vienna

92.42

1

Singapore ◀

82.82

2

Madrid

92.07

2

Hong Kong ◀

80.37

3

Barcelona

92.07

3

London

79.42

4

Lisbon

91.67

4

Toronto

76.24

5

Brussels

91.65

5

New York

75.91

6

Paris

91.58

6

Dublin

75.71

7

Milan

91.20

7

Edinburgh

75.29

8

Rome

91.20

8

Vancouver

74.89

9

Copenhagen

90.72

9

Montreal

74.60

Zurich

90.47

10

Chicago

73.81

Dusseldorf
Singapore ◀
London

89.88

11

89.74

12

89.66

13

Vancouver
Sydney
Melbourne ◀
Seoul
Bangkok
Dublin
Tel Aviv
Hong Kong
Beirut
Budapest
Kuala Lumpur ◀
Santiago
Mumbai ◀
New Delhi
Bangalore
Mexico City
Manila
Shanghai ◀
Beijing

85.74

San Francisco
Sydney
Los Angeles
Boston
Washington
Copenhagen
Atlanta
Miami
Melbourne ◀
Dallas

73.68

10
18
19
20
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58

Source: MasterCard Worldwide Centres of Commerce Index 2008

INDICATOR 2

84.97
84.97
84.63
82.78
82.54
81.88

14
15
16
17
18
19
20

81.85

32

79.60

33

79.32

34

78.90
78.36
77.66
77.66

52
53
54

Paris
Kuala Lumpur ◀
Dusseldorf
Mexico City
Shanghai ◀
São Paulo

72.39
72.34
71.89
71.78
71.72
71.69
71.51
71.34
71.32
66.17
65.95
64.70
57.76
57.16
56.89

77.66
77.05
76.99
76.40
76.40

39

Source: MasterCard Worldwide Centres of Commerce Index 2008

INDICATOR 4

INDICATOR 5

Financial
Flow

1

London

84.70

1

Hong Kong

2

New York

67.85

2

London

67.44

3

Frankfurt

52.88

3

Singapore ◀

62.58

4

Seoul

52.76

4

Shanghai

60.30

5

Chicago

52.51

5

Dubai

59.34

6

Tokyo

48.95

6

Tokyo

58.15

7

Mumbai

47.32

7

Paris

57.73

8

Moscow

47.27

8

New York

54.60

9

Shanghai ◀

46.54

9

Amsterdam

48.00

10

Madrid

44.60

10

Seoul

47.33

11

Singapore ◀
Paris
Hong Kong ◀
Sydney
Milan

Dallas
Sydney
Shenzen

30.82

Brussels
Kuala Lumpur ◀
Philadelphia

25.69

12
13
14
15
27
28
29
65
66
67

40

Business
Centre

Dubai
Kuala Lumpur ◀
Mexico City
Manila
Melbourne ◀
Miami

42.15

23

41.85

24

39.61

25

39.47
38.45
24.74
24.54
24.18
7.76
7.70
7.54

32
33
34
44
45
46

Copenhagen
Melbourne ◀
Hamburg

72.25

30.55
29.55

25.66
25.60
22.59
22.35
22.34

INDICATOR 6

INDICATOR 7

Knowledge Creation
& Information Flows

Liveability

1

London

71.89

1

Vancouver

94.38

2

New York

71.75

2

Dusseldorf

93.88

3

Tokyo

66.16

3

San Francisco

93.44

4

Paris
Seoul
Zurich
Chicago
Geneva
Stockholm
Los Angeles

51.65

4
5

47.84

6

46.31

7

45.28

8

44.15

9

43.08

10

Frankfurt
Vienna
Munich
Zurich
Tokyo
Paris
Copenhagen

93.38

51.31

5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
28
29
30
31
32
52
53
54
66
67
68

Osaka
Boston
Copenhagen
Singapore ◀
Berlin
Amsterdam
Atlanta
Philadelphia
Washington D.C.
Taipei
Hong Kong ◀
Toronto
Madrid
Sydney
Dallas
Melbourne ◀
Tel Aviv
New Delhi
Shanghai ◀
Bogota
Chongqing
Kuala Lumpur ◀
Beirut

40.87

11

40.58

12

39.57

13

39.45

14

39.41

15

39.11

16

38.21

17

37.80

18

37.46

19

37.00

20

36.62
36.56

39
40

34.10

41

34.10

42

33.70

51

33.35

52

33.30

53

17.99

59

17.55

60

17.22

61

Sydney
Berlin
Toronto
Boston
Geneva
Stockholm
Los Angeles
Amsterdam
Montreal
Melbourne ◀
Lisbon
Singapore ◀
Hong Kong ◀
Prague

93.38
93.13
92.81
92.69
92.63
92.63
92.56
92.56
92.38
92.19
92.06
92.00
92.00
91.63
91.63
91.63
86.06
84.94
82.25
82.25

Santiago
Kuala Lumpur ◀
Dubai

74.19

Bangkok
Shanghai ◀
Cairo

64.31

75.19
71.75
67.75
63.31

9.62
8.61
8.27
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Conclusion:

even factories and
mineS feed the demand
for more global cities
At the heart of this expanding
network of (imperfect) global cities
lie two major structural trends.
One of these is that even the
most material economic sectors
(mines, factories, transport systems,
hospitals) today are buying more
insurance, accounting, legal, financial,
consulting, software programming,
and other such services for firms.
And these so–called intermediate
services tend to be produced in cities,
no matter the non–urban location
of the mine or the steel plant that is
being serviced. Thus even an economy
centred in manufacturing or mining
will feed the urban corporate services
economy. Firms operating in more
routinised and sub–national markets
increasingly buy these service
inputs from more local cities, which
explains why we see the growth of a
professional class and the associated
built environments also in cities
that are not global. The difference
for global cities is that they are able
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to handle the more complex needs
of firms and exchanges operating
globally.
A second critical trend is that,
ultimately, being a global firm
or market means entering the
specificities and particularities of
national economies. This explains
why such global actors need more
and more global cities as they expand
their operations across the world.
Handling these national specificities
and particularities is a far more
complex process than simply
imposing global standards.
This process is easier to
understand if we consider
consumer sectors rather than the
organisational/managerial ones
addressed in this piece. Thus even
such a routinised operation as
McDonald’s adjusts its products
to the national cultures in which it
operates, whether that is France,
Japan or South Africa. When it comes
to the managerial and organisational

The network of global cities has
expanded as more and more firms
go global and enter a growing
range of foreign national economies

aspects, matters become
complicated. The global city contains
the needed resources and talents
to bridge between global actors and
national specifics. Even a highly
imperfect global city is better for a
global firm or exchange than no such
city. And this then explains why the
many and very diverse global cities
around the world do not just compete
with each other but also collectively
form a globally networked platform
for the operations of firms and
markets.
The network of global cities has
expanded as more and more firms
go global and enter a growing range
of foreign national economies. The
management and servicing of much
of the global economic system takes
place in this growing network of
global cities and city–regions. And
while this role involves only certain
components of urban economies, it
has contributed to a repositioning of
cities both nationally and globally.

The rebuilding of central areas that
we see in all of these cities, whether
downtown and/or at the edges, is
part of this new economic role. It
amounts to rebuilding key parts of
these cities as platforms for a rapidly
growing range of globalised activities
and flows, from economic to cultural
and political. This also explains
why architecture, urban design and
urban planning have all become more
important and visible in the last two
decades. It explains the emergence of
strong competition for space and the
development of a new type of politics:
the right to the city.
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2

WORLD CITY
NETWORK
Peter J. Taylor

A measurement of the network connectivity
of the the world’s leading cities by
looking at the many firms that constitute
the world city network
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It is this concentration of
management alongside financial,
professional and creative services
that define world cities today

Traditionally, the importance
of cities has been judged in terms of
their population sizes. However, this
is no longer the case in the twenty first
century. Today, the most important cities
are not necessarily the largest cities.
Thus, it is vital not to confuse world city
with mega–city. In the second half of
the twentieth century the historical link
between a city’s economic development
and its population size was broken
through the demographic explosion
of ‘third world’ cities. The result has
been many poor cities with very large
populations that are called mega–cities.
These are defined simply by population
size: the current un threshold is
8 million. Relatively few major cities
in the richer part of the world reach
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this threshold but, under conditions of
contemporary globalisation, it is these
cities that have prospered economically.
They have come to be called global or
world cities and are defined by their
economic vibrancy. This separation of
the demographic from the economic
indicates two quite different urban
processes; in this chapter the focus is
solely on world cities. These are defined
by their economic functions.
There is a specific technological
development that made the rise of
world cities possible. In the 1970s
two separate industries, computers
and communications, merged their
technologies to enable work to be
coordinated worldwide based upon
simultaneous connections. This had

two economic geography effects: first,
a dispersal of production to cheaper
labour locales, and second, a contrary
trend towards concentration of
management and business service
industries. The latter were required to
organise the new worldwide production
and were concentrated in cities. It is
this concentration of management
alongside financial, professional and
creative services that define world
cities today. Of course, service firms
have always clustered in cities to
provide such services to their clients
but under conditions of contemporary
globalisation those specialised services
became worldwide with fundamental
implications for work practices.
The new practice was service
network formation. As their clients
went ‘global’, the service firms had to
follow them or lose them. Thus from the
1980s onwards there has been a strong
movement towards multi–locational
service provision. That is to say, service
firms set up new offices where their
clients did business. This proved to be
just a transitional stage; soon the service
firms widened their practices to become
trans–national corporations in their
own right. Now they competed for new
clients by offering a seamless global
service through networks of offices in
major cities across the world. Their
new work facilitated global commodity
production through easing the
difficulties of operating across myriad
national boundaries. For instance, new
‘global law practices’ emerged to provide
inter–jurisdictional legal services: thus,
an Australian firm going into partnership

with a Brazilian firm funded through
a German bank will need contractual
work incorporating Australian, Brazilian
and German law brought together in a
single legal framework. That framework
will be either English common law if
the contract work is led by the law firm’s
London office, or New York State law
if the New York City office leads but in
both cases legal inputs will be needed
from offices in Sydney, Sao Paulo and
Frankfurt. Similar practices obtain for
other services including advertising,
accountancy, various financial services
including insurance, and a multitude
of management consultancy services.
Multiple offices are required in all cases
to provide the seamless service and to
protect global brand integrity by keeping
all work in–house.
This is how it came to be that by
the turn of the new century there were
hundreds of large service firms with
trans–national office networks, many of
them global in scope. Each firm had its
own locational strategy—which cities to
have offices in, what size and functions
those offices will be, and how the offices
will be organised (e.g. regional offices
such as using Miami as the ‘economic
capital’ of Latin America). Since these are
independent firms with different origins
and histories every location strategy is
distinctive. But the result is anything but
random: there is a basic common pattern
to the office networks that is the world
city network. In this chapter the office
networks of numerous business service
firms are analysed to reveal this world
city network.
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A n i n t e r lo c k i n g n e t w o r k

Networks are relatively easy to understand. They usually
consist of two layers, the net level and the node level. For instance, in
a social network analysis of a gang, members are nodes, the gang is the
net level and relations between the nodes (members) define the nature
of the network. Formal city associations work in this way with the cities
(members) as nodes, the city association represents the net level, and
the formal relations between members within the association define
the network. Such networks can be an important component of global
governance but this is not how cities operate as key components of the
global economy. As we have argued above, it is the service firms that
are the network makers; they create the world city network through
their every day practices linking offices across the world. This defines a
different type of network, an interlocking network.
An interlocking network is unusual in having three layers. In
the case of the world city network there is the net level of the global
economy, the node level of cities, and an additional sub–nodal level of
service firms. The latter are not just an additional level, they define
the critical level: this is where the agents of network formation are
found. In the global economy, it is firms who are the network makers
not the cities themselves. Thus for studying the world city network it
is service firms that are investigated in order to understand the city
network as the outcome. In other words, it is through studying the
locational strategies of firms that it is possible to describe and analyse
the world city network: firms are the object of the research, cities are
the subject of the research.

In the global economy, it is
firms who are the network
makers not THE cities
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MEGA CITY: MORE THAN 8 MILLION PEOPLE

Think visually. What is the basic image of a world city? It is the
clusters of high–rise office blocks and towers that come to mind
immediately. And it is here, not in the various ‘city halls’, that the
central economic powerhouse of world cities is to be found. It is the
work done in these offices that ‘interlock’ various cities in projects that
require multiple office inputs. Thus the inter–city relations that define
the network are numerous electronic communications—information,
instruction, advice, planning, interpretation, strategy, knowledge, etc.,
some tele–conferencing as required, and probably travel for face–
to–face meetings at a minimum for the beginning and end of a given
project. These are the working flows that combined across numerous
projects in many firms constitute the world city network.
So we have to study firms to describe and analyse the world city
network. Unfortunately, there is no feasible way that data could be
collected from firms on these working flows. As well as the obvious
confidentiality issues with competing private firms, there is also a
feasibility issue: the degree of cooperation that would be needed from
a large number of firms makes such a data collection exercise beyond
reasonable social science research logistics. However, this is not a
particularly rare situation in measurement practices: where direct
measures cannot be obtained, there is the fall back position of carrying
out indirect measurement. This requires access to more easily available
data plus credible assumptions about how the firms operate.
As mentioned previously, service firms offer a seamless service
across their office networks. This means that the geographical
distribution of their offices, and their scope and range, are important
selling points in attracting new clients. Hence such information is
commonly available on service firms’ web sites. This has been the main
source of data for measuring the world city network: for each firm,
offices are assessed individually by asking what is the importance of
this office in this city within the firm’s overall office network? Answers
to this question are coded and become the quantitative input into
the study. (The coding was from 0 (a firm having no office in a city)
to 5 (a city housing the headquarters of a firm; standard or typical
offices of a firm score 2, minor and major offices 1 and 3, respectively
leaving 4 for scoring cities housing exceptionally important offices
such as regional headquarters.) The credible assumption that is made
is that the more important an office the more working flows it will
generate. Therefore two important offices will generate a much higher
level of flow between their respective cities than two minor offices
between their respective cities. These data and this assumption are
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combined to generate estimates of inter–office working flow levels
between cities for each firm; they are not actual working flows, but
potential working flows, indirect measures derived from the data and
the model assumptions. By aggregating all potential working flows for
all firms located in a city this generates
Geographical its working flow relations with other
distribution of their cities; when this is done for all cities it
the world city network.
offices, and their constitutes
This exercise was carried out in 2000
scope and range, are utilising 100 office networks of global
important selling service firms in accountancy, advertising,
insurance, law, and
points in attracting banking/finance,
management consultancy. The ‘global’
new clients focus was ensured by every firm having
offices in 15 different cities or more
including at least one office in each of the three main globalisation
arenas—northern America (usa plus Canada), western Europe,
and Asia Pacific. Offices were traced across 315 cities worldwide.
This exercise was repeated in 2004. Firms showing exceptionally
important offices in Sydney are shown in figure 1. Because of
corporate reorganisations, direct comparisons could only be made
with 80 of the original firms but this was sufficient to monitor changes
from 2000 to 2004. All the results reported below are from these data.
figure 1

Firms in the connectivity analyses that
have very important offices in Sydney
These are firms whose Sydney office scored 4 on a scale from 0 (no office) to 5 (headquarters)
indicating that the city is very important in their worldwide office network

Business
Service Sector

Business Service Firm

Advertising

TMP
J Walter Thompson
Ogilvy & Mather Worldwide Inc.

Banking/
Finance

Westdeutsche Landesbank Gironentrale
Chase Hambrecht & Quist (ceased trading)
ING

Law

Baker and McKenzie
Coudert Brothers (ceased trading)
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2000

2004

•
•

•

—

•
•
•
•
•

—

•
•
—

•
•
•

NEW YORK/LONDON:

NYLON
…there is a large gap between London and New York
and the rest indicating the critical importance of
these two cities in the world city network…

N e tw o r k c o n n e ct i v i t y

The basic measurement on cities from an interlocking network
analysis is network connectivity. This is simply the sum of all a city’s
links with other cities across all 100 firms in 2000 and 80 firms in
2004. Thus because London and New York have many important
offices (e.g. headquarters, main global office, regional office, etc.) their
potential working flows are nearly always very large and therefore their
aggregated inter–city links are large: ipso facto they both will have very
high network connectivity scores. The initial interpretation of such
measures is that they show the degree of integration of a city into the
world city network.
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figure 2

Network connectivities
Top 20 cities in 2000

Connectivities are derived from aggregating the office
networks of 100 global service firms and presented as
percentages of the highest scoring city (London)

As can be seen above in figure 2, London and New York are
indeed easily the two most integrated cities; network scores are
given as percentages of the highest city network connectivity
score (London’s) to facilitate easy comparison. The figure shows
the top 20 cities (out of 315) in terms of network connectivity. A
fairly straightforward triple pattern emerges: (i) there is a large gap
between London and New York and the rest indicating the critical
importance of these two cities in the world city network (together
they are commonly referred to as ‘nylon’); (ii) there are four other
cities that stand out as very important (Hong Kong, Paris, Tokyo and
Singapore); (iii) the remaining cities are a mixture of leading cities
in important national economies plus three other leading us cities.
The surprising features in these original results are that Tokyo is not
closer to London and New York (these three are usually identified
as the three ‘global cities’), that Hong Kong is ranked third (showing
the importance of being the service gateway to the fastest growing
national economy), and the paucity of us cities.
In figure 3, the 2000 network connectivities are broken down
into the six service sectors. London and New York are ranked one and
two for all services but notice that New York overtakes London in the
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two archetypal us business services: advertising and
management consultancy. Also note that when just
banking/finance firms are studied, Tokyo does rise to
obtain the highest non–nylon score and therefore
does appear as one of the ‘big three’ as a global financial
centre. Elsewhere, London and New York’s highest
level of dominance is in law, and London’s individual
highest dominance is in insurance. Beyond nylon, it is
noteworthy that Asia Pacific cities feature particularly
prominently in the banking/finance rankings, and
the high positions of Brussels and Washington (law
making centres) in legal networks are expected. All
these highlighted results fit into what we know about
the individual service markets and therefore provide
credibility to the method and findings. Thus the results
not expected can be taken seriously as new findings
such as Paris third in accountancy, Sydney fifth in
advertising, Frankfurt seventh in banking/finance,
Zurich eighth in insurance, Moscow tenth in law, and
Madrid fourth in management consultancy.
55

figure 3 Top 10 cities for network connectivities in different services, 2000
These connectivities are produced by disaggregating the results from figure 2 into the six studied.
As in figure 2, the connectivities are presented as percentages of the highest scoring city in each sector
(London four times and New York twice).

Accountancy
1 London

100.0

2 New York

88.6

3 Paris

68.0

4 Los Angeles

65.7

5 Toronto

65.1

6 Amsterdam

64.5

7 Chicago

63.8

8 Tokyo

62.4

9 Copenhagen

58.6

10 Hong Kong

58.1

Advertising
1 New York

100.0

2 London

78.6

3 Hong Kong

59.8

4 Toronto

57.6

5 Sydney

57.4

6 Amsterdam

56.4

7 Miami

54.5

8 Singapore

53.1

9 Milan

52.8

10 Madrid

52.1

Banking & Finance
1 London

56

100.0

2 New York

88.6

3 Tokyo

68.0

4 Hong Kong

65.7

5 Singapore

65.1

6 Paris

64.5

7 Frankfurt

63.8

8 Madrid

62.4

9 Jakarta

58.6

10 Chicago

58.1

New York overtakes London in the two
archetypal US business services:
advertising and management consultancy
Insurance
1 London

100.0

2 New York

73.8

3 Hong Kong

71.3

4 Singapore

61.2

5 Los Angeles

60.1

6 Paris

59.3

7 Chicago

57.1

8 Zurich

56.7

9 Milan

55.8

10 Boston

54.8

Law
1 London

100.0

2 New York

88.6

3 Paris

68.1

4 Los Angeles

67.3

5 Toronto

66.1

6 Amsterdam

61.9

7 Chicago

55.3

8 Tokyo

52.9

9 Copenhagen

48.6

10 Hong Kong

42.4

Management Consultancy
1 New York

100.0

2 London

87.5

3 Paris

75.8

4 Madrid

72.6

5 Stockholm

71.7

6 Toronto

68.9

7 Milan

68.3

8 Singapore

67.7

9 Chicago

65.2

10 Washington

64.4
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DROP OUT: SAN FRANCISCO, TAIPEI

BIG DECLINES: USA, SUB–SAHARAN AFRICA

DOWN: CHICAGO, MILAN, SYDNEY, SAN FRANCISCO, LOS ANGELES, TAIPEI

UP: TORONTO, BRUSSELS, SAO PAULO, KUALA LUMPUR, BEUNOS AIRES

STABLE TOP 6: LONDON, NEW YORK, HONG KONG, PARIS, TOKYO, SINGAPORE

figure 4

Change in ranks, 2000–2004

Figure 4 shows changes in connectivity rankings between
2000 and 2004 for the top twenty ranked cities in terms of network
connectivity. The most noteworthy feature is the stability: all six
top cities remain in the same order and although there is movement
elsewhere, only two cities drop out of the top 20. However there is
one interesting feature of the shuffling below Singapore and that is
the decline of the three leading us cities after New York. In further
analysis of all 315 cities, it turns out that there are just two regions
with systematic change in their cities’ connectivities between 2000
and 2004: both usa and Sub–Saharan Africa record significant
declines. Obviously these are two very different regions with contrary
reasons for relative decline. In the case of the African region this is
further evidence of the continent’s economic woes, with leading cities
like Nairobi and Lagos not living up to the potential they appeared to
have in 2000. The case of us cities is very different and relates to firm’s
strategies in relation to what is by far the largest domestic service
sector market. Quite simply the size of their domestic market means
that us service firms have less incentive to ‘go global’. Further, non–us
firms find it hard to penetrate such an established large market and
often just have the one us office in New York. Both of these processes
mean that us cities tend to be less well integrated into the world city
network than we might expect and this feature is increasing as cities
in other regions (outside Africa) are becoming more integrated as
economic globalisation proceeds.
The latest results on network connectivity for 2004 are shown
in the cartogram in figure 5. This features 38 cities whose network
connectivity is at least 40% of London’s. The cities are divided into
three categories below ‘nylon’, the four other ‘leading world cities’
identified in figure 2 and figure 4, ‘major world cities’ with at least
50% of London’s connectivity, leaving the remainder as simply ‘world
cities’. The geography is fairly simple given the lack of African, Middle
Eastern or central Asian cities: all designated cities fall into three
regions—Americas, western Pacific, and Europe. The latter is distinctive
for its number of cities included (15), western Pacific for having three
leading world cities, and the Americas for exhibiting a gulf between
New York and all other cities. Remember that this diagram does not
represent the whole world city network: there are 315 cities in the data
including Johannesburg in Africa ranked 42, Dubai in the Middle East
ranked 51, and Alma–Ata in central Asia ranked 135. What figure 5
does show is where the network is most dense; clearly the world city
network is very uneven in its global coverage.
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Top 38 cities
with network
connectivity
of at least
40% of london
figure 5

Network connectivity, 2004

NYLON

LEADING
WORLD
CITIES

MAJOR
WORLD
CITIES

WORLD
CITIES

61

Ci t y h i n t e r w o r l d s

It is commonplace to study a city in relation to its hinterland,
the local area dependent on it, but in world city network analysis
it is relations beyond the local that are measured. Using the data
behind the connectivity measures, the specific relations of a given city
with every other city in the network can be measured. For any pair
of cities their inter–city relations are the sum of potential working
flows between the cities of the firms located in both cities. The term
hinterworld has been coined to describe a city’s pattern of relations
across the world city network.
Hinter worlds are most usefully measured as follows:
1. using a regional framework; this means aggregating a city’s
connections with all cities in a given region;
2. using relative measures; this means showing where a city is
‘over–connected’ and ‘under–connected’ relative to the overall
pattern of world city network connections.
From such analyses the hinterland orientations of a city can be
easily illustrated. This is shown in figure 6 in which orientations
towards usa, European Union, and Asia Pacific cities are shown for
six selected cities in 2000. The selected cities are pairs from each of
the regions featuring the most connected city in a region paired with
one much more weakly connected city from the region. The idea is
figure 6

Selected hinterworld orientations, 2000
These selected results show the relative importance of world regions to a city’s overall connectivity.
A positive value indicates that, relative to other cities in the network, the given city has more connections
(office links) than expected. A negative value indicates that, relative to other cities in the network, the
given city has less connections (office links) than expected. Generally, the more important city, the more
over–connected it is to the critical globalising regions.
ORIENTATION
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CITY

USA

EU

Asia Pacific

NEW YORK

+0.3

‒0.2

+0.2

PITTSBURGH

+2.3

‒0.5

‒0.4

LONDON

+ 0.3

‒0.1

+0.2

COLOGNE

‒0.3

+1.5

‒0.4

HONG KONG

+0.1

‒0.0

+0.3

GUANGZHOU

‒1.3

‒0.5

+1.1

to produce contrasting hinterworlds and such a result is most clearly
indicated in the three highest positive scores in the table. These are
Pittsburgh’s score of +2.3 for its usa orientation, Cologne’s score of
+1.5 for its eu orientation, and Guangzhou’s score of +1.1 for its Asia
Pacific orientation. This shows that these less important cities are
strongly linked within their own world regions at the expense of
wider connections: the scores for these three cities on regions outside
their own are all negative indicating relative under–connections. In
complete contrast the most connected cities are much less orientated
to their home regions and are relatively well–connected to the other
regions, especially New York and London to Asia Pacific.
The hinterworld orientations of the leading six Australasian cities
in the world city network in 2004 are shown in figure 7. For this
case, orientations are shown for seven categories: (i) Australasian
cities; (ii) the special city dyad of London and New York to indicate
over—or under—connection to the two cities that dominate the world
city network; (iii) uk cities as a special case for historical reasons; (iv)
cities in the three main globalisation arenas—northern America (usa
and Canada), Europe (excluding the uk), and Asia Pacific; and (iv)
figure 7

Hinterworlds of Australasian cities 2004

SY: Sydney, ME: Melbourne, AK: Auckland, AD: Adelaide, BR: Brisbane, PE: Perth

See figure 2 for interpreting these results. The basic finding for Sydney is that, relative to other Australasian
cities, it is over–connected to the important parts of the world economy and has less well connected tradition links to
the UK, and is less well connected to other cities in its own regions, and to cities in less important parts of the world.

63

As Australasia’s leading
world city it is expected that
Sydney will be particularly
strongly connected to nylon
and this is indeed the case

figure 8

Total Connectivity
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cities in the rest of the world—the ‘outer arenas’: Latin
America, South Asia, Middle East, Africa and Central
Asia but not including Australasia. Australasian cities in
figure 7 are listed by the network connectivity ranking
(figure 8); orientation categories are ordered in terms
of Sydney’s degree of over–connection. As Australasia’s
leading world city it is expected that Sydney will be
particularly strongly connected to nylon and this is
indeed the case. It is then most over–connected to the
three globalisation arenas. Sydney is under–connected
to uk cities, other Australasian cities and particularly
to cities in the outer arenas. This shows similarities to
interpretation of the three leading cities in figure 6.
Melbourne has exactly the same breakdown of positive
and negative scores as Sydney but its over–connections
with the key categories of cities are much weaker.
For interpreting the remaining cities in relation
to Sydney and Melbourne, the orientations in figure
7 are converted into hexagonal figures (each city
represented by a point). In each diagram there are two
hexagons: the regular hexagon (in purple) represents
all cities scoring zero, that is to say being neither over
or under connected; the irregular white hexagon shows
the actual orientations (from figure 7) with relative
under–connection falling inside the purple hexagon
and relative over–connection outside. In this visual
presentation, it is the different shapes of the white
hexagon that are of interest. Starting with nylon
connections (figure 9), the strength of Sydney’s
over–connection is very clear, with a much lesser
over–connection for Melbourne and the other four
cities relatively under–connected. figure 10 shows
Asia Pacific orientations and is very similar to figure 9
except that Auckland is now showing over–connection.
figure 11 for the eu follows a similar pattern but in this
case it is Brisbane as the third city showing over–
connection. However, with figure 12 there is a change
because in terms of northern American orientation,
Melbourne is slightly more over–connected than
Sydney, and both Auckland and Brisbane now show
slight over–connection. The reason for this changing

figure 9: nylon

figure 10: asia pacific

figure 11: european union
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figure 12: north america

figure 13: uk

figure 14: australasia
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position of Melbourne in relation
to Sydney may be a result of earlier
globalisation by us service firms when
Melbourne was more of a world city
rival to Sydney. But overall the nylon
orientation and the globalisation arenas’
orientations show Sydney’s hinterworld
to be particularly orientation to main
centres of economic globalisation. This
is what is expected of Australasia’s
leading world city.
figures 13, 14 and 15 show a very
different pattern of orientations. The
relations with UK cities are very stark
(figure 13), with Sydney, Melbourne and
Auckland all relatively under–connected
and Brisbane, Perth and Adelaide
strongly over–connected. This may
relate to uk insurance and accountancy
firms that expanded into white–settler
colonies in the first half of the twentieth
century and have subsequently been
enveloped by globalisation. These offices
remain relatively important in Brisbane,
Perth and Adelaide but have been
rather swamped by more recent service
globalisations in Sydney, Melbourne and
Auckland. figure 14 shows a similar
pattern for regional city connections
within Australasia; in this case Adelaide
clearly appears as the city with relatively
most over–connections to its neighbours.
Finally, figure 15 emphasises Sydney’s
high degree of relative under–connection
to outer arenas; in this case it is Perth
that has the most over–connection.
This may be related to servicing Perth’s
energy market through which the city
is sharing firms with outer cities in
resource–rich regions. More generally
the over–connections in figure 15 will

ECONOMICALLY,
leading world cities are
feeding off each other within
the world city network and
Sydney Is part of this

be largely derived from accountancy
firms; these firms have more offices
than in any sector and their resulting
ubiquitous nature means that they
dominate the connectivity patterns of the
less connected cities in Australasia and all
outer arenas.
Hinterland orientation of cities
within the world city network indicates
where a city’s business links are
distributed across the world. As such
it has potential as an indicative policy
guide towards what a city government
should be promoting in terms of external
business connections. It appears that
the leading world cities are economically
feeding off each other within the world
city network and Sydney is clearly part
of this; Melbourne, on the other hand, is
more on the edge of this mutuality.

figure 15: outer arenas
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Thus London and New York are
the most important economic
locales and their city dyad, nylon,
is ‘Main Street, Global Economy’
C oncl u s ion :

the meanings
of connectivity
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Having presented a series of findings
on cities in contemporary globalisation
it is important that the implications of
this work are carefully spelt out. The
discussion can start with the ranking of
cities that has dominated much of the
discussion, tables and figures. The first
key point to make is that ranking of any
sort in and of itself does not indicate a
hierarchy although urban researchers are
prone to make this conjecture. Hierarchy
implies power relations—those above
impinging on those below—whereas
ranking is merely an ordered list on
a given variable. The model being
calibrated here is a network structure and
these operate through mutuality, all cities
contribute to the inter–city relations.
In this situation the decline of a city
lessens the vitality of the whole network
affecting all other cities. In a hierarchical

structure, of course, the decline of a
city is an opportunity for other cities:
hierarchies are there to climb and the
model assumes competitive cities,
eschewing mutuality. Thus whether cities
are modelled as a hierarchy or network
is much more than simply a matter of
semantics; it specifies the very nature of
inter–city relations.
In the recent past urban researchers
studying at the national scale assumed
‘national hierarchies’ and therefore
postulated competitive cities. With world
city research, especially that using the
interlocking network model, the presence
of hierarchy becomes an empirical
question, one that cannot be answered
by simple rankings. The essence of the
network model assumes cities need each
other; mutuality is the fundamental
network property. Connectivity is

an expression of that mutuality and
therefore ranking by this variable, as
done above, it particularly unsuited for
making city hierarchical presumptions.
Therefore ranking is used in this
chapter not to imply hierarchy but to
show the patterning of uneven network
density. Ranking is an ideal pedagogic
tool to help in understanding network
density and, therefore, the manner in
which the world city network provides an
organisational framework for economic
globalisation. In this model there are
hierarchical relations but these are
within firms (headquarters, regional
headquarters, etc.), not directly between
cities. Although consistently ranked
higher in tables and figures above,
there is no meaningful sense in which
London as a city has power over Paris,
but London law firms will have power
over what goes on in their Paris offices.
But this is not a simple one–way flow of
power; French banks headquartered in
Paris will have power over their London
branches. Thus there is no simple city
hierarchy; rather there is a complex of
interweaving power relations through
myriad firms. Certainly there is more
power wielded through some cities than
others—London does have more global
service firm headquarters than Paris, for
instance—but there is no simple ‘world
city hierarchy’ as commonly asserted.
If the method used here is not
predicated on simple inter–city power
relations, how is it best to interpret the
findings on connectivities and associated
hinterworlds? This question can be
answered at two levels. First, network
connectivity is based upon the locational
decisions of service firms and therefore
rests upon their investment decisions.

They are choosing to locate offices where
there is an adequate market for their
services, and where it complements
their existing provision of services. For
instance, if a firm has an office in Prague,
it might make sense to extend their
office network to other eastern Europe
cities such as Warsaw, Budapest and
Moscow so as to enhance their market
prospects in the region. This is, therefore,
a simple market argument: cities are
chosen for office location as a strategy
for future profit growth. The result is an
uneven world geography of offices and
therefore of office connections (network
connectivities).
Second, the network connectivities
can be interpreted in city terms as an
indicator of economic vibrancy. The
services studied are sometimes called
‘advanced producer services’ and they
are at the cutting edge of the global
economy because they enable all large
corporations to operate globally. Hence
even though these global service firms
are not themselves the largest firms in
the global economy (aside from financial
service corporations, service firms
hardly feature in lists like the Fortune
500), they are key indicator firms. They
are located where city economies are
vibrant because their market is economic
globalisation. Thus, to say that a city
is highly connected in the world city
network is an indication that it is a global
economic ‘hotspot’ that includes not just
the service firms but their myriad global
corporate clients. Thus London and New
York are the most important economic
locales and their city dyad, nylon, is
‘Main Street, Global Economy.’
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PHYSICAL
CONNECTION:
AIRLINE NETWORKS & CITIES
Ben Derudder, Frank Witlox

A comprehensive look at the global airline
network, air passenger connections,
and the implications of air travel patterns
for the connectivity of world cities
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THE global airline network is
a principal channel for the
flows that define the architecture
of urban connections
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A comprehensive analysis of
the connectivity of the world’s
major cities would not be complete
without a chapter examining the
worldwide urban geography of air
transportation. There are a number
of important reasons to include
such an analysis. First, information
on a city’s connectivity in airline
networks is comparatively easy to
interpret in comparison with other
forms of urban connectivity. Second,
airline links and their associated
infrastructures are at the same time
an important component and the
most visible manifestation of a city’s
aspiration to world city status. And
third, air transport is the preferred
mode of inter–city movement for
the transnational business class,
migrants, tourists, and high–value
goods that together underpin
contemporary globalisation. Taken
together, then, connectivity in airline
networks can clearly be thought
of as a significant determinant of

the ‘network potential’ of urban
agglomerations, and this chapter
therefore presents an assessment of
global urban connectivity under the
form of a large–scale analysis of the
geography of airline networks.
The global airline network is thus
a principal channel for the flows
that define the architecture of urban
connections, and by discussing the
spatial organisation of the global
airline network in more detail, this
chapter attempts to contribute
to a better understanding of the
connectivity of key cities. To this
end, this chapter consists of two
main sections. First, we briefly
discuss general trends and patterns
in worldwide air transportation.
This overview of the industry’s
major characteristics is then further
elaborated in the second section,
in which we present an analysis of
urban connectivity in worldwide air
transport networks.
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M a j o r t r e n d s i n g lo b a l a i r t r a n s po rt

Origins and Aggregate Trends

Although the world’s air transport networks were largely
pioneered before the Second World War, the origins of mass air travel
date back to no earlier than around 1960. Aggregate growth rates
since then have been quite dramatic, although there seems to be an
ever–present sense of volatility in the industry. The long–term aggregate
growth in demand for air transport has largely been driven by growing
gross domestic product (gdp) per capita and disposable incomes. This
growing demand for air transport has, however, been further fuelled
by radical changes in the geopolitics of air transport, as government
regulation and control have increasingly been replaced by an ethos of
deregulation, liberalisation, privatisation and increased competition.
Cumulatively, the result has been a steep change in the supply and pricing
of air transport. Both the rising demand and supply of air transport have
led to ever–increasing urban connectivity at a variety of scales.
In spite of some intermittent falls in this aggregate
growth pattern (such as the industry’s slump after ‘9/11’ and
the sars outbreak in Asia) and structural constraints on the
development towards evermore connectivity (such as rising
fuel costs, negative environmental impacts and congestion
around key metropolises), the aviation industry remains
confident about long–term growth. The International Air
Transport Association (iata), for instance, has recently
stated that—in spite of seemingly ever–worsening predictions
about global economic conditions—growth in air transport
will remain strong, albeit that international passenger
volume growth has passed its peak level for the current
growth cycle. Indeed, iata expects that international air
passenger numbers will continue to grow at an average
annual growth rate (aagr) of 5.1% between 2007 and 2011,
which is only slightly lower than the average rate of 7.4%
seen between 2002 and 2006. These predictions are based

5.1

%
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figure 1

Annual Growth Rate Average per region
For the period 2007 to 2011 Source: iata 2007

figure 2

Average Annual Growth Rate per inter–connected pair of regions
For the period 2007 to 2011 Source: iata 2007

on the assumption that demand growth will be weakened by slower
global economic growth, but at the same time boosted by the further
liberalisation of markets and the emergence of new routes and
services. Furthermore, a significant growth in national connectivity
is expected in the Chinese and Indian domestic markets: in these
markets domestic passenger numbers are forecast to grow at an aagr
of 5.3% between 2007 and 2011, higher than the average rate of 4.4%
seen between 2002 and 2006.
These aggregate growth trends obfuscate major regional
differences in expected growth rates (figures 1 and 2). The latter
will largely reflect differences in regional economic growth and the
structure of each regional market. According to a recent iata report,
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the Middle East, developing economies in Asia and, to a lesser extent,
Africa will be boosted by strong gdp growth, along with significant
new capacity and new routes. European growth will be close to the
average, though Eastern Europe will see a more rapid expansion.
Relatively low Latin American growth reflects lower demand growth
on key markets to North America and within the region itself. North
America is expected to be the slowest growing region, reflecting both
mature markets and cyclically slower growth in the US economy.
Strong growth in Asia Pacific will see its share of global passenger
traffic increase from 23% in 2006 to 27% of the global total of 2.75
billion passengers in 2011. This is equivalent to a 279 million increase
in annual passengers within the Asia Pacific region over the five years.
It will have a higher share of the global market than the US domestic
market, though it will still be slightly smaller than the North American
market as a whole. Taken together, over the next five years, developing
economies will make a greater contribution towards air traffic
growth. The increase in disposable incomes for a large population
within China and India will boost the demand for air travel. However,
because incomes are growing from relatively low levels, air traffic
growth may initially be focused on domestic and short–haul travel
with long–haul travel developing over the medium to long–term.

Major Contemporary Processes: Deregulation
and Environmental Sustainability

Most recent academic and public debate concerning air
transport has been centred on the consequences of two intertwined
issues, i.e. (i) questions surrounding the environmental sustainability
of the air transport industry at large, and (ii) the consequences
of globalisation and the associated deregulation of worldwide
air transport. Recent research into the issue of ‘environmentally
sustainable aviation’ suggests that this may well be a contradiction
in terms. The main environmental problems created by air transport
are noise from aircraft engines, atmospheric pollution and the
excessive fuel use. Technological improvements to reduce both noise
and emissions have been implemented, but they are being offset by
growth trends of the industry at large. More recently, the growing
awareness of the significant environmental problems associated with
air transport has led to a set of schemes that seek ‘carbon–neutral’
air transport through internalising the environmental externalities
associated with this mode of transport.
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For the present discussion, however, the most important feature
of contemporary changes is that air transport networks are being
reshaped dramatically by myriad globalisation processes. This is,
of course, essentially a two–way relationship, in that globalisation
results in dramatic increases in air transport, while at the same time
being facilitated by the possibilities offered by worldwide airline
networks. The most dramatic feature of the globalisation of the airline
industry is the continuous deregulation of the worldwide marketplace
for aviation. Historically, at the international scale, air service
provision between countries was controlled by bilateral agreements
negotiated by pairs of governments which governed the so–called
‘freedoms’ of civil aviation. Since domestic airline deregulation in
1978, however, the us government has pursued a global policy to
liberalise international bilateral agreements. Most recently, it has
sought so–called ‘open skies’ agreements, allowing unrestricted
market entry for every carrier. The logical outcome of full open skies
will be the replacement of bilateral with multilateral agreements, in
which groups of like–minded countries permit any airline virtually
unlimited access to any market within their boundaries. In this
context, deregulation involves the exposure of air transport to
free–market forces achieved through the removal of most regulatory
controls over pricing, while permitting carriers to enter and leave
markets at will. While this has occurred within regional markets
such as the eu and the North American Free Trade Area (nafta), the
provision of both passenger and freight air transport between these
blocs and many individual countries still remains constrained by
bilateral agreements.
This trend towards evermore deregulation has significant impacts
on the industry at large. For instance, to circumvent remaining
regulatory constraints, airlines have sought to establish strategic
global alliances (such as Star Alliance, OneWorld and SkyTeam), while
the need for efficiency and economies of scale in a global marketplace
have led to new rounds of mergers and acquisitions. Deregulation, in
turn, has led to new forms of air transport such as the well–known
low–cost carriers. In the context of the present discussion, however,
the most interesting trend induced by recent changes in the airline
industry is a series of shifts in the organisational geography of airline
networks, a process that will be discussed in the next paragraph.
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Point–to–Point vs. Hub–and–Spoke Models

The interpretation of urban
connectivity in terms of airline
networks may seem obvious: after all,
the (inherently plausible) assumption
is that the connectivity of a major city
is directly reflected in its ability to
attract a lot of passengers. However,
it should be noted that while airline
passenger networks have indeed
traditionally been oriented towards
major cities, there is a continuous shift
towards a more complex organisation.
This is because some cities are gaining
prominence in air transport networks
through their role as ‘hubs’ rather than
as origins and/or destinations in their
own right. Hubs are hereby defined
as places where passengers requiring multiple flights to get to their
final destination change planes. While hub functions have always been
important to connect distant and/or less important cities, it has become
even more important in recent years. More specifically, the mounting
importance of specific switching points in global airline networks can
be traced back to the adoption of the hub–and–spoke model as primary
strategy for organising route structures. The hub–and–spoke model
hereby refers to the image of a bicycle wheel with a core component
(the hub) and many subcomponents (the spokes). When airlines adopt
this model, they establish one or more central switching points where
passengers can change planes. Spoke flights via the hub take passengers
to their final destinations. figure 3 presents an example of an ‘ideal’
hub–and–spoke network and an ‘ideal’ point–to–point network.
Although the hub–and–spoke model may involve the disadvantage
of a longer overall travel time, its benefits are obvious: there are fewer
routes to service, which in turn yields the possibility of higher flight
frequencies, higher loadfactors and the possibility to create economies
of scale using bigger aircraft. The reason for the mounting success of

Fewer routes to service &
Higher Flight frequency
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the hub–and–spoke model, therefore,
is that it allows airlines to exploit
important productive efficiencies due
www.lboro.ac.uk/gawc/rb/rb187.html
to the presence of economies of traffic
density. The growing relevance of the
hub–and–spoke model has, however,
equally been fuelled by ‘external’
trends. For instance, the previously
described deregulation pacts in
Europe and the us were a major force
in the transition towards hub–and–
spoke models. Indeed, most major
us carriers have adopted the hub–
and–spoke model after the Airline
Deregulation Act in 1978, while major
European airlines have increasingly
been moving in the same direction
since the deregulation of the European market in the period 1988–1997.
Although it can be expected that the further liberalisation of air traffic
will once again reinforce the trend towards hub–and–spoke networks,
there are at the same time some powerful countertendencies at work.
The most important countertendency is the mounting success of
low–cost carriers, which are notorious for their use of a point–to–point
organisation. The ensuing reinstatement of large–scale point–to–point
models challenges the gradual shift towards hub–and–spoke networks,
and this is likely to gain further pace as low–cost carriers continue to
increase their market shares. It is difficult at this stage to predict how
the total share of both organisational networks will evolve, but it is
obvious that both schemes will continue to co–exist: in practice, the
route structures of major airlines exhibit a mixture of both organisation
forms, with (i) direct connections between major cities, and (ii) a
hub–and–spoke network to ensure that every city is connected to the
overall network. In the context of this chapter, the most important
point is that we should be able to make the distinction between the ‘real’
origin/destination connectivity of a city and its connectivity due its role
as switching point for air traffic between other pairs of cities.
figure 3

Hub–and–spoke vs.
point–to–point networks

Higher Load Factors
& ECONOMIES OF SCALE
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Connectivity of cities

Beyond Standard Airline Statistics

The analysis of the worldwide connectivity of major cities
based on air transport statistics is centred on the idea that air traffic
provides us with a pertinent indicator in this context. However, we
have equally stressed that because of the widespread adoption of hub–
and–spoke models, one has to distinguish ‘real’ origin/destination
connectivity from ‘hub connectivity’. Although standard airline
statistics, such as those provided by iata and other air transport
agencies, may well provide a basic insight into the urban geography of
air transport networks, they cannot be used for our specific purposes
for two main reasons. First, standard statistics lack information on
the actual origin/destination of passengers. This is because these
statistics record the individual legs of trips rather than the trip as
a whole. Thus, in the case of a stopover, a significant number of
‘real’ inter–city links are replaced by two or more links that reflect
corporate strategy rather than relations between cities. Furthermore,
this lack of origin/destination information makes geographically
detailed assessments of the connectivity of cities at a global scale
difficult, as direct connections become less likely as one deals with
less important and/or geographically distant cities. According to the
airline database used in this chapter, 28% of international passengers
make one or more stopovers, which suggests that classical statistics
are heavily biased. A second obstacle to translating mainstream air
transport statistics into analyses of urban connectivity arises from the
fact that these data sources incorporate a state–centric bias. That is,
despite their global aspirations, most databases contain information
on international flows. The importance and the rise of domestic
connectivity in countries such as the us, India, and China suggests,
however, that both national and international connectivity should be
considered in a single, consistent framework.

midt–Data

Standard airline statistics are thus not always very well
suited to present a detailed overview of a city’s connectivity. In this
chapter, we therefore make use of a dataset that is able to overcome
these problems. Our midt (Marketing Information Data Transfer)
database contains information on bookings made through so–called
Global Distribution Systems (gds) such as Galileo, Sabre, Worldspan,
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2,750,000,000

Amadeus, Topas, Infini, and Abaccus. gds are electronic platforms
used by travel agencies and airlines to manage airline bookings (i.e.,
the selling of seats on flights offered by different airlines), hotel
reservations, and car rentals. With the cooperation of an airline,
we were able to obtain a midt dataset that covers the period from
January to August 2001, and contains information on a total of 3.7
million trips. Each midt record is made up of an entire airline trip,
and comprises information on the iata–airport codes of origin/
destination, the air carrier, the connecting airports (if any), and the
number of passengers. Airlines purchase the midt database for a
variety of reasons, the most important of which is its ability to forecast
demand. It is also a helpful tool for assessing the market share and
the competitive position of an airline in a specific geographical
area. In the context of our research, however, the database is used
to construct inter–city matrices that can be used to assess urban
connectivity from a number of different perspectives. Because of the
way in which airline bookings are recorded in this dataset, we are able
to circumvent the problems identified in the previous paragraph: (i)
the actual route of passengers allows us to distinguish between real
origin/destination connectivity on the one hand and hub connectivity
on the other hand, while (ii) national and international connectivity is
analysed in the same way.
To obtain our urban connectivity measures, we transformed this
dataset in a number of ways. First, because we are mainly interested
in the total volume of passenger flows between cities (rather than
between airports per se), we relabelled airport codes into city codes.
These city codes are needed to compute meaningful inter–city
measures because a number of cities have more than one major
airport. The particular airport used by a passenger is not important
in this context because, for recording the London–New York relation,
it is irrelevant whether a flight goes from London Heathrow to New
York jfk or from London Gatwick to Newark. After having summed
the directional information into a single measurement detailing the
total volume of passengers between any pair of cities, we created two
global inter–city matrices that focus on the most important cities in
the world economy. The first dataset focuses on the actual origins
and destinations of passengers (irrespective of the actual spatiality of
their travel pattern, i.e. a direct connection or via a hub), the second
on the networked function of cities in their role as transfer points for
passengers. Accordingly, the overview of our results will focus on both
features of a city’s connectivity.
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Our selection of cities consists of a combination of two indicators.
First, we omitted key holiday destinations and less important
cities by drawing on the tentative world city list compiled by the
Globalisation and World Cities research group and network (gawc).
This list contains 315 cities and includes the capital cities of all but the
smallest states and numerous other cities that have an obvious global
economic importance. Second, we complemented this inventory
by adding all Metropolis member cities that do not feature in the
gawc list. A number of cities were excluded either because they had
no airport (e.g., Bonn and Kawasaki) or because the airport was not
serviced in the period under consideration (e.g. Kabul). figure 4,
which summarises the actual routes employed on the Paris–Seattle
and Miami–Seattle connections, reveals the possibilities of our
dataset in this context. The most popular way of flying from Paris to
Seattle is via London, closely followed by a direct connection between
both cities. Other popular hubs for this connection are New York,
Copenhagen and Pittsburgh. Miami and Seattle, in contrast, have
fairly well developed direct connections: 17,665 passengers took a
direct flight opposed to 24,342 passengers that made use of one or
more hubs. St Louis, Dallas and Atlanta are the most important hubs
for this particular connection.
figure 4

Number of direct/indirect passengers on the
Paris–Seattle and Miami–Seattle connections
Source: www.lboro.ac.uk/gawc/rb/rb152.html
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figure 5

Top 20 most connected cities

In terms of origin/destination passengers
Source: www.lboro.ac.uk/gawc/rb/rb152.html
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Origin/Destination Connectivity

figures 5–6 and figure 7 give an overview of urban
connectivity in terms of origin/destination flows. figure 6
details the most important cities in the world economy in terms
of air passenger connectivity (it includes all Metropolis members
and the non–Metropolis members that feature in top–30 in terms
of origin/destination connectivity); figure 9 presents the 20 most

figure 6

Most important inter–city connections
In terms of origin/destination passengers
Source: www.lboro.ac.uk/gawc/rb/rb152.html
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figure 7

Most important cities and links in the world city network
Source: www.lboro.ac.uk/gawc/rb/rb152.html
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important inter–city relations in the dataset; and figure 7 depicts the
connections between the 25 most important cities in terms of total
passenger flows. The size of the nodes varies with the total number of
incoming or outgoing passengers; the size of the edges varies with the
number of passengers flying between two cities. For reasons of clarity,
only the most important links are shown.
figure 6 gives a straightforward overview of the main hierarchical
tendencies in the urban networks as created by worldwide air transport
linkages. The most obvious feature of the figure is that it is (still)
dominated by cities from oecd countries in general, and by us cities
in particular. The early deregulation of the us aviation market and the
general lack of alternatives such as high–speed trains (perhaps with the
exception of the Boston–New York rail connection) have historically
boosted the airline connectivity of us cities, but—as we have stressed
in the introduction—key cities from other world regions have been
catching up rapidly in the last few years in terms of origin/destination
flows, a trend which is expected to continue in the years to come. As
a consequence, a number of cities from the erstwhile ‘Third World’
assume an increasingly important role as origins and destinations

figure 8

Five most important hub cities per region
Source: www.lboro.ac.uk/gawc/rb/rb187.html
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figure 9

Most connected cities
In terms of hub passengers

Source: www.lboro.ac.uk/gawc/rb/rb187.html

SYD
8.85 MIL PAX
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in worldwide airline connections, as can be seen from the important
connectivity of cities such as Bangkok, Mexico City, and São Paulo.
In terms of the geography of inter–city linkages, figure 6 and
figure 7 reveal a threefold pattern. First, although airline connections
are often assumed to be clear–cut signposts of the global connectivity
of cities, it can be seen that national connections dominate the
picture. In addition to a large number of us city–pairs, the list
primarily consists of national connections such as Melbourne–
Sydney, Milan–Rome and Johannesburg–Cape Town. Second, these
important inter–city connections within states are complemented by
a number of ‘regional’ connections, especially—but not exclusively—in
the eu and Asia Pacific. Examples include the importance of the
Bangkok–Hong Kong, Amsterdam–London and Paris–London
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connections. And third, a number of worldwide origin/destination
pairs are entering the picture as well. The most obvious example
is the London–New York connection, which boasts a connectivity
comparable to that of the New York–Los Angeles and Sydney–
Melbourne connections. The absolute and relative importance of the
London–New York connection can be thought of as a key example of
how the fate of main cities around the globe is increasingly influenced
by their worldwide connections to other cities.

Hub Connectivity

Apart from being important origins and destinations in their
own right, major cities around the globe also derive a substantial part
of their connectivity from their role as switching points for travellers.
The absence of major cities such as Dubai and Singapore in figures
5–6 can—at least partly—be attributed to this observation: their
chief role in airline networks consists of connecting other city–pairs
(particularly cities in Europe and the Asia Pacific region). In this
concluding paragraph, we will therefore present an overview of the
hub connectivity of major cities around the globe.
figure 9 features the most important cities in terms of the
number passengers that make use of a city as a switching point.
Similar to figure 5, it includes all Metropolis members and the
non–Metropolis members that feature in top–30 in terms of hub
connectivity. Perhaps unsurprisingly, the figure reveals that major
nodes in the global airline network also function as major hubs in the
airline network as a whole (perhaps with the exception of Tokyo, and,
to a lesser degree, New York). There is a notable regional focus in this
‘global’ hierarchy: 24 of the 25 most important hubs in absolute terms
are located in North America or Europe. The only exception here is
Singapore, which is ranked 23rd. The figure suggests that hub–and–
spoke connectivity is particularly important to North American and
European cities. However, figure 6, which presents an overview of
the five most important hubs per world region, clearly shows that this
does not imply that urban networks in other regions are characterised
by the absence of hubs: the lack of cities from other parts of the world
in figure 9 merely hints at the fact that the volume of traffic through
these hubs is at present too small to feature prominently in rankings
based on transnational data. Once again, however, the steady rise of
the hub connectivity of cities such as Dubai, Abu Dhabi and Singapore
will, in conjunction with the above–average growth of the traffic in the
markets they serve, likely change this picture in the years to come.
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figure 10

Percentage of passengers connected
In the own region for a number of major hubs

Source: www.lboro.ac.uk/gawc/rb/rb187.html

This overview of major hub cities in air transport networks does,
however, not provide us with an insight in the spatiality of a city’s hub
function: it is a ‘de–spatialised’ measure in that it simply focuses on
the number of passengers/cities that use a node as a switching point.
In parallel with figure 6, we will therefore complement the rankings
in figure 9 and figure 8 with an assessment of some key spatial
characteristics of hubness: we assess to what degree hubs connect
extra–regional passengers, and complement this ranking with a more
detailed examination of some notable examples.
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figure 11

Twenty cities that make the most intense use of
New York, London, and Singapore as hub
Source: www.lboro.ac.uk/gawc/rb/rb187.html
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figure 12

Twenty cities that make the most intense
use of Atlanta and Miama as hub
Source: www.lboro.ac.uk/gawc/rb/rb187.html
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figure 10 ranks a number of major hubs on the basis of the
percentage of hub passengers connected within the same region.
Cities such as Salt Lake City, St. Louis, Denver, Cincinatti, Pittsburgh,
and Memphis almost exclusively connect passengers that travel
within the us. This dominance of designated regional hubs is
particularly well–developed in the us. Indeed, with the exception
of New York, Miami and Los Angeles, most us hubs have a regional
focus. This regionality is far less clear–cut in the case of European
cities, although Copenhagen, Brussels and Rome can be designated
as ‘European hubs’. Singapore, London, Miami, Amsterdam and
Manama are the most ‘international’ among the important airline
hubs, for example, only 5% of the passengers making an onward
connection in Miami travel between two North American cities: as a
hub, Miami functions almost exclusively as a gateway for passengers
travelling from or to another region. To assess the spatiality of this
hub function in more detail, figures 11 & 12 reveal the spatiality of
the hub function of London, New York, Singapore, Atlanta and Miami.
For each of these cities, the figures show the 20 cities that make the
most intensive use of this node as hub.
figure 12 clearly reveals that the extra–regional hub function of
Miami primarily consists of connecting cities in North America and
Latin America. The hub function of London and New York, in turn,
is also fairly international, albeit that the dominant feeding flows
chiefly emanate from North America and Europe (with the exception
of San Juan and Tel Aviv for New York). Singapore’s position is even
more international, with an important gateway function for cities
in Asia, Australia, and Europe (in addition to San Francisco). The
‘internationality’ of London, New York and particularly Singapore is
in sharp contrast with Atlanta, whose dominant resource cities are all
located in the us. Thus, although Atlanta connects a larger number
of passengers than New York, its hub function is far more restricted
from a geographical point of view. Its most important non–us feeding
connections are San Juan (ranked 21), London (ranked 45), and Nassau
(ranked 54). As a consequence, and in parallel with the threefold scalar
geography in origin/destination linkages noted above, there seems
to be a scalar differentiation among cities: cities with a similar hub
connectivity may be very different in their geographical focus.
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a number of cities from the
erstwhile ‘Third World’ assume an
increasingly important role in
worldwide airline connections

Conclusion:
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In this chapter, we have explored
the main features of the worldwide
urban geography of air passenger
connections. Air transport links
and their associated infrastructures
are at the same time an important
component and the most visible
manifestation of a city’s aspiration
to world city status, while the
importance of these physical
transport infrastructures is further
bolstered by the fact that the
association between globalisation
and the emergence of transnational
urban networks is essentially a
two–way relationship: globalisation
results in dramatic increases in
air passenger transport, while at
the same time being facilitated by
the possibilities offered by these
very connections. Although there
is a general growth pattern in the
airline industry, these growth rates
have a very uneven geography,
with anticipated huge increases in
connectivity for cities in the Middle
East, developing economies in Asia
and, to a lesser extent, in Africa.
While air passenger networks
have traditionally been oriented
towards major cities, there is a
continuous shift towards a more

complex organisation in which
selected cities such as Dubai and
Singapore are gaining prominence
in these networks through their
role as switching points rather than
as origins and/or destinations in
their own right. Consequently, our
overview of the most connected cities
has distinguished between origin/
destination connectivity and hub
connectivity. In spite of a number
of remarkable differences between
these two rankings, they are both
(still) dominated by cities from oecd
countries in general and us cities in
particular. The important domestic
market and its early deregulation
has historically boosted the airline
connectivity of us cities, but key
cities from other world regions
have been catching up rapidly in
the last few years, both in terms of
origin/destination flows and hub
connectivity. As a consequence, a
number of cities from the erstwhile
‘Third World’ assume an increasingly
important role in worldwide airline
connections, as can be seen from the
important connectivity of cities such
as Bangkok, Mexico City, and
São Paulo.
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VIRTUAL
CONNECTION:
INFORMATION NETWORKS & CITIES
Jonathan Rutherford

An exploration of how virtual connections
are redefining the connectivity of cities and
creating new oportunities and challenges
for urban planning and development
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The flow and exchange of
information has always been a
sine qua non for cities. As such,
cities have always benefited from
information infrastructures
linking them to other places, from
horseback messengers and various
forms of postal service to today’s
‘information superhighways’ based
on the global internet. In many
ways, the only change has been the
rapidly diminishing timescale over
which information has been able to
be sent from one place to another—
it took weeks for letters to traverse
continents in the eighteenth or
nineteenth centuries, whereas now

real–time communications offer near
instantaneous access to information
almost anywhere in the world.
Traditional views of the impacts
of information and communications
technologies (icts) on cities have
often been dominated by prophecies
and hype based around anticipations
of a dissipation of cities and a death
of the pertinence of distance with an
increasing ubiquity of information,
the key raw material of post–
industrial times. The emergence and
growth of new technologies from the
telegraph at the end of the eighteenth
century to wireless internet access at
the beginning of the 21st Century has

Now real–time communications
offer near instantaneous
access to information almost
anywhere in the world
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been seen to have inherent liberating
effects, unchaining us from the need
for urban concentration and location
and from the friction of distance
over which people communicate
and exchange. The utopian vision
present in these accounts assures
us that on one level we will soon be
able to locate anywhere and remain
in constant touch with friends and
colleagues on the other side of the
world, and that on another level
traditional geographical differences
and diversities are being ‘flattened’
with the potential for reducing the
trenchant social and economic
inequalities that currently polarise
cities and regions across the planet.
Such accounts are plagued
however by technological
determinism, a belief that new
technologies can lead more or less
directly and unproblematically
to certain generally desirable
social consequences. An opposing
current of research views instead
the relations between technologies
and cities as more complex and
co–evolutionary with the two in
permanent interaction and mutual
constitution. In this perspective, not
only does virtual connection in no
way revoke the raison d’étre of cities,
but it actually reinforces their statute
as centres of agglomeration and
economic productivity. More broadly
too, far from flattening geographical
differences the widespread centrality
of icts to the functioning of the
global economy tends to reinforce

the economic importance of
particular urban centres and to
contribute to a relative bypassing
of other cities. In other words,
there is no simple relation between
the development of information
networks and the development of
cities. While the former certainly
allow a better integration of the
latter into the global economy,
the exact configuration of this
integration always builds on a series
of contextual and geographical
specificities particular to individual
cities. This report focuses,
however, on the development and
the implications of the physical
network connections between cities
which make up the information
infrastructure over which the
global informational economy
now primarily functions. This
vast planetary infrastructure web
is arguably now the main tool
supporting firms and organisations
of all sizes in the conduct of their
business. This is especially the case
with regard to the sectors of the ‘new
economy’ which have developed in
sync with the internet, but it can
also be said to be the case for most
business sectors which equally
depend on high–quality fixed line
and mobile voice, data and image
communications.
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In f o r m at i o n a n d c o m m u n i cat i o n s
t e c h n o lo gy a n d g lo b a l i sat i o n

Technological changes are largely responsible for the
nature and extent of the economic globalisation of recent decades
and its anchoring in certain metropolitan regions in particular.
These changes took place in two steps. First, new, highly reliable
forms of information technologies transformed the social and spatial
organisation of information processing activities, which, in turn, have
become more and more central to urban economies because economic
production, distribution and management is increasingly dependent
on knowledge generation, information exchange and information
handling (and therefore on skilled informational labour). Second,
the pivotal moment in many ways came though when multimedia
convergence and digitalisation allowed information technologies to
be linked to ever faster telecommunications to promote intensive
global networking and exchange. Information could now not only be
processed more rapidly but could also be sent around the world in a
continuously shorter time frame. The means by which icts promoted
both the overcoming of the distance between two places and the more
rapid movement of flows of capital around the globe signified a new
logic of ‘time–space compression’.
Yet the spatial logics resulting from these transformations are not
homogeneous. Information–intensive firms (for example in banking,
insurance, business and legal services, central administration…)
have been able to restructure and diversify their production systems
and locational strategies according to the means and capacities of
icts. The internal organisation of these firms has become more
hierarchical, splintered and flexible or vertically disintegrated.
Information technologies have promoted flexible production
techniques, while technological convergence with communications
networks has allowed greater intra–firm networking to keep
operations coherent and efficient. Multinational companies create
competitive advantage therefore by information exchange and
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management across their structures. Nevertheless, the idea of
totally footloose enterprises being able, via icts, to locate all their
units anywhere is something of a myth. The decentralisation of
some activities reinforces the need for a concentration of others,
particularly tactical, coordinating or strategic activities which remain
heavily dependent on advantages of agglomeration such as face–
to–face interaction or co–presence, tacit knowledge and inter–firm
synergies (which represent a more intensive, scarcer and valuable set
of information inputs), e.g. in financial centres, technology clusters or
industrial districts.
This geographical reorganisation of the operations of
information–intensive firms has important consequences for
urban and regional development. The most dominant metropolitan
regions have reinforced their competitive advantages in terms of the
traditional benefits of agglomeration and proximity. These cities (and
indeed the main business districts within these cities) are reinforced
as the sites of information production (most recently including that
of the internet content market) and informational decision–making.
They become the clearing houses for global information transactions.
Crucially, it is the process of new technologies facilitating dispersal
of some activities that allows the centralisation of other activities.
Nevertheless, the global informational economy is not restricted
to an elite handful of top–level cities. New technopoles have
also emerged in smaller urban areas drawing on more particular
assets such as the presence of higher education establishments or
innovative enterprises (compared with Silicon Valley near San Jose
in California, Sophia Antipolis in southern France or Adelaide’s
Multifunction Polis). Still other cities and regions have also been able
to gain economically from the geographical division of labour in the
information age by underlining their locational attractiveness for the
decentralisation of other functions in the production process. This
may involve a move either to smaller urban regions where operating
and workforce costs are lower or to suburban areas of larger cities
thus also privileging labour and market accessibility.
The global informational economy is thus founded on a
network structure, or more precisely, on a structure of numerous
interconnected networks. These techno–organisational networks
might be specific to individual firms or individual sectors, or they
might interlink multiple groups and organisations. They do tend,
nevertheless, to share a common inter–urban logic, due to the location
of economic actors primarily in cities.
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T h e d e p loy m e n t o f i n t e r – c i t y
i n f o r m at i o n i n f r a s t r u ct u r e

Information is now principally transmitted and exchanged
electronically, just as the physical materials and goods of the
industrial age were long primarily distributed and traded via
transport networks. As information production activities concentrate
overwhelmingly in urban regions, the electronic circulation of
information via the internet takes place to a large extent within
and especially between these urban regions. Availability of ict
infrastructure has thus been seen by some writers to be as crucial
for contemporary cities as the development of the railway was for
industrial cities in the nineteenth century.
Whilst internet access can be achieved via a number of different
technologies or technical networks (dial–up modem through the basic
copper pair, cable, isdn, dsl, satellite, and mobile), the backbones
supporting this access are hundreds of deployed terrestrial and
submarine fibre–optic cable networks. Wireless technologies are
not excluded from this reliance on fibre backbones. Indeed, this
reliance will augment substantially as wireless is used increasingly to
transmit data communications. The majority of telecommunications
traffic now flows over these fibre networks which are each capable of
transferring the equivalent of several movies every second. Globally,
more than 70% of traffic concerns internet communications, just over
a quarter is private exchanges, with only 1% represented by traditional
voice traffic. These ‘fat pipes’ thus serve the increasingly voluminous
and bandwidth–intensive data communication needs of Internet
Service Providers, technology companies and large corporations with
widespread office locations. The concentration of this demand in
cities has meant that operators have focused their network roll–out
strategies in inter–urban meshes, stretching fibre across the sea bed
between continents or along intercity rail lines. The presence of
multiple networks offers firms direct access to the globally integrated
networks and services of the biggest operators, offering higher quality
and more secure infrastructure, and faster data communications. As a
result, not only is the most bandwidth capacity present in and between
major cities, but the most competition between providers is also there,
resulting in lower prices and more tailored solutions. The internet can
then be defined primarily as a global network of metropolitan nodes.
In this context, the ultimate goal of telecommunications providers
is to be able to offer comparable, seamless end–to–end services to
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their private and wholesale clients wherever they are located. In
this strategy ‘seamless’ means that local urban spaces are totally
assimilated into their global infrastructures. One of the results of this
common strategy has been the deployment in some cities of numerous
parallel networks covering the same major business and commercial
areas. This was the outcome of the mid– to late–1990s period, when
the hype about the internet and its revolutionary potential was at
its highest and when many national telecommunications markets
were opened up to competition. Dozens of telecommunications
companies invested millions of dollars, obtained primarily from
venture capital funds, in rolling out large–scale, cross–border fibre
optic backbone networks. Companies sometimes collaborated on
these deployments, particularly on expensive undersea cable laying,
co–investing in a large capacity and mutually beneficial infrastructure
between two or more strategic cities over which they could run their
individual services. Terrestrial, intra–continental networks were
more often constructed on an individual basis, creating many parallel
direct connections between the major urban centres of Europe and
North America. All this speculative infrastructure development was
justified by the exponential growth in internet use and the near daily
emergence of new innovative applications which were to require
ever increasing amounts of bandwidth. Some companies made
a business simply out of leasing fibre on their networks to other
telecommunications companies.
By 2001 these cities and the connections between them had
become the main action scene for innumerable competing networks
to such an extent that there was a clear glut of fibre–optic capacity,
which sent prices tumbling and forced smaller companies out of
business. The dot.com crash brought infrastructural investment to
a complete halt and drastically cut the number of active carriers and
operators. The vast numbers of parallel networks remain, but the
proportion of international bandwidth being used on some routes
has tumbled to a very small percentage of total capacity, although
this still represents an incalculable number of communications. In
recent years, the market has come out of its slumber, rejuvenated by
the explosion of broadband and renewed demand for high bandwidth,
not just from businesses but also from the general popularity of
downloading music and films and video share sites such as YouTube
and Dailymotion. Telecommunications companies are, for example,
currently concentrating infrastructure deployment between Asian
cities and linking these cities to the rest of the world to meet demand
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Figure 1

Largest global telecommunications voice routes
Source: TeleGeography Research, 2008 (www.telegeography.com)

Figure 2

Global submarine fibre optic cable capacity
Source: TeleGeography Research, 2008 (www.telegeography.com).tel

from the fastest growing internet markets and from the intensive
outsourcing of it services.
Obtaining any kind of reliable data or detailed knowledge of
the extent and coverage of information infrastructure is extremely
complicated, particularly in such a competitive and fast–moving
market. Furthermore, any data that can be obtained commonly
cover only parts of the global infrastructure such as Europe or
North America, so it is difficult to adopt a world perspective on
the development of intercity ict networks. In the absence of
fully comparable data on global intercity virtual connectivity, we
summarise here the main points that emanate from a network
analysis of the topologies of backbone infrastructures to explore their
geographical coverage and accessibility.
T h e g e o g r a p h y o f i n f o r m at i o n
i n f r as t r u c t u r e : n e tw o r k c o r e s ,
r e g i o n a l ca p i ta ls a n d gat e way c i t i e s

On a global level, whether we are talking about voice
traffic (figure 1) or fibre optic cable capacity (figure 2), it is
clear that trans–Atlantic and trans–Pacific links dominate global
virtual connectivity. In other words, looking at figure 2, the biggest
demand for information infrastructure capacity occurs for links
between New York and/or Washington and London on the one
hand, and between Tokyo and west coast North American cities
on the other hand. The capacities of links between cities in other
regions of the world are relatively paltry by comparison with much
smaller cables serving South America, Africa, the Middle East and
Australia. For example, in 2007 the total internet capacity deployed
between European and North American cities was almost forty
times that deployed between European and African cities. This
situation merely replicates to a large extent the geography of global
business and finance. But it does not mean that smaller capacity
links do not have importance within the larger architecture of global
virtual connectivity. Any London or New York–based firm with an
office or a plant in Sydney for example will obviously depend for
their interoffice communications on the fibre optic cables linking
Australia to North America and mainland Asia.
Beyond this first level of long–distance global submarine cables
which permit inter–continental communications, terrestrial
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information infrastructure has been deployed between cities on an
intra–continental level. It also follows an economic logic of serving
cities of high demand in the first instance and ‘secondary’ cities and
regions only after this and to a lesser extent. On a European scale, for
example, the largest number of networks and the inter–city links with
the highest bandwidth capacity are focused on a highly concentrated
zone roughly delimited by London, Paris, the German Ruhr and
Hamburg. Figure 3 lists the 12 main inter–city bandwidth routes
in Europe with the highest available capacity as of 2003. The major
trend is a German dominance with no fewer than seven intra–German
routes among the densest in Europe for bandwidth links. These
inter–city connections tend to be short–haul routes as companies are
keen to maximise bandwidth between important, fairly proximate city
regions, rather than deploy it along longer routes at greater cost and
risk of remaining under–used. In Australia, the intercity fibre optic
network of Optus, the second largest Australian telecommunications
provider, runs only from Perth to Brisbane via Adelaide, Melbourne,
Figure 3

The top ten European cities for backbone links to other cities
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figure 4

Optus inter–city telecommunications network in Australia
Source: Optus website, www.optus.com.au

Canberra and Sydney (figure 4). Although Optus has leased capacity
on links to other cities in the north and the interior, it has not rolled
out its own network here. In short, the major southern Australian
cities rank much higher than the likes of Darwin and Cairns in terms
of virtual connectivity strategy.
Thus, the most important connections (in terms of bandwidth) are
to be found between the major urban (and business) centres in each
region. Again, however, more extensive links to other cities remain
important for the development of the overall infrastructure. While
there are spatial differences between European cities in backbone
access, Internet infrastructure is nevertheless quite well distributed
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figure 5

Major bandwidth routes in Europe 2003 (4.75–6.5 Gbps)

with no fewer than 45 cities which have links via these
networks to 150 or more other cities (see figure 3 for
the top cities). Furthermore, the last four bandwidth
routes in figure 5 concern links beyond the European
core, extending high bandwidth capacity towards the
north (Copenhagen), east (Berlin and Munich) and south
(Marseille), illustrating how providers are concerned
with developing capacity along specific pathways in
intermediary regions, which can then be further extended
into more peripheral regions if necessary. Operators have
clearly invested in a number of regional capitals such
as Madrid, Stockholm and Vienna, which can be seen
as the leading urban centres for telecommunications in
part of the European territory. These and other cities
(including Prague and Budapest) are clearly viewed as new
or potential nodes capable of generating international
traffic. Furthermore, there is an obvious role for some
strategically located cities as gateway cities for high–
bandwidth backbone connections, in the way in which
they act as links between core areas of demand and more
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figure 6

The Internet backbone network in the US 2007
Source: TeleGeography Research, 2008 (www.telegeography.com)

peripheral areas (of emerging or future demand). This illustrates the
way in which bandwidth concentrates at funnel points. Copenhagen
does this for many of the pan–European networks which come from
Germany and are destined for Scandinavia. Vienna and Prague have
good network presence and quite large bandwidth connections
because they act as gateways between the core area of western Europe
and the relatively new telecommunications markets of eastern
Europe. Similarly, in the US the importance of cities such as Atlanta
and Dallas on backbone infrastructure is held to be related to their
gateway geographies linking the economically vibrant cities of the
west and east coasts (figure 6).
Following the dot.com crash, however, cutbacks in investments
and network deployments put a hold on any infrastructure extension
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strategies into more peripheral areas. In 2003, only a handful of
networks with relatively limited capacity extended to the European
periphery for example. Having relatively limited accessibility to the
high–bandwidth networks of Internet backbones, these areas suffer
from the ‘end of track’ phenomenon identified for cities in Florida
in similar us research. Other smaller cities or peripheral regions
are subject to what has been termed a ‘tunnel effect’, meaning that
they are literally bypassed by networks. Long distance information
infrastructure deployed along motorways or high–speed rail lines
might pass through regions, but without connecting nodes, because
they have been customised to link two particular cities and not
the places in between—for example, transatlantic networks being
run from the usa into London do not connect cities in the south of
Wales or western England. In the us, there are numerous networks
connecting the west and east coasts, but few if any of these pass
directly through the smaller cities of middle and Midwestern America.
In this way, they are more like high speed trains or airline networks in
terms of their network configurations than roads.
When discussing the state of information infrastructure, another
factor to be taken into account along with actual network presence
and availability is the amount of bandwidth which those networks
have on them. Bandwidth refers to the amount of data that can be
moved on the network at any one time and is measured in terms of bits
per second. It is a similar measure for communications to the number
of lanes on a highway/motorway for transport. Digital information
moves quicker and more freely the higher the bandwidth between two
cities. This means that distance is often subordinated to the amount
of bandwidth between places in the routing of Internet traffic. Before
the construction of high bandwidth backbone networks in Europe,
for example, it was not uncommon for Internet traffic between two
European cities to pass via New York, because it was quicker and / or
cheaper to do so.
Bandwidth distribution is more concentrated in major cities than
network connections. Links to and from London alone account for
nearly 5% of the total bandwidth in Europe, while the top five cities
in bandwidth connections accumulate over one fifth of European
bandwidth, and the top ten cities over one third. When compared to
similar studies for the us, however, it is clear that the top European
cities do not concentrate nearly as much total bandwidth as do the top
us cities. Figure 3 showed that major bandwidth routes concerned
quite a large group of cities in Europe, whereas in figure 6 the ‘fattest’
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pipes are located on the New York–Washington and San Francisco–
Los Angeles links. The domestic capacities of Chicago and Dallas are
constituted by the amalgam of a number of relatively ‘thin’ links to
other cities. The European Internet infrastructure appears therefore
to be founded on a larger group of 12 to 15 cities than the six or seven
regularly cited for the United States (New York, Washington, Chicago,
Atlanta, Dallas, San Francisco, Los Angeles: compare figure 6). This
is partly the result of the continuing importance of national territories
in the European telecommunications market. Market liberalisation
in Europe may have removed some of the boundaries to competitive
and trans–national network and service provision, but the particular
institutional and political structures, regulatory practices, geographies
and socio–economic environments of individual countries remain very
much in place. Even the deployment of long–distance, trans–national
internet backbone networks between the ‘world cities’ of Europe is
affected by national contexts. For a company to deploy a network point
of presence in a European city, in order to serve its clients located
there, all these intertwined factors must be taken into account (and in
varying ways and extents in different cities). In the rapidly developing
information infrastructure market of the Asia Pacific region, these
factors will also be important in shaping network developments and in
offering strategic, enabling or regulatory roles for local, municipal and
national authorities.
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Opportunities and challenges: contributing
to m u lt i – l e v e l r e l at i o n a l u r b a n po l i cy

The availability of high bandwidth, low cost and multi–choice
telecommunications services is of considerable importance to the
economic development of cities and regions across the globe. It is
unlikely that a city or region without access to this infrastructure
would be able to attract substantial economic investment, because
major companies are unlikely to locate there. Given this, it is rather
paradoxical that local, urban and regional authorities have, in theory,
relatively little effective leverage with which to shape their own
infrastructures. In the context of today’s liberalised markets, the bulk
of the world’s information infrastructure has been deployed by private
telecommunications operators. The sheer cost and state–of–the–art
technical knowledge required to build and maintain such networks has
taken this activity beyond the realm of the public sector. Furthermore,
on a more pragmatic level, developing a policy agenda and allocating
public resources for something which cannot always be seen and which
does not appear to have a significant ‘impact’ on the urban landscape
can be problematic. With networks tucked away underground, some
authorities even have problems just to know what infrastructure is
deployed on their territories. One major challenge for urban policy
makers in this context is thus to merely forge for themselves an
influential role in the development of icts in their cities.
This type of challenge does not mean, however, that urban policy
and planning should (or even can) ignore the ict domain. Indeed, in a
context in which the functional limits of cities are becoming more and
more blurred, ict–related challenges can be viewed as contributing to
what might be termed as a more relational urban policy. The issues or
stakes can be outlined on two intertwined levels.
On a first level, there are relational urban policy challenges or
opportunities on an ‘intra’ urban level. The rapid uptake of broadband
by households as well as business, for example, has succeeded in
bringing icts back into the public authority realm as concern for
ensuring universal availability and overcoming digital divides
becomes widespread. Part of the challenge here lies in the necessity
for both public and private actors to be pulling in the same direction
within an overall territorial strategy. There may, for example,
be potential conflicts between an ict policy based on cohesion
objectives and operator strategies based on short–term demonstrable
profitability. Similarly, any municipal policy must be coherent for
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a variety of users. The ict needs of large businesses are entirely
different from those of ordinary households. The overall goals of an
ict policy oriented towards economic development might therefore
conflict with those of a digital divide or social cohesion policy.
On a second level, there are challenges or opportunities for
developing a more relational urban policy in terms of inter–city
connections. Arguably the most important point to make here is
that cities are not all aiming for the same levels or types of virtual
connection. There is not one exportable (or desirable) information city
model that can be developed the world over. Information infrastructure
development should not be considered as a zero–sum game of inter–
city competition in which cities are always aiming to leapfrog their
neighbours in an urban information hierarchy. If it were, then it would
be highly ironic for urban economic development and competitiveness
to be dependent on a city having multiple links with its ‘competitors’.
Indeed, by focusing specifically on inter–city ict connections, we
highlight that the development of networks is very much dependent
on ‘club effects’ whereby each city benefits from the connection of
other cities to the networks. If anything, this logic points towards
the potential for more collaborative than competitive forms of urban
economic development. Mutual connection to these networks creates
or reinforces interdependencies between cities. What has changed in the
global age is that where once the most important interdependencies
were formed between geographically contiguous places, now these
interdependencies develop as much between places which are located
far from one another. Importantly, this focus on collaboration and
interdependencies can open up room for manoeuvre for local and
municipal authorities to avoid bowing excessively to the dominant
liberal logic of the informational economy. It is the ict firms who
compete with each other for new and existing urban markets across the
global scale. In contrast, policymakers in these urban markets have the
opportunity to influence and steer this competition for the social and
economic benefit of their cities (and, indirectly, others). Many cities
can draw benefit from their location (e.g. as gateways to other regions)
or from the specific make–up of companies, industries and services
present. In other words, configuring virtual connectivity is highly
related to the wider factors supporting agglomeration and economic
development in each city.
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The implications of virtual
connectivity for cities overlap
heavily with those for world city
network connectivity. This is not
that surprising for two reasons.
First, in methodological terms, the
‘potential working flows’ which
make up the connections between
service company offices measured by
the latter take place most intensely
via ict networks. Second, more
concretely, both connectivities
rest essentially on the locational
strategies of private companies,
and the advanced producer service
companies behind world city
network connectivity happen to
be some of the major customers of
telecommunications companies.

the outcome of the uneven global
geography of world city network
connectivity is inevitably an uneven
global geography of virtual connectivity

Conclusion:
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The latter will therefore deploy
their networks and ict services in
cities with market demand to which
a heavy density of producer service
companies (and their corporate
clients) evidently contributes.
Nevertheless, the outcome of
the uneven global geography of
world city network connectivity
is inevitably an uneven global
geography of virtual connectivity
as telecommunications companies
deploy an information infrastructure
that replicates to a large extent
inter–city office connections.
Having said this, the meaning of
virtual connectivity differs somewhat
from that of world city network
connectivity. If the world city network
offers ‘an organisational framework
for economic globalisation’, then
ict networks can be viewed as the
driving fuel for this organisation
and for globalisation as a whole. It is
primarily over these networks that
economic globalisation is shaped
and organised through the exchange
and circulation of information,
knowledge, capital, digital goods, etc.
Virtual connection between cities
supports the flows of globalisation,
but also structures them by defining
at least to some extent where, how
and in what form information,
knowledge, capital, digital goods, etc.
are communicated between cities.
In an ideal world, it would be these
actual communications flows that
would be predominantly analysed to
map the relations between cities in
globalisation.

Finally, the stakes of this
information infrastructure
development offer a challenge or
opportunity for policy–makers
to adapt or reconfigure their own
notions and practices of territorial
planning and development, as well
as perhaps of those to whom they
are accountable. ict–related policies
are difficult to place within both
set and bounded policy domains
and delimited administrative
territories, as their inherently
relational nature makes them
relevant to multiple disciplines and
fields of territorial management.
For municipal authorities more
traditionally used to intervention in
transport and land use planning, this
may be difficult (and straining on
often tight resources). Information
infrastructure planning requires
different knowledge and arguably
an even broader understanding
of how networks and territories
can be shaped together in urban
development which now takes in
global as well as local scales.
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5

GLOBAL
KNOWLEDGE
NODES &
NETWORKS
Michael Hoyler, Heike JÖns

Knowledge and education factor into the
formation of global networks through clusters
of world class universities, the international
circulation of faculty and students,
and scientific collaborations.
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Knowledge and education are
widely viewed as crucial resources in a
globally operating economy. Cities and
institutions, national governments
and supranational organisations
are all keen to attract innovative
companies, promising students and
competent researchers in order to
position themselves favourably as
‘knowledge hubs’ within the global
flows of professional expertise and
learning. Higher education and
research play a significant part in
this process, as universities are not
only seats of scientific and scholarly
innovation but also educate future
decision makers in business, public
service and politics.

demand for Australian higher
education will increase more than
ninefold from 2000 to 2025,
to about one million students
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In the past two decades, the
globalisation agenda has led many
governments and institutions of
higher education to develop explicit
strategies of ‘internationalisation’
as means of strengthening their
(national or institutional) position
as globally competitive knowledge
nodes. These strategies include
international research collaborations,
the internationalisation of the
curriculum, international student and
staff exchanges, attracting promising
young scholars and international star
scientists, and forming international
research and teaching consortia with
institutions of similar disciplinary
orientation and reputation. More
recently, a number of universities
have established branch campuses
abroad to deliver offshore education
in emerging centres of the global
economy such as China and the Arab
city states. Studies by idp Education
Australia suggest that the demand
for Australian higher education will
increase more than ninefold from
2000 to 2025, to about one million
students. International onshore
higher education in Australia is
predicted to account for slightly
more than half of this total demand,

while the other 44% will be provided
through offshore campuses and
distance education.
In this chapter, we examine
recent trends in the formation
of global knowledge nodes and
networks within higher education
and research by focusing on three
dimensions: first, institutional nodes
as identified by world university
rankings; second, the circulation
of students and faculty; and, third,
international collaboration in the
natural and technical sciences. The
analysis highlights the concentrated
nature of higher education and
research, whose leading centres are
clustered within a relatively small
number of countries in the richest
regions of the world. We currently
witness a process of dynamic
restructuring in the global landscape
of higher education and research that
leads to the formation of new central
nodes, and shapes flows of students
and faculty as much as collaborative
linkages across the world.
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W o r l d c l as s u n i v e r s i t i e s

‘World class universities’ can be regarded as central nodes in
global knowledge networks. They are usually defined as institutions
that excel in research and teaching and enrich the cultural,
intellectual and public life of the wider society. Identifying ‘world
class universities’ is not straightforward, as most institutions of
higher education contribute, often in highly specialised ways, to the
creation of new knowledge, and many aspire to the ‘world class’ label.
Since 2003, several attempts have been made to identify world class
universities in annually published world university league tables
that are based on a range of specific performance indicators. Drawing
the attention to the most successful universities in the world (in
terms of the indicators measured), these rankings have captured the
attention and ambition of university managers, academics, employers,
policy makers and the wider public. Universities that do well in these
rankings advertise their positions in press releases and on their
websites, while other universities adjust their strategic plans in order
to join the club of world class universities in the future. Despite a
variety of criticisms on the selection and weighting of the underlying
ranking criteria, global university rankings provide important insights
into the geographies of global higher education and research.
Mapping the locations of the Top 500 universities in the Shanghai
Ranking for 2006 reveals striking global disparities between the
Global North and the Global South. There are four major regional
clusters of world class universities in North America, Europe, East
Asia and Australia, and two minor regional clusters in South America
and South Africa. Large parts of South America and Africa are without
any university that scores on the main performance indicators
as defined above, thus reflecting the well–known deep–seated
asymmetries in the global economy.
Examining the locations of the Top 100 universities in comparison
to the four subsequent tiers of 100 institutions, these global
disparities become even more evident. There is no Top 100 university
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in South America and Africa and also none in continental Asia. Within
North America, clusters of Top 100 world universities concentrate in
the northeast, the middle west and the south west, while the locations
of world class universities in Europe are characterised by a centre–
periphery structure. The Top 100 universities cluster in the south of
England, in and around Paris, in southwest Germany and in northern
Switzerland, while Spain, the south of Italy and east central Europe
accommodate universities mainly ranked between 300 and 400.
Out of the 25 top ranked institutions, nineteen are located within
the usa, four in the uk and two in Japan (figure 1). The Top 500
universities in the world are located within 375 cities. Forty–five of
these cities accommodate two institutions ranked in the Top 500
universities, 11 cities host three and 10 are home to four or more world
class universities. Most of these institutions are located in Paris, Tokyo,
London and New York, which corresponds well with the first tier of
global cities as the command centres of the global economy (figure 2).
Hong Kong and Seoul are important intellectual nodes in Asia; Houston,
Boston/Cambridge and Philadelphia are also significant agglomerations

How the Shanghai Ranking is made
Academic Ranking of World Universities, compiled by Shanghai Jiao Tong
University since 2003, publishes a list of the Top 500 out of around 8,000
universities world–wide. The ranking is based on six indicators that aim to
measure an institution’s quality of research and education. In order to determine
a university’s ranking position, these indicators are added according to the
following weights:
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figure 1

Top 25 institutions in the Shanghai Ranking 2007
Source: Academic Ranking of World Universities 2006, Shanghai Jiao Tong
University www.arwu.org

19 OF TOP 25
UNIVERSITIES
Are IN the USA
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figure 2

Top 10 cities in the Shanghai Ranking 2006
Source: Academic Ranking of World Universities 2006,
Shanghai Jiao Tong University www.arwu.org/

of world class universities in the usa, while Stockholm stands out as the
third ranked urban centre of world class university clusters in Europe.
As the leading world class universities are closely associated with
the most important business hubs in the world, it can be assumed
that shifts in global economic power are mirrored in changes in
the geographies of higher education and research. Accordingly,
the growth of the Chinese economy goes hand–in–hand with the
aspiration of Chinese universities to perform as well as the leading us
research universities. In this context, it seems to be no accident that
the first ranking of world universities was published by Shanghai Jia
Tong University, as the global perspective helps Chinese universities
to position themselves in relation to their global competitors and to
identify areas in which academic performance could be improved.
An alternative world university ranking published by the Times
Higher Education Supplement since 2004 (in the following: Times
Higher Ranking) includes a peer review score that is based on annual
surveys among academics. The latter are asked to rank the most
prestigious universities in their region, which results in relatively high
scores of universities across the world. The highest scoring institution
was assigned a score of 100, while the score of all other institutions are
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expressed as percentage of the top score. In China, Beijing University
received by far the highest score (70%), followed by Tsing Hua University,
Fudan University, China University of Science & Technology, Nanjing
University and Shanghai Jiao Tong University, which received peer
review scores between 45% and 31%. Beijing University is ranked
second in the wider region together with the National University of
Singapore and only topped by Tokyo University (72%).
In comparison with current citation practices, however, there is a
considerable gap between the peer review and the citations per faculty
scores in all universities of South East and East Asia (figure 3). While
the scientific performance at these universities is highly valued within
the wider region, scientific articles produced in Japanese, Chinese and
Singaporean universities are not as frequently cited internationally
as work produced in American and European universities. This may

world class universities
are closely associated
with the most important
business hubs in the world
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figure 3

Comparison of Reputation and Citations

Per Faculty Scores in Selected Universities in the Times Higher Ranking 2006
Source: Times Higher World University Rankings 2006, QS Quacquarelli Symonds Ltd. www.timeshighereducation.co.uk

2006
RANK INSTITUTION

COUNTRY

PEER
REVIEW
SCORE

1

HARVARD UNIVERSITY

USA

93

39

8

UNIVERSITY OF CALIFORNIA, BERKELEY

USA

92

39

6

STANFORD UNIVERSITY

USA

82

55

14

BEIJING UNIVERSITY

CHINA

70

2

28

TSING HUA UNIVERSITY

CHINA

45

1

FUDAN UNIVERSITY

CHINA

39

2

16

AUSTRALIAN NATIONAL UNIVERSITY

AUSTRALIA

72

13

22

UNIVERSITY OF MELBOURNE

AUSTRALIA

72

7

35

UNIVERSITY OF SYDNEY

AUSTRALIA

65

8

19

NATIONAL UNIVERSITY OF SINGAPORE

SINGAPORE

70

8

61

NANYANG TECHNOLOGICAL UNIVERSITY

SINGAPORE

40

3

116

partly result from the type of measurement that uses citation data
as recorded in Thomson’s Essential Science Database but can also
be attributed to different degrees of integration into the scientific
citation circuits. However, as a similar gap can also be observed in
Australian universities, it can be argued that the discrepancy between
a high peer review score and a modest citations per faculty score in
Chinese, Singaporean and Australian universities reveals their status as
emerging world class universities in the sense that the citation rates are
beginning to catch up with a growing reputation of these universities.
This argument is supported by a comparison of the scores for
published scientific articles with those for highly cited researchers
in the Top 500 universities of the Shanghai Ranking 2006: highly
cited researchers are concentrated in a much smaller number of
universities, as it takes time to build up the expertise and reputation
to become a highly cited researcher. The discrepancy between scores
is highest in the emerging Chinese world class universities, where
academics have started to publish frequently in indexed journals but
not many have yet emerged as highly cited scientific stars.
The analysis of ‘world class universities’ thus reveals the
geographically uneven distribution and regional clustering of elite
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CITATIONS
PER FACULTY
SCORE

knowledge nodes across the world and reflects long–term historical
patterns in the establishment of the modern research university. The
extent to which contemporary global higher education and research is
characterised by changing power–geometries between the large and well–
known universities in North America and Europe and the emerging world
class universities in Asia will be further examined in the next section.

C i rc u l at i o n o f s t u d e n ts a n d fa c u lt y

In the second half of the 20th century, the usa was
widely regarded as the world‘s largest magnet for highly skilled
professionals. Up until today, the country attracts the highest
number of international students in the world (590,167 in 2005)
with a market share of 21.6%. Followed by the uk (318,399; 11.7%),
Germany (259,797; 9.5%) and France (236,518; 8.7%), these
four leading destination countries attract more than 50% of all
international students. With India and China not included in these
oecd figures, the countries that have raised their market share of
international students considerably since 2000 are Australia, New
Zealand, Canada, France, Russia and Japan, thus indicating a wider
shift of student flows towards the Asia–Pacific region.
INTERNATIONAL
An analysis of the origin of these international students
STUDENTS
clearly reveals China’s and India’s growing importance in
international academic exchange (figure 4). Both countries
provide the highest number of international students in the
usa and the uk, while China also heads the ranking of sending
countries in Germany and Australia. Apart from the increasing
predominance of China and India, the geographies of sending
countries in the six most important destination countries for
international students are shaped by political, socio–economic, AUSTRALIA
geographical and postcolonial relations. In the usa, most
international students come from Asia and North America. In
the uk, all ten most important sending countries are located in
Asia, comprising mostly former British colonies, while France
receives international students mostly from former French
colonies in North Africa. After Morocco and Algeria, China is the
third most important sending country for international students UNITED STATES

17

%

3

%
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figure 4

Top 10 sending places of origin & percentage
of total international student enrolment
For top host destinations

Source: Institute of International Education (IIE), Atlas of Student Mobility, www.atlas.iienetwork.org

USA (2007)

UK (2007)

Germany (2006)

INDIA

14.4%

CHINA

27.0%

CHINA

CHINA

11.6%

INDIA

14.2%

TURKEY

11.0%
9.0%

STH KOREA

10.7%

MALAYSIA

8.8%

POLAND

6.1%

JAPAN

6.1%

HONG KONG

5.9%

BULGARIA

5.2%

TAIWAN

5.0%

INDONESIA

5.1%

RUSSIA

4.8%

CANADA

4.9%

SINGAPORE

4.7%

UKRAINE

3.5%

MEXICO

2.4%

STH KOREA

3.3%

MOROCCO

3.3%

TURKEY

2.0%

THAILAND

2.8%

ITALY

2.7%

THAILAND

1.5%

TAIWAN

2.2%

FRANCE

2.4%

GERMANY

1.5%

JAPAN

2.0%

AUSTRIA

2.4%

France (2004)

Australia (2006)

13.8%

STH KOREA

30.7%

9.4%

INDIA

6.4%

JAPAN

11.3%

CHINA

4.8%

USA

5.9%

USA

7.2%

TUNISIA

4.1%

GERMANY

4.6%

VIETNAM

4.5%

SENEGAL

3.5%

FRANCE

4.5%

INDONESIA

3.5%

GERMANY

2.8%

IRELAND

4.3%

INDIA

3.5%

CAMEROON

2.1%

GREECE

4.3%

THAILAND

3.4%

ITALY

2.0%

MALAYSIA

3.2%

RUSSIA

3.1%

LEBANON

2.0%

NIGERIA

3.0%

FRANCE

2.4%

ROMANIA

1.9%

HONG KONG

2.6%

PAKISTAN

2.0%

CHINA

13.3%

China (2006)

ALGERIA

MOROCCO

in France, and the European countries Germany, Italy and Romania
are also included in the Top 10 sending countries. A more distinct
European profile of international students can be found in Germany,
where China is followed by Turkey (including second generation
immigrants), a number of eastern European countries and the
European neighbours Italy, France and Austria. China’s international
students mainly come from Asia and the United States, while Australia
displays the most international profile with sending countries from
Asia, North America, Europe and Africa among the Top 10.
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Compared to the size of the total student body, Australia and
New Zealand also have the highest shares of international students,
followed by the European countries uk, Switzerland, Austria and
France (figure 5). Australia’s share of international students of 17.3%
compares to a much lower 3.4% of international students in the usa.
Within the Top 200 world class universities as defined by the Times
Higher Ranking 2006, 11 of 12 Australian universities are among the 50
most international institutions. The most international student body,
however, is to be found at the London School of Economics, followed by
the School of Oriental and African Studies (London), Curtin University
of Technology (Perth), Ecole Polytechnique Fédérale de Lausanne,
rmit University (Melbourne), University of Wollongong (Wollongong,
Australia), Cranfield University (Cranfield, uk), Geneva University,
Imperial College London and Nanyang Technological University
(Singapore) (figure 3). The most international world class university
in the usa is caltech in Los Angeles on rank 24. Most us universities
have rather low international student scores and are dominated by high
numbers of domestic students.
figure 5

Percentage of international students enrolled in tertiary education
OECD countries, 2005

Source: OECD, Education at a Glance 2007, Table C3.1., www.oecd.org/edu/eag2007
Note: Missing data for Canada, Czech Republic, Germany, Iceland, Italy, Korea,
Luxembourg, Mexico, Poland, Portugal, Turkey.
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figure 6

Top 10 Institutions of International Students
in the Times Higher Ranking 2006
Source: Times Higher World University Rankings 2006, QS Quacquarelli Symonds Ltd.
www.timeshighereducation.co.uk

2006
rank INSTITUTION

COUNTRY

1

London School of Economics

UK

2

School of Oriental and African Studies

UK

3

Curtin University of Technology

Australia

4

Ecole Polytechnique Fédérale de Lausanne

Switzerland

5

RMIT University

Australia

6

University of Wollongong

Australia

7

Cranfield University

UK

8

Geneva University

Switzerland

9

Imperial College London

UK

Nanyang Technological University

Singapore

10

International students are potential future academics and
professionals. Whether they stay in the destination country of
their studies, return to their country of origin or move to a third
country, they are likely to establish transnational linkages and act as
multipliers of international relations in their subsequent careers. A
high share of international students thus indicates dynamic processes
with potential future significance for the economy and wider society,
particularly under conditions of contemporary globalisation. The
high shares of international students in Australia, Singapore and
Europe can thus be evaluated as a positive sign of internationalisation
that also contributes to providing an international experience ‘at
home’ for domestic students in these places. Equally important
for establishing international linkages are the Chinese and Indian
students that go to North America, Europe and Australia to study in
one of the global centres of higher education and research. As many
of these international students later return to their home countries
to start academic and professional careers, they may in the long–term
contribute to making their universities and companies more central
players in the world economy.
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For the usa, for example, Michael Finn shows in a study of stay
rates of foreign doctorate recipients that 68% of those who received
science and engineering doctorates in 2000 were still in the usa in
2005. Studies by AnnaLee Saxenian on Chinese and Indian–born
engineers working in Silicon Valley reveal the complex transnational
linkages of foreign–born highly skilled professionals who were
educated in the usa. She argues convincingly that these individuals
contribute to the development of information technology industries in
their home countries by building entrepreneurial networks between
firms in Silicon Valley and those in emerging technology regions
across the world. Comparing data on Australia, Canada, the uk and the
usa for 2002, the number of international students, who potentially
provide such positive effects in their future careers, was highest in the
metropolitan areas of New York and London as the leading global cities,
followed by Los Angeles, Melbourne, Sydney, San Francisco, Boston,
Washington, Chicago and Brisbane (figure 7). Based on these and
previous findings, it can be argued that international students reinforce
the central status of global cities but also contribute to the formation of
new central nodes in the world economy.
Another important strategy of internationalisation in higher
education has long been the transnational exchange of faculty,
whether this relates to temporary stays of less than one or two years,
or to more permanent arrangements. Both visiting academics and
foreign–born and/or foreign–educated academics with permanent
posts provide international views and experiences to the majority of
students that do not themselves study abroad. Some of the emerging
world class universities in Asia and Australia stand out by their
recruitment of international faculty, which is sometimes but not
always related to their large number of international students as
an important staffing source (figure 8). According to the Times
Higher Ranking 2006, the ten most international universities in
terms of the percentage of international faculty are Macquarie

international students reinforce the
central status of global cities but also
contribute to the formation of new
central nodes in the world economy
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figure 7

International students in metropolitan areas
In Australia, Canada, UK and USA, 2002

Source: K. O’Connor (2005) International Students and Global Cities, GaWC
Research Bulletin 161, www.lboro.ac.uk/gawc/rb/rb161.html

University (Sydney), Otago University (Dunedin), London School of
Economics, eth Zurich, University of Hong Kong, National University
of Singapore, Nanyang Technological University (Singapore), Basel
University, City University of Hong Kong and Hong Kong University
of Science & Technology (figure 8).
The recruitment of international faculty also helps to raise the
global visibility of universities in terms of research performance
indicators and international research collaborations as international
scientists and scholars bring their academic expertise and contacts
to the new institutions. The recruitment of international faculty has
therefore been identified by several younger academic institutions
as an important strategy for raising their position in world university
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figure 8

Top10 Institutions of International Faculty in the Times Higher Ranking 2006
Source: Times Higher World University Rankings 2006, QS Quacquarelli Symonds Ltd. www.timeshighereducation.co.uk

2006
rank

INSTITUTION

COUNTRY

1

Macquarie University

Australia

2

Otago University

New Zealand

3

London School of Economics

UK

4

ETH ZUrich

Switzerland

5

University of Hong Kong

Hong Kong

6

National University of Singapore

Singapore

7

Nanyang Technological University

Singapore

8

Basel University

Switzerland

9

City University of Hong Kong

Hong Kong

Hong Kong University of Science & Technology

Hong Kong

10

rankings that are dominated by the established universities in
North America and Europe. Universities uk, the representation
of the executive heads of all uk universities and some colleges of
higher education, even speaks of ‘Talent Wars’ in their study on the
international market for academic staff conducted in 2007. This
policy briefing reveals that non–uk nationals accounted for 19.1% of
all academic staff at uk universities in 2005–06; among the newly
appointed staff this figure rose to 27%. Graduates represent one of the
main sources for newly appointed academic staff (34%; other sectors
uk: 42%; employed abroad: 21%), which highlights the significance
of international students for the reproduction of academic staff in
British higher education and research.
The reasons for a growing share of international faculty in Britain
are manifold. Academic migrants are attracted by the academic
reputation of uk universities, a favourable working environment,
and long–term career prospects based on tenure–track positions.
From the perspective of British higher education and research,
international recruitment contributes to a globally competitive
position based on high–quality staff but is also important for
maintaining the current staff/student ratio as many uk graduates
prefer financially more attractive positions outside the university
system. British higher education and research is also influenced
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by demographic change, although the consequences of the aging of
faculty are less pressing than in the usa and Canada. In addition, the
Labour government aims to raise the share of university students to
50% of the 18 to 30–year–olds by 2010. As the number of international
students worldwide has been estimated to increase threefold from
2004 to 2025, the growing number of university students in Britain
(and elsewhere) will not only require the filling of vacant academic
posts but also the creation of new positions.
Sydney The geographies of international recruitment of faculty at British
has the 5th universities are shaped by strong linkages within Europe and the
and with the usa. The most important countries of
highest Commonwealth
origin for international academic staff in the uk are Germany, Ireland,
number of the usa, China, Italy, France, Greece, India, Australia and Spain
international (figure 9). The majority of these academics are at an early stage of
career, and their shares vary significantly between different
students their
subjects (figure 10). The highest share of international academic
staff can be found in languages, physics, mathematics, computer
science, engineering and the social sciences. While the advantages
of lecturers from abroad are obvious in language studies, the set
disciplines (Science, Engineering, Technology) have been characterised
by English as the lingua franca in the second half of the 20th century,
a fact that makes international academic mobility easier in these
subjects, which have seen a decline of interest by British graduates. As
observed in previous statistics, the particularly large inflow of Chinese
researchers to the uk at an early stage of their career mirrors the rapid
economic and scientific advancement in this country during the past
two decades.
The number of international academic staff at British universities
is higher than the number of British academics leaving for
permanent jobs abroad, which can be regarded as a positive sign for
the international standing of British academia (2005–06: +4,220
academics). However, even British universities, many of which are
ranked among the top 100 world class universities, are embedded
within asymmetrical global power relations. Due to prestigious and
highly attractive professorships at the leading research universities
in the usa, the outflow of academic staff surmounts the inflow at the
levels of both senior lecturers/senior researchers and professors
(2005–06: –1,045).
Based on the study by Universities uk, the internationalisation
through academic staff appears to be an important strategy for
ensuring the international competitiveness of higher education
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figure 9

Major non–UK nationalities of academic staff in UK higher education institutions
By career stage, 2005–06

Source: Universities UK (2007) Talent Wars: The International Market for Academic Staff, London (Policy Briefing), p. 8–9.
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figure 10

non–UK nationals among permanent UK academic staff by subject, 2004–05
Source: Universities UK (2007) Talent Wars: The International Market for Academic Staff, London (Policy Briefing), p. 11.

and research. However, as academics with roots in other countries
might well return to these places, particularly if research conditions
improve in the long run, it seems to be equally important to encourage
national graduates to pursue an academic career, either in the country
of origin or abroad. As many countries are currently reforming their
systems of higher education and research in order to make them
internationally more compatible and attractive, the competition for
international students and academic staff is likely to intensify in the
near future. A sensible strategy for academic institutions therefore
seems to lie in balanced exchanges of incoming and outgoing
undergraduates, postgraduates, post–docs, lecturers and professors
in terms of temporary academic mobility (study abroad, research
stays, visiting professorships) and permanent recruitment. Despite
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figure 11

Output of science and engineering articles and
international co–authorship, 1996–2000 and 2001–2005
Source: J. Adams, K. Gurney and S. Marshall (2007) Patterns of International Collaboration for the UK and Leading
Partners: A Report Commissioned by the UK Office of Science and Innovation, Leeds: Evidence Ltd, p. 10.
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5
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its evident significance, the international circulation of students and
staff does not provide the only path to scientific excellence as the
case of Japanese universities illustrates: Characterised by low scores
of international students and faculty, Japanese universities are well
represented among the Top 200 world class universities and even
constitute the second most important urban agglomeration of world
class universities in Tokyo (figure 4).
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I n t e r n at i o n a l s c i e n t i f i c c o l l a b o r at i o n

Global knowledge networks in higher education and research
are specifically well–researched in regard to international co–
authorship in the natural and technical sciences. This is because
science citation databases offer comprehensive data on joint
publications in mostly English–speaking internationally peer–
reviewed journals. Most of these data are analysed on the national
level and thus reflect an aggregation of collaborative linkages
between world class universities and other research institutions as
discussed in the first section of this chapter. The following data refer
to international collaboration in the natural and technical sciences,
including clinical sciences, health and related subjects, biological
sciences, environmental sciences, mathematics, physical sciences, and
engineering. The emerging collaborative patterns thus concentrate on
one particular type of international scientific collaboration, namely
co–authorship of journal articles, and on the SET disciplines.
The worldwide output of research papers has increased by more
than 10% between 1996–2000 and 2001–05 (figure 12). Among
the nine countries with the most productive scientists, the growth
of research output was highest in China, India and Australia, thus
supporting the previously developed argument that these are highly
dynamic places in the contemporary landscape of higher education
and research. Between 2001–05, international collaboration
accounted for 21% of the journal articles produced in Japan and 40%
of the journal articles produced in the uk. Scientists based in smaller
countries tend to engage more in international collaboration as those
in larger countries (usa, China) as the latter have more opportunities
to cooperate with colleagues at institutions in their own country.
Even if China’s share of internationally co–authored articles scarcely
rose, the doubling of research output means that the number of
internationally co–authored journal papers doubled as well. This
immense increase in international scientific linkages of China is
inextricably linked to the formation of world class universities and the
intense transnational circulation of Chinese academics.
The dynamic changes in the amount of research output have
a considerable impact on the global geographies of knowledge
networks. For example, China provided 2% of international co–
authors of US scientists and engineers in the periods 1981–85 and
1991–95. By 2001–05 this share had risen to 6.1%, making the country
the sixth most important place of international co–authorship.
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9
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34

6

21

9

6

8

JAPAN

40

UK

23

3

GERMANY

22

3

7

FRANCE

20

2

8

10

CHINA

28

11

7

9

5

CANADA

41

4

8

5

8

2

AUSTRALIA

29

4

16

7

4

2

6

b) 2001–05
Country

USA

Country

USA

a) 1991–95

5
8

figure 12

Patterns of international co–authorship in scientific and technical research
1991–95 and 2001–05 (percentages of total)

Source: a) National Science Board (ed.) (1998) Science and Engineering Indicators 1998, Arlington, VA: National
Science Foundation, Appendix table 5–54; b) J. Adams, K. Gurney and S. Marshall (2007) Patterns of International
Collaboration for the UK and Leading Partners: A Report Commissioned by the UK Office of Science and Innovation,
Leeds: Evidence Ltd, p. 13.

This trend is likely to continue, thus potentially preparing a long–
term shift of academic hegemony away from the usa. In the past two
decades, the most important source countries for co–authors of us
international articles have been Germany, the uk and Canada, while
the collaborative links with the usa were considerably strengthened
in all of the most productive countries except Japan between 1991–95
and 2001–05 (figure 12). Scientific and technical research in Japan
became rather more closely linked to China and Australia, thus
contributing to the formation of an Asia–Pacific collaborative space.
Within Europe, scientific collaboration between the uk, Germany
and France grew considerably, thus reflecting the coalescence of
universities in an emerging European higher education area.
149

cities and metropolitan areas that
strive to do well in this contest, need to
be well networked at different levels,
including the inflow and outflow of
international students and faculty at
different stages of their career
Conclusion:
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Global knowledge nodes and
networks in contemporary higher
education and research cluster in the
richest places in the world located
in North America, Europe, South
and East Asia and Australia. They
correspond well with the network
of global cities and economically
leading metropolitan areas.
Universities in South America
and Africa are much less central
in global networks of science and
research that are defined by Anglo–
American publication cultures in
the natural and technical sciences.
When researching the global
knowledge economy, it is therefore
important to remember that world
university rankings and citation
data only reflect practices highly
appreciated in certain disciplines
and places. Academic work in the
arts and humanities and in other
languages than English is most
often underrepresented and thus
undervalued in these global rankings.
The analysis of world class
universities as identified by two
prominent world university rankings,
of the transnational circulation
of students and faculty, and of
international scientific collaboration
between the scientifically most
productive countries has revealed a
dynamic process of restructuring in
global higher education and research
that can be characterised by a tension
between the established centres
of research excellence in the usa
and Europe and emerging central
knowledge nodes in China, India

and Australia. Japanese universities
belong to the long–established
research centres but are at the same
time part of growing linkages between
emerging world class universities
in Asia–Pacific. In the context of a
growing internationalisation of higher
education and research across the
world, regional knowledge networks
within Asia–Pacific and Europe have
been strengthened in the past decade.
A striking feature of the current
process of restructuring in global
higher education and research has
been the rise of Chinese universities.
Trends in academic mobility of
students and staff and international
co–authorship hint at a possible
long–term shift of academic
hegemony away from the usa that will
enhance international competition
for students, qualified researchers
and academic resources. Institutions,
cities and metropolitan areas that
strive to do well in this contest, need to
be well networked at different levels,
including the inflow and outflow of
international students and faculty at
different stages of their career. In the
long–term, a potential problem for
us research universities might result
from a comparatively small academic
diaspora abroad. Studies have shown
that these academic diasporas provide
important linkages for the transfer of
knowledge and technology between
different nodes in the knowledge
economy, thus fostering the formation
of new knowledge centres and keeping
established centres up–to–date.
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6

Sunlands: A proposal by London architect Alex Haw (Atmos) for an installation at
Canary Wharf, mapping sunlight data from weather stations around the world.
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D_CITY

Networking The Information
Revolution In Planning,
Designing And Managing Cities
Davina Jackson

Proposing a new global network to
co–ordinate data modelling researchers
to accelerate solutions for eco–cities
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Debate about climate change
often has focused on potential
sacrifices which could be made
by individuals, households and
neighbourhoods. Now there is a
growing emphasis by governments
(for example via the Clinton
Foundation’s c40 climate cities
program, and the Metropolis
network of city governments) on
improvements at urban scales.
One way to accelerate viable
solutions to global environmental
problems is to exploit the massive
calculation powers of computers—
fed with reliable data. With recent
advances in sensor and satellite
positioning technologies, the
planning, property and construction
sectors are beginning to recognise
how past inefficiencies gradually
might be resolved by collaborating
with the digital technologies sector to
process these new streams of evidence
about dynamic behaviours in cities.

One way to accelerate viable
solutions to global environmental
problems is to exploit the massive
calculation powers of computers—
fed with reliable data

Precursors to this ambitious
vision have cropped up regularly
since the early 19th and 20th
centuries. The first significant steps
towards computing were taken with
philosopher Charles Babbage’s 1820
proposal for a ‘Difference Engine’ to
calculate and print astronomical and
nautical data. A later theory from
physics was James Clerk Maxwell’s
1873 proposition that the void
between atoms was filled with an
electromagnetic field through which
energy moved at the speed of light.
Both of those concepts (among
others) have been progressively
developed by scientists towards
the ‘global information space’ or
World Wide Web, that was initially
presented to the cern European
particle physics laboratory by Tim
Berners–Lee in 1989. Only now,
however, are digital technologies
becoming computationally powerful,
instantaneous and ubiquitous

enough to enable ‘scale–free
networks’ to operate dynamically
around the planet.
According to New York architect
Winka Dubbeldam, scale–free
networks need a combination of
random growth and preferential
attachments to thrive. This
combination—of fresh energies and
outputs supported by established
chains of wisdom—is now proposed
for the D_City global online research
network.
D_City aims to co–ordinate
global research (mainly academic)
to gradually support developers and
governments of eco–intelligent cities.
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Data m o d e l l i n g to i n f o r m b e t t e r
decisions about cities

Use of ‘data simulation’ and ‘virtual prototyping’ technologies
is increasing in the advanced building sectors of Japan, Korea and
Scandinavia—inspired by similar technologies in the aerospace and
manufacturing sectors, where it long has been understood that human
brainpower alone cannot deliver the precision required to drive
complex machines in ‘mission critical’ (no room for error) conditions.
The most advanced systems of information modelling allow—
indeed require—teams of diverse specialists to collaborate online to
optimise accurate designs for ecologically intelligent new buildings
and cities. One term used for this team approach is ‘integrated
practice’—and it implies simultaneous rather than sequential
processes of planning and designing major urban projects.
Information modelling offers not only ecological efficiencies, but
also economic efficiencies (cost and time reductions, minimisation
of investment risks)—so financiers of major building projects
are becoming enthusiastic to implement these systems. Some
governments (led by New York’s Police Department under the
leadership of Rudolph Giuliani, and by cities which host Olympic
Games) also see potential for more efficient monitoring and managing
the needs and activities of their citizens (often generating debate
about individual rights to privacy).
The major source of resistance to information modelling has
come from the architecture and engineering professions, where many
small to medium enterprises do not want to update their processes or
cannot invest in the necessary retraining and equipment to the levels
becoming expected of them.
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F ro m CAD to CAM

In the West, the well–known cad (computer–aided design)
phase that followed the arrival of personal computers in 1980, has
largely (but not entirely) converted the aec (architecture, engineering
and construction) sector from its 20th century reliance on layers of
drawings on large rolls of paper, to two–dimensional drawings on
screens (which can be transmitted as files over the Internet).
Now it’s becoming recognised that drawings (whether by hand or
in the computer) are not enough: what’s needed now are computable
virtual models—capable of adding and crunching more and more
levels of data—and increasingly dynamic data gathered via satellites,
mobile phones, gps devices, etc.
The combination of cad and the Internet significantly reduced
time frames in designing for the built environment. But major
technology revolutions always take much longer to bed down in
government planning and mainstream architecture and construction
than in other sectors because of the high capital costs, uniqueness of
each project and one–off project development teams.
In most Western countries, there is a current transition from
cad and manual construction of buildings to building information
modelling (bim) as the primary information source which can drive
computerised manufacturing of structural components (computer–
aided manufacturing: cam).
B u i l d i n g i n f o r m at i o n m o d e l l i n g

Los Angeles architect Frank Gehry is credited for heading
the first architectural practice to shift from cad to bim technologies.
After making models of radically sinuous buildings with flexible
manila cardboard and tape, he won a commission in the early 1990s
to build a Guggenheim Museum in Bilbao on the north coast of Spain.
To deliver his extremely complex waves of roof–walls in titanium
metal, Gehry turned to the leading supplier of aeronautical software,
Dassault Systemes of France. Since then his spin–off company, Gehry
Technologies (cto Dennis Shelden), has been adapting Dassault’s
catia virtual modelling software into a sophisticated system for
modelling buildings and cities, called Digital Project.
Recently, the world’s first complete Digital Project virtual model
delivered major savings of construction time, cost, materials wastage
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and risk management for financiers of a 70–storey office tower in
Hong Kong named One Island East (uk developer Swire Properties).
Most leading suppliers of cad softwares—the best–known being
Autodesk and Bentley—are upgrading their programs to incorporate
information modelling and database manipulation features. These
firms offer a variety of software products to cater for the specialist needs
of different consultants in the design of built environments—and the
products are becoming increasingly integrated or interoperable.

40

Stanford University’s Centre for Integrated Facilities
Engineering (cife) recently researched the benefits of
bim across 32 major construction projects in the United
States. Its report claims that the advantages include:
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project cost)
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Left: Thousands of clashes of structure and airconditioning ducts were detected and
resolved in the Gehry Technologies Digital Project virtual model for One Island East,
an office tower nearing completion in Hong Kong. Developer: Swire Properties.
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Still images from PopulouSCAPE animation produced by Professors Hiroshi Ota and Kaori Ito, University of Tokyo
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B e yo n d BIM to wa r d s d ata c i t i e s

bim is only part of the current revolution in modelling systems
destined to reform the planning, design and management of future
cities. One key to this phenomenon is today’s global mobility of
information, communications, capital, goods and services—forecasted
at the dawn of the commercial internet in the mid 1990s by academic
writers including Nicholas Negroponte and William J. Mitchell, Saskia
Sassen and Manuel Castells.
Around the same time, architectural scientists John and
Julia Frazer highlighted a sequence of experiments towards ‘an
evolutionary architecture’—using electrical engineering, algorithmic
and artificial intelligence principles to automatically generate and
modify designs for buildings. Earlier John von Neuman, Stanislaus
Ulam and John Conway initiated experiments with cellular automata:
one of the systems now in common use for modelling urban dynamics.
Mark Burry, Hugh Whitehead, Robert Aish and other digital architects
began experimenting with ‘parametric modelling’—using code–
scripted rules to generate virtual prototypes for irregular forms and
building components. And in the early 1980s, Professor Bill Hiller,
of London’s Bartlett School, developed the Space Syntax system for
predicting and analysing people and traffic movements in city streets
and spaces.
Experiments and discoveries by these and other leaders of the
cybernetics movement, combined with common access to wireless
and web technologies, now are forcing a conceptual reversal from
understanding cities as static buildings and streets (the traditional
architecture mindset), to a perspective (derived more from physics,
electrical engineering and biology) of them being dynamic and
constantly interacting flows of evolutionary behaviours (weather
patterns, people and vehicle movements, soils and vegetation, water,
electricity use, etc).
Certainly digital technologies are fast dissolving centuries of ideology
about architecture symbolising static permanence, monumentality and
hierarchical power structures. Today’s socio–economic foci include
information accessibility and transparency, and there is a growing
emphasis in many nations on how to repair Mother Earth.
Right: Concepts for buildings can now be algorithmically generated
to evolve automatically on screen—a technology which is radically
changing architectural practice. Example by Patrick Janssen.
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From the New York Talk Exchange exhibition by MIT’s SENSEable City Lab, led by Carlo Ratti with advice
from Professors Saskia Sassen and William J. Mitchell, at the New York Museum of Modern Art, 2008.
http://senseable.mit.edu
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Coo r d i n at i n g r e s e a rc h
to wa r d s m a x i m u m e f f e cts

Developing new data sets and software tools for planning,
designing and managing cities needs a coordinated international
approach to research and development across many specialist
disciplines and industry sectors. This long–term and highly complex
ambition is being pursued by an emerging international online
research network called D_City. Founded by six internationally noted
digital architecture research leaders in Australian universities, it is
rapidly gathering diverse supporters concerned with new systems of
modelling natural, built and virtual environments.
D_City’s Founders in Australia are Professor John Frazer
(founding Chair) and Professor Robin Drogemuller of the Queensland
University of Technology, Professor Mark Burry of rmit University,
Professors Tom Kvan and Bharat Dave of the University of Melbourne
and Davina Jackson (Catalyst), with National ICT Australia.
If D_City’s participants can be coordinated to collaborate and
communicate using new social e–research and networking systems
ranging from websites to surface computing to various new forms of
video conferencing, they could do much to accelerate information
modelling technologies towards the ultimate goal of creating a multi–
dimensional information model of the planet.
The D_City project still is gathering major financial partners
but its researchers already are working on key advances via existing
alliances developed around the international academic conference
circuits. Northern hemisphere universities with research leaders
who are supporting this project before its formal launch include mit,
ucla, usc, Columbia, the University of Manitoba, Tongji University,
Tokyo University and the Tokyo University of Science, University
College London, the London School of Economics, the Architectural
Association, Imperial College, Loughborough University and the
University of Westminster.
Also supporting the D_City concept is a venerable British
Enlightenment institution, the Royal Society of Arts (Manufactures
and Commerce). Founded in 1754 as a ‘force for social progress’, the
rsa now has 27,000 influential Fellows around the world, united
behind a tradition of ‘enlightened inquiry and positive social action’.
D_City shares with the rsa an approach that is ‘multi–disciplinary,
politically independent and combines cutting edge research and policy
development with practical action.’
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Natural Systems Modelling
Gathering and incorporating terrestrial, meteorological,
oceanographic and other environmental data and modelling
systems (already strongly advanced) into the first strategic
planning processes of designing large urban developments.
	In principle, this should automatically lead to more
eco–sensitive master plans.
Building Information Modelling
Improving products and systems for ‘virtually
prototyping’ and optimising proposals for
complex buildings, structures and environments.
City Information Modelling
Creating virtual models of cities and improving digital
systems of predicting and monitoring movements of
people, traffic, water and other dynamic flows within
urban environments.
City Information Networking
Exchanging increasingly sophisticated data between
cities to track and compare their performances on
different criteria.
Planetary Systems Modelling
Gradually developing a dynamic, multi–dimensional,
data–based, integrated real–time virtual model
recording and predicting evolutionary behaviours around
planet Earth.

D _ C i t y r e s e a rc h t h e m e s

This project is too ambitious and amorphous to be easily grasped by today’s
decision–makers in terms of practical outcomes. So it is being divided into five new
streams for research, development and impacts for governments and the property
development sector.
Each theme roughly corresponds to natural clusters of contemporary
professional disciplines—which allows these groups to adapt gradually to the
significant changes ahead.
All of these research themes currently are being explored by digitally advanced
environmental scientists and engineers, surveyors, architects, artists, film makers
and other designers of built and virtual environments. But much more r&d—and
effective commercialisation—is needed to accelerate convergences of all the
technologies and principles into flexible and easily used systems.
169

Mo n i to r i n g b e h av i o u r pat t e r n s

The fastest information modelling advances currently seem
to be coming from the aerospace and geospace fields, exploiting real–
time satellite positioning and locational systems, and airborne (lidar:
Light Detection and Ranging) scanners of large tracts of landscape,
as well as new land–based scanners of buildings and vehicle–based
scanners of streets and precincts.
Also relevant are digital photography and video to record built
environment behaviours. For example, photogrammetric cameras are
able to show in dazzling colours exactly how energy is being lost from
inefficient buildings—this technology alone will transform monitoring
of construction quality in the mass–housing industry.
Crucial to the future of built environments are the designers of
virtual environments: the animators (many of them dropouts from
analog–age architecture programs over the past decade) who now toil
in special effects agencies like Peter Jackson’s Weka in New Zealand,
Animal Logic in Sydney (regularly used by Happy Feet director George
Miller) or Star Wars creator George Lucas’ consortium in California.
V i rt ua l w o r l d s

Evolving rapidly too are ways to create imaginary urban
environments and represent existing urban situations in online
domains like Second Life, where players can use their virtual selves—
avatars—to live dreams that are impossible within the practical
restrictions of conventional human relationships.
Major corporations and governments have been buying plots of
virtual land in Second Life, and are developing extensions of their
advertising and promotional campaigns to attract young generations
of online gamers. Real money is involved: Linden dollars in Second
Life can be exchanged for some national currencies. Naturally,
competitors are rapidly moving into this internet gaming business
based on author Neal Stephenson’s concept of ‘metaverses’.

Right: Potentials for avatars to aerially navigate cities in Second Life.
From Dr Andrew Hudson–Smith ‘Digital Geography’, UCL CASA.
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Globe Encounters
In the Information Age, the flow of
Internet traffic between locations is
nearly ubiquitious. Globe Encounters
visualises the volumes of Internet
data flowing between New York and
cities around the world over the past
24 hours. The size of the glow on a
particular city location corresponds
to the amount of IP traffic flowing
between that place and New York City.
A larger glow inplies a greater IP flow.

MIT SENSEable City Lab, Director Carlo Ratti,
image Aaron Kaplin, http://senseable.mit.edu
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new york talk exchange

IP Traffic Total I Real Time
New York to the rest of the world
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12:00
night

morning

afternoon

evening

173

N e x t o p po rt u n i t i e s
f o r g o v e r n m e n ts

How can government decision–
makers best exploit these teeming
streams of data—now requiring not
just terabytes but pedabytes of storage
capacity for many large enterprises—
and still exponentially escalating?
Several next steps seem logical for
governments. First, survey today’s
state of play. Clarify what data–based
digital systems already are being used
to understand behaviour patterns in
cities by national and international
defence, police, geoscience research
and insurance organisations (which
traditionally employ the most
advanced technologies and data–
gathering systems). Also by the most
advanced engineering consultancies.
Then consult with the environmental science and engineering
research leaders at major universities to compare the strengths, weaknesses and opportunities for applying
meteorological, oceanographic and
geographic data in the early strategic
planning phases of large urban developments. Encourage and continually
monitor further research of world’s
best practices and research and

D_city aims to work with Metropolis
to develop a sound RESEARCH system
to deliver important improvements
in planning and managing cities
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development to fill necessary vacuums towards improving inefficient
aspects of environmental design.
Compare those with current
activities and performance
criteria within different arms of
government—which departments are
effective in gathering and monitoring
metrics, which need improvement.
D_City and
M e t ro po l i s

At the ‘Connecting Cities’
Metropolis Congress in Sydney
in October 2008, a long–term
collaboration between Metropolis
and the D_City global network is
being proposed to facilitate research,
development and new systems
offering governments more precise
knowledge in planning, designing and
managing dynamic urban systems.
D_City aims to work with
Metropolis to develop a series of
international research programs to
help deliver important improvements
in planning and managing cities
during the next decade/s.

C O NNECTING CITIES

One of the most exciting
potentials for D_City and Metropolis
is for the researchers to work with
city governments to progressively
develop an idea first demonstrated in
Groningen, the Netherlands, in 1995.
At an international urban design
studio led by D_City’s founding
chair, Professor John Frazer, one
of his students, Cristiano Ceccato,
suggested creating a global network
of computer models of cities.
Different models could learn from
each other, producing a wealth of
experience in different situations.
This idea was prototyped by
networking a series of computers
each representing a different city at
different latitudes and with different
economies. This made it possible to
demonstrate dramatic differences
in the solar envelope at different
latitudes and the effect of different
economies on growth patterns.
Today, with vastly more powerful
computational tools, it is even more
exciting to imagine a global network
of cities co–operating with each other
in their evolution.
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