THE NEW CLIMATE ECONOMY

The Global Commission on the Economy and Climate

— ] ] THe LONDON SCHOOL
- I I oF ECONOMICS anD
‘ POLITICAL SCIENCE W

NCE Cities - Paper 03

ACCESSIBILITY IN CITIES:
TRANSPORTAND URBAN FORM

Lead Authors: Philipp Rode and Graham Floater
Contributing Authors: Nikolas Thomopoulos, James Docherty, Peter Schwinger, Anjali Mahendra, Wanli Fang
LSE Cities Research Team: Bruno Friedel, Alexandra Gomes, Catarina Heeckt, Roxana Slavcheva

The New Climate Economy

CONTENTS

The New Climate Economy (NCE) is the flagship project of the Global
Commission on the Economy and Climate. It was established by seven
countries, Colombia, Ethiopia, Indonesia, Norway, South Korea, Sweden and
1INTRODUCTION the United Kingdom, as an independent initiative to examine how countries
can achieve economic growth while dealing with the risks posed by climate
change. The NCE Cities Research Programme is led by LSE Cities at the

2 ACCESSIBILITY IN CITIES AND London School of Economics. The programme includes a consortium of
IMPLICATIONS FOR researchers from the Stockholm Environment Institute, the ESRC Centre
CARBON EMISSIONS for Climate Change Economics and Policy, the World Resources Institute,
Victoria Transport Policy Institute, and Oxford Economics. The NCE Cities
Research Programme is directed by Graham Floater and Philipp Rode.

3 ASSESSMENT

4 PATTERNS, TRENDS AND ABSTRACT

TIPPING POINTS

This paper focusses on one central aspect of urban

5 ACCESSIBILITY THROUGH development: transport and urban form and how the two

COMPACT CITIES shape the provision of access to people, goods and services,

AND SUSTAINABLE TRANSPORT and information in cities. The more efficient this access, the
greater the economic benefits through economies of scale,
agglomeration effects and networking advantages. This

6 CONCLUSIONS paper discusses how different urban accessibility pathways
impact directly on other measures of human development

BIBLIOGRAPHY and environmental sustainability. It also presents the enabling
conditions for increasing accessibility and low-carbon mobility

NOTES in cities. This paper is one of three papers by LSE Cities

that form part of the cities research programme of the New
Climate Economy (NCE) project for the Global Commission
on the Economy and Climate. The two other contributing
papers cover ‘Cities and the New Climate Economy: the
Transformative Role of Global Urban Growth' (NCE Paper 01)
and ‘Steering Urban Growth: Governance, Policy and Finance’
(NCE Paper 02).

ACCESSIBILITY IN CITIES TRANSPORT AND URBAN FORM NOVEMBER 2014 WWW.NEWCLIMATEECONOMY.NET | 1



THE NEW CLIMATE ECONOMY

The Global Commission on the Economy and Climate

Additional support

Jiayan Liu, Todd Litman, Jerome Pourbaix, Philip Turner

Call for evidence respondents (institutions)

Allianz; Atkins; C40 Cities; CDC Climat; Centre for Low Carbon
Futures, Citibank; Cities Alliance; City of Stockholm; DFID; DFID
South Asia; Energy Foundation for Chinese Cities; Greater London
Authority; ICLEI; McKinsey; NYU Stern School of Business; OECD;
Renault; Ricardo AEA; Rocky Mountain Institute; Siemens; Transport
Studies Unit, University of Oxford; Tsinghua University; Urban
Climate Change Research Network (ARC3); UITP; UK Centre for
Cities; UN-Habitat; University College London; University of Leeds;
Victoria Transport Policy Institute; WBCSD; World Bank; WWEF.

Call for evidence respondents (individuals)

Shlomo Angel, David Banister, Michael Batty, Flavia Carloni, Neil
Dunse, Ludger Eltrop, Pete Erickson, Michael Erman, Caralampo
Focas, Andrew Gouldson, Jean Grebert, Stephen Hammer, Klaus
Heidinger, Johan Kuylenstierna, Carrie Lee, Todd Litman, Shagun
Mehrotra, Pedro Miranda, Katrin Mueller, Malin Parmander, Martin
Powell, Cynthia Rosenzweig, William Solecki, Thomas Telsnig, Sotirios
Thanos, Heather Zeppel, Savvas Verdis, Marilu Valente.

Internal Review

Geraldine Ang, Vijay Jagannathan, Robin King, Todd Litman,
Virginie Marchal

Acknowledgements

Nick Godfrey, Isher Judge Ahluwalia, Dimitri Zenghelis, lan de Cruz,
Daniele Viappiani, Jeremy Oppenheim, Ricky Burdett, Rachel Lewis

LSE Cities

London School of Economics and Political Science
Houghton Street
London WC2A 2AE

www.Isecities.net

This paper should be referenced as

Rode, P, Floater, G., Thomopoulos, N., Docherty, J., Schwinger, P,
Mahendra, A., and Fang, W. (2014): Accessibility in Cities: Transport
and Urban Form. NCE Cities Paper 03. LSE Cities. London School of
Economics and Political Science.

Disclaimer

This paper builds on the LSE Cities research and publications
including the Green Cities and Buildings chapters for UNEP’s Green
Economy Report, P. Rode’s research on integrated planning, design
and transport and research by the LSE’s Economics of Green Cities
programme led by G. Floater, P. Rode and D. Zenghelis. This paper
was submitted in July 2014.

While every effort has been made to ensure the accuracy of the material in this
[l not be liable for any loss or damage

© LSE Cities, London School of Economics and Political Science, 2014.

ACCESSIBILITY IN CITIES TRANSPORT AND URBAN FORM WWW.NEWCLIMATEECONOMY.NET | 2



THE NEW CLIMATE ECONOMY

The Global Commission on the Economy and Climate

ACCESSIBILITY IN CITIES: TRANSPORT AND URBAN FORM

1INTRODUCTION

Access to people, goods, services and information is the basis of economic development in cities. The better and more efficient
this access, the greater the economic benefits through economies of scale, agglomeration effects and networking advantages.
Cities with higher levels of agglomeration tend to have higher GDP per capita and higher levels of productivity. The way in which
cities facilitate accessibility through their urban forms and transport systems also impacts directly on other measures of human
development and well-being. Urban travel currently constitutes more than 60 per cent of all kilometres travelled globally (van
Audenhove, Korniichuk et al. 2014) and, as a result, urban transport is currently the largest single source of global transport-
related carbon emissions and the largest local source of urban air pollution.

This paper will present evidence first on how accessibility in cities is created through the co-dependence of urban form and
transport systems and how this relates to urban carbon emissions. It will then compare key economic and social impacts of
different urban accessibility pathways. The fourth section discusses contemporary patterns, trends and tipping points related
to the shape of cities, urban mobility and technological innovation. Using this information, the final section presents the
enabling conditions for increasing accessibility and low-carbon mobility in cities. This paper is primarily based on an extensive
literature review and aims to assist a further re-framing of the urban transport debate by emphasising accessibility as the
underlying objective of mobility and transport in cities. Above all, such a re-framing implies a far greater recognition of urban
form characteristics such as land use, the distribution of densities and urban design, in addition to more conventional transport
characteristics such as related infrastructure, service levels and travel speeds.

While this paper aims to present a balanced perspective on the latest state of the debate based on a comprehensive review of
the literature, the evidence cited below is not exhaustive.
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2 ACCESSIBILITY IN CITIES AND
IMPLICATIONS FOR CARBON EMISSIONS

In any city, patterns of urban development are inseparable from the evolution of urban transport and mobility. Likewise, urban
transport cannot be considered independently from urban form (Newman and Kenworthy 1989; ECOTEC 1993; Houghton
1995; Newman and Kenworthy 1996; Knoflacher, Rode et al. 2008; Dimitriou and Gakenheimer 2009; UN Habitat 2013).

Itis a combination of the two that facilitates accessibility* within metropolitan regions and thus creates economies of scale,
agglomeration effects and networking advantages. Recognition of this interrelationship between transport and urban form

is particularly important at a time of unprecedented urban expansion. Some estimates suggest that globally, the total amount

of urbanised land could triple between 2000 and 2030 (Seto, Glneralp et al. 2012) and urban kilometres travelled increase
three-fold by 2050 (van Audenhove, Korniichuk et al. 2014). Such unprecedented change would bring with it enormous risks
associated with locking in energy intense patterns of accessibility and urban form for decades to come (Ang and Marchal 2013).

2.1 URBAN ACCESSIBILITY PATHWAYS

Each city has developed its own unique spatial structure and transport system to provide access to people, goods and
information. Nonetheless, different principal development patterns have evolved with respect to the most common
combinations of urban spatial structures and transport. Given the strong path dependency of these patterns, we call these
‘urban accessibility pathways’ (Figure 1). A defining characteristic of these pathways is the degree to which accessibility is based
on the physical proximity between origins and destinations or on transport solutions which can overcome spatial separation, and
the degree to which these solutions involve private or public motorised transport.

The first principle of achieving accessibility in cities is based on the physical concentration of people, services, economic
activities and exchange. In that regard, the most defining characteristics include residential and workplace densities; the
distribution of functions and degree of mixed use; the level of centralisation; and local level urban design. More compact
and dense cities? (also referred to as smart growth, see Appendix A for key features) are typical examples of facilitating
agglomeration economies through greater proximity. Creating accessibility based on physical proximity implies a particular
attention to planning, designing, building and managing the specific local condition at a human scale.

To a certain extent, physical proximity in cities can be substituted by increasing the speed of travel through the use of rapid,
motorised modes of public and private transport. It is important to note, however, that even then the overarching objective
remains the provision of access to opportunities rather than mobility or movement itself. Infrastructural features that define
such ‘access by velocity” include the surface coverage of roads, the quality of road and rail networks and other public transport
infrastructure. In addition, transport operations and service quality determine transport-based access and typically include the
service level of public transport and the availability of privately owned vehicles.

Over the last century, the mechanisation of transport and the associated reduction in mobility costs relative to incomes

have allowed cities to de-densify and expand horizontally, resulting in the substitution of access by proximity with access by
movement. Initially driven by the introduction of streetcars, metro and regional rail systems (Heinze and Kill 1991; Gayda, Haag et
al. 2005; Knoflacher, Rode et al. 2008), this process reached a new and entirely different scale with the onset of mass motorisation
and the widespread introduction of privately-owned cars (UK Ministry of Transport 1963; Bottles 1987; Cervero 1998).

Previously, transit systems allowed for horizontal expansion that both facilitated and required compact, dense urban
development and continued to produce human-scale urban environments. Urban design had to acknowledge the fact that

at some point in their journey, all public transport passengers remained pedestrians, navigating through public urban space.
By contrast, the introduction of the motor car not only facilitated suburban development at far lower density levels, but also
introduced a transport mode that needed significantly more space to operate than any other previous means of transport.

In short, public transport requires urban density whilst car use requires space. In most cities, this has led to extraordinary
tensions as a result of the inefficient use of scarce urban space by private vehicles. This provides a particular challenge for
dense, developing cities where contemporary motorisation far outpaces the provision of road infrastructure or public transit
alternatives.
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Figure 1
Urban Accessibility Pathways based on Barter’s city typology and transport development paths

Private motorised
transport dominates

Walking and

cycling (NMT)
Pre-1970s Fifze
Increased Bus/paratran 3
motorisation Seoul, Manil Moderate road
building, investment

Rapid motorisation, low road and ’ in cycling facilities Copenhagen, Oxford

publictransport investment

Traffic saturated

motorcycle cities
Slow motorisation,

moderate road building,
mass transit investment

Traffic saturated bus
cities

Bangkok, lakarta, Manila,
Unrestrained Delhi
maotorisation

Transit cities
Restrained private Hong Kong, Singapore,

Car cities cars, investmentin Tokyo, London, Paris, Zurich
- - Continued alternativesand TOD
in decline _
motorisation
Detroit

il Entrenched traffic BRT cities

saturation Curitiba, Bogota, Jakarta,

Manila Jinan, Lagos
Early 2010s

“€— Spectrum of city types between car and transit cities —>

Source: LSE Cities 2014 based on ADB 2009 and Hickman and Banister 2014

Today, urban agglomerations can be based on many possible combinations of transport and urban form (Figure 2), each
providing different levels of access. These combinations can range from walkable, public transport-based compact cities to
sprawling car-oriented cities (Glaeser and Kahn 2004), and different types can be found in different parts of the world at
different levels of development.

More sprawling cities require rapid modes of transport to reduce journey times and often rely on individualised motorised
transport modes as the only viable transport for low-density urban areas. In turn, these car-based transport systems require
substantially more space than any other urban transport system. For example, at 50 km/h, cars require more than 160 sq.m. per
person, compared to 4 sg.m. for buses (assuming typical occupancy levels) (Rode and Gipp 2001). Space for car parking is an
additional need, with cars being idle for most of the time. The average car in the United States is parked for 96 per cent of the
time (Heck and Rogers 2014) and aggregate parking space in car-oriented CBD’s such as in Los Angeles is more than 80 per
cent of the CBD land area (Manville and Shoup 2004). Under a business as usual scenario, globally an additional 45,000-77,000
km?would be required for car parking alone by 2050 (Dulac 2013), a land area equivalent to the size of Denmark. As a result,
the space requirements of private vehicular traffic not only imply further de-densification of cities, but they are also a major
contributor to congestion and parking pressures on public space, as road infrastructure provision is frequently unable to keep
up with rising levels of vehicular traffic (Kersys 2011; World Bank 2014b).

Over recent years, compelling evidence has emerged on the degree to which urban form and transport are interrelated (Smith
1984 Holtzclaw 2000). Controlling for other factors, the difference in transport intensity between high- and low-density areas
can be more than 40% in vehicle-miles-travelled per capita (Ewing, Bartholomew et al. 2008). The National Research Council in
the US estimates that doubling densities within metropolitan regions can reduce vehicle-kilometres-travelled (VKT) by up to 25
per cent when also concentrating employment (National Research Council 2009). Overall, automobile dependence is negatively
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Figure 2
Urban form and modal share (black in pie chart is private motorised) of selected cities

Source: LSE Cities 2014 (concept and information design based on Sorensen and Hess 2007)
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associated with higher population and employment density (Zhang 2006). At the neighbourhood level, density, land-use mix and
street design have a significant impact on the likelihood of walking (Ewing and Cervero 2010)3. Similarly, the impact of transport
infrastructure on urban form is increasingly well understood. For US metropolitan regions, empirical estimates show that each
new highway constructed through an urban core led to an 18 per cent decline in central city residents (Baum-Snow 2007).
Recent research on the expansion of Chinese cities found that the combined effect of radial highways and ring roads was a
relocation of around 25 per cent of central city residents to surrounding regions, whilst regional railways were found to have no
such effect (Henderson 2010; Baum-Snow, Brandt et al. 2012).

A particular feature of the transport-urban form relationship is the time lag between spaces and flows: land-use and physical
environments change at a far slower pace than activities and related movements (Medley, Wong et al. 2002). A second feature
is the long design life of urban form and transport infrastructure, creating significant ‘lock-in’ effects. Some of these lock-in
effects could be overcome by innovations in transport systems and technology, as discussed later in this paper. However, where
urban form and transport infrastructure is too biased towards sprawling, automobile-dependent patterns of development, it
caninturnlead to a change-inhibiting cultural and political equilibrium. It is for these reasons that dealing with urban transport
or land-use planning in isolation from their interdependencies can easily lead to adverse effects and unintended consequences.
Furthermore, urban transport is more complex than other transport sectors, not just because it involves the integration of
different transport systems, but also because it co-produces accessibility jointly with spatial development.

2.2 Carbon emissions from the provision of access in cities

The co-dependence of urban transport systems with urban form also plays a central role in the global transition to a low-carbon
economy (Hickman and Banister 2014). Around ten billion trips are made every day in urban areas around the world. Of these, a
significant and increasing proportion is undertaken using high carbon and energy-intensive private motorised vehicles. About 80
per cent of the increase in global transport emissions since 1970 has been due to road vehicles (IPCC 2014b).

As aresult, transport is one of the major sources of carbon emissions in cities. Overall, the transport sector produces around 23
percent of global energy-related CO, emissions, equivalent to 6.7 gigatonnes of CO,, in 2010 (IPCC 2014b). While urban car
use is the single largest contributor to transport carbon emissions, freight transport - which accounts for up to 20 per cent of
urban traffic and up to 50 per cent of urban transport GHG emissions - is often underrepresented (Savy 2012)*. In addition, life
cycle analysis suggests that carbon emissions embedded in transport infrastructures are substantial®, typically adding another
63 per cent for on-road and 155 per cent for rail in addition to emissions from vehicle operations (Chester and Horvath 2009).
Emissions are growing more rapidly in the transport sector than in any other sector and are projected to increase by 50 per cent
by 2035 and almost double by 2050 under a business-as-usual scenario (Dulac 2013; IPCC 2014b).

Part of this growth is due to rapid urbanisation in emerging economies and developing countries. Although transport emissions
per capita in developing countries are relatively low on an absolute basis compared to OECD countries, around 90 percent of
the increase in global transport-related CO, emissions is expected to occur in developing countries, mostly from private vehicles
and freight (UNCSD 2012). Growth in embedded carbon emissions is another significant factor. If developing countries expand
their infrastructure (transport and others) to current global average levels using currently available technologies, around 470
gigatonnes of cumulated CO, emissions would be emitted as a result of infrastructure material manufacturing (IPCC 2014a) - or
13 times the global emissions in 2012.°

Over the last decade, significant carbon emission growth was registered for emerging economy megacities. A World Bank study
showed that urban transport energy use and carbon emissions were growing by between 4 and 6 percent a year in the 2000s

in Beijing, Guangzhou, Shanghai and Xian (Darido, Torres-Montoya et al. 2009). Between 2005 and 2010, carbon emissions
from transport in Shanghai even grew by 15 per cent annually, the highest growth rate of any sector (Li and Cao 2012). But even
within the European Union - an already highly urbanised area with ambitious carbon reduction goals - transport-related CO,
emissions increased by 36 per cent between 1990 and 2006, while other key sectors achieved modest reductions (European
Commission 2007).

While urban transport emissions correlate strongly with income, there are major differences between cities with similar levels
of wealth. The carbon intensity of urban accessibility is determined by two main factors: the overall distance of motorised travel
required (whichis largely informed by urban form characteristics) (Figure 3), and the carbon intensity of these modes (Figure 4).
The latter is informed by the energy intensity of different transport modes and the carbon intensity of their fuels.
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Figure 3 shows the well-known research findings linking urban form with transport energy use in larger cities across the world,
which initially established a strong negative correlation between population density and annual gasoline consumption (Newman
and Kenworthy 1989). Overall, more recent research has confirmed this relationship, when controlling for wealth, and they also
apply for carbon emissions (OECD 2012a; Qin and Han 2013; UN Habitat 2013; IPCC 2014a). For example, at similar wealth
levels, sprawling Atlanta produced six times more transport-related carbon emissions than relatively compact Barcelona (ATM,
2013; D'Onofrio 2014; LSE Cities 2014). This finding aligns with analysis conducted for 30 cities in China, which showed that
compact cities have higher CO, efficiency, particularly as a result of supporting non-motorised transport (Liu, Chen et al. 2012).
The IPCC suggests that over the medium to long-term an urban accessibility pathway consisting of more public transport-
oriented compact cities, combined with improved infrastructure for non-motorised transport, could reduce GHG intensities by
20 to 50 per cent compared to 2010 levels (IPCC 2014b).

Figure 3
Population density and transport energy use per capita for selected cities

Source: WHO 2011

The substantial impact on carbon emissions of modal choices in cities is illustrated by Figure 4, which shows the carbon
emissions per passenger kilometre for different transport modes. As a result, the share of public transport, walking and cycling
is a strong predictor of transport-related carbon emissions at broadly similar wealth levels (Table 1). While all motorised modes
have a substantial technical potential to reduce carbon emissions per passenger kilometre - by between 30 to 50 percent
compared to 2010 levels (IPCC 2014b) - actual reductions remain highly uncertain.

These relationships matter for the developmental choices which rapidly growing cities face today. A scenario study for US
metropolitan areas in cities such as Atlanta and Phoenix suggests a reduction of 7 to 10 per cent in carbon emissions as a result
of a 20 to 40 per cent reduction in vehicle-miles-travelled due to compact urban development (Ewing, Bartholomew et al. 2008).
In the Indian city of Surat, estimates for annual carbon emissions resulting from a projected tenfold increase in the number of
trips varies according to the mode choice and trip length - from 1.9 up to 9.5 million tonnes of CO,,. For Mumbai, the same study
suggests a range of 10.3 to 49 million tonnes (Rayle and Pai 2010).
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Table 1 Figure 4
Share of green transport modes and Emissions per passenger km by urban
carbon emissions per capitacities transport mode

Share (%) of public CO, emissions
transport, walking (kg per capita

Cities and cycling per year)

Hong Kong 89% 378kg

Tokyo 68% 818kg

Berlin 61% 774kg

Paris 54% 950kg

London 50% 1,050kg
Madrid 49% 1,050kg
Montreal 26% 1,930kg
Houston 5% 5,690kg

Source: Bongardt et al 2013 Source: LSE Cities 2014 based on STF 2014

The positive correlation between energy or carbon efficiency and urban density can also be observed outside the transport
sector and, together with levels of affluence, can impact on variations in carbon emissions at the national level (Figure 5).
Compact and taller building types can improve heat energy efficiency at the neighbourhood level by a factor of six compared
to detached houses (Rode et al 2014). According to the Residential Energy Consumption Survey (RECS) in the US, households
in suburban areas use more energy on average both in total (22.5 per cent) and per capita (12.7 per cent) compared to

those in cities (Estiri 2012), which translates to 36 per cent higher electricity, 19.5 higher natural gas and 29 per cent higher
consumption per household in suburban areas (EIA 2001).

These patterns also indicate similar effects of density at different scale, whether at the level of the entire city or at the intra-
urban level of individual neighbourhoods. A study on residential greenhouse gas (GHG) emissions and the impact of urban form
in Toronto shows notable variations in total car- and building-related emissions between census tracts, varying between 3.1

and 13.1 tonnes of CO, equivalents per year. Comparing all tracts, the ten with the highest GHG emissions are located within
the lower-density suburbs, where these high emissions were directly linked with private car use (VandeWeghe and Kennedy
2007). Another study identifies a 2 to 2.5 fold difference in GHG and energy intensity when comparing high-density urban core
development (lower intensity) with low-density suburban development (Norman, MaclLean et al. 2006). GHG emissions related
to car use in London’s peri-urban’ area are more than double compared to those in the core urban area (1.14 tonnes of CO,
compared to 0.51 tonne per capita of CO,), whereas in New York they are four times higher in the peri-urban area compared to
the core urban area (3.37 tonnes of CO,, per capita compared to 0.84 tonnes of CO, per capita) (Focas 2014). A study of 11,000
households in Germany provides evidence that 50 per cent of the total emissions from private transport and building operations
can be attributed to urban and residential design choices, with density and physical concentration being key parameters
contributing to greater carbon and fuel efficiency (Schubert, Wolbring et al. 2013).

ACCESSIBILITY IN CITIES TRANSPORT AND URBAN FORM WWW.NEWCLIMATEECONOMY.NET | 9



THE NEW CLIMATE ECONOMY

The Global Commission on the Economy and Climate

Figure 5
Average urban densities in large cities and average
carbon emission per capita

Source: Angel 2012
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3 ASSESSMENT

This section presents an overview of the economic and social outcomes generated by the different transport urban-form
configurations introduced above. The first sub-section will consider the direct economic impacts of different approaches to
urban accessibility on urban infrastructure and operational costs, and on transport and associated industries. The second sub-
section discusses the implications of different accessibility pathways on broader societal outcomes, including social equity and
public health.

3.1 Infrastructure and operational costs

Urban accessibility pathways based on compact and public transport-oriented urban development deliver tangible direct
economic benefits compared to sprawling automobile-dependent accessibility models. Developing at higher densities uses land
more efficiently and capitalizes on economies of scale to reduce operational costs per unit of land.

The rapid urbanisation experienced in recent decades, particularly in the developing world, has placed a huge burden on public
administrations to finance and build urban infrastructure including roads, transit systems, and utilities such as water, sewerage
and electricity. The OECD has estimated that total global infrastructure investment needs (including reconstruction, upgrade
and maintenance costs) could reach US$120 trillion by 2050, which translates to an average of US$3 trillion annually (OECD
2013b). Under a BAU scenario, India’s urban growth alone is projected to require almost 600 billion USD of investment by
2030, including 2.5 billion square metres of roads and 7,400 km of metros and subways - 20 times the capacity added in the
past decade (MGI 2010). In China, McKinsey has similarly estimated that BAU urbanisation would require the construction of 5
billion square metres of roads by 2025 (MGI 2009).

While these estimates imply a massive (and growing) global infrastructure investment deficit (Airoldi, Chua et al. 2013), they
also do not consider alternative, more cost-effective forms of urban development (Floater, Rode et al. 2014b) which actively
prioritise compact urban growth, affordable mass transit and high levels of non-motorised transport use. Existing evidence
suggests that key urban infrastructure (particularly linear and networked infrastructures such as streets, railways, water and
sewage systems and other utilities) comes at considerably lower cost per unit at higher levels of urban density (Carruthers and
Ulfarsson 2003).

For example, the World Bank suggests that more compact city development in China could save up to US$1.4 trillion in
infrastructure spending, equivalent to 15 percent of the country’s 2013 GDP (World Bank 2014b). In the case of developed
countries such as the United States, direct cost savings for building road and utility infrastructure in smart growth developments
relative to dispersed, car-dependent developments are estimated at between US$ 5,000 and US$75,000 per household unit
(Litman 2014b). For the United States as a whole, smart growth was estimated to deliver a 9 per cent reduction in local road
length and nearly 12 per cent reduction in road costs (equal to total savings of US$110 billion) as compared to sprawl! (Burchell
and Mukherji 2003). Recent analysis for Calgary (IBI Group 2009) estimates total cost savings of 33 per cent for denser
development compared to a dispersed development scenario. Similarly, a recent study of Tianjin concluded that infrastructure
cost savings as a result of compact and densely clustered urban development could reach 55 per cent compared with a
dispersed scenario (Webster, Bertaud et al. 2010). Figure é illustrates the negative correlation between various infrastructures
and urban density.
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Figure 6
Impact of urban density on road (L) and water (R)
infrastructure requirements

Source: Salat and Bourdic 2013; and Mueller et al 2013 (in World Bank 2014b)

Within urban transport infrastructure provision, massive capital cost savings can be generated as a result of a shift away from
private car infrastructure towards public transport, walking and cycling (Table 2). Furthermore, innovative urban transport
systems such as bus rapid transit (BRT) offer significant cost savings compared to traditional metro and regional rail at similar
capacity levels.? For example, Bogota's TransMilenio BRT infrastructure had a capital cost of US$5.8 million per km (US$0.34
per passenger), compared with estimates for metro rail of US$101 million per km (US$2.36 per passenger) over three years
(Menckhoff 2005). In addition, maintenance costs (which are frequently underrepresented within major infrastructure cost
appraisals), are substantially lower on a per capita basis for affordable mass transit and non-motorised transport (Campbell and
Wittgens 2004; Thompson 2013).

The operational costs of urban transport are also directly informed by urban form characteristics, with sprawling urban
development leading to higher costs (alongside greater capital requirements) relative to higher density development (Burchell,
Anglinet al. 1992; Burchell, Lowenstein et al. 2002). Low density urban development increases costs for both private and public
motorised transport, but it also undermines the viability of public transport provision for which cost-efficient operation is only
possible above certain threshold density levels (Holtzclaw 1994; Government of India 2014). Similarly, non-motorised transport
(the most cost-efficient means of urban travel) essentially relies on threshold densities. As a result, higher density cities have
greater opportunities for cost-efficient transport provision.

Table 2
Capacity and Infrastructure costs of different transport systems

Transport Infrastructure Ei?;ﬂ}z] EJaSpét/akln?]o sts ggrs)'zglc:apacity
Dual-lane highway 2,000 10m — 20m 5,000 - 10,000
Urban street (car use only) 800 2m —5m 2,500 - 7,000
Bike path (2m) 3,500 100,000 30

(Pzerg)estrlan walkway / pavement 4.500 100,000 20

Commuter Rail 20,000 - 40,000 40m — 80m 2,000

Metro Ralil 20,000 - 70,000 40m — 350m 2,000 - 5,000
Light Rail 10,000 - 30,000 10m - 25m 800 - 1,000
Bus Rapid Transit 5,000 - 40,000 1m —10m 200 - 250

Bus Lane 10,000 1Im—-5m 300 - 500

Source: Rode and Gipp 2001, Litman 2009, Wright 2002, Brilon 1994
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At significantly lower fuel prices, sprawling Houston spends about 14 per cent of its GDP on transport compared to 4 per cent
in relatively compact Copenhagen and about 7 per cent typically in many Western European cities (Laconte 2005). Research
in the United States suggests that transit-oriented urban development (TOD) can reduce per capita use of automobiles by 50
per cent, reducing household transport expenditure by 20 per cent (Arrington and Cervero 2008). In New York, it is estimated
that density-related cost savings through reduced expenditure on cars and petrol translates to about US$19 billion annually
(Cortright 2010). The operational cost advantages of denser development extend beyond transport to include public service
costs (Burchell and Mukherji 2003).

Figure 7 illustrates the relationship between per capita transport fuel expenditure and density across cities in the US and in
Europe. The right-hand graph presents fuel expenditure at local fuel prices, and the one on the left side standardises fuel prices
at the 2008 EU average, demonstrating that EU cities tend to be both denser than American cities and significantly more
efficient in terms of fuel consumption.

Figure 7
Fuel expenditure and urban density, 2008 local fuel prices (L), average EU fuel prices throughout (R)

Source: Rode, Burdett 2011

High operating costs associated with extensive (and spatially inefficient) private vehicle use are further associated with the
loss of productivity due to congestion. These financial and welfare costs to cities and citizens can be substantial. For example,
the New York City metropolitan region alone is estimated to lose US$13 billion annually as a direct result of traffic congestion,
resulting in a notional loss of about 52,000 jobs annually (PFNYC 2013). The costs of congestion are frequently even higher in
relative terms for developing and middle income countries, with estimates of up to 2.6 per cent of GDP in Mexico City and 3.4
per cent of GDP in Buenos Aires, and Dakar (World Bank 2002).

Investment in improved public transport systems (such as BRT) has been demonstrated to significantly reduce congestion-
related costs in numerous cities including Bogota, Lagos, Ahmedabad, Guangzhou and Johannesburg (Harford 2006;
Aftabuzzaman, Currie et al. 2010; Deng and Nelson 2011; Johnson, Mackie et al. 2012; Litman 2014a; Turner and Pourbaix
2014).
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3.2 Transport industry

Alongside infrastructure and operational costs, different urban accessibility pathways have important implications for the
transport sector and associated industries. Transport-related activities represent a substantial percentage of total employment
and value addition across both the developed and developing world. However, comparative studies of the employment intensity
and domestic value addition of different modes of transport (and their distribution between the national and city levels) are
frequently unavailable, and the macroeconomic effects of a given mode of transport provision differ greatly according to country
context.

Automobile manufacturing has historically been the most visible and influential transport-related industrial sector. Globally,
automobile manufacture is concentrated in a relatively small number of countries and regional manufacturing hubs, with China,
the United States, Germany and Japan together accounting for over half of total vehicles manufactured in 2013. China is now
the world’s largest automobile manufacturer and end market, accounting for over one-fifth of total cars assembled and almost
aquarter of cars sold globally (see Figure 8 and Figure 9 below). As with vehicle production, global vehicle exports are similarly
concentrated in a relatively small number of countries, with Germany, Japan, the United States, Mexico and Canada together
accounting for over half of total exports by value in 2013 (ITC 2014).

Figure 8
Top 10 countries in global automobile sales (L) and production (R) in 2013

Source: OICA 2014a; 2014b

The contribution of the automobile sector to value added and employment varies widely between countries. However,
automobile manufacturing and related industries constitute a significant component of industrial output in several large
producer countries, with upstream and downstream connections to a range of industries (from extractives and infrastructure
construction and maintenance, to retail, financing, fuel supply and maintenance). Figure 10 outlines the percentage
contributions to the manufacturing sector and total value addition for OECD countries, highlighting the wide differential even
within developed economies (OECD 2011).

In addition to developed economies such as Germany, Japan and the United States, automobile and automobile component
manufacturing in large emerging economies - particularly China and India - have expanded rapidly in the last two decades, with
the automobile industry now estimated to account for 6 to 7 per cent of total GDP in both countries, and similar or greater
percentages of employment (China Ministry of Industry and Information Technology 2011; PwC 2013).
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Figure 9
Top 10 countries in car and commercial vehicle
exports -by value (US$ billion) (2012)

Source: ITC 2014

Figure 10
Automobile industry value added as a % of total (2009 or latest available)

Source: OECD database (OECD 2011)
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Despite the status of the automobile industry in some economies, a recent study modelling the macroeconomic effects of policy
measures to reduce traffic-related emissions of greenhouse gases, air pollutants and noise in Germany found significant positive
net macroeconomic effects from reducing car use across a range of different policy packages. Measures to increase the modal
share of walking and cycling were found to expand GDP, total employment and employment in transport by 1.11%, 1.37% and
4.14% respectively by 2030, while measures to promote increased local public transport use generated net increases of 1.56%,
1.76% and 5.29% respectively (Doll and Hartwig 2012).

Similarly, an assessment of the economic impact of increased public transport investment in the United States estimated that
US$1 billion dollars of spending on public transportation generated over 36,000 jobs, $3.6 billion dollars of output and $1.8
billion dollars of Gross Domestic Product (GDP) annually in the short term, increasing to $3.5 billion dollars of net annual GDP
generated by the 20th year (due to $1.7 billion of additional GDP generated as a result of cost savings) (Reno and Weisbrod
2009). In employment terms, the number of transit agency employees in the United States alone was estimated at 400,000
in 2008 (APTA 2010), and rail manufacturing is estimated to directly employ at least half a million people worldwide (Renner,
Gardner et al. 2010).

In comparative terms, several studies (Nelson, Anderson et al. 2009; Ekosgen 2010) have confirmed the economic benefits
of increased investment in public transport modes relative to private motor vehicles. An analysis of US stimulus spending on
transport investments across 50 states calculated that each US$1 billion of investment in public transit generated 4.2 million
man hours of employment - 70% more than the 2.4 million man hours generated per US$1 billion investment in highway
projects (SGA 2011).

These findings also extend to non-motorised transport. For example, an extensive evaluation of 58 existing transportation
projects in the United States, using an input-output model to assess direct, indirect and induced employment, found that cycling
projects and pedestrian-only projects delivered an estimated average of 11.4 jobs and 10 state-level jobs per US$1 million
invested respectively (against an average of 7.8 jobs per US$1 million for road-only projects) (Garrett-Peltier 2011); and across
54 capital cities in Europe, North America and Central Asia, the WHO has estimated that an increase in cycling modal share to
the levels of Copenhagen (26%) would generate approximately 76,000 jobs in direct activities alone (including bicycle repair,
sale and design) (WHO 2014b).

3.3 Social equity, community cohesion and poverty reduction

Poverty reduction and the promotion of social equity continue to be key policy challenges in urban areas across the developed
and the developing world. Growing income and wealth inequalities, particularly in rapidly urbanising developing countries, are
exacerbated by the combined effects of urban sprawl, motorisation, and spatial segregation (OECD 2013b), with almost one
quarter of the global urban population living in informal settlements (UN Habitat 2010)

Within both developed and developing countries there is a high level of correlation between the use of different transport
modes and social class, with the poorer populations mainly (in the developed world) or almost entirely (in the developing world)
reliant on public transport, non-motorised transport and walking. Household travel surveys in lower and middle-income cities
including Delhi (Badami 2005) and Mumbai, India (Badami 2005; Baker, Basu et al. 2005), Nairobi, Kenya (Salon and Aligula
2012), Kampala, Uganda and Harare, Zimbabwe (Bryceson, Mbara et al. 2003), Cairo, Egypt and Surabaya, Indonesia (Kalthier
2002) all confirm that poorer groups rely on walking, cycling and (often informal) public transport. Lower-income households
are also disproportionately affected by key negative externalities generated by transport, including road accidents, air pollution
and project displacement (Vasconcellos 1997; Robinson 2003; Drabo 2013).

Community severance and barriers to sociability provide additional examples of the negative impacts of urban accessibility
pathways which incentivise private vehicle use. In relation to transport, Bradbury, Tomlinson and Millington (2007) have
identified three common types of ‘community severance’: first, physical barriers such as spatial structures limiting interaction

or road traffic causing disruption; second, psychological barriers triggered by perceptions related to traffic noise or road safety;
and third, long-term social impacts where communities are disrupted, creating a more sustained form of disconnectedness from
certain people and areas close by. A decline in social relationships may not only have negative impacts on physical and mental
health (Galea, Ahern et al. 2005; Berke, Gottlieb et al. 2007: Kim 2008; Mair, Roux et al. 2008: Sallis, Saelens et al. 2009; Yen,
Michael et al. 2009; Duncan, Piras et al. 2013) but also on economic resilience and productivity (Putnam, Leonardi et al. 1994;
Putnam 2004), particularly for the most disadvantaged (Litman 2006; O'Connor and Sauer 2006).
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Dense, well-managed urban development and the provision of accessible, affordable public transport can therefore have a
positive direct effect on the poor and other disadvantaged groups by increasing their ability to access goods, services, and
economic opportunities (Murie and Musterd 2004; Banister 2011; Boschmann 2011; Sietchiping, Permezel et al. 2012; Foth,
Manaugh et al. 2013), and by providing opportunities for participation in the supply of transport-related infrastructure and
services (Santos, Behrendt et al. 2010). A recent comparative study for Mumbai, Istanbul and Sao Paulo emphasises the extent
to which socially progressive accessibility in cities depends on compact, socially mixed urban development (Rode, Kandt et

al. 2013).7 Despite this, national and city governments across both the developed and developing world currently provide
disproportionate levels of investment and institutional support for private vehicle use relative to public and non-motorised
transport (the latter two constituting both the predominant means of transport for the poor and the large majority of total
journeys made by modal share).

In addition, the construction and maintenance of well-designed transport infrastructure can provide large-scale opportunities
for the direct employment of the poor and generate high local and national multipliers, particularly where the use of labour-
intensive techniques and locally available materials are prioritised. Public transport (in particular informal and para-transit

and formal bus services) and non-motorised passenger and freight transport modes, such as cycle rickshaws and carts, also
typically provide greater opportunities for participation in infrastructure and service provision per unit of expenditure than
private vehicle use - for example, several million people are estimated to work in the cycle rickshaw industry in South Asia alone
(Gallagher 1992: Wipperman and Sowula 2007). Across much of the developing world, however, the widespread promotion
and adoption of inappropriately technology- and capital-intensive construction designs and methods (and associated transport
modes) frequently limits participation by poorer populations.

3.4 Public health

Different urban accessibility pathways impact significantly across a range of dimensions of public health including road safety, air
pollution and activity levels. Injuries and fatalities from road traffic accidents currently represent the single greatest impact on
public health from road transport. In 2010, motorised road transport accidents were estimated to account for 1.3 million deaths
per year - an increase of 46% over the previous two decades - and a further 78.2 million non-fatal injuries requiring medical

care (Bhalla, Shotten et al. 2014). Global projections continue to show an upward trend in total deaths and injuries, with both
predicted to double by 2030 (WHO 2013).

Of these, estimates suggest that nearly 50 per cent of fatal road accidents and 75 per cent of accidents leading to injuries take
place in urban areas (World Bank 2002). While accident rates in many developed world cities have declined in recent decades,
the trend in cities across most of the developing world is upwards, with over 90 per cent of fatal road accidents now estimated
to occur in low- and middle-income countries) (WHO 2013). Of these, vulnerable road users (pedestrians, cyclists, as well as
motorized two- or three-wheeler users) account for more than half of total fatalities (WHO 2013).

Alongside the human cost, the economic impact of traffic accidents is also considerable: using WHO estimates for deaths and
injuries, the global cost of traffic accidents for 2010 has been estimated at US$1,855 billion (or approximately 3% of global
GDP), with low- and middle-income countries experiencing an even greater relative economic burden (at around 5% of GDP)
(IRAP 2013).

In addition to road traffic accidents, air pollution from motorised transport in cities represents a large and increasing public
health problem, particularly in the rapidly growing urban agglomerations of emerging economies. Outdoor air pollution, much
of it generated by motorised transport (including suspended particulate matter, sulphur oxides, carbon monoxide, nitrogen
oxides and ozone), contributes to a range of cardiovascular, pulmonary and respiratory diseases (McCubbin and Delucchi 1999;
Medley, Wong et al. 2002; Smith, Jerrett et al. 2010; Zhang, Mauzerall et al. 2010), leading to an estimated 3.2 million deaths a
year across the world (OECD 2014).

For 2010, the World Bank has estimated total deaths attributable to transport-related air pollution at a minimum of 184,000 a
year, with the number of deaths increasing by over 10% in the previous two decades whereas a similar study by the International
Council for Clean Transportation (ICCT) estimates mortality attributable to ambient particulate matter PM2.5 from motor
vehicles at 230,000 deaths per year in 2005 (Bhalla, Shotten et al. 2014). Cities are particularly exposed to transport-related
emissions because high numbers of vehicles emit at ground level in areas that are highly populated (World Bank 2002). The
growth in vehicle-derived urban air pollution in some large emerging economy cities has been particularly rapid: the city of
Bangalore, for example, experienced a 34 per cent increase in air pollutants on average between 2002 and 2010 (Alpert,
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Shvainshtein et al. 2012), of which 41 per cent of particulate matter (PM10) and 67 per cent of NOx emissions were emitted by
road vehicles (CPCB 2010). Across the world, only 160 million urban residents live in cities with clean air as defined by WHO
standards (Grubler, Bai et al. 2012). As with road accidents, air pollution from transport also exacts a substantial economic cost:
the OECD estimates that road transport accounted for approximately half of the total estimated annual cost of outdoor air
pollution of US$1.7 trillion in 2010, in addition to representing a substantial percentage of the economic cost in China and India
(US$1.4 trillion and US$500 billion respectively) (OECD 2014). A recent estimate suggested that the heavy haze in Chinain
January 2013 alone caused US$3.7 billion in direct losses to society (Mu and Zhang 2013).

Along with road accidents and air pollution, the other key negative health-related outcome of increasing levels of motorisation
is areduction in total activity levels. Physical inactivity and its effect on the prevalence of non-communicable diseases - such as
cardiovascular conditions, cancer and diabetes - is recognised as one of the leading causes of mortality worldwide, contributing
to an estimated 3.2 million deaths annually (WHO 2014a). Increased use of motorised transport and reduced levels of outdoor
activity due to traffic, air pollution and limited access to green spaces constitute a significant contributory factor to decreased
activity levels, reducing the use of active transport modes such as walking and cycling and opportunities for physical exercise.

Although the relationship between different urban accessibility pathways and key transport externalities is complex, the
negative impacts and high socio-economic costs of urban accessibility pathways that are based on sprawling, car-oriented cities
are widely recognised (Newman and Kenworthy 1989; Black 1996; Litman 1999; Prud’homme and Lee 1999; Gilbert, Irwin

et al. 2002; Bull, Armstrong et al. 2004; Bradbury, Tomlinson et al. 2007; Dora 2007; Webster, Bertaud et al. 2010; Fallah,
Partridge et al. 2011; Litman 2011; Litman 2014b). Sprawling cities require rapid and more individualised modes of transport
to maintain or reduce journey times, and statistical evidence suggests a clear correlation between vehicle mileage driven and
accident rates (Litman 2012); for example, traffic and pedestrian fatalities in the 101 largest metro regions in the United States
are directly related to the level of urban sprawl (Thompson 2013).

Sprawl (and its related effect on road traffic levels) is also an important predictor of air pollutant emissions and concentrations
(Bereitschaft and Debbage 2013), with studies in the United States suggesting better air quality levels for mixed-use, compact
cities compared to those with lower densities and functional segregation (Borrego, Martins et al. 2006); and elevated levels

of key pollutants such as ozone in sprawling (as compared to compact) cities (Dulal, Brodnig et al. 2011). In addition, strong
evidence exists regarding the positive impact of more compact, mixed-use cities on physical activity levels (Saelens, Sallis et

al. 2003; Heath, Brownson et al. 2006; Sallis, Saelens et al. 2009). Higher density urban neighbourhoods and fine-grain street
design are related and important predictors for the use of active travel modes such as walking and cycling (Zhang 2004; Khattak
and Rodriguez 2005; Cervero, Sarmiento et al. 2009; Lin and Yang 2009; Lotfi and Koohsari 2011), with a recent study of US
cities estimating the elasticity between walking and land-use mix alone at between 0.15 and 0.25 (Ewing and Cervero 2010).

In summary, the negative economic and social outcomes associated with sprawling, car-dependent urban accessibility pathways
include adverse effects on health, wellbeing and social inclusion alongside high accessibility costs and congestion - all of which
compromise economic competitiveness and produce diseconomies of agglomeration. In contrast, urban accessibility pathways
that combine compact urban form with sustainable transport systems are able to reconcile a range of policy objectives,
contributing to rising economic productivity, improved health and safety, and increased social equity whilst at the same time
reducing carbon emissions.
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4 PATTERNS, TRENDS AND TIPPING POINTS

Following the discussion of the economic and social effects of different urban accessibility pathways above, this section provides
an overview of some of the key contemporary trends in urban accessibility and form. Three central elements - urban form,
mobility behaviour and technological change - will be discussed separately, each constituting a major factor in determining the
accessibility pathways in individual cities.

4.1 Urban form: ongoing urban sprawl or more compact urban development?

Total global urban land area has grown rapidly in the past century, doubling in OECD countries since the mid-1950s and
increasing five-fold outside the OECD (OECD 2010). In the US, the total area of the 100 largest urban areas increased by 82
per cent between 1970 and 1990 (UN Habitat 2008). However, despite the continuing trend towards rising global levels of
urbanisation, long-run analysis of population densities in cities suggests that there are certain trends towards de-densification.
Assessing a representative sample of 30 cities, Angel (2011) concludes that most of these cities reached their peak density
more than 100 years ago and declined on average fourfold from their peak to average density levels of 100 persons per hectare
around the year 2000 - the equivalent of an annual rate of decline of 1.5 per cent.

Figure 11
Urban spatial expansion and population growth in selected cities (1990-2000)

Source: LSE Cities based on Angel, Sheppard et al. 2005
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Declining densities have also been observable in more recent years. The World Bank has estimated that while urban populations
of a representative sample of cities in the developed world grew by approximately 5 per cent, their built-up area increased

by 30 per cent between 1990 and 2000. For a sample of developing world cities, the growth of populations was 20 per cent
against a 40 per centincrease in urbanised land. Annually, the built-up land per person has increased by 2.9 per cent in cities in
industrialised nations and 3.6 per cent in developing world cities (Angel, Sheppard et al. 2005). In Angel’s study of 120 cities,
average built-up density declined between 1990 and 2000, from a mean of 144 p/hato 112 p/ha. During that period, built-up
area densities declined in 75 of the 88 developing country cities and in all 32 developed world cities (Angel 2011).

In China, population densities in cities have declined by 25 per cent on average over the last ten years (World Bank 2014b). In
the six years from 1999 to 2005, built-up land in provincial capital cities doubled: the largest absolute increase of more than 500
sg.km was in Beijing and Shanghai, whilst growth rates in Nanjing, Hangzhou and Guangzhou were the highest at over 150 per
cent (Zheng, Liang et al. 2009).

Table 3
Forecasts of urban expansion by world region, 2000 to 2030

2000 urban extent (km?)
(regional percentage)

New urban land area with probability greater than zero (km?) by

Regions defined in the model* o . .
probability quartile range (regional percentage)

>0-25 >25-50 >50-75 >75-100

Central America 22,600 (0.8) 6,100 (0.2) 6,125 (0.2) 41,025 (1.5) 13,500 (0.5)
China 1,349,650 (14.6) 38,600 (0.4) 27,175 (0.3) 219,700 (2.4) 80,525 (0.9)
Eastern Asia 10,825 (1.7) 5,675 (0.9) 5,800 (0.9) 29,800 (4.7) 28,075 (4.5)
Eastern Europe 12,850 (0.1) 3,750 (0.0) 32,400 (0.2) 3,975 (0.0) 70,275 (0.3)
India 546,000 (16.7) 18,600 (0.6) 8,600 (0.3) 107,275 (3.3) 30,400 (0.9)
Mid-Asia 5,950 (0.2) 2,025 (0.1) 2,175 (0.1) 24,225 (0.9) 16,500 (0.6)
Mid-Latitudinal Africa 531,125 (2.8) 33,025 (0.2) 23,875 (0.1) 180,125 (1.0) 19,675 (0.1)
Northern Africa 30,000 (0.4) 6,450 (0.1) 5,350 (0.1) 46,875 (0.6) 13,350 (0.2)
Northern America 175,775 (0.9) 21,075 (0.1) 5,875 (0.0) 118,175 (0.6) 130,500 (0.7)
Oceania 5,300 (0.1) 1,675 (0.0) 4,725 (0.1) 9,700 (0.1) 10,450 (0.1)
South America 264,175 (1.5) 33,600 (0.2) 16,150 (0.1) 134,050 (0.8) 80,025 (0.5)
Southern Africa 10,950 (0.4) 2,575 (0.1) 2,400 (0.1) 17,475 (0.7) 8,425 (0.3)

Southern Asia 70,900 (2.1) 10,725 (0.3) 17,175 (0.5) 72,400 (2.1) 16,250 (0.5)
Southeastern Asia 58,400 (1.3) 7,775 (0.2) 8,275 (0.2) 69,450 (1.5) 27,275 (0.6)
Western Asia 966,875 (21.4) 45,575 (1.0) 38,200 (0.8) 62,625 (1.4) 26,800 (0.6)
Western Europe 141,400 (3.8) 13,075 (0.3) 4,525 (0.1) 73,600 (2.0) 80,800 (2.2)

World 4,202,775 (3.2) 250,300 (0.2)  208,825(0.2) 1,210,475 (0.9) 652,825 (0.5)

* We define 16 regions for the model broadly based on the United Nations world regions. We deviate from the United Nations regions when one country is
economically dissimilar (as measured by per capita GDP) to other countriesin its assigned region and economically more similar to a neighbouring region.

Source: Seto, Glineralp et al. 2012

In contrast, urban development in India has been characterised by far lower rates of horizontal expansion, which is usually
attributed to stronger private property rights, weaker local governments and insufficient capacity to develop urban
infrastructure (Sellers, Han et al. 2009). But it is also due to a lack of public incentives and lower levels of foreign capital,
which has kept development more focused on existing urban land. Besides a slower rate of expansion, urban development in
Indiais characterised by clearer urban boundaries and greater urban compactness compared to China whilst also being more
fragmented and incremental (Sellers, Han et al. 2009).

Between 1995 and 2005, suburbs and peripheral development have also grown faster than the urban core in 66 out of 78
OECD metro regions (Kamal-Chaoui and Robert 2009). Much of this expansion has occurred with the growth of satellite
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or dormitory towns and suburban neighbourhoods, triggered by a preference for suburban lifestyles and a combination of
global socio-economic forces, increasing affluence, prioritization of personal space over accessibility, cultural traditions, land
speculation and land-use planning (EEA 2006; Chen, Jia et al. 2008; UN Habitat 2010). At the most generic level, it is of course
the complex interplay of land, housing and transport costs with the introduction of cheap, mechanised transport that is the most
relevant historic factor (Angel 2011).

On the basis of current trends, the world’s urban population could double in little more than 40 years but urban land in less than
20 years (Angel 2011). Some estimates (Table 3) suggest that, under a business as usual urban development scenario, the area
of urbanised land will triple between 2000 and 2030 (Seto, Glneralp et al. 2012). The continuation of sprawl at the levels seen
in China would require developing an area equivalent to the size of the Netherlands over the next decade and a tripling of urban
land in China by 2030 (World Bank 2014b). In some countries, including China, urban sprawl is increasingly compromising food
security and stretching municipal budgets (Chen 2007; World Bank 2014b).

Given the significant negative externalities of urban accessibility pathways characterised by sprawling and car-oriented

urban agglomerations, many commentators cite major market failures as the cause of sprawl whilst recognising that these are
extremely complex and interrelated. Among the most obvious are significant subsidies of related infrastructure and operations,
as well as unpriced negative externalities ranging from congestion to health and environmental impacts (Wheaton 1998;
Brueckner, Mills et al. 2001; Wu 2006).

Comprehensively planned urban sprawl is most characteristic in China but also common in Korea and Thailand. Here, a formal
process of land acquisition or appropriation is complemented by state-led urban infrastructure development and service
provision, for which costs are recovered from private real estate development. As a result, municipalities have a strong interest
in developing additional land which generates new revenues (World Bank 2014a). Similar dynamics on the basis of property
taxes have also incentivised suburbanisation in OECD country cities (Wheaton 1998; Brueckner, Mills et al. 2001; Brueckner
and Kim 2003).

Demand-led sprawl is more characteristic of India, Indonesia and Vietnam. Here, private development occurs along transport
corridors connecting cities, with the provision of broader urban infrastructure often lacking. As a result a form of ‘self-
provisioning’ - often at significant cost - has become a dominant feature. In India, density regulations that keep inner city floor
arearatios at extremely low levels is an additional driver for horizontal expansion (World Bank 2013).

At the same time, alternative urban development and accessibility pathways are beginning to emerge and re-densification is
recorded in many European and some North American cities. Examples of well-planned compact cities include Copenhagen,
Stockholm and Hong Kong, whereas other cities such as London, Brussels, Boston, Tokyo, Hamburg and Nagoya have re-
densified and moved back towards more concentrated forms (Floater, Rode et al. 2013; Rode, Floater et al. 2013; Floater, Rode
et al. 2014c). Since 2000, population growth in London has been concentrated within a 10 km radius of the city centre; and
between 2004 and 2011, 53 per cent of all newly constructed floor area was located within walking distance (0-500 metres) of
the nearest rail or underground station (Rode 2014). Even cities in China have already started to increase densities: population
density in Beijing’s core has already increased by 50 per cent over the past decade (World Bank 2014b). This ‘return to the
city’ has multiple socio-economic reasons, many of which are related to the agglomeration effects discussed above. In addition,
changing demographics and family structures, greater participation of women in the labour market and related lifestyle changes
have all been identified as significantly reducing the attraction of suburban living (Aguiléra, Wenglenski et al. 2009; Lovejoy,
Handy et al. 2010; Rérat 2012).

Over the last decade investment in public transport, including BRT and rail systems, has also increased (IPCC 2014b), indicating
a shift away from primarily investing in roads as was common in earlier decades (Owens 1995; Goodwin, Hass-Klau et al. 1998;

Vigar 2001; Owens and Cowell 2011). Urban rail networks in China will total 3,000 km in system length in 2015 and double by

2020, representing over US$645 billion of investment (World Bank 2014b). Bogota, Guangzhou and Ahmedabad are examples

of cities that have started to partially redirect their accessibility pathways, with the introduction of mass rapid transit systems.
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4.2 Mobility behaviour: conventional motorisation or new urban mobility?

Cities today show a great variety of travel behaviour patterns - most notably mode choice and trip lengths. This is the case even
among cities at similar levels of wealth, indicating that socio-economic factors are only one among several determining factors.
This section will look in more detail at past, current and future trends of urban mobility and identifies new trends and emerging
tipping points.

Three main categories of urban travel are usually differentiated: public, non-motorised transport and private motorised
transport. Globally, public transport - commonly identified as the back-bone of urban transport - has surprisingly low shares in
terms of actual mobility provision in cities. Estimates suggest that the mode share of all urban public transport trips worldwide
was only 16% in 2005 (Pourbaix 2012). However, the role of public transport varies significantly between regions and individual
cities (Figure 12), with public transport in Asian and some European cities accounting for up to 51 per cent of trips but fewer
than 10 per cent of trips in car-orientated cities in the United States or the Gulf Region (UN Habitat 2013).

Non-Motorised Transport (NMT) remains the predominant mode of transportation in most African and Asian Cities, particularly
in cities where incomes are low and the level of public transport is poor (UN Habitat 2013). However, as the figure below
demonstrates, NMT also plays a major role in cities in developed countries if pedestrian-friendly environments are provided.
Similarly, the share of private motorised travel varies enormously, even when comparing cities at similar wealth levels. More than
90 per cent of trips in some North American cities are by private vehicles, compared to less than 15 in Tokyo or Hong Kong. It is
important to note that data on walking and cycling is often incomplete and as a result non-motorised travel tends to be under-
represented in many cities.

These differences in contemporary urban mobility are largely determined by the urban accessibility pathways cities have chosen
to follow, as discussed earlier. At the same time these pathways are not operating in isolation from broader global trends within
and across different urban transport modes - most significantly the rapidly accelerating global levels of motorisation in the last
five decades and a substantial shift away from non-motorised and public transport.

Over that period, the share of public transport in urban agglomerations has either been constant or declining in almost all cities
in the world, despite substantial efforts to support its growth.’® Similarly, the share of NMT has mostly been declining, although
walking and cycling still account for more than 70 per cent of trips in some African cities, more than 50 per cent in many Chinese
cities and more than 33 per cent in most Indian cities (UN Habitat 2013). More recently cities in developed countries have seen
arenaissance of NMT, with London, Berlin and Copenhagen prominent examples of this with NMT shares of around 30 per cent
(see e.g. Floater, Rode et al. 2013).
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Figure 12
Modal shares of selected cities

Source: LSE Cities 2014 adjusted from UN Habitat 2013

Over the last 50 years, private motorised transport has grown rapidly in cities around the world. Between 1960 and 2010, the
number of registered cars worldwide increased more than sevenfold, from nearly 100 million to over 700 million, while the
number of registered trucks and buses increased more than tenfold, from nearly 30 million to over 300 million (Davis, Diegel et
al. 2011; Valeur 2013). By 2010 the total number of registered motor vehicles (excluding two-wheelers) in the world stood at
over 1 billion. The recent growth in the global vehicle fleet population has been driven by emerging economies, and above all by
China.** In emerging economies, motorisation is concentrated in urbanised areas as a result of a significant wealth gap between
larger cities and other areas. In many Indian cities, growth of the urban motor vehicle fleet has even exceeded significant urban
population growth (Badami and Haider 2007).

In developing countries, motorised two-wheelers account for a substantial proportion of the vehicle fleet, and their growth

has been at even higher rates then cars. In 2013 alone an estimated 114 million two-wheelers have been added to the global
fleet population (UN Habitat 2013). Vietnam is a unique example, with 97 per cent of vehicles comprising two wheelers, whilst
in India the figure is more than 70 per cent (Kamakate and Gordon 2009). Based on the contemporary growth rate of two
wheelers across 30 Indian cities - which is higher than car growth (Pai, Gadgil et al. 2013) - this is an area requiring urgent policy
attention, particularly due to the related health impacts for the urban population.
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In absolute terms and in spite of stabilising growth rates in private vehicles, developed countries still have the highest number of
passenger cars per 1,000 inhabitants.’? As Figure 13 illustrates, increasing wealth translates into different motorisation rates,
which once again reflects broader, often region-specific urban accessibility pathways characterised by car ownership levels that
are detectable even at the national level.

Figure 13
Evolution of motorisation pathways

Source: Huo et al 2007

With regards to current global trends, the most persistent urban transport development continues to be a strong growth in
motorised trips and, above all, an increase in private vehicular traffic. Although forecasts vary significantly in terms of outcome
and across regions (Ecola, Rohr et al. 2014), they present a unified picture of sharply rising motorisation. The International
Energy Agency forecasts total growth of the vehicle fleet to almost 1.7 billion by 2035 (IEA 2011)." Others have predicted
that the number of passenger vehicles will reach 2.6 billion by 2050 (Wright and Fulton 2005). Once again, this growth of
automobiles is highest in rapidly urbanising emerging economies. Figure 14 shows that there will be more vehicles in China by
2025 thanin North America or Europe. By 2050 the vehicle stock in Chinais projected to reach between 486 and 662 million
(UNEP 2011).
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Figure 14
Number of vehicles worldwide and motorization index by region (2005 and projections to 2035)

Source: Fabian 2012

It should be noted that there is a considerable risk of overestimating the growth of private vehicle stock, as most growth
projections simply extrapolate historic trends without adequately incorporating evidence on changing patterns of mobility and
their relationship to income and economic growth (Goodwin 2012; Williams-Derry 2013; Green and Naughton 2014). For
example, analysis of recent traffic forecasting in both the US and UK has indicated that transport planners have consistently
overestimated future car traffic growth in the previous two decades, with significant distortive effects on transport planning
investments.

Furthermore, a growing body of evidence showing a reversal in the previous trend towards consistent traffic growth potentially
supports the ‘peak-car hypothesis’ initially formulated in the 1990s (Metz 2012; Metz 2013). For example, Figure 16 shows
adecline of almost 20 per cent in population adjusted vehicle-miles-driven in the United States since 2005, with a similar
reduction in the propensity for private vehicle use (in terms of travel intensity) also recorded for the UK since the mid-1990s
(DfT 2009).
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Figure 15
False projections of car traffic for the United Kingdom (L) and United States (R)

Source: Goodwin 2012 and Williams-Derry 2013

Figure 16
Estimated vehicle miles driven on all roads in the United States
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Despite the global trend towards increasing motorisation, new and alternative patterns of urban form and transport planning
have emerged in recent years. In the developed world, several cities have increased their share of public and non-motorised
transport and reduced car ownership while creating more attractive and economically prosperous inner cities. For example,
between 2000 and 2010 levels of car ownership in New York, London and Berlin has been declining. Non-motorised transport,
particularly cycling, is on the rise and public transport passenger numbers have bounced back (Burdett and Rode 2012; Rode,
Floater et al. 2013).

The variation of NMT rates and public transport performance in cities with similar preconditions (e.g. cities of similar size
within the same country) suggests that these changes may only materialise if policy makers act and facilitate change: London’s
congestion charge is a very prominent example of a policy which is embedded in a wider policy framework aimed at stimulating
a modal shift towards public transport. Similarly, inner urban Low Emission Zones introduced in the UK, Germany, Italy and the
Netherlands are regarded as a successful policy tool to target the worst polluters (Santos et al. 2010). More recently, even the
largest growth markets for private vehicles have diverged from their previous patterns of year on year growth. In early 2014,
India’s vehicle sales growth rate was negative and sales growth in China decelerated significantly in 2011 and 2012 (OICA
2014b).

More generally, significant differences are commonly observed in the relationship between wealth and car ownership at the
national and city levels (Ecola, Rohr et al. 2014), with city dwellers in higher income countries often less likely to own and use
private motorised vehicles. Figure 17 considers wealth levels and motorisation rates for selected countries (disks) and cities
(dots). The correlation between wealth and car ownership is very clear at the country level, but for cities above a wealth level

of US$20,000 GDP/capita, there is a less clear relationship between increasing wealth and car use. In fact, there are wealthy
cities with relatively low car ownership levels. The tipping points for this shift are complex and interdependent. Local opposition
in affluent inner city neighbourhoods concerned about quality of life, social capital and historic preservation has initiated a
transport policy away from urban motorway programmes. Road safety concerns have led to new street design standards,
facilitating safe and enjoyable urban walking and cycling. Furthermore, reducing air pollution in cities around the world has led
to restrictive policy measures for vehicles.

Figure 17
Wealth and car ownership levels for selected cities and countries

Source: LSE Cities 2014
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The changing paradigm of personal mobility observed in cities may be due to increasing congestion and the costs of maintaining
a car, which is shifting new generations of urban dwellers to alternative transport options such as car sharing or car-on-demand.
These alternatives have become more attractive with the introduction of smart phone technologies which have assisted car-free
travel. A study of 23,000 respondents in 19 countries found that younger urban dwellers (the so-called Generation Y) are more
likely to live in areas where amenities are within walking distance, to relocate to reduce their daily commuting time and also to
car share or car-pool based on smart technologies (Deloitte 2014). In the US, 87 per cent of 19 year olds had a driver’s licence in
1983, but only 69 per cent of 19 year olds had a licence in 2010 (Green and Naughton 2014).

4.3 Technological change: business as usual or disruptive innovation?

Technological innovation in urban transport systems has always been a critical factor in urban accessibility pathways.
Technology-based mobility innovations in cities may include the introduction of new technology, the innovative use of existing
technology and infrastructure or a combination of both. Beyond simply introducing cutting edge technologies to cities, it is the
rate of innovatively adopting and scaling technologies, combined with a broader socio-technical transition, which determines
whether or not development pathways can be sustainably transformed. Figure 18 shows the uptake of sustainable mobility
concepts, based on the number of cities in which they have been introduced. This figure illustrates that the implementation of
several sustainable mobility concepts may be at a tipping point globally, as more and more cities are adopting these solutions to
enhance their efficiency, competitiveness, social equity and quality of life. Still, cities will follow diverse paths of new technology
adoption depending on their size, developmental stage and income level.

Figure 18
Global adoption of sustainable transport systems

Source: Hidalgo and Zeng 2013

Fundamental technologies for urban transport have not changed substantially over recent decades, and the recent technological
evolution of urban mobility has been driven largely by the innovative use of existing technologies. Among the best examples is
Bus Rapid Transit (BRT), which has adapted conventional bus technology to a high capacity urban transport system. Dedicated
lanes, pre-boarding ticketing and custom-designed bus stations have transformed the possibilities for bus-based public
transport services, and challenged the status quo by re-distributing road space in favour of buses above private vehicles. BRT
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also has the potential to address the crucial challenge of lock-in presented by urban motorways by converting them to high
capacity public transport corridors. BRT was first pioneered in Curitiba, Brazil and, in conjunction with improved cycling and
pedestrian infrastructure and land-use policies, resulted in the city having one of the lowest accident rates in Brazil while
reducing both gasoline consumption and income spent on transport (only 10 per cent of the average citizen income is spent on
transport - one of the lowest in the country) (Efroymson and Rahman 2005). BRT was then successfully scaled in Bogota and
is now operating in more than 166 cities worldwide (Embarg 2013). Table 4 below provides an overview on the benefits of four
different BRT schemes.*

Table 4
Present value of wider economic benefits of four BRT schemes (in 2012 million US$)

Component of benefits TransMilenio, Metrobus, Mexico | Rea Vaya, Metrobds, Istanbul
Bogota City Johannesburg (Phases 1-4)
(Phase 1 & 2) (Line 3) (Phase 1A)

Travel time savings 1,830 142 331 6,369

Operating cost savings 1,393 38 170 2,154

Improved road safety 288 23 268 881

Health benefits of Increased 99 7 141 392

physical activities

Benefits from Carbon emissions | 239 10 18 152

reduction

Source: Carriganetal. 2013

Other examples of innovatively using existing technology include transport demand management systems, cycle hire schemes
and a range of unconventional urban public transport systems. For example, London’s congestion charging scheme is based
on conventional camera technology facilitating digital licence plate recognition. New urban applications of existing transport
technologies include cycle hire schemes, an innovative combination of existing and new technologies that have contributed

to the renaissance of urban cycling. Similarly, cable car technology has recently been adopted to improve mobility in informal
settlements in Latin America. The first so-called metro-cable opened in the Colombian city of Medellin in 2005, serving about
3,000 persons per hour and direction (Davila 2013) and has since been introduced in Caracas and Rio de Janeiro.

Regarding the development of new transport technologies, key actors (above all the automotive sector) have failed to convert
technological progress into substantive improvements in energy efficiency and vehicle emissions or more broadly transform
modes of accessibility in cities. Estimates from the IPCC suggest that even with current technologies, carbon emissions per
vehicle kilometre could be reduced by 30 to 50 per cent between 2010 and 2030 through energy efficiency and performance
improvements (IPCC 2014b). The current gap between actual and possible energy intensity of private vehicle use is mainly due
to the considerable increases in vehicle weights and horsepower. Research for the US, where average vehicle weight increased
by 26 per cent and engine power by 107 per cent between 1980 and 2006, has shown that if Americans were driving cars of
the same size and power as in 1980, average fleet fuel efficiency would be 37mpg rather than the current average of just 23mpg
(Knittel 2012).

Not surprisingly, more disruptive new technologies within the urban transport sector have emerged from outside the
conventional automotive sector and in two main areas of contemporary technological innovation: digitisation and electrification.
Both innovations are not just confined to transport, nor do they apply solely to issues of accessibility and mobility in cities.

And, as with applications of existing technology, it is primarily the innovative use of these technologies for urban mobility

that is accelerating disruptive change. Above all, information and communication technologies (ICT) have significantly

enhanced existing urban transport systems through more effective and efficient transport management, vehicle use and travel
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information. In addition, real opportunities for substituting physical travel in cities with digital communication and virtualisation
are beginning to emerge (Banister and Hickman 2006; Black and van Geenhuizen 2006; de Graaff and Rietveld 2007; Perego,
Perottietal. 2011; Aguiléra, Guillot et al. 2012; Thomopoulos, Givoni et al. 2014).

Over the last decade ICT has, for example, considerably changed ticketing for public transport with contactless payment through
smart cards. 90 per cent of bus passengers and 75 per cent of subway passengers use smart cards to board buses, subways or
taxis in Seoul, offering convenience and reduced travel costs (Pucher, Park et al. 2005; Pelletier, Trépanier et al. 2011; Turner
and Pourbaix 2014). ICT infrastructure, open and big data further allow for crowd-sourced information to update network
maps, offer real time transport information and improve service quality (Xu and Dodds forthcoming). The most important recent
enabler for enhancing mobility systems in cities for individual users has been a combination of smart phone technologies and
geo-positioning systems. Smart phone penetration has reached 72 per cent in the United States, 71 per cent in China and 49 per
cent in Thailand (Phadke 2013). Today, well over 70 per cent of Londoners regularly use smart phone travel applications (Rode,
Hoffmann et al. 2014) and more than 40 million travel information requests by smart phones are registered every month in
Sydney (Berejiklian 2014).

Equally, digitisation offers major opportunities for shared mobility (Knie 2011). Car and bike sharing schemes, for example, have
profited enormously from real time information on vehicle/cycle availability. Effective car sharing has already demonstrated a
reduction in car ownership levels (Martin and Shaheen 2011) and potentially even total vehicle kilometres travelled, as users
are more open to using public transport when not owning their own vehicle. Globally, 1.8 million users of car sharing schemes
were registered in 27 countries across all continents by the end of 2012 (Cohen 2013). Furthermore, ride sharing and taxi
services can be significantly enhanced through taxi-related smartphone applications. Service providers such as Hailo, Taxibeat,
Taxi for sure and Uber are growing exponentially in cities around the world, with already disruptive effects on conventional taxi
services and potentially car use. Uber is currently valued at US$17 billion and has recently raised US$1.2 billion allowing them
to further expand their global operations (Saitto and Stone 2014). Similarly, bike sharing programmes assisted by digitisation
have proliferated in both developed and developing cities, with 535 schemes operating in 49 countries in 2013 (Larsen 2013).
The Bicing cycle scheme in Barcelona, which is financed through parking regulation measures, registered 2 million hires during
its first six months of operation, reducing CO, emissions in the city by 960 tonnes (Turner and Pourbaix 2014), whilst the largest
schemes, with over 60,000 bicycles each, have been implemented in Hangzhou and Wuhan.

Beyond digitisation, new technology more directly tailored to urban transport focuses mainly on further electrifying urban
mobility systems. Unlike the introduction of electric railways, trams and elevators at the turn of the last century, this second
wave of electrification is focused primarily on allowing electric vehicles to operate with stored electricity, eliminating the
requirement for constant grid connection. High energy conversion rates (around 80 per cent for electric vehicles compared to
25-30 per cent for internal combustion engines (ADB 2014; IPCC 2014b), elimination of local air pollution and the reduction of
noise are among the key advantages of further electrifying urban transport.

Storage and charging technologies are therefore the central innovation focus and have led to significant improvement in size,
weight, battery capacity and overall cost, with the latter reducing from US$1000/kWh in 2008 to US$400/kWh in 2013
(Heck and Rogers 2014). Consequently, switching propulsion systems of vehicles currently using internal combustion engines
(ICE’s) to electric drive has been the main focus, while a more holistic re-design and re-application of urban vehicle use and the
decarbonisation of electricity are increasingly important components (Anderson 2009). Today, e-mobility carbon abatement
based on renewable or low carbon electricity (less than 200 gCO/k\/Vh) costs less than US$2OO2010 per tonne of CO2 and with
further technological advances will get closer to zero or at least below US‘,?SIOO2010 per tonne of CO2 (IPCC 2014b).

While the number of electric vehicles introduced to cities has been slower than initially anticipated, estimates suggest that
substantial growth is beginning to emerge, with the 45,000 electric cars sold in 2011 increasing to more than 200,000 cars sold
in 2013 (Mock and Yang 2014; ZSW 2014). This exponential growth rate has continued into 2013, with more than 400,000
electric vehicles now registered in cities worldwide (ZSW 2014). Cities such as London, Berlin and Paris already have more than
1,000 vehicles and have invested in extensive public charging infrastructure (in the case of London, more than 700 charging
stations). Growth has been particularly rapid in the non-car segment, including pedelecs, three-wheelers, e-bikes and e-scooters.
The majority of this growth has occurred in developing countries, with China accounting for 96 per cent of e-bikes currently in
use, and the market in India expected to grow 10-fold in the next four years (Grebert 2014).

Several European and North American cities have also combined electric vehicle strategies with car sharing services (Grebert
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2014). The largest of this kind is Paris” Autolib’ programme with 3,000 vehicles and 1,200 stations (Huré 2012). In addition, the
electrification of public transport is being driven by the increasing adoption of hybrid and electric bus technologies which have
been shown to deliver on average a 37 per cent improvement in fuel economy and energy production through regenerative
braking systems (Chandler and Walkowicz 2006). Fully electric BRT technologies have been tested since 2010 in Guangzhou
and are currently being trialled in Sao Paulo (C40 2014).

Inthe medium term, the development and introduction of potentially autonomous vehicles opens up the possibility for
disruptive change of motorised transport in cities. Autonomous driverless vehicles use vehicle-to-infrastructure and vehicle-
to-vehicle technologies which will eventually allow them to be responsive to complex urban environments. Autonomous

vehicles can potentially allow for de-privatising vehicles in cities, increasing their utility and offering one-way, door-to-door
public transport services not unlike current taxi services. Younger generations appear to be at ease with the potential use of
autonomous vehicles (Deloitte 2014), whilst 44 per cent of people surveyed in the US would be willing to travel with driverless
cars to reduce congestion (Green and Naughton 2014). A recent modelling scenario has shown that the entire current mobility
needs of the city of Singapore could be accommodated through a fleet of shared autonomous vehicles which requires only 1/3 of
the current numbers of vehicles in circulation (Spieser, Treleaven et al. 2014).

Regardless of the far-reaching technological change that has begun to alter transport systems in cities worldwide, in the
foreseeable future it is highly unlikely that technological innovation will fundamentally change the co-dependence of urban form
and transport systems and their combined role in providing accessibility in cities.
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5 ENABLING ACCESSIBILITY THROUGH COMPACT CITIES
AND SUSTAINABLE TRANSPORT

As discussed above, promoting efficient urban accessibility pathways based on compact, public transport oriented city form
must play a central role in global GHG emission reduction strategies. While city-level policy initiatives are not a substitute for
concerted carbon reduction efforts at a national and sectoral level, they can play an important complementary role. For example,
evidence suggests that the price elasticity of fuel consumption is low in the absence of viable public transport offers (Avner,
Rentschler et al. 2013). Furthermore, policies supporting higher urban densities and congestion charging were found to have
lower stabilisation costs compared to carbon taxes and other economy-wide approaches (IPCC 2014a).

Urban accessibility pathways based on compact and public transport oriented cities may involve both the retrofitting and
re-densification of established urban cores and the promotion of dense, transit-oriented urban expansion (particularly within
already high-density, high-growth cities) (Angel 2011). Within urban transport policy, three key principles are commonly
recognised - usually summarised as ‘avoid, shift, improve (UNEP 2011; Government of India 2014): first, to reduce the travel
intensity in cities through greater physical proximity and co-location of different urban functions; second, to shift from spatially
inefficient and energy intensive private motorised modes to public, shared and non-motorised transport; and third, to improve
the efficiency (in terms of energy and space consumption) of road-based vehicles.

Above all, to be more effective in the future, urban policies will have to build on the experiences of those cities already
registering a shift towards more compact urban development and sustainable transport, and learn from the related tipping
points discussed above. In addition, the promotion of these urban accessibility pathways will have to be driven by sound
institutional structures and planning processes as presented in the NCE Cities Paper 02 ‘Steering urban growth: governance,
policy and finance’ (Floater, Rode et al. 2014a). Section 5 below presents an overview of some of the key barriers and enabling
conditions of particular relevance for urban form and transport.

5.1 Barriers

As discussed above, some cities are already working to deliver a paradigm shift in urban transport and accessibility, prompted by
socio-demographic shifts, changing public attitudes, and technological innovation. Even pioneering cities, however, continue to
face significant barriers to progress, several of which are important to highlight.

First, while the economic, social and climate change case for limiting car dependency and urban sprawl is strong, there exist
potential negative trade-offs with respect to industry sectors that are currently highly dependent on the business-as-usual
urbanisation model. In particular, business models (and key business actors) in the automotive, construction and real estate
sectors have proven resistant to change to date. Secondly, strong consumer preferences relating to car ownership and suburban
lifestyles remain, and are often most pronounced in developing cities where car use by higher-income households is driven by
status and safety concerns, and a lack of viable alternatives. Third, switching costs in many existing cities are high, particularly
inurban areas that have already developed as low-density and car-oriented settlements (which includes most of the wider
metropolitan hinterland of even dense and public transport oriented cities).

And fourthly, a range of institutional and process barriers to a paradigmatic shift in urban and transport planning also exist.
Policy integration across urban planning, design and transport is frequently compromised by sectoral and disciplinary silos.
Fragmented governance and the lack of coordination between national and local policy frameworks for urban form and
transport are widespread (Ang and Marchal 2013; IPCC 2014a); and the continued use of narrowly defined cost-benefit
analysis (CBA) for transport projects (Odgaard, Kelly et al. 2005; Mackie and Worsley 2013; Thomopoulos and Grant-Muller
2013) often obstructs more effective and well-coordinated transport-related investments.

5.2 Planning and regulation: Shaping cities across temporal and geographic scales

Given the strong interrelationship between urban form and transport, the integration of land-use and transport planning
represents a unique policy opportunity. Above all, the provision of strategic infrastructure is one of the most critical public
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policy instruments informing the long-term shape and character of a city at any stage in its development (Hall 1993; Muiller and
Siedentop 2004; Zacharias and Tang 2010; UN Habitat 2013; Lecocq and Shalizi 2014) Transport infrastructure and services
also play a key role in determining urban mobility patterns, including modal choice (Pucher and Buehler 2006; Andrade, Woods
etal. 2011; Dulal, Brodnig et al. 2011; Van Dyck, Cerin et al. 2012). Ideally, infrastructure developments are directly linked

to strategic planning policy, which in turn informs local planning and regulation. While this approach to planning is commonly
adopted in many developed cities, it is far less effective in the developing world, where there is typically limited institutional
capacity and a high degree of informal urban growth. Here, it is primarily the provision of infrastructure and national level
market-based policies that guide development pathways - see also a discussion of infrastructure finance and spatial planning

in Paper 02 (Floater, Rode et al. 2014a). Furthermore, in many countries, institutions governing land use may only over time
mature enough to effectively regulate land markets and manage land conversions, potentially requiring the adoption of
alternative approaches which acknowledge current levels of informality and institutional capacity.

Within spatial planning, the effective management of urban growth is essential to promoting compact, well planned city forms.
Urban growth boundaries and other policies that incentivise the development of brownfield over greenfield land are common
compact city policy instruments (World Bank 2013), and experience has highlighted the importance of working with the
appropriate urban scale and shape of development restrictions in order to avoid negative outcomes (DeGrove and Miness 1992;
Nelson and Moore 1993; Cheshire and Hilber 2008; Hilber and Vermeulen 2010; Cheshire, Hilber et al. 2011; Cheshire, Leunig
et al. 2012). Further instruments include minimum density standards, mixed-use regulation and a density bonus for developers,
in order to support compact city development with a hierarchy of higher density, mixed-use clusters around public transport
nodes. For example, Denmark’s Planning Act on the ‘Station Proximity Principle’ requires new offices over 1,500m? to be located
within 600m of a rail station, leading to Copenhagen’s efficient, compact urban form (Floater, Rode et al. 2014c).

Afurther key priority for compact city policy is reforming inappropriate building density limitations (which exist, for example, in
many Indian cities) (Glaeser 2011; Suzuki, Cervero et al. 2013). The World Bank estimates that limitations on building densities
in Bangalore leads to urban sprawl which causes welfare losses of 2 to 3 per cent of household income (World Bank 2013).

To be successful, density regulation reform needs to be coordinated with new infrastructure financing schemes.* Similarly,
shifting from minimum to maximum parking requirements for urban development (ADB 2011; ITDP 2012; Guo and Ren 2013)
facilitates urban compaction and lower levels of car use. District-level interventions, including the redistribution of road space
away from private vehicles and increasing investment in infrastructure for public and non-motorised transport, have proved
successful in reducing motorized traffic in cities (Goodwin, Hass-Klau et al. 1998; Rode 2014). Furthermore, human-scale urban
design considerations require a shift away from road capacity-oriented street planning to a focus on finer-grain urban fabric,
including smaller block sizes, higher building densities and mixed use to facilitate micro-accessibility, last-mile connectivity,
walkability and social interaction.

The planning approach implied here involves engagement with the existing urban form and flows of the city in order to identify
how best to sequence, coordinate and integrate various infrastructure investments with land-use development, which in

turn will determine the city’s energy efficiency and competitiveness in the long term. Such planning approaches also provide
an opportunity to improve social inclusion by actively prioritising housing and infrastructure provision for lower income
households. For example, as part of Ahmedabad's town planning schemes, land along the expanding BRT corridors is banked
by the municipal government for later development into affordable housing. The city’s ‘Accessible Ahmedabad’ plan also
fundamentally embraces accessibility planning beyond simply the provision of transport (Suzuki, Cervero et al. 2013).

Regulatory policy instruments also play a key role in shaping urban transport performance. Measures to manage car use in
cities commonly include parking regulations, emissions standards and driving restrictions. For example, many Chinese cities
have started to limit the total number of privately owned vehicles through restrictions on the number of licence plates issued
per month, with Shanghai beginning to control the growth of private vehicle registrations as early as 1994 (one reason for the
city’s considerably lower vehicle stock compared to Beijing) (Hao, Wang et al. 2011). Reforming urban transport regulation to
embrace innovative service provision is also important, for example by moving from a ‘closed permit system’ to an ‘open permit
system’ for para-transit and intermediate public transport (Government of India 2014).

5.3 Instruments for shaping incentives and mobilising revenue

Effective fiscal policy represents a key tool for delivering equitable and sustainable urban mobility (Floater, Rode et al. 2014a).
Within the urban transport sector, fiscal instruments have several purposes including managing total transport demand, shifting
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demand to more environmentally and socially beneficial modes, and improving the performance of those modes (Gordon 2005).
Fiscal policy can contribute to these objectives by internalising unpriced externalities; positively shaping incentive structures

to promote compact urban development and facilitate increased accessibility; and generating revenues for the purposes of
investment in urban infrastructure and services.

In relation to private motorised vehicles, fiscal instruments can be applied to vehicle purchase, circulation and use (Potter
2008). Vehicle purchase taxes and circulation charges such as registration or road tax - typically levied at the national and state
levels - can be applied differentially to meet a range of policy objectives, and may be used to influence both aggregate demand
for vehicle ownership and vehicle choice (including overall fuel efficiency and emissions standards, and key performance drivers
such as vehicle size and weight, engine size, engine technology and fuel type). In addition to applying purchase and circulation
fees, many countries also employ positive fiscal measures (such as tax reductions and subsidies) to actively support and
incentivise vehicle purchase. Although these can play a useful role in increasing the adoption of new, less polluting and more
fuel-efficient technologies (such as electric vehicles) if correctly designed, they are currently often used to support sales of
existing vehicle technologies.

The single most important fiscal instrument related to vehicle use is fuel pricing. Transport fuel taxation has historically been a
key part of government fiscal policy due to its characteristics as a stable, dependable revenue source that is easily administered,
and typically has progressive characteristics (Ekins and Potter 2010). In addition, it is also now widely recognised as a key
mechanism to facilitate the internalisation of external costs imposed by vehicle use, manage total transport demand, influence
vehicle and modal choice, and promote urban densification. Despite this recognition, transport fuels in many countries continue
to be priced at a level far below their marginal social cost, and in many cases at a level below the cost of production. Figure 19
below highlights the differential in global fuel prices, reflecting the high levels of direct and indirect subsidy in many countries.

Figure 19
Global diesel (L) and gasoline (R) prices in US$ (as of November 2012)

Source: Wagner 2013

In 2011, direct consumer fuel subsidies - the majority of which relate to transport fuels - were estimated by the International
Energy Agency (IEA) to amount to at least US$291 billion, and were predominantly concentrated in the Middle East, North
Africa, Latin America, and Asia (IEA 2012). Alongside promoting excessive private vehicle use through oil subsidies (Figure
20) and crowding out more productive government expenditure, these distortions can often have highly destabilising
macroeconomic consequences, exacerbating fiscal deficits and increasing external sector vulnerability in major oil importing
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countries. Consumer subsidies for transport fuels are also typically highly socially regressive, with the large majority of benefits
accruing to higher income households. Figure 21 outlines the average distribution by consumption quintile of gasoline and diesel
subsidies across several countries.

Figure 20
Estimates of oil consumption subsidies in US$ billion (2011)

Source: IEA (2012)

Figure 21
Distribution of gasoline subsidies by consumption quintile

Source: Arze del Granado, Coady et al. 2012
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In addition to direct subsidies, transport fuel pricing in many countries frequently fails to fully incorporate externalities, and
transport fuels often receive preferential tax treatment relative to other goods and services. The International Monetary Fund
(IMF) has estimated total petroleum product mispricing - predominantly for transport use, and including direct subsidies,
consumption externalities such as local pollution, carbon emissions, road traffic accidents and congestion, and value-added tax -
at US$879 billion in 2011, with estimated under pricing in the United States alone accounting for US$364 billion (IMF 2013).

Other fiscal instruments for managing vehicle use (typically delegated to the city-level) include road pricing, parking charges and
other user fees. For example, Singapore, London and Stockholm have successfully implemented congestion charging schemes,
leading to a reduction in emissions and congestion while generating increased revenues for transport investment (Borjesson,
Eliasson et al. 2012; TfL 2013).

Effective transportation fiscal policy must not only reflect the marginal social costs of a given mode of transport, but also
address the relative cost and attractiveness of alternative modal choices. For example, Figure 22 demonstrates the change in
the inflation-adjusted cost of various transport modes in the United Kingdom, highlighting the decrease in private vehicle costs
relative to public transport over the previous decade.

Figure 22
Changes in the real cost of transport and in income - 1997-2009 (United Kingdom)

Source: Office of National Statistics (ONS) (2010)

To be most effective, fiscal instruments need to be designed and implemented at a system level, and coordinated with
institutional and regulatory measures. For example, simulations of policy combinations involving increasing car operating costs
by 75% and decreasing public transport fares by 50% for seven European cities, supported by improved land-use policies and
improvements in public transport functioning, have demonstrated clear synergy effects of coordinating private vehicle and
public transport pricing policies (Lautso, Spiekermann et al. 2004).

Shifting cities away from carbon and resource-intensive accessibility patterns will require substantial funding, particularly for
urban infrastructure which can support higher urban densities. As a first principle, this must involve a redirection of existing
funding away from business-as-usual urban development, addressing the disparity between current and desired modal use
and investment allocations (Dalkmann and Sakamoto 2010; UNEP 2011; ADB 2012). For example, 70 per cent to 80 per cent
of federal funding for urban transport in Mexican cities is typically dedicated to car-based transport, while the share of car use
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rarely exceeds 30 per cent (Arredondo 2013). By contrast, Bogota's pioneering BRT system was partially financed by redirecting
funds away from urban motorway programmes.

Many of the compact city investment projects are within the reach of city governments, who can leverage national or private
funds to finance initial capital investments. In addition, private finance can be mobilised through real estate developer charges
and fees, property or value capture taxes, loans, green bonds and carbon finance (Ang and Marchal 2013; Bongardt, Creutzig et
al. 2013). This allows monetisation of the positive externalities of public transport investment and can be particularly important
in overcoming funding gaps for infrastructure that supports higher levels of urban density. For example in Hong Kong, the
government’s ‘Rail plus Property’ model captures the uplift in property values along new transit routes, ensuring efficient

urban form whilst at the same time generating US$27 billion in direct financial benefits for the Hong Kong government since its
inception in the 1970s (Rode, Floater et al. 2013). Land Value Capture is also applied in several other Asian cities including Delhi
and Tokyo (Morichi and Raj Acharya 2013).

5.4 Policy for innovation and technological disruption

As indicated above, a key element of supporting existing urban accessibility pathways that are based on more compact urban
development is the application and innovative adaptation of existing technologies, including those for non-motorised transport.
Nevertheless, technological innovation and related socio-technical disruption will have to play a significant role in further
facilitating the transition to new, more environmentally and socially sustainable urban transport systems.

The conventional mobility pathway adopted throughout most of the developed world in the 20th century, and predicated on
the widespread use of private motor vehicles, has been widely demonstrated to be excessively wasteful and unproductive

(see Section 3). Not only are traditional steel-and-petroleum automobiles highly inefficient in intrinsic spatial and resource
intensity and relative capacity utilisation (see Figure 23), their use also generates substantial negative externalities and
typically introduces a range of structural rigidities in mobility patterns which reduce economic efficiency by impeding consumer
sovereignty (Litman 2014a) and imposing ‘compulsory consumption’ (Soron 2009).

Figure 23
Waste in fuel, cars, and roads caused by automobile transport

Source: Heck and Rogers 2014
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Continuing to ignore the problems intrinsic to conventional car use may no longer just lead to problems of unaccounted
externalities, but could also potentially become a liability for the future-proofing of an entire industry sector. The reasons why
the automobile sector has had a limited ability to innovate at the scale required are manifold and largely structural in nature.
Automobiles have been the ultimate product of 20th century industrialisation and have proven to be remarkably resilient.
Together with the significant growth rates in car sales seen over the last decade, a certain inertia and lack of desire to innovate
and re-invent is inevitable. At the same time, considerable misjudgements about the future of the automobile market are
becoming increasingly evident, as discussed in section 4.2.

As aresult, global automobile manufacturing is now substantially overcapitalised, with underutilised production capacity in most
large producer countries. Figure 24 below provides an outline of estimated capacity utilisation rates among major producers in
2012, highlighting the scale of the capacity overhang (OECD 2013a). This trend has continued in 2013, with capacity utilisation
in major developing country producers such as India now estimated to be below 60% - the lowest in over a decade (PwC 2013).

Figure 24
Capacity utilisation in selected countries (2012)

Source: LMC automotive data, reproduced in OECD (2013a)

At the same time, and as discussed above, the potential for system-wide technological innovation in the urban transport sector is
considerable. Even within the narrower field of vehicle technology, innovations in engine and fuel technologies, digitisation and
materials have the potential to significantly improve the efficiency of motorised vehicles in cities. And these technologies may
indeed increasingly shape the scale and nature of mobility, altering living, working and leisure patterns and potentially affecting
both total transport demand and the social and cultural norms related to travel (Denis and Urry 2009). Given the scale of such

a socio-technical transformation, the transport industry depends on public policy to provide a framework within which more
ground-breaking innovation can take place. Despite this, public policy in many countries frequently stalls or actively impedes the
emergence of a ‘post-car system’ and the evolution of a more viable and resilient urban transport industry.

Current policy does not even maximise what is already technologically possible and often incentivises irrelevant or
counterproductive forms of innovation. National industrial policies in many countries simply continue to actively support and
incentivise conventional car manufacturing and use, both directly and indirectly. These sector-specific policies frequently
intersect with other economy-wide policy distortions such as the under-pricing of transport fuels, introducing a series of
negative feedback loops and locking-in artificially inflated levels of automobile use. For example, in the wake of the global
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financial crisis, several of the largest car-producing countries launched economic stimulus packages (such as scrappage schemes)
directly targeted at the automobile sector, with Germany, Japan and the United States alone spending almost US$10 billion
subsidising new vehicle purchases (Schweinfurth 2009; OECD 2012b). This support often exists in direct contradiction to
competing national and subnational policy goals, including addressing externalities such as carbon emissions (particularly when
considering embedded emissions) and congestion, and promoting responsible macroeconomic policy. For example, major car
producers such as China and India are now increasingly dependent on oil imports for the majority of their consumption, with
transport representing the single largest consuming sector.

Partially as a result of such policy frameworks and despite consistent improvements in the intrinsic performance of established
transport technologies such as the internal combustion engine, technological progress has repeatedly failed to feed through to
amore substantive improvement in overall vehicle performance for urban mobility and energy efficiency, as discussed in section
4.3. Ultimately this may weaken the long-term competitiveness of established transport industry sectors, artificially extend

the contemporary auto-based mobility system and shift future business opportunities to more innovative digital technology
companies that will eventually transform the urban transport sector.

Instead, industrial and innovation policy could recognise the inconsistencies above and provide a much stronger and coherent
policy context within which urban transport technology can evolve. Above all, political leadership coupled to a long-term political
commitment will have to set out the principal policy direction and eliminate policy uncertainty as far as possible in order to
unlock greater levels of investment in more ground-breaking innovation. Innovation policy would first have to acknowledge that
the status quo car systemis part of the problem and that future projections of private vehicle use are often linear assumptions,
based on the recent past extrapolated into the future as discussed in section 4.2. On the basis of correcting existing market
distortions - particularly the under-pricing of car use - a range of pro-active measures can then be applied.

Overall, the optimum policy set is a blend of pricing and regulatory mechanisms and it needs to be applied at a system level
of urban mobility. Furthermore, national and subnational policy need to be congruent and coordinated (Lautso, Spiekermann
etal. 2004) in order to capture synergistic effects and include policies for education and professional training as well as
direct research and development. Regulatory interventions such as emission or fuel consumption standards have repeatedly
proved highly effective in triggering substantial technological innovation (Jaffe, Newell et al. 2002; Gerard and Lave 2005;
Farrell and Sperling 2007; West 2010; Saikawa and Urpelainen 2014). In many instances, they have also increased the global
competitiveness of vehicle manufacturers that were exposed to more stringent regulation (Saikawa and Urpelainen 2014).1¢

As with price distortions, regulatory impediments to the adoption of new urban transport technologies and the innovative use
of existing technologies are ubiquitous. For example, the regulation of taxis in most cities have created monopolies and today act
as a major barrier to the introduction of more effective, efficient and affordable mobility services assisted by digital technology.
Electric rickshaws in Indian cities have started to operate in a legal vacuum and would immensely profit from supportive
regulation, while alternative dealership models for the purchase of electric vehicles have been challenged by several states and
countries. Most important for incentivising innovation, the international patenting system has been repeatedly singled out as a
potential barrier to innovation (Scotchmer 2004; Jaffe and Lerner 2011).

The policy context in which cities can play a particularly important role in assisting urban mobility innovation relates to the
support and establishment of urban test beds. Besides acting as brokers of relevant public-private partnerships and securing
the support of the general public, cities can proactively support the establishment of technological experiments in the field by
providing legal and technical assistance. Important areas for related experimentation include shared electric mobility, grid-to-
vehicle technology and, in the medium term, the testing of autonomous vehicles. In addition, progressive local transport policy
inindividual cities has again and again proved to be an important factor in the innovation cycle. For example, local parking and
congestion charging policy in London has facilitated the roll-out of electric vehicles ahead of most other European cities.
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6 CONCLUSION

This paper introduces the concept of ‘urban accessibility pathways’ and argues that policy choices leading towards either more
sprawling, car-dependent urban development, or alternatively more compact, public transport-oriented cities, have substantial
implications, both for the economic and social performance of cities and for their carbon emissions. The paper began with

an overview of the role of spatial structures and urban transport systems in determining the level of accessibility in cities,

which in turn facilitates the creation of economies of scale, agglomeration effects and networking advantages. While each

city has developed a unique configuration of transport provision and urban form, it is argued that some basic differentiating
characteristics between urban accessibility pathways can be identified. These are largely determined by the degree of provision
for public and non-motorised transport and the level of urban compactness, both of which are affected by substantial degrees of
path dependency.

The paper then discussed the comparative performance of the two principal urban accessibility pathways. It highlighted the
more than 10-fold difference in transport-related carbon emissions between the most energy-intensive sprawling cities and
energy-efficient compact cities, and the significant difference in embedded emissions and building energy demand. With regards
to direct economic impacts, the paper discussed the considerably higher infrastructure, maintenance and operating costs of
sprawling cities. It then addressed the implications of the increased adoption of public and non-motorised transport for the
transport industry and highlighted some of the key externalities generated by an automobile-centric approach to urban mobility.

In summary, this paper suggests that more compact urban growth, aligned with the increased provision of public transport
infrastructure and services and pro-active support for non-motorised transport use, is likely to deliver substantial net economic
and social benefits. Despite this, current urban development trajectories across much of the world diverge considerably from
more efficient urban accessibility pathways. This paper provides an overview of current global patterns and trends in the
physical development of cities and related urban mobility behaviour. Overall, cities continue to sprawl excessively, with some
estimates suggesting that total urban land area could triple between 2000 and 2030. Similarly, in many key emerging economies
(such as China and India), private motorised vehicle use and modal share is expanding rapidly, with a range of negative economic
and social implications. At the same time, however, evidence on tipping points towards more sustainable development
trajectories is emerging in cities across different wealth levels. As a result of socio-demographic change, shifting public opinion,
strong political leadership and technological innovation, some cities are moving towards a more compact and public-transport
oriented urban development model with increasing shares of non-motorised transport.

The last section of this paper then discusses the key policy areas (and related instruments) relevant to enabling spatially- and
energy-efficient urban development. Undertaking strategic spatial planning in relation to key infrastructure developments,
managing compact urban growth by identifying areas for intensification rather than simply restricting development, and closely
integrating the provision of housing with public transport are among the key planning approaches adopted by leading city
governments. In addition, the strategic use of incentives and revenue mobilisation instruments is recognised as essential to
ensuring the availability of financing for urban infrastructure investment, respecting the ‘polluter pays’ principle and creating
positive feedback mechanisms between infrastructure investment, transport modal choice and urban form.

And finally, broader policy frameworks may have to be tested more with regards to their impact on innovation and technological
disruption. Here, the paper has identified a substantial number of perverse incentives which act as considerable barriers
towards the development of more efficient and effective urban transport. Across all these policy instruments, national and city
governments can increasingly learn from existing transformative change in a range of cities and also build on potential tipping
points that have emerged in recent years.
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Appendix

Comparing smart growth and sprawl land use patterns

Sprawl Smart Growth

Density
Growth pattern
Land use mix

Scale

Services (shops, schools,
parks, etc.)

Transport

Connectivity

Street design

Planning process

Public space

Source: Litman (2014b)

Lower-density, dispersed activities.
Urban periphery (greenfield) development.
Single use, segregated

Large scale. Larger blocks and wide roads. Less
detail, since people experience the landscape at a
distance, as motorists.

Regional, consolidated, larger. Requires automobile
access.

Automobile-oriented transportation and land use
patterns, poorly suited for walking, cycling and
transit.

Hierarchical road network with many unconnected
roads and walkways, and barriers to nonmotorized
travel.

Streets designed to maximize motor vehicle traffic
volume and speed.
Unplanned, with little coordination between

jurisdictions and stakeholders.

Emphasis on the private realm (yards, shopping
malls, gated communities, private clubs).

Higher-density, clustered activities.
Infill (brownfield) development.
Mixed.

Human scale. Smaller blocks and roads. Attention
to detail, since people experience the landscape
up close.

Local, distributed, smaller. Accommodates
walking access.

Multi-modal transport and land use patterns that
support walking, cycling and public transit.

Highly connected roads, sidewalks and paths,
allowing more direct travel by motorized and
nonmotorized modes.

Reflects complete streets principles that
accommodate diverse modes and activities, with
lower traffic speeds in urban areas.

Planned and coordinated between jurisdictions
and stakeholders.

Emphasis on the public realm (streetscapes,
pedestrian areas, public parks, public facilities).
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NOTES

1. Accessibility is frequently contrasted with mobility-based frameworks that dominate urban transport policy (Litman
2008) and draws attention to the interaction of transport conditions, land-use patterns and individual attributes
in determining how easily residents of a city can access a range of social and economic opportunities. Improving
accessibility may well involve an increase of people’s levels of mobility through improved transport systems, however,
the concept has advantages in opening up a wider range of policy responses for addressing transport problems,
including changes to the spatial distribution of opportunities that bring activities closer to residents, rather than
requiring increased mobility (Farrington 2007; Litman 2008). Accessibility has been defined as: ‘the extent to which
land-use and transport systems enable (groups of) individuals to reach activities or destinations by means of a
(combination of) transport mode(s)’ (Geurs and van Wee 2004, p. 128)

2. We define compact urban growth (which can be both new urban development and urban retrofitting) as urban
development which is characterised by human-scale built environments with higher density, mixed-use urban form and
high quality urban design. Compact urban development typically focuses on urban regeneration, the revitalisation of
urban cores, the promotion of public and non-motorised transport, and high standards of urban management (Floater,
Rode et al. 2014b). Related concepts include the European City model, smart growth and transit oriented development
(TOD).

3. Itisimportant to note that a range of earlier studies were more critical of the potential of reducing travel demand
through higher residential densities (Kagermeier 1997; Crane and Crepeau 1998:; Kockelman 1997; Hall 2001;
Gomez-lbanez 1991; Gordon and Richardson 1989). However, these studies also tended to look at density in isolation
and independent from related changes such as mix use or design quality. Studies supporting the land use transport
pattern impacts further include Cervero and Duncan (2006), Limtanakool et al (2006) and Chen et al (2008).

4, Urban freight transport accounts for 31 per cent of energy use and CO, emissions throughout Europe (Herzog 2010).

5. Embedded emissions are upstream CO, emissions from energy used for transport, housing or the production of goods
and services (Druckman and Jackson 2009). These also include emissions that occur as part of constructing or building
transport infrastructure or vehicles.

6. Rapid urbanisation in conjunction with population growth in developing countries and maintenance of existing
transport and urban infrastructure in developed countries impose high demand for building materials. 30 billion tonnes
of concrete were consumed in 2006 in contrast to 2 billion tonnes in 1950 (WBCSD 2009), while cement production
accounts for 5 per cent of global anthropogenic CO, emissions (WBCSD 2012).

7. Urban areain London includes Greater London, whereas the peri-urban area includes the rest of the Southeast of
England. Urban areain New York includes urban New York i.e. New York City (Bronx, Brooklyn, Manhattan, Queens)
including the largely built-up Hudson County of New Jersey apart from Richmond (Staten Island), whereas the peri-
urban area includes the rest of the Tri-State area i.e. New York state, New Jersey and Connecticut (Focas, 2014).

8. The maximum capacity levels of metro rail systems typically exceeds BRT by a factor of 1.5.

9. In Sao Paulo, the most sprawling and socially segregated city of the three, the most disadvantaged groups are on
average required to travel twice as long to access basic services as the most privileged - a pattern that does not exist in
more compact and socially mixed Istanbul and Mumbai (Rode, Kandt et al. 2013).
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10.

11.

12.

13.

14.

15.

16.

17.

While European and American cities have seen the strongest decline of public transport during the post-war decades,
negative trends stabilised or even reversed from the 1990s onwards, most notably in larger cities with historically
well-established metro and regional rail systems. High income cities in Asia such as Hong Kong, Singapore and most
cities in Japan were able to maintain a public transport share of up to 70 to 90 per cent due to high investment in public
transport and a land-use integrated urban planning framework. Developing cities in Asia, Africa and Latin America have
registered a greater variation of trends.

Over the last decade, the growth of motor vehicles in China has been exponential (Staniford 2010; Kutzbach 2010).
In 2000, the number of motor vehicles per thousand people in China was 7, increasing to 44 in 2010 and 54 in 2011
(World Bank 2014a). At the moment there are two hundred times as many motor vehicles (including two-wheelers) in
India as there were fifty years ago, with the numbers increasing from 0.7 million in 1961 to 142 millionin 2011.

Italy has over 600 cars per 1,000 people, Australia 556 and Germany 517. In contrast, Brazil has 179, South Africa
112, China 44 and Indonesia 37 passenger cars per 1,000 inhabitants; however these countries have higher growth
rates compared to developed countries (World Bank 2014a). At the same time, medium-income megacities have car
ownership levels similar or even higher than those in western megacities: 465, 294 and 206 in Sao Paulo, Mexico City
and Johannesburg respectively compared to 209 in New York and 331 in London (Burdett et al. 2013).

Less conservative studies estimate the vehicle stock could increase to 2 billion by 2030 if motorisation levels across
45 countries accounting for 75 per cent of the world’s population continue to grow on a business-as-usual scenario
(Dargay et al 2007).

India will retain lower vehicle volumes, reflected in the low motorisation index which measures the number of vehicles
per 1,000 citizens. Still, by 2035, three times as many motor vehicles are expected to be on Indian roads as there were
in 2005 (Fabian 2012).

BRT systems can yield high returns particularly to middle/lower income cities (Credo 2014). Aside the substantial
travel time savings which range between 20 and 50 per cent in Buenos Aires and up to 40 per cent in Lagos, these BRTs
demonstrate commuter cost savings of up to 50 per cent in Lagos or 40 million net benefits as showcased through the
CBA of Metrobus in Mexico City. In addition, improved safety impacts accrue through reduced crime incidents and

less injuries as reported in Jakarta for instance, as well as increased physical activity implications. Furthermore, CO,
emissions have been reduced by 350,000 tonnes CO, per year through TransMilenio in Bogota and by 120,000 tonnes
CO, per year through TransJakarta in Jakarta (Turner and Pourbaix 2014).

Building densities in Indian cities were usually kept low as part of formal regulations to ensure that infrastructure
systems can still cope with local demand. The World Bank suggests that this argument ignores opportunities of
generating revenues from higher land values which can improve local infrastructure as also discussed in Section 5.3
(World Bank 2013).

Figure 19 (L): 69 - benchmark line (Price of Crude Oil on World Market = 69 US-Cents/Litre); 105 - benchmark (Retail
price of Diesel in the United States = 105 US-Cents/Litre); 164 - benchmark (Retail price of Diesel in Luxembourg =
164 US-Cents/Litre).Figure 19 (R): 69 - benchmark line (Price of Crude Oil on World Market = 69 US-Cents/Litre);

97 - benchmark (Retail price of Gasoline in the United States = 97 US-Cents/Litre); 164 - benchmark (Retail price of
Gasoline in Luxembourg = 164 US-Cents/Litre).
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18. The current difference between carbon emission standards required by the European Union and the United States
will provide important lessons. In Europe, average fleet emission standards need to be met by individual automobile
manufactures (OJEU 2009) whereas in the US, manufacturers producing vehicles above the average emission target
can purchase ‘emission permits’ from vehicle producers significantly outperforming these standards (An et al 2011;
Hansjeurgens 2010). As a result, innovation in Europe is internalised and mainstreamed within each manufacturer
whereas in the US innovation is ‘supercharged’ and concentrated within a few more radical producers that have
recently entered the market, above all Tesla (Sperling and Nichols 2012).
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