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the car. They also fit best with the need for strategically increasing urban densities through
transit-oriented development, another key policy conclusion from the research. Traffic con-
gestion is shown to act as a break on growing car use and energy use and urban policy
needs to recognize this by a cessation of freeway building in cities and prioritizing infra-
structure for public transport and non-motorized modes. Likewise, high parking levels in
central cities encourages greater car and energy use and needs to be curtailed and reduced.
Finally, cities need to strategically focus denser, mixed use urban development into nodes,
including traditional CBDs, linked by high quality public transport operating on its own
right-of-way to create more transit-oriented, polycentric metropolises.

9.1 Introduction

World oil production is likely to peak some time in the first decade of this century.
Thereafter total production will decline and the highly oil-dependent transport sector
will have to make a series of sweeping adjustments, which will be felt acutely in cities
(Andrews and Udall 2003; Fleay 1995). Likewise, the imperative to reduce CO, emissions
and minimize the possibility of destructive global warming will likely be felt more acutely
throughout the world. It is important therefore to understand global patterns of urban
transport, how dependent different cities are on energy to run their transport systems,
how they produce different levels of CO, emissions, and some of the underlying reasons
for these patterns.

Sound comparative data on metropolitan areas around the world by which our under-
standing of these issues can be increased are, however, difficult to find. This chapter helps
to fill this gap by providing an overview of the patterns of automobile dependence, pas-
senger transport energy use and CO, emissions across 84 cities in nearly all regions of the
world and some underlying reasons for these patterns. The discussion points to a series of
policy implications.

The chapter commences with a brief description of the methodology, data sources and
cities covered by the study. Results are then presented for a wide range of urban char-
acteristics, summarized by 11 different high and low income regions in the world. Data
covered include urban form and wealth, vehicle ownership, private and public transport
infrastructure and usage, public transport service and modal split. Transport energy use
and detailed modal efficiency data are presented for private and public transport, along
with the resulting CO, emissions. Some overall conclusions and perspectives are drawn.

9.2 Methodology and Data Sources

The data in this chapter are drawn from the Millennium Cities Database for Sustainable
Transport compiled over three years by Kenworthy and Laube (2001) for the International
Union (Association) of Public Transport (UITP) in Brussels. The database provides data
on 100 cities on all continents. Data summarized here represent averages from 84 of
these fully completed cities (Table 9.1) in the USA, Australia and New Zealand, Canada,
Western Europe, Asia (high and low income areas), Eastern Europe, the Middle East, Latin
America, Africa and China.

The database contains data on 69 primary variables. The methodology of data collection
for all variables was strictly controlled by agreed-upon definitions contained in a technical
booklet of over 100 pages and data were carefully checked and verified by three parties
before being accepted into the database. A detailed discussion of methodology is not pos-
sible in this chapter.
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From these primary variables, some 230 standardized variables were calculated. Cities
can thus be compared on urban form, private and public transport performance, overall
mobility and modal split, private and public transport infrastructure, the economics of
urban transport (operating and investment costs, revenues), passenger transport energy
use and environmental factors, including CO, emissions. For this overview, which is
focussed on transport energy and CO, in cities, only a selection of salient features was
chosen for comment. Tables 9.2-9.7 provide these data summarized according to the 11 areas
shown in Table 9.1, divided into higher and lower income parts of the world.! The data are
for the year 1995. Data collection on these cities commenced in 1998 and was completed at
the end of 2000. Thus data for 1995 provides the latest perspective that can reasonably be
expected for a study of this magnitude.

The following discussion summarizes the results of how the 11 areas compare on factors
related closely to urban passenger transport energy use and CO, emissions.

9.3 Characteristics of Urban Transport Systems
9.3.1 Urban transport and the wealth of cities

Rising wealth is a factor that is nearly always associated with increasing motorization
and energy use, so a brief examination of wealth patterns in cities is provided here. The
relative wealth of metropolitan regions in this chapter is measured by the gross domestic
(or regional) product (GDP) per capita in US dollars of the actual functional urban region
(Tables 9.2 and 9.5). This factor is the basis for the split in the sample of cities between
higher and lower income regions. The five higher income areas have average GDPs
between US$20000 and US$32000, while the six lower income areas range from US$2400
to US$6000. As will be seen later from the patterns of private and public transport, wealth
alone does not provide a consistent or satisfactory explanation of metropolitan scale trans-
port patterns. This is despite claims by a number of commentators that increasing wealth
automatically tends towards higher auto dependence (Gomez-Ibafiez 1991; Kirwan 1992;
Lave 1992). In fact, within the 58 higher income cities, there is no significant statistical cor-
relation between per capita private transport use (or energy use) and metropolitan GDP
per capita. Rather, for metropolitan scale analyses, the data point towards deeper underlying
physical differences between cities, which will become clearer in later discussions.

!The key to regional abbreviations used in Tables 9.2-9.7 is as follows. The specific cities comprising
the regional averages are found in Table 9.1.

HIGHER INCOME

USA US cities

ANZ Australia/New Zealand cities
CAN Canadian cities

WEU Western European cities

HIA High income Asian cities

LOWER INCOME

EEU Eastern European cities
MEA Middle Eastern cities
LAM Latin American cities
AFR African cities

LIA Low income Asian cities

CHN Chinese cities
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9.3.2 Private transport

9.3.2.1 Car ownership

Globally there are enormous variations in urban vehicle ownership. Clearly, North
American and Australian/New Zealand (ANZ) cities lead the world in car ownership
with over 500 cars per 1000 people (US cities nearly 600). Western European cities are,
however, closing on ‘new world’ cities with 414 cars per 1000, while Eastern European car
ownership was, in 1995, more moderate at 332, though it is rising rapidly. All other groups
of cities average between 100 and 200 cars per 1000 people, except for the three Chinese
cities, which in 1995 had a mere 26 cars per 1000 people, though this is also growing at an
enormous rate (Tables 9.2 and 9.5).

Car ownership is always associated with wealth in the literature, so it is useful to
express car ownership relative to wealth (i.e. cars owned per US$1000 of GDP). The ANZ
and Canadian cities are clearly the leaders in the higher income cities (25 to 30 cars per
US$1000), while US cities are less at 19. Western European and prosperous Asian cities
have only a fraction of the cars relative to their wealth (13 and 6 respectively). Of major
concern in lower income regions is the much higher level of car ownership relative to their
low income status. Eastern European cities lead the race with 56 cars per US$1000, but
African and Latin American cities are not so far behind with 48 and 41 respectively. Less
prosperous Asian cities already have a rate of car ownership relative to wealth that is vir-
tually equal to cities in Australia/New Zealand. Chinese cities, despite an average GDP
of only US$2400, already had in 1995 almost the same rate of car ownership per dollar of
GDP as Western European cities (11 compared to 13), despite the latter cities having an
average GDP per capita of US$32000.

9.3.2.2 Motorcycle ownership

Motorcycle ownership is relatively insignificant in all areas (between 5 and 30 motorcycles
per 1000 people), except in the Asian cities (Tables 9.2 and 9.5). In the high and low income
Asian cities, including China, motorcycles average between 55 and 127 per 1000 people,
and they form a significant part of the transport system. The huge take-up of motorcycles
in low income Asian cities and in urban China is seen in the fact that they have between
23 and 34 motorcycles per $1000 of GDP, compared to an average across all other regions
of just two. Motorcycles are the most manoeuvrable motorized mode for avoiding traffic
queues and the most energy-efficient and affordable form of motorized private transport for
moderate income people. However, they are a major cause of air pollution, noise, danger
and death in these cities.

Urban policy needs to try to limit the growth in car and motorcycle ownership, espe-
cially in rapidly motorizing developing cities, through programs such as the Certificate of
Entitlement in Singapore (and now in Shanghai), which place very high additional costs
on the purchase of new motor vehicles (Ang 1990, 1993, 1996).

9.3.2.3 Car usage

Car usage follows a more extreme pattern than ownership, indicating that while cars may
be owned to a similar degree in different regions, the need to use them varies dramat-
ically (Tables 9.2 and 9.5). This in turn relates to urban form factors and the viability of
other modes for various trip purposes. US cities ‘require” over 18000 car passenger km per
capita to meet the access needs and discretionary travel of their inhabitants. By contrast,
their high income counterparts in Europe and Asia have only between 20% and 63% of
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that level of use. In the lower income regions, car passenger km per capita range from a
mere 814 (4% of the US figure) in Chinese cities, up to 3300 in Middle Eastern cities (18%
of the US figure).

Car use can also be expressed relative to wealth. The US and ANZ cities are the lead-
ers with 578 and 576 car passenger km per $1000 of GDP, with Canadian cities some way
behind at 415. Again, the Western European and the prosperous Asian cities distinguish
themselves in their low levels of private car mobility relative to wealth (193 and 114
respectively).

In lower income cities the rates of private car mobility per unit of wealth are compara-
tively high. African cities have some 940 car passenger km per $1000 of GDP, which is
close to double the US and ANZ level. This effect seems to come from the South African
cities where two clearly distinct transport systems exist side by side (the sizeable automobile-
based system for prosperous people and the informal, public transport and walking-based
systems for the vast majority of poorer residents). Latin American and Middle Eastern cit-
ies are virtually identical to the US and ANZ cities in this factor (580 and 595 respectively).
In 1995, low income Asian cities and Chinese cities (494 and 344 car passenger km per
$1000) had already far exceeded their wealthy Asian neighbours (193) and even Western
European cities in this factor (114).

9.3.2.4 Motorcycle usage

Usage of motorcycles is comparatively small in high income cities. Motorcycle use, as a
percentage of total private passenger km, ranges from 0.25% in the US cities up to 9% in
the high income Asian cities (Tables 9.2 and 9.5). By contrast, in low income Asian cities
and Chinese cities, motorcycle mobility represents 26% of private passenger km, while in
the other lower income regions it again is small, at between 0.7% and 3.8%. Again, if we
normalize this by wealth, the huge commitment to motorcycles in low income Asian cities
and Chinese cities is apparent (152 motorcycle passenger km per $1000 of GDP, while all
the other regions average a meagre 10).

Why motorcycles have burgeoned to this extent in most Asian cities and in no other
parts of the world (nor in Manila where motorcycle ownership is actually about half the
US level) is an interesting policy question. The low penetration of motorcycles in Manila is
possibly a result of the extensive and effective jeepney system and paratransit-like motor-
ized tricycles (Barter 1998). The role of motorcycles in urban transport, their potential to
facilitate urban sprawl by providing low cost private transport to large numbers of people,
and their environmental and human impacts are important issues to understand. This is
especially so in cities like Taipei where ownership is some 200 per 1000 people and usage
represents 35% of private mobility. Notwithstanding this, they are the most energy-efficient
form of private motorized mobility available.

9.3.2.5 Private motorized transport modal split

The final variable that provides insight into private transport patterns is the percentage
of all daily trips (all purposes) that are catered for by private transport (Tables 9.3 and
9.6). Not surprisingly, US (89%), ANZ (79%) and Canadian cities (81%) head the list. By
contrast, their wealthier counterparts in Europe and Asia have only 50% and 42% respect-
ively of all trips by private transport. In the lower income cities private transport caters for
only between 16% (Chinese cities) and 36% (Asian cities) of all trips. The exception is the
Middle Eastern cities where the proportion rises to 56%.
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Despite the overwhelming visual and sensory impacts of traffic and its capacity to rap-
idly saturate the public space of a city, private transport is a minority player, relative to pub-
lic transport and non-motorized modes, in seven out of the 11 areas in this study. Because
of their size, cars and other private transport vehicles have a huge impact, even at relatively
low ownership levels, in urban environments not designed for them. This is true in most
rapidly developing cities in the world and, of course, it has enormous social justice and
equity implications. If urban transport priorities are primarily directed towards facilitating
car and motorcycle travel through new freeways, parking facilities and so on, then this can
threaten public and non-motorized mobility, which operate at high energy efficiency and
low CO; output and provide effective transport services to a high proportion of people.

9.3.2.6 Non-motorized modal split

The most egalitarian and sustainable modes of urban transport are foot and bicycle. These
modes have few fossil fuel or CO, generation implications, outside of the embodied energy
and CO, output involved in human food production, bicycles and pedestrian and bicycle
infrastructure and likewise for CO, generation. There is an extraordinary range in the use
of these energy-efficient modes (Tables 9.3 and 9.6). In US cities, only 8% of all trips are
made by foot and bicycle. Other auto cities are a little higher (respectively, 10% and 16%
in Canadian and ANZ cities). Eastern and Western European, high and low income Asian,
Middle Eastern and Latin American cities all have very similar levels of non-motorized
mode use, ranging from 26% to 32% of all trips. The African cities have 41% walking and
cycling, due to the majority of low income populations who rely heavily on walking, while
the world leader in 1995 was still the Chinese city with 65%.

It would appear very sensible for social, environmental and economic reasons, and cer-
tainly from an energy and CO, perspective, to prioritize the use of non-motorized modes
by ensuring that facilities for them are actively promoted and not eroded by motoriza-
tion. This is especially urgent in rapidly developing cities, especially in China where their
pedestrian and cycling advantage appears to be under increasing threat from policies
against bicycles and the sheer scale of motorization (de Boom et al. 2001; Kenworthy and
Hu 2002; Kenworthy and Townsend 2002).

9.3.3 Energy use

9.3.3.1 The oil problem in transport

Urban automobile dependence has large implications for energy use and CO, production.
In this new century, when the world is being affected by rapidly escalating oil prices and
the fallout is being felt everywhere from trucking industry blockades and protests to the
significant effect on many household budgets of rising fuel prices, energy is back on the
policy agenda. World oil production is predicted to peak by 2010 (‘the big rollover’) and
then to enter a phase of irreversible decline, leading to shortage and supply interruptions,
rapidly rising prices and a greater concentration of oil power in the Middle East. This
will have profound implications for transport, which is utterly dependent upon conven-
tional oil and cannot restructure overnight (Campbell 1991; Campbell and Laherrere 1995;
Fleay 1995). The relative certainty of peaking oil can be seen historically in the accuracy of
M. King Hubbert’s original prediction of the US oil production peak in 1970 (Hubbert’s
bubble) (Hubbert 1965). He predicted in the 1950s and 1960s that world oil production
would peak shortly after the year 2000, which is now being confirmed by many people,
based on much more comprehensive data.
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9.3.3.2 Private passenger transport energy use

Tables 9.4 and 9.7 reveal a very large range in transport energy consumption, with US cit-
ies leading the world at over 60000 MJ per person per year of energy used for cars and
motorcycles. This is twice as high as their nearest rivals, the Canadian and Australian cit-
ies, and four to six times more than their biggest competitors in the global economy, the
Western European and wealthy Asian cities, such as in Japan. Even cities in the oil-rich
Middle East only use 10600 MJ per person, despite some relatively conspicuous consump-
tion in cities such as Riyadh (25000 MJ per person). The three Chinese cities consume an
average 2500 M] per person in private passenger transport, which means that an average
US city of 400000 people consumes in one year the same amount as a Chinese megacity of
10 million people.

Three groups of cities stand out as being the most intensive in passenger transport
energy use relative to their wealth. These are the US and the Middle Eastern cities (1900
M]/US$1000 of GDP), and the African cities (2200), again highlighting the high con-
sumption and private transport orientation of a wealthy minority against a backdrop of
widespread poverty in African cities. The outstanding cities are again the Western
European cities and wealthy Asian cities who consume only 489 and 303 MJ/US$1000
respectively. All the other regions fall between these extremes with an average of 1364
M]J/US$1000.

As countries stake out their claims on ever diminishing and more costly conventional
oil, especially those who so far have not yet significantly shared the benefits that flow
from this valuable non-renewable resource, oil is likely to become a major destabilizing
geo-political and economic issue.

9.3.3.3 Public transport energy use

The use of energy in urban public transport systems (Tables 9.4 and 9.7) is small compared
to private transport, regardless of the significance of the transport task undertaken by pub-
lic transport (see later). Also, where rail is extensively used electricity is a major energy
source for public transport, which is often generated without oil (gas, hydro-electric,
nuclear), and of course can also come from renewable sources. In the US, ANZ, Canadian,
Western European and Middle Eastern cities, public transport energy use per capita does
not exceed 7% of the combined private and public passenger transport energy use (aver-
age of 4%). The biggest contribution is in Latin American cities (23%), with the other five
regions averaging 17%.

9.3.3.4 Modal energy consumption differences between private and public transport
Tables 9.4 and 9.7 show how relatively energy-inefficient private transport is compared
to public transport. Energy consumed per passenger km in public transport in all cities
is between one fifth and one third that of private transport, the only exception being in
the US cities where large buses dominate public transport and attempt to pick up thinly
spread passengers in suburbs designed principally around the car. In US cities, public
transport energy use per passenger km stands at 65% that of cars. Part of the reason for
this is that in US cities the public transport vehicles have the highest use of energy per
vehicle km of all cities (26 MJ/km, with most other regions under about 16 to 17 MJ/km,
or as low as 10 MJ/km in African cities).

Examining the overall modal energy consumption of motorized transport in cities (pri-
vate and public transport combined), Canadian cities are the least efficient at 3.5 M] per
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passenger km, followed closely by US cities at 3.2 MJ per passenger km. This reflects the
large vehicles in use in North American cities, especially 4WD sports utility vehicles, their
low use of motorcycles and their high levels of private versus public mobility. The private
vehicles in US and Canadian cities consume about 5 MJ/km, whereas most other regions
are under 4 or even 3 MJ/km, despite generally worse levels of congestion in these latter
areas.

By contrast to North America, ANZ cities average 2.4 M] per passenger km for their
total motorized passenger transport system, while all the lower income regions range
between 0.9 (China) and 2.0 MJ per passenger km. All these lower income cities have a
more significant role for energy-efficient public transport, some have high use of motorcycles
and many operate fleets of minibuses, which are relatively energy efficient (especially with
high loadings).

9.3.3.5 Energy consumption by different public transport modes
Modal energy use can be examined on a per vehicle km or per passenger km basis. The
former is an indication of the inherent energy use of the particular vehicle, the technology
it exploits and the environment in which it operates (congestion, etc). In the case of rail
modes, the data are reported on a per wagon km basis, not train km. Energy use per pas-
senger km is an indication of the mode’s efficiency in carrying people, based on the kind
of loadings that the mode achieves in different cities. Tables 9.4 and 9.7 contain these data
for buses, trams, light rail (LRT), metro systems, suburban rail and ferries. Not all modes
are present in some regions and the averages for a particular mode are taken from the cit-
ies in the region where the mode is found. All energy data are based on end use or actual
delivered operating energy.’

It is difficult to discuss the energy use per vehicle km for public transport modes in any
detail because of the huge variety of vehicle types, sizes and ages that lie behind the aver-
ages. A few general points can be made.

o As with cars, buses in US and Canadian cities are the most energy consumptive
(between 24 and 29 MJ/km, compared to an average of 16 MJ/km in all other regions
and only 10 MJ/km in Chinese cities).

« Big differences occur in vehicular energy use in suburban rail operations depending on
whether higher consumption diesel systems are present.

o There are 29 cases where rail modes are represented in the two tables and in 24 cases
the energy use per vehicle km for the rail systems is lower than that of the respective
bus system in the region.

o Ferries clearly have the highest use of energy per km due to the frictional forces
involved in operating through water. However, there is a huge variation based on ves-
sel size (e.g. double-deck ferries in Hong Kong and small long tail boats in Bangkok)
and speed of operation. The average operational energy use across the nine regions
where ferries exist is 277 MJ/km, but figures range from 846 in US cities to only 25 in
low income Asian cities.

2The primary energy use for electric rail modes in each city will vary according to the overall effi-
ciency of electrical generation in each country, including power station efficiencies and transmission
losses. The use of primary energy in modal energy consumption for electrical modes would have
necessitated a fuller accounting of the energy used in producing and delivering petrol, diesel and gas-
eous fuels, if a genuine comparison were to be made.
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More meaningful results can be obtained from energy use per passenger km because
this takes into account vehicle loadings and is a measure of the success in public transport
operations. It is also the only way to fairly compare public and private transport modal
energy use.

o Except for trams and light rail in Eastern European cities, rail modes use less energy
than buses per passenger km in each region.

o Across all regions buses average 1.05 M] per passenger km. This is compared to 0.52 for
trams, 0.56 for LRT, 0.46 for metro and 0.61 for suburban rail. There is, on average, not a
huge difference in energy consumption between the different rail modes, and on aver-
age rail systems in cities use about half the energy of buses per passenger km.

o Urban rail modes, taken together across regions, are on average 4.6 times less energy
consuming than the average car (0.54 compared to 2.45 MJ /passenger km).

o The above averages do, however, mask some exceptional energy performance by spe-
cific rail modes in particular regions. For example, light rail in low income Asian cities
and metro systems in Chinese cities consume only 0.05 MJ/passenger km. This is 57
times more efficient than an American urban bus and 76 times more efficient than a
Canadian car per passenger km. These high efficiencies are mainly due to some excep-
tional loading levels on Chinese systems.

o In every region, ferries are by far the most energy consumptive public transport mode.
In fact, in six out of the nine regions where ferries are featured, their energy use per
passenger km exceeds that of private transport.

In policy terms, rail modes are clearly the most energy efficient; they have the greatest
potential to run on renewable energies and should be prioritized in urban transport infra-
structure development where cities are facing a coming oil crisis. They are also best suited
to serving dense nodes and linear strips of urban development and thus fit well with
increasing urban densities, discussed later in the chapter.

9.3.4 CO, emissions from passenger transport

Tables 9.4 and 9.7 show the average per capita emissions of CO, from passenger transport
in each of the regions. These have been calculated from the detailed energy data on pri-
vate and public transport through standard grams of CO, per MJ conversion factors. For
electrical end use energy in electric public transport modes in different countries, refer-
ence was made to UN energy statistics showing the contribution of various energy sources
to electricity production (i.e. thermal, nuclear, hydro, geothermal). The data also showed
the relative contribution of different feedstock to the thermal power plants and the over-
all efficiency of electrical energy production in the country (http://unstats.un.org/unsd/
energy/balance/default.htm). This combination of data was used to ensure the correct
multiplier for end use electrical energy and to calculate the kilograms of CO, from end use
electrical energy consumption by the transit systems in each city.

The results show a similar pattern to that of private passenger transport energy use
per capita because of the dominance in most cases of energy use for private transport in
cities. US cities generate an average of 4405 kg of CO, per person from passenger trans-
port, while the next highest group, the Canadian cities, produce roughly half that level
(2422 kg). Australian cities are a fraction lower (2226 kg). Thereafter the figures are much
lower, starting with the Western European cities (1269 kg) and followed by the high
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income Asian cities (825 kg). In the lower income cities, the figures range from 812 kg in
Middle Eastern cities down to a mere 213 kg in Chinese cities. US cities are producing 21
times more CO, per capita from passenger transport than are the Chinese cities.

The other interesting factor in these tables is the proportion of CO, that is attributable
to public transport. Again not surprisingly, the US are the lowest at only 1.9%, while the
Eastern European cities are the highest at 30.8% due to the fact that they have the most
extensive and well-utilized public transport systems in the world. The other high income
regions, excluding the USA, have cities where public transport contributes on average 10%
to passenger transport CO, emissions. The average for the lower income cities, excluding
Eastern Europe, is 18%. In most cities public transport is by far the minor player in CO,
emissions, due partly to its comparatively low share of trips, but also because of its greater
efficiency in moving people.

There are, however, exceptions to this, as revealed in Fig. 9.1. This shows the total per
capita emissions of CO, from passenger transport in all 84 cities, divided into private
and public transport (public transport is the top portion of the graph). The data show an
extraordinary range in CO, emissions from a low in Ho Chi Minh City of 71 kg per capita
per annum up to Atlanta’s figure of 7455 kg per capita (a 105-fold difference). In addi-
tion, in a handful of cities, public transport is one half or more of the total figure, whereas
the average for the entire sample of cities is 13%. Figure 9.2 shows this more clearly with
Manila, Dakar, Bogota and Cracow all having between 51% and 78% of total CO, emis-
sions from passenger transport coming from public transport. After these, Hong Kong is
the only exceptional city with over 40%, while the rest of the sample plunges to below
30%, ending with 0.5% in Riyadh and 0.6% in a handful of US cities.

9.3.5 Public transport patterns

Having examined the broad patterns of private transport and the resulting energy use and
CO,, we need to better understand some of the factors that lie behind these patterns.

9.3.5.1 Public transport service levels

Public transport service supply in annual seat km per capita measures the amount of ser-
vice provided by public transport, taking into account the different capacity of public trans-
port vehicles (from mini-buses to double-deck trains). Public transport service levels are
by far weakest in Chinese, Middle Eastern and US cities. Chinese cities still rely very heav-
ily on non-motorized modes (though this is falling rapidly) and their public transport sys-
tems have consequently never been very well developed (only 4% of service was by rail
in these three cities in 1995). Public transport in Middle Eastern cities relies quite heavily
on mini-bus systems that restrict supply capacity (only 10% of public transport service is
rail based). US cities, although having had some extensive public transport systems earlier
in the twentieth century (e.g. Los Angeles’ large rail system), have had a long history of
decline. This has only begun to change a little over recent years (Pucher 2002) and 48% of
service is now rail based in the US cities in this study. The Western and Eastern European,
high income Asian, Latin American and African cities provide the highest levels of public
transport service. There are qualitative differences, however, with the European and Asian
cities being more rail oriented and offering public transport services that compete with
cars in quality, reliability and speed (46% to 62% is rail based). By contrast, African cities
have 31% of service on rail, while Latin American cities have only 7%, notwithstanding
some fine busway systems in Curitiba and Sao Paulo.
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Fig. 9.1. Per capita passenger transport emissions of CO, in 84 cities worldwide.
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The overall average seat km of service per capita across the high and low income regions
is almost identical (3336 and 3203 respectively). However, the quality of service provided,
as measured by the proportion of service that is by rail modes, is very much higher in the
richer regions (51% compared to 21%). This helps to explain the data in the next section on
public transport use. The data also show that relative to wealth, low income cities provide
a very much larger amount of public transport service. High income cities provide 126
seat km per $1000 of GDP, while low income cities provide 831, or more than 6.5 times
greater service levels. The fact that low income cities do not generate exceptionally high
public transport use from the services they provide is an important point discussed in the
following sections.

9.3.5.2 Public transport usage levels

There are two clear extremes in public transport use. The US cities stand out globally
with the lowest rate of public transport trips per capita (59 per annum), while the Eastern
European cities are clearly the world leaders with 712 trips per person per annum (12
times more). This is also reflected in the modal split for all trips, where US urban resi-
dents use transit for only 3% of daily trips and Eastern European city residents use transit
for 47% of all trips. The other high users of public transport, either in terms of trips per
capita or modal share of trips (but not always both), are high and low income Asian cit-
ies, Western European, Latin American, African and Chinese cities. For example, Chinese
cities, despite poor service, have high per capita usage due to captive riders (375 trips
per capita), but the overall share of total trips is low (19%), due to very high walking and
cycling (65% of total trips). African cities have only mediocre trips per capita on public
transport (195), but the share of trips is quite high at 26%, due to the lowest overall daily
trip rate of all cities.

ANZ, Canadian and Middle Eastern cities are comparatively low users of public trans-
port, regardless of the measure used. However, Canadian cities distinguish themselves
within the most auto-oriented cities with public transport use that is essentially double
that of the US and ANZ cities. This relative success of Canadian cities in public transport
is discussed elsewhere (Raad and Kenworthy 1998).

Although some low income cities enjoy comparatively healthy public transport use
for their very low level of service (e.g. in China), this will not last. The crowded, unreli-
able and poor safety of public transport is something that people in such cities will try to
escape at their first opportunity, given access to a car or motorcycle. Many low income cit-
ies may be unable to resist further rapid motorization unless they improve the quality and
speed competitiveness of their public transport systems. This will generally mean developing
more extensive rail systems, or fully segregated busways. If not, transport energy use and
CO, emissions will rise rapidly.

9.3.5.3 Importance of rail and comparative modal speeds

The data in this chapter highlight the importance of urban rail systems in developing com-
petitive public transport systems, reducing energy use and minimizing CO, from trans-
port. Not only are they the most energy-efficient modes, but they are the most effective at
capturing modal share from private transport. In the high income cities, only the European
and Asian cities have public transport systems that capture a healthy share of the overall
transport market and these are the cities where urban rail systems are most developed,
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especially in relation to their private transport equivalent, the urban freeway. The ratio of
fully segregated public transport rights-of-way to urban freeways in these rail-oriented cit-
ies is over 3 compared, to 0.4 and 0.5 in US and Canadian cities and 2 in ANZ cities. In the
lower income sample, by far the healthiest public transport, by whatever measured used,
is in the Eastern European cities where segregated public transport right-of-way is some
nine times greater than urban freeways (see next section).

While there are cities in Latin America, Africa and China that achieve significant public
transport use with little or no rail systems, they rely mostly on poor ‘captive’ riders. As
already suggested, as incomes rise and car ownership levels grow, the public transport
systems of these low income, bus-based cities will tend to lose market share, because they
cannot compete in speed or comfort with private transport. Motorcycles in particular tend
to compete heavily with bus systems that are engulfed in traffic (Barter 1998).

This is seen in the comparative modal operating speeds. There are no regions where
the average speed of bus systems exceeds 26 km/h and the overall average across the 11
regions is only 19 km/h. In Chinese cities buses operate at an average 12.5 km/h, or about
the same speed as cycling. On the other hand, metro systems operate between 30 and
37 km/h (average 34 km/h). Suburban rail systems across the regions average 42.9 km/h.
When these speeds are compared to general road traffic speed, which averages 34 km/h
across all regions, it can be seen that only rail systems can compete.

In policy terms cities, wishing to protect, rebuild and grow their public transport base,
save energy and reduce CO, emissions as incomes rise and competition from motor-
cycles and automobiles escalates, need to seriously consider some form of segregated rail
system. At the very least, cities need effective busways or Bus Rapid Transit (BRT) sys-
tems as demonstrated in Curitiba and Sao Paulo, and more recently the Transmilenio BRT
system in Bogota. Competitive transit speeds appear to be critical for public transport in
any city.

9.3.6 Transport infrastructure provision

Underlying the patterns of urban transport, energy use and CO, emissions are signifi-
cant differences in the extent and type of infrastructure for private and public transport.
Different priorities in transport infrastructure facilitate different movement patterns.

9.3.6.1 Public transport infrastructure

Western European, high income Asian and Eastern European cities, and to a lesser extent
the ANZ cities, are the only regions that have significant reserved alignments for pub-
lic transport. This consists mainly of railways, but also a few physically segregated bus-
ways. All of the lower income city groups, apart from Eastern Europe, have comparatively
scarce reserved public transport right-of-way. Chinese cities stand out as being particu-
larly low in this factor and in the wealthier auto-dependent groups, US cities are clearly
the lowest in segregated public transport right-of-way, though Canadian cities are not
far behind. The data again highlight that the wealthier regions have an edge in the pro-
vision of better quality public transport systems, with an average of 113 metres per 1000
persons of reserved public transport routes compared to 49 metres in lower income cities.
On the positive side, relative to their wealth, poorer cities have more than double
the reserved rights-of-way of their wealthier neighbours (10.0 km versus 4.6 km per $1000
of GDP).
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9.3.6.2 Private transport infrastructure

Urban freeways: The private transport corollary of fixed route public transport is the urban
freeway. US cities, without any surprise, have the highest availability of freeway per
person in the world, followed by ANZ and Canadian cities with 83% and 78% as much
respectively. Outside of these three regions freeway provision falls away rapidly, especially
in Latin American and Chinese cities (only 2% of the US level). The other eight regions
altogether average only 0.028 metres of freeway per capita, compared to 0.156 in US cities
(18% of the US level).

It is not surprising that cities with the highest freeway provision also have the high-
est average speed of general traffic (44 to 49 km/h in US, ANZ and Canadian cities). The
other cities with considerably lower freeway provision achieve only 29 km/h average
road system speed. It has been understood since the 1970s how urban freeway provision is
directly associated with higher car and energy use in cities (e.g. Watt and Ayres 1974). The
mechanism for this, in terms of longer travel distances rather than savings in time, has
been explained elsewhere (e.g. Newman and Kenworthy 1984, 1988, 1999b).

Lower income cities have marginally higher provision of freeways per $1000 of GDP
than high income cities (4.5 km compared to 4.1 km). In fact, Eastern European, Middle
Eastern and African cities exceed the US figure in kilometres of freeway per $1000 of GDP.
Poorer cities appear to be giving priority to freeway construction.

Congestion: Freeways and congestion issues are often linked together in discussions,
especially in relation to efforts to save energy and reduce emissions. The tables provide
some different measures of congestion in cities, since increasing urban traffic congestion is
frequently cited as being responsible for huge wastage of energy resources and extra emis-
sions in cities. The results in this study run directly counter to this assertion. They suggest
that as congestion increases, there is less car use, more motorcycle use, more public trans-
port use and more use of non-motorized modes. Conversely, lower congestion reflected in
higher average speed of traffic is associated with the direct opposite of this.

In policy terms, the results suggest that congestion acts as a brake on car use. Congestion
encourages greater motorcycle use, and works in favour of public transport, but only
where these options offer speed advantages over cars in congested conditions, and where
parking is limited. This is often the case in more congested high income cities, since they
commonly have urban rail systems, or less frequently, busways. The results suggest that
rather than saving energy and lowering emissions, reduced congestion, reflected in higher
traffic speeds, increases energy use and emissions (including CO,). Higher traffic speeds
favour cars, increase urban sprawl and travel distances, and reduce the viability of other
modes. Cities should not be in any rush to reduce congestion in order to decrease energy
and CO,. Rather they should be strategically improving the public transport and non-
motorized mode alternatives to help travellers avoid congestion.

Parking: Parking in the central business districts (CBD) of cities is another indicator of pri-
vate transport infrastructure, which varies dramatically across regions. Parking supply in the
CBD is an important factor in determining modal split for trips to these space-constrained
areas of cities. The availability of parking, much more than price, tends to determine the
attractiveness of car commuting to the central city. High levels of parking will encourage
the most energy consuming trips to work, while well-loaded, radial rail systems will use the
least energy.

The highest providers of parking are the US, ANZ and, perhaps surprisingly, the Middle
Eastern cities, all having over one parking space for every two jobs in the CBD. Middle
Eastern cities are greatly affected by Riyadh, which is a world extreme, having some 1883
spaces for every 1000 jobs, due to its huge on-street parking supply. Teheran has only
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22 spaces per 1000 jobs and Tel Aviv, the next highest after Riyadh, has 467. By contrast,
Chinese, Eastern European and Latin American cities average 17, 75 and 90 spaces per
1000 jobs respectively, with Canadian cities at 390.

In summary, the experience of rapidly motorizing low income cities with dense urban
forms, such as in China, suggests that orderly urban transport development depends
upon controlling the rate of motorization, while building public transport infrastructure
to effectively balance investment in new roads and parking areas. No city in the world,
not even Los Angeles, has ever been able to supply enough roads and parking to meet
demand. High density cities have particularly severe limits on how much space they can
devote to cars without degrading their public environments. Finally, the evidence suggests
that reducing per capita transport energy use and CO, by building more private transport
infrastructure is a vain hope.

9.4 Urban Form

The importance of urban form in helping to explain the macro patterns of urban transport,
especially the level of auto dependence and transport energy use, has been widely discussed
(Cervero 1998; Kenworthy and Laube 1999; Newman and Kenworthy 1989, 1999a). Tables
9.2 and 9.5 provide data on urban density, the most significant measure of urban form that
has been found in the above studies. The data show how the higher car and energy use cit-
ies, and the highest CO, producers, are low in population density, while the higher density
cities have reduced car and energy use per person and lower passenger transport CO,.
Average densities range from lows of 15 per ha in the US and ANZ cities up to 150 to 200 per
ha in the Asian cities, including Chinese cities. On average, the lower income cities are more
than double the density of the wealthier cities (109 versus 52 persons per ha).

In the high income cities, 82% of the variance in car passenger km per capita and 78% of
the variance in per capita private passenger transport energy use are explained by urban
density. In the low income cities, where other factors such as extreme variations in income
affect the outcome, still 47% of their variation in per capita car use and 44% of the vari-
ance in per capita private passenger transport energy use are explained by urban density
(Kenworthy 2001).

Any city wishing to better manage the automobile, minimize car and energy use and
reduce CO, output must address urban form and its effects on urban transport. The best
policy response seems to be one of selective density increases and mixing of compatible
land uses, especially around areas of high public transport accessibility — transit-oriented
development or TOD. As well, centralization of jobs in the CBD, but also in satellite sub-
centres built at public transport nodes (decentralised concentration), appears to be an
effective strategy. Urban growth boundaries or green belts to minimize spread of the city
also appear to be important (Newman and Kenworthy 1999a).

The above approach develops a polycentric city connected by excellent public transport,
i.e. a ‘transit metropolis’. The tightly integrated dense, mixed-use development around
stops on a fixed-route transit network maximizes walk-up patronage and encourages mul-
tiple public transport trip making. This is the approach in Curitiba and Ottawa using bus-
ways and in European and Japanese cities, as well as Hong Kong and Singapore, focused
on rail systems (Cervero 1998). Bus or light rail feeders to the main fixed-route system are
also a critical part of this strategy.

Cities in North America and Australia that are attempting to reduce their car use
and increase their public transport and non-motorized mode use, are faced with try-
ing to increase densities in strategic locations, as well as extending and improving the
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infrastructure for these modes. Many lower income cities, especially those in Asia, already
have dense and centralized patterns of urban land use but require better public trans-
port and non-motorized mode infrastructure to exploit this advantage. However, much
recent development is more dispersed and dependent on private motorized transport.
Enforceable land use policies are needed to curb this trend (Kenworthy and Hu 2002;
Kenworthy and Townsend 2002).

9.5 Conclusions

This chapter has highlighted some major differences in transport patterns in metropolitan
areas in 11 different regions around the world and focused attention on passenger trans-
port energy use and CO, emissions. US cities, followed a long way behind by Canadian
and Australian cities, are the heaviest passenger transport energy users and CO, pro-
ducers from transport in the world, while Chinese cities are the lowest (US cities are 24
times higher than Chinese cities in per capita passenger transport energy use and 21 times
higher in CO, emissions).

The patterns demonstrate the energy and CO, reduction potential of reducing the role of
the automobile in urban transport systems and enhancing the role of public transport and
non-motorized modes. Motorcycles are also relatively energy- and CO,-efficient modes,
but they are associated with high local smog emissions, noise and traffic danger, which
can detract from their energy and greenhouse benefits.

Public transport energy use per capita is always a fraction of private transport energy
use, never exceeding an average of 23% of the total passenger transport energy use in any
region, regardless of the extent of service and usage. For CO, emissions per capita from
passenger transport, Eastern European cities experience the highest contribution from
public transport at 31%.

Urban passenger transport energy use and CO, emissions can be linked directly and indi-
rectly to a host of factors. Some significant factors found internationally include the extent
and quality of the public transport system, especially the kilometres of dedicated public
transport right-of-way and the amount of service provided by urban rail systems. Lower
income cities provide comparatively high levels of public transport service, but little of it is
rail. Most service consists of buses that operate within general road traffic congestion, which
are apt to lose market share to cars and motorcycles. Their public transport use is low com-
pared to many wealthier cities that are focused strongly on speed-competitive rail systems.

Freeways and high levels of parking in the CBD are associated with higher energy use
and CO, emissions in cities. Minimizing such infrastructure in cities will have energy and
CO, benefits. Attempting to get rid of congestion through freeway building and other
means, rather than building up the non-auto modes to help people avoid congestion, will
not save energy or reduce CO, emissions.

Low density, heavily zoned land use is particularly strongly associated with high transport
energy use and CO, emissions. This is primarily because such land uses generate high levels
of car use and low use of public and non-motorized transport. Compact, mixed land uses,
extensive public transport systems operating on a backbone of rail and attractive environ-
ments for walking and cycling will minimize transport energy use and CO, emissions.

Passenger transport energy use and CO, are of course dependent upon the modal share
between private, public and non-motorized modes, but also upon the relative energy use of
different modes. Energy consumption per passenger km is significantly higher for cars than
public transport in all groups of cities. Rail modes (trams, light rail, metro and suburban rail)
are in virtually every instance less energy consuming than buses in their respective regions.
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In most cases, except selected suburban rail systems, rail operates on electric power, which
can be and is generated from non-fossil fuel and renewable energy sources. Ferries are the
highest energy consuming modes, exceeding even that of cars in some regions.

Overall, this chapter provides useful guidance to policymakers concerned about the
energy and greenhouse implications of urban planning and transport policy at a time
when oil supplies and prices and global warming are high on international and national
political and economic agendas. The key overall policy points are:

o Wealth is not found to be a fundamental explanatory variable in understanding car use
and energy use patterns in urban transport systems. Physical planning and infrastruc-
ture differences on the other hand are found to be fundamental.

e Urban and transport planners have a key role to play in shaping the direction of pas-
senger transport energy consumption and CO, production in cities.

o Programmes are needed to limit growth in car and motorcycle ownership and usage,
especially in developing cities (but also of course in wealthier cities) and to protect and
enhance the role of public transport, walking and cycling, which are, or have been,
already decimated by motorization.

o Urban rail modes are found not only to be the most energy efficient, but also to result in
higher overall public transport use in cities, offering speeds that are more competitive
with the car.

e Urban rail also fits best with the need for strategically increasing urban densities
through transit-oriented development. Cities need to strategically focus denser, mixed-
use urban development into nodes, including traditional CBDs, linked by high qual-
ity public transport operating on its own right-of-way to create more transit-oriented,
polycentric metropolises. Bus Rapid Transit also has a particular role to play here in
developing cities, though a transition to urban rail should generally feature in the plan-
ning to cope with expanding use and growing customer expectations about the quality
of public transport as incomes rise.

o Traffic congestion is shown to act as a break on growing car use and energy use and
urban policy needs to recognize this by a cessation of freeway building in cities and
the prioritizing of infrastructure for public transport and non-motorized modes. This
means transport investment spending needs to change from being road oriented to
being focused on ‘green modes’.

o High parking levels in central cities encourages greater car and energy use and needs
to be curtailed and reduced, through parking restriction policies and a programme of
re-urbanization, building new residential, mixed-use development on commuter car
parks. This also works synergistically with the development of better public transport
systems, especially high capacity urban rail, to deliver large numbers of people to such
constrained sites.
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