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practices from contemporary cities
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Abstract:

This paper deals with relationships between
urban form and travel and shows examples of
cities in developed and developing countries that
have used spatial planning in order to promote
more environmentally friendly mobility. Based
upon studies in Copenhagen, Denmark, and
Hangzhou, China, the first part of the paper
explores how the location of residences relative
to concentrations of workplaces, service and lei-
sure facilities influences the physical mobility of
the residents and its related environmental con-
sequences. The notion of ‘transportation ratio-
nales’ is important in order to understand the
causal mechanisms by which residential location
affects travel behavior. The studies show that
avoiding low-density urban spatial expansion is
indispensable in order to minimize the need for
motorized transportation in general and car tra-
vel particularly. In particular, densification close
to the main center of the urban region contribu-
tes to reduce the amount of travel and to increa-

se the proportion of non-motorized travel. In the
second part, these findings form the background
for a review of a variety of urban development
strategies in non-European metropolitan areas
that are dealing creatively with urban transpor-
tation and its environmental impacts, using land
use and urban design to selectively change tra-
vel behavior. Finally, the paper offers some
public planning and policy proposals in order to
reduce the amount of travel, encourage environ-
ment- and climate-friendly travel modes and
help mitigate climate change.

Keywords:

Residential location, Travel, Energy use,
Transport rationales, Sustainable mobility,
Environmentally friendly examples



Introduction

Reducing the consumption of fossil fuels (oil,
coal and gas) is a key issue in the efforts to
promote a sustainable development (WCED,
1987), not the least in order to mitigate climate
change. Transportation is probably one of the
sectors of society where policies aiming to
reduce greenhouse gas emissions will be most
controversial. Transportation in urban areas
has a number of other negative environmental
and social impacts too, including local air pol-
lution, noise, loss of valuable buildings and
recreational areas due to road construction,
replacement of public urban space by parked
cars, the barrier effects of major roads, and
traffic accidents. A car-based urban develop-
ment also entails reduced accessibility for peo-
ple who are not able to drive a car. Realizing
that travel behavior also is influenced by a host
of factors other than the spatial urban structu-
res, we still contend that developing the built
environment of cities in a way that creates
accessibility without being dependent on a high
amount of motorized travel is important in a
sustainability perspective. Distinct from some
of the factors influencing travel behavior (such
as gender, household composition, or income
level], the spatial urban development is somet-
hing that urban public planning and policy can
actually influence through available legal
instruments. Moreover, some other possible
policy instruments aiming to reduce urban
motoring (such as road pricing) will be less
effective and more difficult to implement if the
spatial urban at the same time contributes to
make car travel more and more indispensible.

Studies in a number of cities in different coun-
tries have shown that residents living close to
the city center travel less than their outer-area
counterparts and carry out a higher proportion
of their travel by bike or by foot (e.g., Mogridge,
1985; Neaess, Rge & Larsen, 1995; Naess, 2006;
Zegras, 2010). In spite of decentralizing trends,
most cities still have a higher concentration of
workplaces, retail, public agencies, cultural
events and leisure facilities in the historical
urban center and its immediate surroundings
than in the peripheral parts of the urban area.
For residents in the inner and central parts of
the city, the distances to this concentration of
facilities will be short. Average trip distances
could therefore be expected to be shorter
among these residents than among their
outer-area counterparts, and with a higher
share of trip destinations within acceptable
walking or biking distance.
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Among architects, however, the attention to
relationships between the built environment
and travel behavior has been directed mainly
towards the influence of local-scale urban
structural conditions. This also applies to the
dominating focus of research into land use-tra-
vel relationships in the United States. Local-
scale urban design principles, such as street
pattern, availability of sidewalks and bike paths
etc. and aesthetic neighborhood qualities, can
influence the attractiveness of different travel
modes and can for some travel purposes also
affect trip destinations. For example, among 38
research studies reviewed in a recent American
article (Cao et al, 2009), only 5 included varia-
bles indicating the location of the neighborhood
relative to the city center. In European rese-
arch, there has been much more focus on the
level of the city as a whole/the metropolitan
area.

Below, material from studies of residential
location and travel in Copenhagen and
Hangzhou will be used to shed light on how
and why urban structures influence travel
behavior. In the second part of the paper, a
number of examples from non-European coun-
tries of urban developmental strategies aiming
to reduce car dependency and urban motoring
through land use planning will be reviewed.

The Copenhagen as well as the Hangzhou
study was carried out by means of a combinati-
on of quantitative and qualitative research met-
hods. Besides recording urban structural con-
ditions from maps, aerial photographs and
visits in the investigated urban districts and
residential areas, the investigation was based
on a number of qualitative interviews (17 in the
Copenhagen case and 28 in the Hangzhou
case) and answers from individuals participa-
ting in questionnaire surveys (1932 in the main
survey of the Copenhagen study and 3155 in
the survey of the Hangzhou study). More detai-
led information about the methods and results
of the two studies is available in Naess (2005;
2006; 2009 and 2010).

Copenhagen Metropolitan Area (population:
about 1.8 million) is one of the largest urban
areas of Northern Europe and a major node for
international air and rail transport. The inner
city of Copenhagen has an unchallenged status
as the dominating center of the city region. The
central municipalities of Copenhagen and
Frederiksberg, making up only 3.4 % of the
area of Copenhagen Metropolitan Area, have

Nordisk Arkitekturforskning 1/2-2010



one third of the inhabitants and an even higher
proportion of the workplaces (Naess, 2006). The
center structure of Copenhagen Metropolitan
Area could be characterized as hierarchic, with
downtown Copenhagen as the main centre, the
central parts of five formerly independent
outer-area towns now engulfed by the major
conurbation as second-order centers along
with certain other concentrations of regionally
oriented retail stores, and more local center
formations in connection with, among others,
urban rail stations and smaller-size municipal
centers at a third level.

Hangzhou is the capital of the Zhejiang provin-
ce and is located in south-eastern China, 180
kilometers south-west of Shanghai and is the
economical and political center of this provin-
ce. Hangzhou Metropolitan Area includes 5
million inhabitants, about half of which live in
the continuously built-up urban area of the city
of Hangzhou. Similar to European cities, the
historical urban cores of Chinese cities are
usually the areas with the highest concentrati-
on of workplaces, retail stores and other ser-
vice facilities. Hangzhou Metropolitan area is
no exception. The inner city of Hangzhou has
an unchallenged status as the dominating cen-
ter of the metropolitan area. The population
density in this part of the region is considerably
higher than in the outer parts of the region. In
addition to the major center, the metropolitan
area includes three second-order centers (one
of which still not completely developed) and six
third-order centers. These centers, too, include
a more or less comprehensive set of center
functions, but with a more narrow range and
with a lower number of facilities within each
category than in the main city center.

40

by different modes (km)
T T

Daily traveling distance Monday-Friday
T

6-15 15-28 over 28

Below 6

Daily traveling distance Monday-Friday

by different modes (km)
i

Our two case cities differ considerably in terms
of affluence level, cultural traditions and politi-
cal conditions. In Copenhagen metropolitan
area, the mobility level has been high for deca-
des, and three quarters of the households have
one or more private cars at their disposal.
Distinct from this, motor vehicle ownership has
until recently been very low in Hangzhou,
where sales of automobiles were restricted
before 2004. Since then there has been an
almost explosive growth in car ownership as
well as ownership of other motor vehicles. Car
ownership increased from 0.7 private cars per
100 households in 2001 to 15.4 cars per 100
households in 2007. At the time of our investi-
gation (2005), 6 % of the respondents belonged
to a household with a car.

In spite of these differences, there are, as we
shall see, considerable similarities in the rela-
tionships between residential location and tra-
vel found in the two studies.

Inner-city residents travel shorter distances
and are less dependent on motorized transport
Figure 1 shows average distances' traveled by
car, non-motorized modes, public transport and
(in the case of Hangzhou) electric bike among
respondents living in different distance belts from
the city centers of Copenhagen [to the left] and
Hangzhou (to the right). In both metropolitan
areas, each distance belt includes about one
fourth of the total number of respondents.

In Copenhagen as well as in Hangzhou, travel by
motorized modes is generally lower among inner-
city respondents than among suburbanites. This
reflects the fact that a high proportion of the
respondents living in the outer distance belts

S
1

w
|

1

6.2-136

Below 3.4 34-62 Over 13.6

Distance from the city center of Distance from the city center of
Copenhagen (km) Hangzhou (km)
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Figure 1:

Mean daily traveling distances by
different modes among respon-
dents living in different distance
belts from the city centers of
Copenhagen [to the left] and
Hangzhou (to the right]. N = 1804
[Copenhagen] and 2829
[Hangzhou).



Figure 2:

Expected daily energy use for
transport among respondents
living at different distances from
the city centers of Copenhagen
(to the left] and Hangzhou [to the
right]. N = 1567 and 2156,
respectively. P = 0.0000 in both
cases.

have to travel to destinations beyond acceptable
walking or biking distance in order to reach the
facilities they use on weekdays, in particular
workplaces and places of education. In
Hangzhou, suburbanites travel longer distances
than inner-city respondents by car and taxi,
public transport as well as by electric bike. In
Copenhagen too, outer-area respondents travel
considerably longer by car than their inner-area
counterparts. In Copenhagen, respondents living
less than 6 km from the city center travel on ave-
rage about equally long distances by public trans-
port as those living in the two outer distance
belts. This reflects that on the one hand, the avai-
lability of public transport opportunities is highest
in the central parts of the metropolitan area, but
on the other hand, inner-city residents can reach
a large number of facilities within walking or
biking distance and are thus less dependent on
motorized travel. In both metropolitan areas,
inner-city residents travel longer distances by
non-motorized modes than the suburbanites do.
Combined with their lower amount of motorized
travel, this implies that the proportion of distance
traveled by non-motorized modes is considerably
higher among those respondents living close to
the city center.

We also see that traveling distances are generally
much longer in Copenhagen than in Hangzhou
(notice that the scale of the vertical axis is ten
times as high in the diagram for Copenhagen as
for Hangzhou). This reflects the much higher
mobility level in Copenhagen, cf. above.

In Figure 1, travel behavior has been shown as
variables depending on the location of the dwel-
ling relative to the main center of the metropoli-
tan area. There are also relationships in both
metropolitan areas between travel behavior and
the location of the residence relative to lower-
order centers and more local neighborhood cha-
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Copenhagen (km)
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racteristics. These relationships are, however,
considerably weaker than the relationships with
the location of the dwelling relative to the main
center. This has been demonstrated by means of
so-called multivariate statistical analyses, where
all investigated factors of influence have been
‘kept constant” apart from those, the effects of
which we want to examine. In addition to compa-
ring the influences of different urban structural
characteristics of the dwelling, the multivariate
analyses also included a number of demographic,
socioeconomic and attitudinal variables. By inclu-
ding such variables in the analysis, we reduce the
risk of drawing false inferences about influences
of residential location on travel in situations
where (parts of] these relationships might be due
to differences in socioeconomic and other indivi-
dual characteristics between respondents living
in different areas.

As could be seen in Figure 1, outer-area respon-
dents in both metropolitan areas travel conside-
rably longer by energy-demanding travel modes
than their inner-city counterparts do. Below,
results of multivariate analyses of factors influen-
cing the respondents’ energy use for transport
will be shown. Since space constraints prohibit a
thorough account of the relationships between
residential location and all aspects of travel
behavior, energy use has been chosen as an indi-
cator. Besides its obvious relevance to the discus-
sion on environmentally sustainable urban struc-
tures, energy use is a variable summarizing key
aspects of travel behavior, as it depends on both
traveling distances and travel modes.

Figure 2 shows how daily energy use’ for trans-
port varies with the distance from the dwelling to
the city centers of Copenhagen and Hangzhou,
respectively, when controlling for a number of
demographic, socioeconomic and attitudinal cha-
racteristics of the respondents. The variables
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kept constant when calculating the graphs shown
in the figures include sex, age, number of chil-
dren younger than 7 years of age in the house-
hold, number of children aged 7-17 in the house-
hold, number of adult persons in the household,
education level, personal income, driver's license
for car, whether or not the respondent is a work-
force participant, whether or not the respondent
is a student, transport-related residential prefe-
rences, and a few variables indicating particular
activities, obligations or circumstances that may
influence traveling distances.

In both metropolitan areas, inner-city living is
associated with considerably lower energy use for
transport, also when taking a number of individu-
al characteristics of the respondents into consi-
deration. But we also notice the very large gene-
ral difference in transport energy use between
the Danish and the Chinese context [the scale of
the vertical axis is 40 times larger for
Copenhagen than for Hangzhou). In Copenhagen
Metropolitan Area, we also find that proximity to
second- and third-order urban centers and high
local-area density contributes to lower energy
use, but these effects are by far not as strong as
the effect of the distance from the main city cen-
ter. In Hangzhou Metropolitan Area, we find, in
addition to the effect of proximity to the main city
center, a slight tendency of decreasing energy
use when living close to a third-order center, but
not any effects of other neighborhood characte-
ristics. Among the non-urban-structural varia-
bles, we find, as might be expected, tendencies in
both metropolitan areas of increasing energy use
among respondents with a high income and dri-
ver’s license for car, and men also tend to use
more energy use for travel than women do.

Rationales influencing travel behavior

Why does travel behavior in the two case city
regions depend more on metropolitan-scale than
on local-scale built environment characteristics?

nale of choosing the best facilities above a rationa-
le of minimizing the friction of distance. This is
especially true as regards workplaces, and it
holds true both for the Danish and the Chinese
context. Travel distances therefore depend more
on the location of the dwelling relative to large
concentrations of facilities than on the distance to
the closest facilities. People who live close to the
city center have a large number of facilities within
a short distance from the dwelling and therefore
do not have to travel long, even if they are very
selective as to the quality of the facility. Since tra-
vel distances are often short, inner-city residents
carry out a higher proportion of trips by bike or
on foot.

The following circumstances tend to contribute to
a high priority attached to the rationale of choo-
sing the best facility, compared to distance mini-
mizing: Specialized job skills, specialized leisure
interests and ‘exclusive’ cultural taste, much time
available, high mobility resources, many facilities
available in the local area of the dwelling, and
short distance from the local facilities to the clo-
sest competing concentration of facilities.

Our material from both case cities suggests that
the propensity for using local facilities depends
partly on which facilities exist in the proximity of
the dwelling, and partly on the competition from
non-local facilities. In the districts next to the
downtown area, a relatively broad supply of local
facilities often exists, but at the same time there
is a strong competition from facilities in the city
center. Conversely, the local supply of facilities is
often more modest in the outer parts of the
metropolitan area, but the long distance to the
concentration of facilities found in the central city
at the same time weakens the competition from
the latter facilities. Figure 3 illustrates this relati-
onship for one of the investigated types of activiti-
es, i.e. visits to cafes and restaurants.
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. . . . ©
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Figure 3:

Proportion of respondents living
within different distance belts
from downtown Copenhagen who
usually use facilities less than 1
km away from the dwelling when
visiting cafés or restaurants.

N =1876.



The interviewees’ choices of travel modes are
influenced by a number of different and intercon-
nected rationales. These rationales could be clas-
sified into two main groups:
e Rationales concerning the efficiency of the
movement from origin to destination
e Rationales concerning the process of moving
from origin to destination
The first of these two groups includes concerns
related to time consumption, economic costs and
accessibility benefits of traveling by different
modes. The second group includes concerns rela-
ted to physically, psychologically and socially
positive or negative aspects associated with tra-
veling by a particular mode. Several of the ratio-
nales are hinted at indirectly through a criterion
of trip distance as an important condition influen-
cing the interviewees’ choices of travel modes.
Since long trips will be very time-consuming as
well as physically exhausting if they are made by
non-motorized modes (in particular by foot), rati-
onales of time-saving and limitation of physical
efforts will logically imply a dependence of travel
modes on trip distances. Living close to relevant
trip destinations thus does not only contribute to
shorter traveling distances, but also implies a
higher propensity of using non-motorized modes.

Environmentally oriented land use and
transport strategies in non-European countries
A review of best practices outside Europe pre-
sents empirical evidence of the implementation of
innovative policy and design tools for integrating
urban form, land use and accessibility in order to
mitigate greenhouse gases emission. The winner
of the 1996 World Habitat Award, Curitiba is an
example of how a fast growing metropolis in a
developing country can successfully integrate
land use and transport planning for fostering
environmental sustainability. Other successful
examples include Bogotéa (Colombia), Singapore,
Hong Kong (China) and Portland (USA), (Dodman,
2009, Rabinovitch, 1996; Haughton & Hunter,
1994: Newman, 1996).

Since the 1970 s, Curitiba"s development has
been defined by three main characteristics: (i) an
integrative approach to land use and transport
policies — concentrating urban expansion along
bus-ways (Bus Rapid Transit) and densification
along them through regulations and incentives;
(i) integration of the transport modes, enhancing
their complementarity; and [iii) pedestrianisation
of streets and discouragement of private vehicu-
lar traffic and parking in Downtown Curitiba
(WBCSD, 2004).
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Curitiba’s bus system is composed of a hierarchi-
cal feeding system including minibuses, conventi-
onal buses and the Bus Rapid Transit - which is
the spine of the system and operates on the main
arteries radiating out from Downtown Curitiba. In
order to generate more transit ridership per
square foot, Curitiba’s Master Plan motivates
highly dense mixed use growth along these arte-
ries and high-density residential use in develop-
ments within two blocks of the arteries.
Moreover, beyond two blocks from the arteries,
residential densities are defined in proportion to
distance from transport corridors.

Despite the fact that Curitiba has more cars per
inhabitant than any other Brazilian metropolises,
over 70 percent of commuters use public trans-
portation in their daily journeys. According to
Goodman (2006), the integration of an efficient
transport infrastructure and land use policy has
resulted in a reduction of 27 million private moto-
rized trips per year - saving about 27 million
liters of fuel annually. In comparison to eight
other Brazilian metropolises, Curitiba uses 30
percent less fuel per capita. Moreover, the inhabi-
tants spend only around 10 percent of their inco-
me on travel - much below the Brazilian average
(Goodman, 2006).

Curitiba"s integration of Bus Rapid Transit sys-
tem technology with land use policies has been
an alternative followed by several metropolises,
providing public transportation with impressive
ridership figures and reducing greenhouse gas
emissions at a much lower cost than rail invest-
ments (Rodriguez & Targa, 2004). Currently, more
than 40 Bus Rapid Transit systems are operating
around the world - including Bogota, Porto
Alegre, Sao Paulo, Mexico City, Cape Town,
Lagos, Johannesburg, Brisbane, Honolulu,
Nagoya, Hanoi and Jakarta - and more than 80
cities are planning similar system (WBCSD, 2004).

In Latin America, Bogoté stands next to Curitiba
as a successful example of integrated transport
policy, land use and public space revitalization.
Bogota has experienced fast population growth in
the last 60 years, which has often challenged
local governance. Over the last fifteen years,
however, Bogota has undergone a renaissance
helped by a comprehensive development strategy
-Vision Bogota 2038 - aiming to create a more
sustainable city through the promotion of com-
pact development, efficient public transport sys-
tem and cycling amenities.
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Following Curitiba"s example, Bogota has also
implemented a Bus Rapid Transit system - called
TransMilenio - opening the first bus rapid lane in
2001. In 2006, the TransMilenio infrastructure
included 69 km of exclusive road lanes, 94 stati-
ons and 747 buses averaging a speed of 26 km
per hour. Moreover, TransMilenio is used for an
average of 1.6 million trips each day. Since 2001
Bogota has removed 7,000 small private buses
from its roads, reducing the use of bus fuel by
more than 60 percent (Estupindn & Rodriguez,
2008).

According to the United Nations, TransMilenio
and its related urban infrastructure reduces gre-
enhouse gas emissions because of its greater
energy efficiency compared to other bus transport
and due to the partial replacement of private
autos by public transport. The United Nations
Framework Convention on Climate Change esti-
mates that the TransMilenio will prevent the
emission of two million tons of CO, in the atmos-
phere during a period of 10 years (UNFCCC,
2009).

In 2008, TransMilenio became the first mass tran-
sit system in the world approved by the United
Nations Framework Convention on Climate
Change to generate and sell carbon credits -
being recognized as a clean development mecha-
nism in accordance with the Kyoto Protocol. The
carbon credit system may help to finance
TransMilenio™ s maintenance and expansion. In
other to gather funds, other governments could
also try to recognize their similar transport sys-
tems as clean development mechanisms.

In Asia, Singapore also demonstrated a success-
ful strategy where public transport is developed
integrated with land use policies - taking into
account the metropolitan as well as the neighbor-
hood scale. At the metropolitan level, the Mass
Rapid Transit lines are developed taking into
account the accessibility of districts and centrali-
ties. While at the neighborhood level, the areas
adjacent to transport stations are densified and
mixed use is incentivized (APEIS & RISPO, 2006).

To date, Singapore s public transport infrastruc-
ture has a hierarchical structure composed by the
Mass Rapid Transit (covering 109 km with 66 sta-
tions) - as the spine of the system - the Light
Rapid Transit (covering 29 km with 33 stations]
and buses as feeders to the rapid transit stations.
By 2020, Singapore s Land Transport Authority
expects to double the rapid transit system net-
work from 138 km today to 278 km by adding new
lines and extensions (LTA, 2008).

Together with massive investments in public
transport infrastructure, complementary policies
were also established in order to discourage car
usage: Area License Scheme (1975), the Vehicle
Quota System (1990), and the Electronic Road
Pricing Scheme (1998].

Similar to Singapore, Hong Kong's experience
highlights valuable lessons of how to fully inte-
grate transport infrastructure and land use deve-
lopment. While most wealthy cities present a
figure of car-per-thousand inhabitants ranging
from 350-550, Hong Kong s figure is only 55.
Prior to expansions of the public transport sys-
tem, properties adjacent to stations are acquired
for densification in order to generate high riders-
hip (World Bank, 1996).

Hong Kong has attracted private investors
through incentives when redeveloping properties
adjacent to stations. Instead of being reactive and
wait for the market to generate demand over
time, the authorities of Hong Kong generate
demand by intervening in the property market
and redeveloping properties adjacent to stations.
Revenues generated are divided between the pri-
vate partners and the Hong Kong's Mass Transit
Railway which uses it to finance the system main-
tenance and future expansions (Nieweler, 2007).

However, it is important to note that Hong Kong
and Singapore have benefited from their unique
geographic and political situation: (i) strong cen-
tralized authority, facilitating land acquisition and
development control; and (i) the conjunction of
land constraint and fast demographic raise. While
most metropolises deal with an opposite scena-
rio: (i) complex institutional and jurisdictional
structure leading to political and managerial
challenges; and [ii) edge-land availability and fast
demographic growth leading to urban sprawl
(Fisher, 2001). Inspired by Hong Kong and
Singapore as examples, many metropolises have
during the recent years successfully implemented
the strategy of attracting transit oriented redeve-
lopments around stations that were once charac-
terized by low density zoning.

Hangzhou, our example city from the first part of
the paper, has been facing the difficult task of
accommodating a high population growth as well
as a rapid increase in floor area per capita wit-
hout consuming too much of scarce land resour-
ces. The Main City Plan of Hangzhou emphasizes
intensive and economical use of land and impro-
vement of land use efficiency in the central area
of the city as key principles. The planned develop-
ment of Hangzhou implies that Hangzhou

Petter Naess and Victor Andrade: Housing, mobility and urban sustainability 15

- examples and best practices from contemporary cities



Metropolitan Area - the main city as well as the
lower-order urban settlements - will continue to
be characterized by dense urban structures.
Although there has been considerable road deve-
lopment, Hangzhou has in recent years taken
important steps to improve public transport,
notably in the form of a (still not completed)
metro (Naess et al., 2010).

In North America, Portland, Vancouver and
Toronto are other examples following strategies
of coordinated land use and transport planning in
order to reduce the amount of urban motoring.
During the last fifteen years Portland has been
implementing an innovative and comprehensive
regional plan - the 2040 Growth Concept - to
reduce greenhouse gas emissions. Portland’s
plan promotes high density and mixed-use deve-
lopments that have a physical and functional con-
nection to a public transport station, through a
partnership with the private sector. New urban
developments have been mainly implemented on
already existing urban centers - annual land con-
verted to urban use was 40 percent lower in 2002
than it was in 1999 (WBCSD, 2004).

The local authority has been acquiring station-
adjacent properties that are locked up by frag-
mented ownership. After the acquisition, the area
is re-parceled and then sold with public transport
oriented conditions to private developers.
Incentives are used to compensate the higher
costs of orienting the development to public
transport and pedestrian uses. As a result,
Portland residents decreased their per capita
vehicle miles traveled by 11 percent between 1996
and 2002, while the remaining Americans increa-
sed vehicle miles traveled by 6 percent on avera-
ge during the same period (California Energy
Commission, 2007).

Public planning and policy proposals

Integrated land use and transport policy must be
acknowledged as an alternative to enhance public
transport ridership, as well as reducing land con-
sumption and greenhouse gas emissions. It is of
course not reasonable to expect any single
instrument (such as urban land use planning) to
be able in itself to induce the necessary changes
toward environmentally sustainable mobility. If
the reductions of transportation’s environmental
loads necessary to make a difference in relation
to the global climatic challenges are ever to be
possible, there will probably be a need to combine
more energy-efficient vehicles, fuel taxes, road
pricing, improved public transport in cities, as

16

well as spatial planning limiting the needs for
transport. Economic measures [e.g., radical
increases in gasoline fees and/or road pricing
with restrictively high rates per kilometer) could
potentially change transportation patterns signifi-
cantly in the course of a short time. However, if
any economical measures against the growth in
car traffic are to work according to their purpose,
the share of inhabitants who accept more time-
consuming trips or reduced options for workpla-
ces and service facilities must increase, while the
proportion choosing to surmount the friction of
distance by buying themselves a high mobility
must be reduced. For outer-suburban households
who do not consider themselves able to reduce
their transport, road pricing or other economic
instruments to reduce urban motoring will be an
additional economic burden.® On the other hand,
the more transport-requiring the urban structure,
the higher taxes will be necessary in order to
change travel behavior among the households
causing the heaviest environmental load through
their daily traveling. This highlights the necessity
to ensure that economic traffic demand manage-
ment measures and urban spatial strategies pull
in the same direction.

In this regard, it is essential to establish a metro-
politan sphere of decision with enough power to
implement comprehensive policies. Urban mana-
gement on the metropolitan scale constitutes one
of the main contemporary challenges, especially
in the developing world where urban development
is often characterized by a dichotomy between
formal and informal developments, undermining
efforts to implement a comprehensive urban poli-
cy. A prevalent condition is that of a complex net-
work of administrative bodies and an absence of a
metropolitan sphere to guide comprehensive
approaches to environmental management. Such
a set-up does not provide a platform for dealing
with urban problems on a metropolitan scale and
in the context of local ecosystems (Andrade &
Ribeiro, 2005).

Besides addressing the above mentioned chal-
lenge, for example by establishing new metropoli-
tan-level planning and decision-making bodies,
policy makers should emphasize the role of den-
sity and mixed land use together with car-restric-
tive transport policies as important determinants
of energy use and emission. Low-density subur-
ban development should be actively discouraged
through land regulation, and the (usually hidden)
subsidizing of housing types requiring high infra-
structure costs per dwelling should be avoided.
Bearing in mind both regional and local scales, it
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is important to identify sites suitable for densifi-
cation - usually central areas and properties
adjacent to stations - and then to elaborate a
local plan and design guidelines addressing ener-
gy efficiency and transport efficiency.

The recommendation of locating the construction
of new housing close to city centers in order to
reduce car dependency and energy use for trans-
port rests with the assumption that there are
actually some centers toward which residential
development can be centralized. According to
some authors, historical urban cores have lost
much of their dominant position during the recent
30 or 40 years. For example, the German archi-
tect Sieverts (1999) holds that contemporary citi-
es can no longer be fitted into a hierarchic sys-
tem according to central place theory. Instead,
they should be understood as a network of nodes,
where there is a spatially more or less equal,
scattered distribution of labor with spatial-functi-
onal specializations. Such net-shaped cities or
city regions have polycentric instead of a mono-
centric or hierarchic center structures, and con-
stitute larger, fragmented and very complex terri-
tories. However, this clearly does not apply to our
two case cities, Copenhagen and Hangzhou. Most
cities still have a higher concentration of work-
places, retail, public agencies, cultural events and
leisure facilities in the historical urban center and
its immediate surroundings than in the peripheral
parts of the urban area (cf., among others,
Newman & Kenworthy, 1999:94-95; Nielsen &
Hovgesen, 2006). Even urban regions where
decentralization of workplaces and residences is
a dominant tendency are usually characterized by
a hierarchical intra-metropolitan structure with a
main center and several lower-order centers, rat-
her than being genuinely polycentric. In Sieverts’
archetypical example, the Ruhrgebiet in Germany,
residents living close to the centers of cities like
Dortmund, Bochum and Essen have a higher
likelihood of finding employment, shopping opp-
ortunities and leisure facilities within a moderate
distance from the dwelling than their counter-
parts living in the suburban field between these
cities, and they have also generally better oppor-
tunities for using public transport when traveling
to other cities and towns within the polycentric
Ruhr region.

Residential segregation is also a key issue for the
good governance of cities and sustainable mobili-
ty and must be addressed by public policies. The
isolation of people of different socio-economic
groups and ethnicities has potential environmen-
tal, economic, political and social consequences -

including increasing daily commuting and une-
qual access to and quality of education, health
and other services (Quigley, 1994). In North
America, dispersal of jobs from inner cities to the
suburbs has taken place to a higher extent and
inner city districts have been gentrified to a lesser
extent than in many European cities. Several stu-
dies in North American cities thus indicate that
job opportunities have continuously increased in
the suburbs and this has created an increasing
spatial mismatch between inner city minorities
and suburban jobs. Housing choices of minorities
are constrained by segregation and discriminati-
on, which leads them to live far from affluent
neighbors and employers. Consequently, housing
segregation increases the distance between
minorities and job opportunities. The trend in
several American metropolises is toward high
concentrations of poverty in the inner city and a
concentration of low-wage and low-skill job opp-
ortunities in the suburbs, resulting in increasing
commuting distances (Simpson & Veen, 2006).

Concluding remarks

The studies in the metropolitan areas of both
Copenhagen and Hangzhou show that avoiding
low-density urban spatial expansion is indispen-
sable in order to minimize the need for motorized
transportation in general and car travel particu-
larly. In particular, densification close to the main
center of the urban region contributes to reduce
the amount of travel and to increase the proporti-
on of non motorized travel.

City planners, urban designers, technicians and
politicians must work in cooperation, searching
for creative and, at the same time, realistic alter-
natives to tackle urban sprawl and poor accessi-
bility. The lessons previously introduced share one
essential characteristic: long term policies that
integrate land use and transport policy. All les-
sons highlight useful policies and tools that could
be adapted to diverse urban conditions.
Nevertheless, it seems that emission reduction
strategies related to urban form and transport
will differ from case to case and that no single
universal strategy will work in all urban scenari-
os. Each metropolis has its specific challenges
and potentials and policy makers must to explore
innovative policies and implement them having in
mind these challenges and potentials.
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NOTES

' As a main motivation for the research studies pre-
sented in this paper has been to investigate how
residential location in urban regions influences on
energy use and greenhouse gas emissions, we have
used traveling distance as a measure of the volume
of transport, rather than travel time. The latter is a
poor indicator of the environmental impacts of urban
transportation, since the travel modes requiring the
least energy use and causing the least pollution (wal-
king, biking and public transport with high capacity
utilization) are generally more time-consuming than
the private car, except under highly congested condi-
tions. The Copenhagen area study did, however, also
include analyses of urban structural and other fac-
tors influencing travel time. These results have been
published elsewhere [Nass, 2006, pp. 158-159).

?In the calculations of energy use for car travel, con-
siderations have been made about the influence of
travel speeds on fuel consumption per vehicle kilo-
meter. Since inner-city dwellers that have got a car
mainly use their cars for trips to suburban and exur-
ban locations, while suburban commuters often drive
a considerable part of their daily journeys under
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congested conditions, we do not consider it likely that
energy use per vehicle km by car will be significantly
higher among inner-city residents than among their
suburban counterparts. In the Copenhagen study,
energy use per vehicle km by car for all respondents
was thus calculated as a weighted average of fuel
consumption figures for driving under ‘urban’ and
‘highway’ conditions, based on information from the
Danish Road Directorate (For more details, see Naess
& Jensen, 2005, pp. 429-430.) In the Hangzhou study,
energy use per vehicle km for cars was based on the
average of figures from two different Chinese sour-
ces [Committee on the Future of Personal Transport
Vehicles in China et al., 2003 and Wu, 2008). Energy
use for different types of public transport in the two
studies was calculated from figures based on
Danish/Scandinavian and Chinese sources, respecti-
vely.

* Low-income suburbanites are also highly vulne-
rable to rising oil prices, which must be expected due
to growing global demand relative to production,
geopolitical insecurity and longer-term supply uncer-
tainty (Dodson & Sipe, 2008].
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