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Abstract: Urban transport is critical in shaping the form and function of cities, particularly the level of
automobile dependence and sustainability. This paper presents a detailed study of the urban transport
eco-urbanism characteristics of the Stockholm, Malmö, Göteborg, Linköping, and Helsingborg urban
regions in southern Sweden. It compares these cities to those in the USA, Australia, Canada, and
two large wealthy Asian cities (Singapore and Hong Kong). It finds that while density is critical
in determining many features of eco-urbanism, especially mobility patterns and particularly how
much public transport, walking, and cycling are used, Swedish cities maintain healthy levels of all
these more sustainable modes and only moderate levels of car use, while having less than half the
density of other European cities. Swedish settlement patterns and urban transport policies mean
they also enjoy, globally, the lowest level of transport emissions and transport deaths per capita and
similar levels of energy use in private passenger transport as other European cities, and a fraction of
that used in lower density North American and Australian cities. Swedish urban public transport
systems are generally well provided for and form an integral part of the way their cities function,
considering their lower densities. Their use of walking and cycling is high, though not as high as in
other European cities and together with public transport cater for nearly 50% of the total daily trip
making, compared to auto-dependent regions with between about 75% and 85% car trips. The paper
explores these and other patterns in some detail. It provides a clear depiction of the strengths and
weaknesses of Swedish cities in urban transport, some key policy directions to improve them and
posits possible explanations for some of the atypical patterns observed.

Keywords: Swedish cities; global cities; automobile dependence; public transport; non-motorised
transport; urban fabrics; comparative urbanism

1. Introduction

Eco-urbanism is a very broad topic that can be approached from many perspectives and
the terminology surrounding the subject is equally diverse. Green cities or green urbanism [1,2],
eco-cities [3,4], sustainable cities [5], resilient cities [6], regenerative cities [7], biophilic cities [8],
low-carbon or carbon-neutral cities [9], and more recently, smart cities [10] are all terms that find their
way into the general rubric of eco-urbanism.

Notwithstanding the explosion of different nomenclatures in this field, there are core factors of
eco-urbanism that are common to all, some of which are:

• Compact, mixed land uses with elevated densities;
• Multiple sub-centres throughout the city (polycentrism or de-centralised concentration);
• Use of renewable energies;

Urban Sci. 2019, 3, 25; doi:10.3390/urbansci3010025 www.mdpi.com/journal/urbansci

http://www.mdpi.com/journal/urbansci
http://www.mdpi.com
https://orcid.org/0000-0002-5468-6779
http://www.mdpi.com/2413-8851/3/1/25?type=check_update&version=1
http://dx.doi.org/10.3390/urbansci3010025
http://www.mdpi.com/journal/urbansci


Urban Sci. 2019, 3, 25 2 of 44

• Sustainably sourced building materials;
• Local food production and food sourcing nearby;
• Recycling and reuse of organic and non-organic materials;
• Sustainable water management systems (water harvesting, on-site water retention, etc.);
• Greening of urban surfaces using biophilic architecture;
• Minimisation of high capacity road construction, especially freeways;
• Development of extensive and safe pedestrian and cycling facilities;
• Provision of superior public transport systems, especially rail;
• Generous and usable green spaces throughout;
• People-oriented, protected urban spaces, such as squares, pedestrian zones, playgrounds;
• Urban design to encourage walkability.

Clearly, some of these factors are related directly or indirectly to urban mobility and the need to
minimise car use in cities to help foster eco-urbanism. Each major period of transport evolution has
brought with it different types of city forms and a dominant transport mode. First, there were the
“Walking Cities” up to about 1850, which ran entirely on non-motorised modes (walking, animal-drawn
vehicles, and, in some cases, water transport). This was followed by “Public Transport Cities” between
about 1850 and 1950, during which time trams, trains, and finally buses were introduced into cities,
allowing cities to greatly expand in physical size due to increased speed. The current stage in the
transport-led evolution of cities is “Automobile Cities” [5].

Across the history of human settlements, it can be argued that the automobile, more than any other
vehicular technology, has been the most profound force in reshaping cities and the most destructive in
its negative effects on the ecological characteristics of cities [11–13]. Some authors have devoted much
time and energy to envisioning cities free of an excessive dependence on cars and how to achieve
that [14–16].

I have suggested that creating eco-cities depends upon 10 key principles for transport and urban
planning in the future, which are summarised in Figure 1 [4,17].
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The centre of this simple model suggests that sustainable urban form and transport are at the heart
of developing eco-cities. This includes four key factors: Compact and mixed use, efficient urban form;
nature and food growing throughout and around the city; transit and non-motorised infrastructure,
not freeways; and human city centres and sub-centres for population and job growth. Achieving
sustainable operation of the urban planning and transport systems of cities facilitates the achievement
of so many other important goals. For example, if less land is consumed for roads and sprawl, local
food production within and in the immediate hinterland of a city becomes more feasible. Denser, more
clustered building forms are easier to make energy-efficient due to common walls, which result in less
exposed building surfaces to dissipate the heating or cooling in individual dwellings. In addition, the
heating and cooling in each dwelling are shared through internal walls and floors. Recycling systems
are easier to operate due to lower waste collection costs and through residents having deposit points
for glass and other materials nearer to home. If fewer roads and less parking are needed, this expands
possibilities for more permeable instead of sealed surfaces for better water management.

Around these four key principles are a constellation of another four supportive principles:
Environmental technologies for energy, food, and waste; economic innovation through creativity
and environmental quality; a high quality public realm throughout the city; and sustainable urban
design qualities for human needs.

To achieve these eight principles, it is suggested that two processes are essential: Planning is
visionary, “debate and decide”, not “predict and provide”, and decision making is within an integrated
sustainability framework involving, social, economic, environmental, and cultural factors.

This paper focuses on the core of Figure 1–how sustainable are the urban forms and transport
systems of cities? However, it also touches on key aspects of most of the other factors. Comparing
cities to better understand their transport and land use patterns, to gain insights into their strengths
and weaknesses, and to deliver policies about how to reduce automobile dependence and improve
transport sustainability has a long history in the academic literature [5,11,15,18–22].

Scandinavia is often seen as being rather progressive in many fields, with strong commitments
to innovative and green city policies. For example, Copenhagen is known world-wide as being an
exemplary city for cycling and trying to reduce car use [23], as well as a focal point of Jan Gehl’s urban
design work on creating people-centred cities [24,25].

Stockholm was, in the 1950s, a magnet to planners worldwide who came to see the
ground-breaking satellite town concept for places, such as Vällingby, which developed the region based
around the new tunnelbana metro rail system. Cervero [26,27] describes how Stockholm transformed
itself into a post-war transit metropolis. More recently, Malmö, since the opening of the Øresund
bridge, has expanded greatly in its bicycle orientation and quality, perhaps due partly to the closer
connection with and influence of Copenhagen [28].

In 2015 Sweden also created K2–Sweden’s National Centre for Research and Education on Public
Transport–with the aim of increasing the contribution of public transport to Sweden’s transport task.
It is the interest of this organisation in better understanding how urban transport systems work in
Sweden that made the research in this paper possible.

This research therefore builds on a long tradition of city comparisons, particularly on the theme
of automobile dependence and adds five of Sweden’s most populous cities to the international
comparative framework on cities developed by the author and colleagues over the last 40 years.
It analyses urban transport and related indicators for the year of 2015 for Stockholm (population
2,231,439), Göteborg (population 982,360), Malmö (population 695,430), Linköping (population 152,966)
and Helsingborg (population 137,909). It also compares the characteristics of these Swedish cities to a
large sample of other cities in the USA, Canada, Australia, Europe, and Asia. The questions it seeks to
answer are:

(1) How do Swedish cities compare in land use, wealth, private, public, and non-motorised transport,
as well as other transport-related factors?

(2) Do Swedish cities follow the patterns of European and other cities or are they different?
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(3) Are there any policy lessons that can be learned from the comparisons?

To answer these questions, the paper systematically presents the results of the investigation
through a series of indicators and discusses each one in turn. It analyses and discusses the results and
draws some policy implications. The next section provides the methodology for the paper, followed
by the results, then the analysis, discussion, and policy implications, and finally some conclusions.

2. Methodology

Each Swedish city is defined in Table 1 in the way Statistics Sweden defines them, while Table 2
sets out the 35 primary data variables collected for each city and a brief description of what each
variable means. Readers can also refer to Kenworthy [29] for a more detailed explanation of the history
and methodology of this comparative urban research. Note that for the international comparisons, the
results pertain to the years of 2005–2006, but for Swedish cities, the year is 2015. These are the latest
updates on this large sample of 41 other cities, which took approximately 7 years to complete.

The validity of the comparisons is mostly not compromised by this 10-year time difference.
However, it is explained that with certain variables, such as the metropolitan Gross Domestic Product
(GDP), transport deaths, and transport emissions, which can change quite rapidly, the time difference
is more significant.

It is important to note that for some variables, the metropolitan area definitions given in Table 1
were modified. For example, metropolitan GDP needs to be calculated on the full functional urban
region or “labour market area” (in German, the Arbeitsmarktregion). Also, some public transport
services, such as the regional rail, cannot be separated out into smaller areas. In these cases, the
population of the larger serviced area is used to calculate per capita figures to ensure that data are
not inflated.

Table 3 sets out a guide of what constitutes urban land. Statistics Sweden provides detailed land
use inventories for every municipality and county in Sweden on their statistics portal at [30]:

Those categories used for urban land area in Sweden are called “built-up land and associated
land”, which consist of:

• Land with one- or two-dwelling buildings;
• Land with multi-dwelling buildings;
• Land used for manufacturing industry;
• Land used for commercial activities and services;
• Land used for public services and public facilities and leisure;
• Land used for transport infrastructure;
• Land used for technical infrastructure;
• Land with agricultural buildings and other buildings.

Careful investigations were made of these land use categories and especially the last one, but in
each case, they were found to be comparable to what was used in other cities.
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Table 1. Definitions of Swedish metropolitan areas in this study.

Metropolitan Area Counties and Municipalities Comprising the Metropolitan Area

Stockholm Stockholms län (County)

Göteborg

The official definition of Metropolitan Göteborg is used consisting of the
following municipalities. Names and reference numbers are from

Statistics Sweden.
(1384) Kungsbacka

(1401) Härryda
(1402) Partille
(1407) Öckerö

(1415) Stenungsund
(1419) Tjörn
(1440) Ale

(1441) Lerum
(1462) Lilla Edet
(1480) Göteborg
(1481) Mölndal
(1482) Kungälv
(1489) Alingsås

Malmö

The official definition of Metropolitan Malmö is used consisting of the
following municipalities.

(1230) Staffanstorp
(1231) Burlöv

(1233) Vellinge
(1261) Kävlinge
(1262) Lomma
(1263) Svedala
(1264) Skurup
(1267) Höör

(1280) Malmö
(1281) Lund
(1285) Eslöv

(1287) Trelleborg

Helsingborg (1283) Helsingborg

Linköping (0580) Linköping

Table 2. Detailed description of the primary data variables collected for Swedish Cities.

1. Total land area of the metropolitan area The metropolitan region was defined in each case, which acted as the
boundary for data collection for most items. The total land area of the metropolitan area included all land regardless
of use. For short, the metropolitan area definition is referred to as the Defined Area or DA.

2. Urbanised area of the metropolitan area The urbanised land area is very important and refers to the total
“urbanised territory” within the DA. Table 3 defines urban land. Access to land use data is needed for this item, not
urban zoned land, which may not be urbanised yet. Land use inventories are collected for each city with land use
divided up into the available categories. As much detail as possible is sought to ensure that urban land can be
properly specified.

3. Total population of the metropolitan area This is the official population of the DA, determined as a rule by Census.

4. Number of jobs (at place of work) in metropolitan area This is the number of jobs physically located within the
DA. It includes full and part-time jobs, and where part-time jobs can be distinguished from full-time jobs, these are
halved to estimate equivalent full-time jobs.

5. Number of jobs (at place of work) in the Central Business District (CBD) This first requires a working definition
of the central business district or CBD. This is the main centre of the DA, usually the central core of the oldest part of
the city, though some cities shift their CBD to new locations. Job data are the same as for Item 4.

6. Gross domestic product of the metropolitan area GDP of the metropolitan region is an item that always must be
collected for the full labour market area or commuter belt of the DA. If one takes the GDP of only the Municipality
and calculates a GDP per capita using just its population, it will be inflated because many more people contribute to
this GDP than those who live in the Municipality. So, the GDP is for the whole commuter belt and is divided by its
population to calculate GDP per capita.
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Table 2. Cont.

7. Number of passenger cars (not taxis) The number of passenger cars is obtained generally from the vehicle
registration system in each city. “Light commercial” vehicles are included as many trips made by these vehicles are
for personal purposes. In the USA, this includes “light duty trucks”, which are mostly SUVs (sports utility vehicles).

8. Total annual vehicle kilometres of travel (VKT) in private cars This generally comes from the “traffic model” and
includes all VKT by private passenger vehicles (excluding motorcycles, which are collected separately). The VKT
represents driving by residents of the DA. An alternative approach is to use good data on the annual average
number of kilometres driven per year by passenger vehicles in the DA (e.g., odometer surveys), which are
multiplied with the number of vehicles. Another method might be the total annual number of person trips in
private passenger vehicles in the DA multiplied by a reliable overall average trip length (all trip purposes) and then
divided by the average occupancy of the vehicles.

9. Total annual passenger kilometres (PKT) in private cars PKT requires an average annual (24 hours-a-day/7
days-a-week) figure for the average number of people per car (including the driver). In wealthy cities today, this
figure is often about 1.40 to 1.45 (weekend occupancies are much higher than weekdays), which is much higher than
typical peak period figures of 1.10. This occupancy figure multiplied with VKT gives PKT. Referring to Item 8, if
there is a total annual person trips by private passenger vehicles and a reliable overall average trip length in
kilometres, then these two multiplied together will also give a measure of PKT.

10. Average road network speed (7-day/24-hour) This is the overall average road system speed across all road types
and trip types (a 24-hour/7-days-a-week system average). One method can be the VKT from the traffic model
divided by the equivalent number of vehicle hours.

11. Total centreline length of the road network (all roads from residential to freeway) This measures the total linear
length of all roads, often referred to as the centreline length. Generally, in developed cities, the roads are sealed and
so would exclude, for example, unsealed roads only used for forestry or agricultural purposes.

12. Total length of express road network (ALL expressways, freeways, tollways)
This refers to all roads that fulfil three conditions:
(1) No traffic lights;
(2) No intersections;
(3) No direct property access from the road, i.e., fully controlled access roads.

13. Number of parking places in the CBD (off-street) This is the total number of off-street spaces (surface parking lots
and parking buildings open to the public and all tenant parking in buildings dedicated to the employees).
All parking spaces that are dedicated 100% to resident-only parking are excluded.

14. Number of parking places in the CBD (on-street) This is the number of parking places on the streets within the
defined CBD area. They can be metered or un-metered spaces, short or long term. These also exclude all
resident-only on-street spaces, requiring a permit.

15. Length of reserved public transport route by each mode This is the total length of routes for public transport
vehicles that are legally and/or physically separated from general traffic. It includes all traditional rail modes that
operate on their own dedicated right-of-way, as well as those sections of tram routes and bus-only lanes that are
protected from general traffic. A reserved route is only counted once, regardless of how many actual public
transport lines share the reserved route length (see Item 28 for clarification).

16. Average operating speed of each public transport mode This is the commercial average operating speed of each
public transport mode in the DA. It is often derived by operators by dividing the annual revenue vehicle kilometres
of service by the annual revenue vehicle hours of service needed to deliver those kilometres. It specifically excludes
dead-heading kilometres and time.

17. Annual revenue vehicle kilometres of service by each public transport mode For each mode, this item is the total
annual number of kilometres of service operated by the public transport provider. It is a widely reported operating
statistic and excludes dead-heading.

18. Annual revenue seat kilometres of service by each public transport mode Some operators report this, but usually
they report place-kilometres. The usual method in this research is to get a table showing the number and type of
each vehicle operated by all the public transport providers (see Item 27) and the number of seats that each of these
different types of vehicles contain. A weighted average number of seats is used to calculate the annual seat
kilometres for each operator and mode.

19. Annual boardings by each public transport mode Boardings are the number of entries into public transport
vehicles in one year (as opposed to a whole public transport trip from A to B, which may involve several boardings,
due to changing modes or routes).

20. Annual passenger kilometres by each public transport mode Annual passenger kilometres by public transport
modes is often reported by public transport operators. If it is not reported, then the average distance that each
boarding travels within the system is collected and then multiplied by the number of boardings to get passenger
kilometres. Most operators know this today from electronic ticketing systems and other electronic surveillance
means, or they conduct manual boarding and alighting surveys on the vehicles.
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Table 2. Cont.

21. Private passenger transport energy use (litres of petrol, diesel, Liquid Petroleum Gas (LPG), Compressed
Natural Gas (CNG), kilowatt hours (kWh) of electricity) This is often known or estimated by the local, regional,
state, or national environment agency due to the need to conduct inventories of CO2 emissions. The fuel use
matches the VKT in Item 8. It is only the fuel use of private passenger motor vehicles. Another potential method is a
good estimate of the average litres per 100 km of fuel by in-use vehicles operating within the DA. Fuels cover petrol,
diesel, LPG, CNG, and now electricity (kWh).

22. Public transport energy use (for each public transport mode, all fuel types) Public transport operators always
know exactly how much fuel they have consumed in each of their vehicle types because they pay for it. This item is
generally quite precise and covers all the fuel types that are today used in public transport systems of cities (e.g.,
bio-diesel, Rape Methyl Ester (RME), etc., in addition to the others mentioned above).

23. Total transport-related deaths Transport deaths cover all transport modes within the DA. These are not the deaths
reported by the police, who typically only record deaths at the scene of an accident. The source is the WHO’s
International Classification of Diseases (ICD 10), items V01 to V99. Usually, the local or national health authority has
these data. They apply a 30-day rule of death in hospital after a transport accident.

24. Number of two-wheeled motor vehicles (motorcycles) The total number of motorcycles is defined as all
motorised vehicles with two wheels, which are admitted to general traffic. This definition includes all classes of
motorcycles and motor-assisted bicycles (mopeds) and motorcycles with sidecars. Pedelecs (e-bikes) are classed as
bikes and are excluded here.

25. Vehicle kilometres of travel on two-wheeled motor vehicles (motorcycles) This is the same as Item 8, but for
motorcycles, as defined in Item 24. An average annual number of kilometres per year of a typical motorcycle
multiplied by the number of registered motorcycles is a common method, given the general lack of attention to
motorcycles in transport planning.

26. Passenger kilometres on two-wheeled vehicles (motorcycles) This is the same as for Item 9, but only for motorcycles
as defined in Item 24. Generally, the average 24/7 occupancy of a motorcycle in wealthy cities is close to 1.00, most
often between 1.02 and 1.08, rarely more.

27. Public transport vehicle fleet by mode This is an inventory of the public transport vehicle fleet by mode (number
of buses, minibuses, tram wagons, rail wagons, ferries, etc.). For all rail modes, the number of wagons are collected,
not the number of trains, which have a variable numbers of wagons.

28. Length of public transport lines by mode This is the length of all lines by mode. Where multiple routes share the
same section of track or roadway they are counted multiple times. For example, five bus lines operating over the
same five kilometres of road constitute 25 km of bus lines–similarly for rail modes. This is unlike a reserved route,
where it is only counted once, regardless of the number of lines operating along it.

29. Annual total public transport farebox revenue This is all farebox revenue for all modes together (not split by
mode), but rather the farebox revenue for all modes and operators in one figure. Also collected is the farebox
revenue with and without government reimbursements for concession fares (pensioners, students, people
with disabilities).

30. Annual operating expenses of public transport This is all genuine operating costs, not split by mode, but covering
all modes and operators. Public transport operating costs include: energy; supplies of goods and services (including
sub-contractors’ services); personnel costs, including salaries and other charges, retirement pensions, etc.; overheads
(rent, etc.); financial charges (interest payments); depreciation; maintenance of rolling stock and infrastructure; taxes
and fees.

31. Air pollutant inventory from transport sources in the city (carbon monoxide (CO), nitrogen oxides (NOx),
sulphur dioxide (SO2), and VHC-volatile hydrocarbons) These data are from an inventory of emissions, usually
prepared by the national or local environmental agency. They include all transport sources of emissions.

32. Number of daily walking trips These are the walk-only trips from origin to destination.

33. Number of daily mechanised, non-motorised trips These are mostly the bike-only trips (or any other “feral
transport”, like skateboards).

34. Number of daily motorised trips on public modes These are trips on all the public transport modes (bus, rail,
ferry, etc.). They are linked trips, not trip segments or unlinked trips.

35. Number of daily motorised trips on private modes These are the trips by all private motorised modes, such as
cars, vans, motorcycles, and taxis (linked trips, not trip segments).
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Table 3. Urban land definition (Item 2, Table 2).

Land Use Category Type Comment

Agricultural n/u

Meadows, pastures n/u

Gardens, local parks u
These areas are not generally built up, but in their size, they
are too small and in their human recreational uses, they are

too intense to qualify as genuine non-urban land.

Regional scale parks n/u
These are large, contiguous areas set aside within
metropolitan areas for non-intensive or restricted

recreational uses, water catchment functions, green belts, etc.

Forest, urban forest n/u Urban forests are larger than parks and are often significant
wildlife and forestry areas.

Wasteland (natural) n/u This includes flood plains, rocky areas, and the like.

Wasteland (urban) u This includes derelict land, culverts, etc.

Transportation u Road area, railway land, airports, etc.

Recreational u, n/u
Depending on the intensity of use, this group can belong

partly in either category. Golf courses are urban, as their use
is intense. Mostly, recreational land is considered urban.

Residential, industrial, offices,
commercial, public utilities,

hospitals, schools, cultural uses,
sports grounds

u

Water surfaces n/u

The methodology chosen for this paper to present the results is to compare the five Swedish
cities in detail, with both tables and figures showing the values of each variable for these five cities,
as well as an average for the five Swedish cities to facilitate comparisons to the other groups of cities.
Only averages for the American, Australian, Canadian, and the other European cities, plus the two
Asian cities are presented. This was primarily to condense the results of the analysis into a paper of an
acceptable length. Readers can refer to [11,15,31] for detailed graphs and tables showing the results for
variables on all the other cities.

The metropolitan regions used in this study were: The USA: Atlanta, Chicago, Denver, Houston,
Los Angeles, New York, Phoenix, San Diego, San Francisco, and Washington; Canada: Calgary,
Montreal, Ottawa, Toronto, and Vancouver; Australia: Brisbane, Melbourne, Perth, and Sydney;
Europe: Berlin, Bern, Brussels, Copenhagen, Düsseldorf, Frankfurt, Geneva, Graz, Hamburg, Helsinki,
London, Madrid, Manchester, Munich, Oslo, Prague, Stockholm, Stuttgart, Vienna, and Zurich; and
Asia: Hong Kong and Singapore.

Urban density is a recurring and unifying theme throughout the paper, with the Swedish cities
being compared to the highly auto-dependent metropolitan regions in North America and Australia.
Some basic statistical regression analysis using a power function as the line of best fit is used in the
discussion section to highlight the somewhat unique cluster of the five Swedish cities on the key
two variables of urban density and car use and to use this regression as a predictor of car use for the
Swedish cities compared to their actual results. This follows similar regression analyses in many of
our other publications [5,15,18].

The study has several limitations. For example, it only compares cities from an aggregate
perspective and only for the year of 2015 in the case of the Swedish cities and 2005 or 2006 for the other
cities. This impacts some variables more than others and this is explained in the text where relevant.
No trends of the data are included, which would have been useful, but which were not available for
the Swedish cities due to this being the first time they were included in such comparisons (except
for Stockholm) as well as limitations on time and the available funding. For the other cities, 1995 or
1996 and 2005 or 2006 data were consistently available and some analyses of trends have already been
made [32].
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The data perspectives in this paper are not the only ways that Swedish cities can be viewed
in relation to each other and to other cities, and this limitation is partly addressed in the Analysis,
Discussion, and Policy Implications section of the paper. Some variables that are included have
limitations too, for example, the freeway length. This should ideally be the lane length to indicate
capacity. However, even in an age of Geographic Information Systems (GIS) systems, this is an
extremely hard, if not impossible, variable to collect consistently across such a large global sample of
cities. It was the preferred variable when measuring freeways, but had to be dropped.

3. Results

The results presented here are those that are most pertinent to the eco-urbanism topic and most
relevant to answering the research questions. Although Table 2 sets out definitions of all 35 primary
variables collected for the study, not all were drawn upon in this paper.

3.1. Land Use, GDP, and Private Transport Infrastructure Characteristics

Table 4 provides a key set of variables on the above three topics.

3.1.1. Urban Density

Urban density (population divided by urbanised land area, not floor area ratio) is critical in
understanding the urban transport characteristics in any city. Low densities are associated with
automobile dependence, and higher densities are associated with less automobile dependence and a
greater role for public transport, walking, and cycling [18,33]. Although such claims are disputed [34],
evidence continues to emerge of density’s fundamental importance in promoting less car use [35].

Swedish urban regions have a low density, averaging less than the larger Canadian cities in 2006
(urban population density of 19.8/ha compared to 25.8/ha) and they are less than half the typical
European urban density of 47.9/ha. The Stockholm region has the highest urban density (23.5/ha),
while Linköping has a typical US city urban density (13.8/ha). Swedish cities on average have densities
at the lower end of the range generally considered necessary for less automobile dependence. We have
shown in previous research [36] that urban densities below about 35 persons per ha are associated
with steeply increasing levels of car use, but these Swedish cities tend not to follow this norm. These
important results on density are referred to in later discussions of the results for other variables
and in Section 4 on the Analysis, Discussion, and Policy Implications. Note that the urbanised land
area for 2015 from Statistics Sweden was carefully checked for accuracy and compatibility with the
urban land area for other cities. There are two categories of land use in Sweden, which could have
raised doubts about their low densities relative to other cities, but when checked, they did not. These
are namely land for “golf courses and ski pistes” and “land with agricultural buildings and other
buildings” (both included in other cities). Even by (incorrectly) taking these two land uses out for
Stockholm and Linköping, the highest and lowest density of the Swedish cities, Stockholm would
have an urban density of 25.3/ha (instead of 23.5/ha) and Linköping 15.5/ha (instead of 13.8/ha).
Figure 2 summarises the results for the cities on urban density.

3.1.2. Proportion of Jobs in the CBD

Thomson [37] clearly identified how important the centralisation of work can be in shaping urban
transport, especially jobs located in the CBD of cities. The proportion of metropolitan jobs located in
the CBDs of Swedish cities shows them to be rather centralised (16.3%), compared to 18.3% in Europe
(Figure 3). Swedish cities are the second highest across the city groupings. This generally works in
favour of public transport, at least for work-related travel.
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Table 4. Land use, GDP, and private transport infrastructure characteristics of Swedish and international cities

City Stockholm Malmö Göteborg Linköping Helsingborg SWE USA AUS CAN EUR ASIA ALL

Year 2015 2015 2015 2015 2015 2015 2005 2006 2006 2005 2005 2005

Urban density persons/ha 23.5 20.0 19.7 13.8 21.9 19.8 15.4 14.0 25.8 47.9 217.3 42.2
Proportion of jobs in CBD % 28.2% 7.8% 7.0% 18.9% 19.7% 16.3% 8.2% 12.7% 15.0% 18.3% 9.1% 14.5%

Metropolitan gross domestic product per capita USD 1995 $49,271 $32,709 $40,808 $30,260 $28,917 $36,393 $44,455 $32,194 $31,263 $38,683 $21,201 $37,700
Length of road per person m/ person 4.7 6.9 5.0 9.1 6.9 6.5 6.0 7.6 5.4 3.1 0.5 4.4

Length of freeway per person m/ person 0.138 0.232 0.225 0.269 0.287 0.230 0.156 0.083 0.157 0.094 0.026 0.112
Parking spaces per 1000 CBD jobs spaces/1000 jobs 125 237 160 225 483 246 487 298 319 248 121 314
Passenger cars per 1000 persons units/1000 persons 398 442 405 432 435 423 640 647 522 463 78 512
Motor cycles per 1000 persons units/1000 persons 24 29 35 30 30 30 16 21 15 41 19 29

Average speed of the road network (24/7) km/h 37.1 41.0 39.0 30.5 39.1 37.3 50.4 42.8 45.4 34.3 30.6 40.2
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3.1.3. Metropolitan Gross Domestic Product (GDP) per Capita

Wealth was measured as metropolitan GDP per capita. The data in Table 4 were calculated for
the labour market region of each city (see Table 2). Note that for the purposes of the international
comparisons published over many years using my urban comparative data [5,18,22], some of which
are contained in the present paper, all financial data were converted to constant 1995 US dollars.

In 2015, Swedish cities were moderately wealthy, averaging $36,393 per capita, which was more
than both the Australian ($32,194) and Canadian cities ($31,263) were in 2006. However, the other
European cities were generally higher in wealth ($38,683). The global sample in 2005 averaged $37,700.
Stockholm, the largest and most important Swedish city, clearly stands out in wealth ($49,271) and in
2015 was higher than the US cities were in 2005, the wealthiest group in the global sample ($44,455).
Helsingborg and Linköping, the two smaller Swedish cities in the sample, perhaps unsurprisingly,
were the least wealthy of the five Swedish cities (averaging $29,588).
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Figure 2. Urban density in five Swedish cities (2015) compared to a sample of global cities (2005–2006).
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Figure 3. Proportion of jobs in the CBD in five Swedish cities (2015) compared to a sample of global
cities (2005–2006).

Of course, GDP is one of the variables that does change significantly over time. Therefore, the
Australian, Canadian, and European cities’ GDPs by 2015 would likely be significantly higher than
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that of the Swedish cities in 2015. The two Asian cities are still likely to have lower GDPs per capita
than those in Sweden, but they are likely to have caught up significantly.

3.1.4. Road Length per Capita

When all roads are considered, from residential streets to freeways/highways, the Swedish cities
are well-endowed, averaging 6.5 m/person. This is less than in Australian cities (7.6 m/person), similar
to US cities (6.0) and higher than in Canadian cities (5.4). It is also more than double the European
cities with only 3.1 m/person, though this is somewhat to be expected, given the lower densities of
the Swedish cities (road length increases as densities decrease due to the commensurate longer roads
needed to service development). Again, logically, Stockholm has the least roads (4.7 m/person), while
Linköping, the least dense of the Swedish cities, has the most (9.1 m/person).

3.1.5. Freeway Length per Capita

Freeways are a premium road infrastructure and are much more indicative of automobile
dependence than roads per se. Freeways have been known for decades to encourage and increase car
use [38]. Ideally, freeways should really measure lane-kilometres for a better indication of capacity, but,
in practice, as already explained, it is surprisingly difficult to obtain even a linear length of freeways,
let alone lane-kilometres. A pattern begins to emerge here in the Swedish cities of a relatively strong
orientation to the car. This is despite a comparatively moderate wealth when measured by metropolitan
GDP per capita, though it does tend to correlate with the lower densities of Swedish urbanism.

Combined with lower densities, the Swedish cities are well-endowed with freeways, averaging
0.230 m/person, significantly higher than any other group of cities in the global sample. US and
Canadian cities had in 2005/6 some 0.156 and 0.157 m/person of freeway, respectively, while the
global sample averaged 0.112 m/person or less than half that of the Swedish cities. In keeping with
Stockholm’s distinctive features, it also has the least freeway infrastructure (0.138 m/person), while
Helsingborg, on a per capita basis, is the highest city in this global sample for freeways. Figure 4
depicts this significant result.

 14
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Figure 4. Freeway linear length per person in five Swedish cities (2015) compared to a sample of global
cities (2005–2006).
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3.1.6. Parking Spaces per 1000 CBD Jobs

Parking availability and, to a lesser extent, cost are key determinants influencing how likely
people are to use cars [39,40]. For trips to the CBD, parking is comparatively limited in Swedish
cities, with only an average of 246 spaces per 1000 jobs, theoretically meaning that only about 1 in 4
people working in the CBD would be able to park a car. It is about the same in other European CBDs
(248 spaces per 1000 jobs). This also favours public transport, walking, and cycling access to Swedish
city centres. Additionally, parking in Swedish cities is greatly below that of all the other regions, apart
from the Asian cities (Figure 5).
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Figure 5. Parking spaces per 1000 CBD jobs in five Swedish cities (2015) compared to a sample of global
cities (2005–2006).

3.1.7. Passenger Cars and Motorcycles per 1000 Persons

Ownership of private vehicles is important in determining car use. So far, Swedish cities in density,
roads, and freeways present themselves as being rather auto-oriented. However, in car ownership,
interestingly, this picture begins to change.

Figure 6 presents car ownership statistics showing that Swedish cities in 2015 averaged a
comparatively modest 423 cars/1000 persons. This is below the averages for all other groups of
cities (Australian and American cities were 647 and 640 cars/1000 persons, respectively, and European
cities had 463 cars/1000 persons in 2005), and the global sample overall was 512 cars/1000. Only the
two large Asian urban regions have less, with a paltry 78 cars/1000. Stockholm has only 398 cars/1000,
while the Malmö region has 442/1000. Swedish car ownership is thus in a tight and comparatively
modest band between about 400 to 450 cars per 1000 persons. It would be expected that by 2015, the
other cities would have increased a little more in car ownership, further emphasising the low result in
Sweden. Car usage, a more important factor than car ownership per se, is considered later in the paper.

In Swedish cities, like in many other cities in the developed world, motorcycles play a relatively
small role in urban transport. Motorcycles per 1000 persons in the five cities averages only 30,
(one motorcycle for every 33 people), which is less than in the European cities in 2005 (41), but quite
a bit higher than in the US (16), Australia (21), Canada (15), and Singapore and Hong Kong (19).
Motorcycle usage is also considered later in the report.
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3.1.8. Average Road System Speed

One traditional traffic engineering measure of the effectiveness of any urban road system is its
level of service, the key factor being average speed. Table 4 provides an average speed of 37.3 km/h
for the Swedish cities, which, with all their freeways, is as expected higher than other European cities
(34.3 km/h) and the Asian cities. It is, however, much slower than in North American and Australian
cities, which collectively average 46.2 km/h. A more important factor for sustainability and reduced
automobile dependence, however, is the relative speed between public and private transport, which is
covered later.

3.2. Public Transport Infrastructure and Service

Table 5 provides a set of indicators on public transport infrastructure and service.

3.2.1. Public Transport Line Length per Person

This item is the per capita total length of all public transport lines. Table 5 shows that these five
Swedish cities have a very high per capita provision of public transport lines, which is by far the
highest on average of all cities in the global sample. They have a 77% higher line length per person
than the European cities, the next highest in the sample. This suggests that Swedish urban regions
make a serious effort to provide their populations with public transport services, but this item does
not give an indication of how well-serviced the lines are. A line providing an hourly service is not of
great utility compared to a line with a 10-minute service. A more detailed analysis would be required
to measure the effectiveness of this high public transport line length per person.
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Table 5. Public transport infrastructure and service characteristics of Swedish and international cities.

City. Stockholm Malmö Göteborg Linköping Helsingborg SWE USA AUS CAN EUR ASIA ALL

Year 2015 2015 2015 2015 2015 2015 2005 2006 2006 2005 2005 2005

Total length of public transport lines per 1000 persons m/1000 persons 4867 3109 6098 11,055 3031 5632 1382 2609 2496 3183 2614 2576
Total length of reserved public transport routes per 1000 persons m/1000 persons 234 222 283 378 432 310 72 160 67 298 34 188

Busway length per 1000 persons m/1000 persons 42 43 92 37 80 59 12 10 15 21 2 16
Minibus reserved route length per 1000 persons m/1000 persons 0 0 0 0 0 0 0 0 0 0 0 0

Segregated tram network length per 1000 persons m/1000 persons 0 0 0 0 0 0 0 3 0 22 0 11
Light rail network length per 1000 persons m/1000 persons 54 0 86 22 0 32 6 0 11 15 6 11

Metro network length per 1000 persons m/1000 persons 48 0 0 0 0 10 15 0 11 30 19 21
Suburban rail network length per 1000 persons m/1000 persons 90 178 106 319 352 209 39 146 30 211 6 131

Ferry network length per 1000 persons m/1000 persons 0 0 0 0 0 0 0 0 0 0 0 0
Total public transport seat kilometres of service per capita seat km/person 8294 5837 9376 4647 6321 6895 1874 4077 2368 6126 7267 4486

Bus seat kilometres per capita seat km/person 2796 2276 5529 2811 3921 3467 789 1265 1522 1944 5236 1705
Minibus seat kilometres per capita seat km/person 0 0 0 0 0 0 66 0 0 0 455 38

Tram seat kilometres per capita seat km/person 0 0 0 0 0 0 1 77 20 352 20 183
Light rail seat kilometres per capita seat km/person 493 0 1156 184 0 367 68 2 163 204 47 138

Metro seat kilometres per capita seat km/person 2011 0 0 0 0 402 588 2 464 1025 947 746
Suburban rail seat kilometres per capita seat km/person 2905 3561 2590 1649 2401 2621 349 2682 194 2575 466 1649

Ferry seat kilometres per capita seat km/person 88 0 100 4 0 38 13 49 5 27 96 26
Overall average speed of public transport km/h 33.6 46.8 30.9 38.6 31.5 36.3 27.3 33.0 25.7 29.8 26.3 28.8

Average speed of buses km/h 24.8 27.8 28.0 31.3 23.6 27.1 19.9 23.4 22.4 21.9 19.4 21.5
Average speed of minibuses km/h 0.0 0.0 0.0 0.0 0.0 0.0 36.4 - - - 20.8 36.4

Average speed of trams km/h 0.0 0.0 0.0 0.0 0.0 0.0 5.2 16.0 14.0 16.9 11.1 15.4
Average speed of light rail km/h 30.5 0.0 23.0 16.2 0.0 23.2 26.0 18.0 34.8 25.9 22.6 26.1

Average speed of metro km/h 34.0 0.0 0.0 0.0 0.0 34.0 38.9 21.0 36.4 33.5 46.3 35.7
Average speed of suburban rail km/h 56.3 75.6 66.0 93.8 65.8 71.5 57.3 47.6 44.7 52.1 50.8 51.7

Average speed of ferries km/h 20.4 0.0 12.0 8.0 0.0 13.5 19.3 14.7 13.5 16.2 22.4 17.5
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3.2.2. Reserved Public Transport Route Length per 1000 Persons

A more revealing item is the extent of reserved public transport routes. This is a route that is
fully protected from general traffic and therefore not subject to hold-ups due to congestion. It consists
mainly of rail lines, some parts of tram/Light Rail Transit (LRT) systems, and of course busways.
Table 5 shows the data by mode in each city. The magnitude of this variable is a measure of the likely
quality of public transport services because such routes offer speedier travel and more reliable timetables,
and the services operating on them often can compete with the speed of cars, which are frequently stuck in
parallel traffic jams. Table 5 suggests that Swedish cities are well-endowed with reserved public transport
routes, exceeding by a small margin even that of other European cities. This is mainly achieved by rail
systems and less so by bus lanes, except in Göteborg, where bus lanes are more common and represent a
higher proportion of the reserved routes than in the other four Swedish cities.

Figure 7 provides an overview of these data showing that Helsingborg and Linköping have the
highest provision, while Malmö has the least. It shows the modest density Swedish cities in a much
better light than the low density American, Australian, and Canadian cities. Asian cities are also
less well-endowed with reserved routes on a per capita basis, but this is partially explained by their
high densities.
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Figure 7. Reserved public transport route per person in five Swedish cities (2015) compared to a sample
of global cities (2005–2006).

Note that it was extremely difficult to assemble data on the bus lane lengths in Sweden.
Each municipality controls them and there are further bus lanes provided nationally on larger roads.
There is no single repository of this information. The data reported here represent a unique compilation
in Sweden as it was collected carefully from 28 municipalities and for bus lanes on national roads from
the national level.

3.2.3. Public Transport Seat Kilometres of Service per Person

Seat kilometres of public transport service per person represents a reasonable measure of the
extent and capacity of public transport services. Swedish cities again distinguish themselves well
(Table 5). Their average level of 6895 seat kilometres per person for all modes combined exceeds even
the average European level of 6126 km and is much larger than in Australia, the USA, or Canada.
Only Asian cities with their extensive metro systems exceed the Swedish level. Even Linköping, the
lowest of the Swedish cities (4647 km), is higher in seat kilometres than the averages for Australia, the
USA, and Canada.
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Again, this suggests that the inherent disadvantage for sustainable transport of lower density
cities in Sweden is at least partially overcome or offset by a very high commitment to providing public
transport services, a quite unusual combination, given that it is harder for public transport systems to
attract passengers in lower density settings (Figure 8).
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Figure 8. Annual public transport seat kilometres of services per person in five Swedish cities (2015)
compared to a sample of global cities (2005–2006).

3.2.4. Average Public Transport System Speed

Speed-competitiveness in public transport is an important factor in helping to determine public
transport use. The relative speed between public and private transport is particularly important [33].
First, the average speeds amongst the public transport systems must be compared. Table 5 contains the
speed data by mode and reveals that Swedish cities, overall, have relatively healthy average speeds
for their public transport systems (the overall speed of the entire public transport system is weighted
by the passenger hours for each mode). At 36.3 km/h, the five Swedish cities have the highest public
transport speeds of all cities, ahead of the next highest, the Australian cities, which average 33.0 km/h.
The global average here was only 25.1 km/h and the European cities are a little better at 29.8 km/h.

The Swedish cities achieve these high average speeds predominantly because of the high
average speed (71.5 km/h) of the suburban/regional rail trains that operate over long distances,
with significantly higher speeds than the suburban rail systems in other cities (51.7 km/h for the global
average), which mostly operate over smaller distances. However, the Swedish urban bus systems also
have the highest speed in the global sample, averaging 27.1 km/h, which is very competitive when
compared to the bus system average speeds in all other groups of cities (the range was 23.6 km/h
in Helsingborg and 31.3 km/h in Linköping). The global average speed for urban buses was only
21.5 km/h, and the European cities only 21.9 km/h, so Swedish urban bus services clearly operate at
healthy speeds compared to other cities.

3.3. Public Transport Use

Table 6 shows public transport use in the cities using two indicators, annual boardings per
person, which does not account for travel distances, and annual passenger kilometres per person,
which builds in the travel distances by passengers and is an indicator that can be compared to car
passenger kilometres.
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Table 6. Public transport use in Swedish and international cities.

City Stockholm Malmö Göteborg Linköping Helsingborg SWE USA AUS CAN EUR ASIA ALL

Year 2015 2015 2015 2015 2015 2015 2005 2006 2006 2005 2005 2005

Total public transport boardings per capita boardings/person 359 111 285 64 158 195 67 96 151 386 450 254
Bus boardings per capita boardings/person 143 91 146 44 145 114 38 44 97 145 229 107

Minibus boardings per capita boardings/person - - - - - - 1 0 0 0 48 2
Tram boardings per capita boardings/person - - - - - - 0 10 4 59 6 31

Light rail boardings per capita boardings/person 22 0 115 12 0 30 3 0 12 24 13 15
Metro boardings per capita boardings/person 151 0 0 0 0 30 22 0 35 99 120 64

Suburban rail boardings per capita boardings/person 40 20 18 8 13 20 3 40 3 58 30 35
Ferry boardings per capita boardings/person 2 0 6 0 0 2 0 2 0 1 4 1

Total public transport passenger kilometres per capita p.km/person 2579 1451 2463 877 1590 1792 571 1075 1031 2234 3786 1644
Bus passenger kilometres per capita p.km/person 822 521 1281 534 970 826 214 349 620 633 1916 564

Minibus passenger kilometres per capita p.km/person - - - - - - 14 0 0 0 139 10
Tram passenger kilometres per capita p.km/person - - - - - - 0 36 22 131 10 71

Light rail passenger kilometres per capita p.km/person 130 0 518 38 0 137 25 1 101 101 47 70
Metro passenger kilometres per capita p.km/person 848 0 0 0 0 170 216 0 211 575 1154 415

Suburban rail passenger kilometres per capita p.km/person 760 930 645 305 620 652 100 676 74 790 492 509
Ferry passenger kilometres per capita p.km/person 18 0 19 0 0 7 2 13 3 4 27 5
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3.3.1. Annual Public Transport Boardings per Person

The annual public transport boardings per person is one measure of the usage of public transport.
Table 6 shows that on average, these five Swedish cities are only moderate in their use of public
transport (195 boardings/person). This is considerably higher, however, than the average usage of
public transport in American (67), Australian (96), and Canadian cities (151). On the other hand,
European cities in 2005 had 386 boardings per person (or virtually double the Swedish level) and
the global sample average was 254 per person. The lower density of these Swedish cities and their
generous road and freeway networks probably explain at least some of this lower public transport
usage, along with their lower levels of rail service.

The Swedish cities had 114 bus boardings per person while the European cities had 145.
Notwithstanding this difference in bus use in favour of European cities, the big distinguishing factor
was the use of urban rail modes (trams, light rail, metro, and suburban rail). While European cities had
240 annual boardings on all rail modes, Swedish cities had only 80 or one-third as much. Stockholm,
where rail is much more abundant, had 214 rail boardings per person, even though, overall, it is a
comparatively low density region (24 persons/ha).

Stockholm has, however, developed at focused and significantly higher densities and mixed land
uses around many rail stations on the tunnelbana network throughout the region, where such higher
densities (and mixed land uses) support the use of rail [26]. Stockholm’s relatively new and expanding
tram/light rail lines are also in areas of high density. The low per capita use of rail in both Malmö,
Linköping, and Helsingborg is noteworthy, being lower than even that in the larger US cities (Figure 9).
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Figure 9. Annual rail boardings (tram, light rail, metro, and suburban rail) per person in five Swedish
cities (2015) compared to a sample of global cities (2005–2006).

3.3.2. Public Transport Passenger Kilometres

When public transport passenger kilometres per capita are examined, a slightly different picture
emerges of public transport in Swedish cities. In this, Swedish cities have healthier levels of public
transport use, possibly because of their lower densities, requiring longer trips on public transport.
So, whereas boardings averaged only 195 per person and were 49% lower than the European cities,
passenger kilometres per person averaged 1792 per person in the Swedish cities compared to 2234 in
European cities or only 20% less (Figure 10).
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Figure 10. Annual public transport passenger kilometres per person in five Swedish cities (2015)
compared to a sample of global cities (2005–2006).

Table 6 also shows that while rail only constituted 41% of total boardings per capita in the Swedish
cities, rail accounts for 54% of the total average per capita public transport passenger kilometres.
Unsurprisingly, rail is used to travel longer distances by public transport in Swedish cities. Finally, the
data also show that the Swedish cities far exceed the public transport passenger kilometres per capita
in the American, Australian, and Canadian cities. Clearly, and despite comparatively low densities,
Swedish cities offer public transport systems that account for a lot more travel than in auto-oriented
cities and only 20% less than in a large sample of other European cities. Figure 10 displays these results.

3.4. Car and Motorcycle Use and Modal Split

Table 7 provides the annual per capita car and motorcycle use in the cities (passenger kilometres
travelled or PKT) and the modal split for all daily trips by all purposes.

It is important to understand the prominence of different transport modes and this is usually best
expressed by modal split data from travel surveys (Table 7). The latest of these surveys were gathered
from each Swedish city and the percentage of daily trips by non-motorised modes (walking and
cycling), public transport, and private transport were collected. Taxis were classed as private transport.

3.4.1. Non-Motorised Modes Modal Share

Despite having cold weather for much of the year, the Swedish cities acquit themselves well in
walking and cycling, averaging 27.1% of all daily trips by these modes. The best performing cities
were Linköping (33.0%), which probably benefits from its small size and shorter travel distances,
and Malmö (31.2%) due to its strong orientation to bikes (mostly in the core parts of its metropolitan
region). Stockholm was the lowest of the Swedish cities on this factor with 22.1%, though it is by far
the best for public transport (see next section). The Swedish cities were lower than the other European
cities for walking and cycling, which were the best globally at 34.5%, but some clearly come close. As
shown in Figure 11, compared to every other group, the Swedish cities were the next best for walking
and cycling.
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Table 7. Car and motorcycle use and modal split in Swedish and international cities.

City Stockholm Malmö Göteborg Linköping Helsingborg SWE USA AUS CAN EUR ASIA ALL

Year 2015 2015 2015 2015 2015 2015 2005 2006 2006 2005 2005 2005

Passenger car passenger kilometres per capita p.km/person 6630 6839 6689 6734 6862 6751 18,703 12,447 8495 6817 1975 10,234
Motor cycle passenger kilometres per capita p.km/person 57 60 80 57 66 64 81 79 58 133 290 113

Percentage of total daily trip by non motorised modes % 22.1% 31.2% 26.3% 33.0% 23.0% 27.1% 9.5% 14.2% 11.6% 34.5% 26.1% 23.2%
Percentage of total daily trip by motorised public modes % 31.6% 17.6% 20.0% 9.7% 18.0% 19.4% 5.5% 7.5% 13.1% 22.4% 46.0% 16.8%
Percentage of total daily trip by motorised private modes % 46.3% 51.1% 53.7% 57.2% 59.0% 53.5% 85.0% 78.3% 75.4% 43.1% 27.9% 59.9%
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Figure 11. Percentage of daily trips by non-motorised modes in five Swedish cities (2015) compared to
a sample of global cities (2005–2006).

3.4.2. Public Transport Modal Share

Public transport’s share of daily trips in Swedish cities (19.4%) was much better on average than
in the American, Australian, and Canadian cities, but was less than the European figure of 22.4% and
was less than half of the two Asian cities (46%). The range on the public transport mode share within
these five Swedish cities was also large with Linköping, the lowest density Swedish region, having
only 9.7% (just a bit more than in Australian cities), while Stockholm reached 31.6%, much higher than
the European average and the only Swedish city to achieve this. Globally, the Swedish cities exceeded
the average of 16.8%. So again, while not being as good as other European cities, these Swedish cities
do comparatively well in public transport measures on a global scale, given their disadvantages of
having a low density, high road and freeway provision, and fewer rail systems (Figure 12).
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Figure 12. Percentage of daily trips by public transport in five Swedish cities (2015) compared to a
sample of global cities (2005–2006).
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3.4.3. Modal Share by Private Transport Modes

This is the corollary of the previous two modal share variables. A little over half of all daily
trips (53.5%) in Swedish cities are by private motorised modes. While this is not at the European
level of only 43.1%, it is still an enviable modal split globally. American cities have 85% of all trips by
private transport, Australian cities have 78%, Canadian have 75%, and the global average was 60% in
2005. Stockholm is clearly the lowest city in private transport with only 46.3%, or much closer to the
European level, while Helsingborg experiences 59.0% of daily trips by private modes. Malmö, in 2015,
is split equally between the sustainable modes and private transport modes (51.1% private transport).
While the trip making level and its split by private transport is important, the actual kilometres of
driving by private transport is also critical to understand because it is driving that consumes energy,
emits pollution, causes traffic accidents, and affects public spaces in a city.

3.4.4. Car Use

Car use is effectively measured by per capita passenger kilometres of travel, which is a factor that
can then be compared to the equivalent for public transport (see later section). Table 7 and Figure 13
show that Swedish cities again revolve around a tight mean for this measure of car use, but, due to
the lower car occupancy in Sweden of 1.30 compared to 1.38 in European cities, car use per capita is
essentially the same in Sweden as in other European cities. Only the two Asian cities are lower than
any of the Swedish cities and the averages for the other groups of cities are all significantly higher than
in any Swedish city. The next highest is the Canadian cities at 8495 passenger kilometres per person
compared to Swedish cities with only 6751 (some 21% lower). This low result for Swedish cities is
discussed further.
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Figure 13. Annual car use per person (PKT) in five Swedish cities (2015) compared to a sample of
global cities (2005–2006).
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3.4.5. Motorcycle Use

Swedish cities are low in motorcycle use. On average, they are by far the lowest of all groups
of cities, with only Göteborg having an annual motorcycle PKT that essentially equals that in the
American and Australian cities (Table 7).

3.5. Private–Public Transport Balance Indicators

Table 8 presents three important indicators of the priority which public transport enjoys in cities.

3.5.1. Proportion of Total Motorised Passenger Kilometres on Public Transport

This indicator represents public transport’s proportion of total car, motorcycle, and public
transport passenger kilometres. Table 8 and Figure 14 show that Swedish cities average a little
over 20% in terms of their total motorised mobility by public transport, compared to 24.5% in other
European cities. Though this is less from a European perspective, it is much better than in the USA
(3.2%), Australia (8.0%), or Canada (11.3%). Furthermore, Stockholm and Göteborg are higher than
the European average with 27.8% and 26.7%, respectively. Again, Swedish cities acquit themselves
relatively well in overall transport sustainability, though much can still be improved.

 28

 

 
Figure 14. Proportion of total motorised passenger kilometres on public transport in five Swedish 
cities (2015) compared to a sample of global cities (2005–2006). 

3.5.2. Public versus Private Transport Average Speed 

The relative speed between public and private transport (or general road traffic) is an important 
mode choice factor, since people generally prefer the fastest mode. Figure 15 shows that overall, 
public transport systems compete very well with cars in Swedish cities. The data suggest a near parity 
situation, ranging from public transport being 27% faster in Linköping to it being only 79% as fast in 
Göteborg (most likely because of slower trams). Compared to all groups of cities, including the 
European cities, Swedish cities do better on this item. European cities’ public transport systems 
average at 88% as fast as cars and American cities are only 55%, such that their public transport 
systems do not compete well with cars in terms of speed. 

 
Figure 15. Relative speed of public transport versus general road traffic in five Swedish cities (2015) 
compared to a sample of global cities (2005–2006). 

0%

10%

20%

30%

40%

50%

60%

70%

Pr
op

or
tio

n 
of

 to
ta

l m
ot

or
ise

d 
pa

ss
en

ge
r 

ki
lo

m
et

re
s o

n 
pu

bl
ic 

tr
an

sp
or

t (
%

)

1.27
1.14

0.98
0.91 0.88 0.86 0.81 0.79 0.78 0.75

0.57 0.55

0.00

0.20

0.40

0.60

0.80

1.00

1.20

1.40

Ra
tio

 o
f p

ub
lic

 to
 p

riv
at

e t
ra

ns
po

rt
 

sp
ee

d 

Figure 14. Proportion of total motorised passenger kilometres on public transport in five Swedish cities
(2015) compared to a sample of global cities (2005–2006).
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Table 8. Private–public transport balance indicators in Swedish and international cities.

City Stockholm Malmö Göteborg Linköping Helsingborg SWE USA AUS CAN EUR ASIA ALL

Year 2015 2015 2015 2015 2015 2015 2005 2006 2006 2005 2005 2005

Proportion of total motorised passenger kilometres on public transport % 27.8% 17.4% 26.7% 11.4% 18.7% 20.4% 3.2% 8.0% 11.3% 24.5% 62.9% 18.0%
Ratio of public versus private transport speeds ratio 0.91 1.14 0.79 1.27 0.81 0.98 0.55 0.78 0.57 0.88 0.86 0.75

Ratio of segregated public transport infrastructure versus freeways ratio 1.69 0.96 1.26 1.41 1.51 1.36 0.56 1.98 0.56 5.51 1.42 3.16
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3.5.2. Public versus Private Transport Average Speed

The relative speed between public and private transport (or general road traffic) is an important
mode choice factor, since people generally prefer the fastest mode. Figure 15 shows that overall,
public transport systems compete very well with cars in Swedish cities. The data suggest a near
parity situation, ranging from public transport being 27% faster in Linköping to it being only 79% as
fast in Göteborg (most likely because of slower trams). Compared to all groups of cities, including
the European cities, Swedish cities do better on this item. European cities’ public transport systems
average at 88% as fast as cars and American cities are only 55%, such that their public transport systems
do not compete well with cars in terms of speed.
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Figure 15. Relative speed of public transport versus general road traffic in five Swedish cities (2015)
compared to a sample of global cities (2005–2006).

3.5.3. Reserved Public Transport Route versus Freeways

One way of measuring the relative commitment in cities to cars versus public transport is through
a comparison of their respective highest order transport infrastructure. For cars, this is freeways
(Figure 4), and for public transport, it is reserved public transport routes (Figure 7). Table 8 and
Figure 16 show the ratio of these two items. They reveal that the five Swedish cities have 1.36 times
more reserved public transport route than they do urban freeways. Although this suggests a greater
priority to public transport, the value is low in this global sample and only better than the Canadian
and American cities. Other European cities have 5.51 times more reserved public transport routes than
freeways and the global sample has 3.16 times more. Although Swedish cities have comparatively good
busway lengths and regional rail lines, this is unfortunately eclipsed by the extensive freeway systems.
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Figure 16. Ratio of reserved public transport route to freeways in five Swedish cities (2015) compared
to a sample of global cities (2005–2006).

3.6. Some Transport Outcomes

Private and public transport energy use, transport emissions, and transport fatalities are important
aspects of eco-urbanism in transport (Table 9).

3.6.1. Private Passenger Transport Energy Use per Capita

Energy use, with its attendant costs and local environmental impacts, as well as climate change
implications, is an important characteristic of urban transport systems. The annual per capita energy
use in private motorised passenger transport in Swedish cities was calculated backwards from the
comprehensive emissions inventories that exist in Sweden for each municipality [41]. Transport is one
of the sectors in these emissions inventories, which is further broken down into its component parts
and provides CO2 equivalent emissions, as well as all other transport emissions for each municipality
(see next section). CO2 was converted to energy use.

The five Swedish cities in 2015 averaged 15,886 MJ/person, which is virtually the same as the
average for the other European cities in 2005 (15,795 MJ). It is close to half the global sample average of
28,301 MJ and dramatically below the American, Australian, and Canadian cities (Table 9). Only the
Asian cities as a group have a lesser energy use per person value for private passenger transport
(6076 MJ), but they are of course radically denser than Swedish cities. Stockholm consumes the
least energy of the Swedish cities, with 12,051 MJ/person, and Linköping, with the lowest density
of the five Swedish cities, is the highest (18,124 MJ/person). Swedish cities in 2015 performed
comparatively well against other cities in the world, consuming only moderate quantities of energy
in this potentially energy hungry sector. Improvements are, however, always possible through less
driving and better technology.
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Table 9. Energy, emissions, and transport fatalities in Swedish and international cities.

City Stockholm Malmö Göteborg Linköping Helsingborg SWE USA AUS CAN EUR ASIA ALL

Year 2015 2015 2015 2015 2015 2015 2005 2006 2006 2005 2005 2005

Private passenger transport energy use per capita MJ/person 12,051 15,670 15,905 18,124 17,681 15,886 53,441 35,972 30,804 15,795 6076 28,301
Public transport energy use per capita MJ/person 1949 1310 2680 1179 1819 1787 963 1036 1190 1532 2691 1360

Total passenger transport energy use (private plus public) MJ/person 14,000 16,980 18,585 19,304 19,500 17,674 54,403 37,008 31,994 17,326 8768 29,661
Total emissions per capita kg/person 17.6 17.5 17.5 20.6 16.2 17.9 185.1 143.6 164.6 34.9 34.1 97.9

Emissions of CO per capita kg/person 8.7 7.5 8.0 9.6 7.4 8.2 145.7 111.7 130.1 22.3 19.8 74.1
Emissions of SO2 per capita kg/person 0.1 0.0 0.1 0.1 0.1 0.1 1.7 0.5 0.6 0.1 0.7 0.6

Emissions of VHC per capita kg/person 5.0 5.5 4.3 5.5 3.8 4.9 13.4 12.8 11.4 4.9 2.1 8.4
Emissions of NOx per capita kg/person 3.7 4.4 4.9 5.4 4.9 4.7 24.3 18.6 22.5 7.6 11.5 14.7

Total emissions per urban hectare kg/ha 413 349 344 284 355 349 2673 1996 4084 1718 5401 2446
Total emissions per total hectares kg/ha 60 48 46 22 65 48 962 519 1511 858 2117 991

Total transport deaths per 100,000 people deaths/100,000 persons 1.3 2.4 2.3 0.7 1.5 1.6 9.5 6.2 6.3 3.4 3.8 5.5
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3.6.2. Public Transport Energy Use per Capita

The use of energy in public transport systems is important to understand and to compare with its
private passenger transport equivalent. Public transport energy use data were obtained from each of
the public transport operators based upon the known consumption from fuel payments (Figure 17).
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Figure 17. Annual public transport energy use per person in five Swedish cities (2015) compared to a
sample of global cities (2005–2006).

Swedish cities have a slight higher energy use by public transport than the other European cities,
and significantly more than in the three auto-oriented groups of cities with their lesser public transport
systems. Stockholm, not surprisingly, consumes more energy for public transport, but Göteborg
consumes the most per person, being virtually equal to that of the two Asian giants, and Linköping
consumes the least, roughly equal to Canadian consumption levels. Compared to private passenger
transport energy use, it shows how much less energy public transport consumes and how relatively
energy-efficient it is on a per passenger-km basis (see Kenworthy [31].for a full set of data on modal
energy efficiencies in global cities).

3.6.3. Transport Emissions per Capita

Air pollution derived from transport systems is a very important source of emissions in urban
areas. This research collected the annual emissions of four air pollutants, CO (carbon monoxide), NOx
(nitrogen oxides), SO2 (sulphur dioxide), and VHC or VOC (volatile hydrocarbons or volatile organics),
and normalised them on both a per person and spatial basis (kg of combined emissions per person
and per total ha and urban ha of land).

Swedish cities do extremely well in this factor, averaging only 18 kg per person for the four
pollutants combined, compared to the global sample average of 98 kg and the European average
of 35 kg per person. The Swedish cities are also vastly better than the American, Australian, and
Canadian cities (Figure 18).

It must be noted, however, that emissions from transport tend to be on a significant downwards
trajectory due to tighter regulations and automotive technological advances, so it is likely that by 2015,
the other cities would have reduced their emissions. The difference between Swedish cities and the rest
will likely narrow significantly. Within Sweden, the per capita transport emissions are tightly clustered.
Linköping was the highest emitter with 21 kg per person and Helsingborg was the lowest at 16 kg.
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Figure 18. Annual transport emissions per person in five Swedish cities (2015) compared to a sample
of global cities (2005–2006).

The spatial intensity of transport emissions in Swedish cities is very low at only 349 kg per urban
ha compared to European cities in 2005 of 1718 kg and the global sample of 2446 kg. Part of the reason
is of course the low density of Swedish cities and the larger areas of urban land over which emissions
are spread. Overall, this will tend to decrease the direct exposure of populations to air emissions and
therefore lower any impacts. Contrastingly, in the Asian cities, where per capita transport emissions
are low, the spatial intensity of emissions (5401 kg per urban hectare) is very high due to their very
high densities, so population exposure will tend to be much greater. Emissions per total hectare of
land follow the same pattern as the urban hectare variable, with Swedish cities being radically lower
than all others.

Again, in both these factors, the difference between Swedish cities and the others will diminish
as the per capita and per ha figures are very likely to have declined between 2005 and 2015 in the
other cities.

3.6.4. Transport Fatalities

A major cost and source of human pain and suffering in cities is the loss of life in urban transport
systems. This factor measures the transport deaths in cities using the World Health Organisation’s
(WHO) International Classification of Diseases codes (ICD10), which are much more accurate and
reliable than police records. They record the cause of death in hospitals in the case of transport
accidents up to 30 days afterwards as being attributable to transport reasons. Police records typically
only record deaths at the scene of an accident.

The Swedish cities perform excellently, recording a low 1.6 deaths/100,000 compared to 5.5
globally, 3.4 in the European cities, and an average of 7.3 in the American, Australian, and Canadian
cities where exposure to automobiles, through sheer usage levels, is the highest (Figure 19).
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Figure 19. Annual transport deaths per 100,000 persons in five Swedish cities (2015) compared to a
sample of global cities (2005–2006).

Within Sweden, the transport deaths vary, with Malmö having the worst record at
2.4 deaths/100,000 and Linköping the best at only 0.7. Sweden’s national Vision Zero policy appears
to have had an impact in reducing transport deaths to the lowest value in this global comparison. This
factor, like emissions, will have narrowed as the other cities are also likely to have decreased in terms
of transport deaths by 2015.

4. Analysis, Discussion, and Policy Implications

The first and second research questions were: How do Swedish cities compare in land use, wealth,
private, public, and non-motorised transport, as well as other transport-related factors? Do Swedish
cities follow the patterns of European and other cities or are they different?

The data here suggest that as a group, Swedish cities are somewhat unique and distinguish
themselves in particular from other European cities in a number ways. Car use per person is almost
identical in car passenger kilometres per person compared to other European cities. Use of cars in
Swedish cities is much lower than in the three auto-dependent regions of the USA, Australia, and
Canada. This can be seen in the analysis of urban density versus per capita car use. Figure 20 shows
the urban density of the global sample of cities regressed with the annual car use per capita (passenger
kilometres) using a power function as the line of best fit (see Methodology section). The five Swedish
cities are shown in red. It can be clearly seen that the Swedish cities form an outlier, achieving lower
car use than is typical in this global sample of wealthy cities at equivalent lower densities.

Fitting the power equation for the line of best fit (r2 = 0.75) to the average Swedish urban density of
19.8 persons per ha, we obtained a predicted annual PKT per capita of 11,127 km. However, the actual
average is 6751 PKT per capita, or 39% lower than would be typical for this density. The performance of
public transport, walking, and cycling in the mobility patterns of Swedish urban residents apparently
keeps their car use to atypically low values for such low densities and overcomes the auto-dependence
inducing effects of high road and freeway provision. The ‘transit leverage effect’ [42]., where one
passenger kilometre on public transport replaces multiple passenger kilometres by car, is likely having
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some effect here [5]. This substitution of car passenger kilometres appears to be primarily related to
the trip-chaining behaviour of public transport users for trip purposes that would be otherwise made
in individual car journeys.

 34

achieving lower car use than is typical in this global sample of wealthy cities at equivalent lower 
densities.  

Fitting the power equation for the line of best fit (r2 = 0.75) to the average Swedish urban density 
of 19.8 persons per ha, we obtained a predicted annual PKT per capita of 11,127 km. However, the 
actual average is 6751 PKT per capita, or 39% lower than would be typical for this density. The 
performance of public transport, walking, and cycling in the mobility patterns of Swedish urban 
residents apparently keeps their car use to atypically low values for such low densities and overcomes 
the auto-dependence inducing effects of high road and freeway provision. The ‘transit leverage effect’ 
[42]., where one passenger kilometre on public transport replaces multiple passenger kilometres by 
car, is likely having some effect here [5]. This substitution of car passenger kilometres appears to be 
primarily related to the trip-chaining behaviour of public transport users for trip purposes that would 
be otherwise made in individual car journeys. 

 
Figure 20. Annual car passenger kilometres per person versus urban density in a global sample of 48 
cities (Swedish cities, 2015 in red, remainder of data, 2005–2006). 

The theory of urban fabrics possibly also helps to explain some of the results [12]. This theory 
shows that cities are all made up of different compositions and proportions of walking city fabrics, 
public transport city fabrics, and automobile city fabrics, the first two of which have much more 
sustainable mobility patterns. Walking cities, public transport cities, and automobile cities are 
depicted graphically in Newman and Kenworthy [5].  

While Swedish cities do have lower overall densities than is typical of European cities, they also 
still have significant areas of urban fabric that are either walking or public transport in their 
orientation, with significantly higher urban densities and mixed land uses. In these areas, public 
transport is more effective and walking and cycling are more frequently used due to the shorter travel 
distances required.  

There are other ways of investigating in more detail the differences in urban fabric typologies 
within individual cities, which may further explain why some areas achieve better outcomes in 
sustainable transport. A particularly useful approach is to use street-based metrics to characterise 
urban typologies [43]. This approach can distinguish, for example, differences in vegetation in 
different areas of cities, which can in turn have a significant effect on the attractiveness of 

y = 88892x-0.696

R² = 0.75339

0

5,000

10,000

15,000

20,000

25,000

30,000

0 50 100 150 200 250 300 350 400

An
nu

al
 ca

r p
as

se
ng

er
 ki

lo
m

et
re

s p
er

 ca
pi

ta

Urban density (persons per ha)

Figure 20. Annual car passenger kilometres per person versus urban density in a global sample of 48
cities (Swedish cities, 2015 in red, remainder of data, 2005–2006).

The theory of urban fabrics possibly also helps to explain some of the results [12]. This theory
shows that cities are all made up of different compositions and proportions of walking city fabrics,
public transport city fabrics, and automobile city fabrics, the first two of which have much more
sustainable mobility patterns. Walking cities, public transport cities, and automobile cities are depicted
graphically in Newman and Kenworthy [5].

While Swedish cities do have lower overall densities than is typical of European cities, they also
still have significant areas of urban fabric that are either walking or public transport in their orientation,
with significantly higher urban densities and mixed land uses. In these areas, public transport is more
effective and walking and cycling are more frequently used due to the shorter travel distances required.

There are other ways of investigating in more detail the differences in urban fabric typologies
within individual cities, which may further explain why some areas achieve better outcomes in
sustainable transport. A particularly useful approach is to use street-based metrics to characterise
urban typologies [43]. This approach can distinguish, for example, differences in vegetation in different
areas of cities, which can in turn have a significant effect on the attractiveness of neighbourhoods for
walking and cycling. It is also useful in depicting in a quantitative way the relationship between streets
and buildings.

Two important factors in urban design regarding streets and buildings is the level of horizontal
and vertical enclosure, which affects the walking and cycling attractiveness of neighbourhoods, and
even the propensity or willingness of people to access public transport stops on foot or by bike. Street
metrics can help to reveal this in a systematic and quantitative way. In areas where streets are too wide
relative to the height of buildings (bad vertical enclosure), poor walking environments are generally
evident. In areas where streets have significant holes in the urban fabric due to, for example, surface
parking lots (poor horizontal enclosure), they also detract from walking and cycling [11].
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Therefore, urban density per se, while fundamental in determining transport patterns, has
numerous mediating factors, such as building heights and volumes, that help determine the
experiential quality of both higher and lower densities. In the case of this research on a broad
scale comparisons of cities, it was not possible to compare cities on such a detailed basis. However,
further research on street metrics might reveal additional supportive reasons why these five Swedish
cities achieve an overall lower car use at relatively low densities.

Given the above matters, it is important for readers to have at least some visual appreciation of
the character of Swedish urban development and transport systems, which the numbers in this paper
can only partially convey. Figures 21 to 29 show key examples of the differences in the urban fabrics
for the Stockholm and Malmö metropolitan areas. Figure 21 shows a dense, traditional European
five to ten-storey apartment development in Malmö, but with lower density neighbourhoods in the
background. It is likely that these denser kinds of areas, which exist in all the Swedish cities to greater
or lesser extents, are critical in explaining the relatively high rates of walking and cycling, as well as
bolstering public transport use.
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dense areas. A common theme in Swedish urban environments is to link urban development with a 
relatively good walking and cycling infrastructure. In Stockholm’s satellite towns, such as Vällingby 
and Kista, pedestrians and cyclists are physically separated from traffic and it is possible to travel 
between these satellite centres by bike or foot, sometimes through areas of forest or farmland. 

Figure 21. Walking and public transport-oriented neighbourhoods in Malmö in the foreground, with
lower density areas in the distant background. Source: Jeffrey Kenworthy.

Figure 22 reveals the high-quality walking and cycling environments that can occur in such dense
areas. A common theme in Swedish urban environments is to link urban development with a relatively
good walking and cycling infrastructure. In Stockholm’s satellite towns, such as Vällingby and Kista,
pedestrians and cyclists are physically separated from traffic and it is possible to travel between these
satellite centres by bike or foot, sometimes through areas of forest or farmland.
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Figure 23 shows the new West Harbour development in Malmö, which is based strongly around 
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Figure 24 depicts a much more car-oriented neighbourhood in Lund, which is only served by
buses. It does, however, have rather good off-road cycling facilities, especially through farmland and
other green areas, which are conducive to safe and attractive cycling that in turn helps to minimise
car dependence. Cycling is, however, limited to a degree by a lack of mixed land uses near housing,
which is in turn linked to low density. Without a critical mass of population to frequent local amenities,
such as shops, medical facilities, and so on, it is not viable to provide them. Based on the author’s
own observations and cycling in this area, there is, nonetheless, significant recreational cycling, which,
among other things, has health advantages.
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Figure 24. Lower density style neighbourhood in Lund in the Malmö metropolitan area. Source:
Jeffrey Kenworthy.

Figure 25 illustrates how the Stockholm region has a mixture of very high density core areas
around tunnelbana stations, which then taper off into much lower density, suburban-style housing
areas. One of the original planning ideas for such sub-centres was to achieve a reasonable jobs-housing
balance, but in practice, people who live in one sub-centre work somewhere else. The transport
problems of this reality are, however, mitigated to a high degree by the excellent way these sub-centres
are served by the tunnelbana to the city centre and other sub-centres along the lines, as well as the
feeder buses that bring people from lower density areas to the tunnelbana stations [26,27].
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Figures 26 and 27 show the dense central and inner areas of Stockholm with excellent public
transport and walking conditions. Public transport here includes buses, trams, and tunnelbana,
as well as regional rail services. The urban fabrics in these areas were created in the walking and
public transport city eras and are thus ideally suited to these more sustainable modes. Stockholm
has also pedestrianised significant parts of its central area, which makes it very conducive to walking
(and cycling), though the winters make these modes much less attractive in colder months.
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In the first case in Figure 28, the new centre is formed linearly into a transit-oriented development
(TOD) due to the close spacing of the tram stops. Throughout the neighbourhood there are excellent
conditions for walking and cycling, though shopping and other facilities can be some distance away
for some residents of the area due to the less than ideal mixing of land uses.

Figure 29 shows a nodal form of TOD due to the much wider spacing of stations along the
tunnelbana lines. These sub-centres are separated in some cases by open land with urban development
being restricted to well-defined areas. They have a strong profile of increasing density towards the
station, both for residential and non-residential development. They are also very well-served by
extensive feeder buses, often having large bus interchanges for many different routes located at the
stations. Within about 400 metres of these stations, the environments are generally well designed to
support pedestrians.
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Overall, the urban comparative data on these five Swedish cities suggest that they form
an interesting and somewhat unique “cluster” of cities on a global scale, with at times some
paradoxical results.

On the one hand, Swedish cities are atypically low in density, and very high in roads and freeways
compared to most European cities. However, employment is still rather centralised, with 16.3% of jobs
in their CBDs compared to 18.3% in Europe. Swedish cities are the second highest in this factor across
the city groupings. This generally works in favour of public transport, at least for work-related travel.
Additionally, for trips to the CBD, parking is comparatively limited in Swedish cities with only 246
spaces per 1000 jobs, theoretically meaning that only about one in four people working in the CBD
would be able to park a car. It is about the same in other European CBDs (248 spaces per 1000 jobs).
This also favours public transport, walking, and cycling access to Swedish city centres.

Other factors working in favour of sustainable transport and eco-urbanism include the fact that
Swedish cities have significantly lower car ownership levels than might be expected, lower even than
other European cities. Average wealth levels as measured by metropolitan GDP are below typical
European levels (though comparable to Australian and Canadian cities in 2006). Despite low densities,
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Swedish cities have developed relatively well-performing and more extensive public transport systems
than many comparable lower density cities.

There seems to be a generalised European cultural factor at work here, such that in Europe,
public transport is more accepted and utilised across a wide range of incomes [11]. Swedish cities have
generous amounts of public transport lines compared to other cities and the highest amount of reserved
public transport route per person in the global sample. Unfortunately, this is offset by the high per
capita provision of urban freeways, which leads to a relatively low ratio of reserved public transport to
freeways in Swedish cities, thus somewhat offsetting the advantages of their public transport systems.
Service provision as measured by seat kilometres is second only to the other European cities, but only
by a small margin (5% lower). The average operating speeds for public transport in Sweden seem to
be higher than most other cities, which leads also to the best average ratio of public transport system
speeds to general road traffic of all groups of cities (0.98, the next closest result being 0.88 in the other
European cities).

However, despite some of the above favourable conditions for public transport, Swedish cities on
average have much lower per capita public transport boardings than other European cities (roughly
half), but at the same time, this is much better than in the more auto-dependent regions in the USA,
Australia, and Canada, where densities are also low. This might be expected given the significantly
lower density of Swedish cities compared to other European cities, but is somewhat unusual when
compared to similarly lower density cities in the USA, Australia, and Canada.

On the positive side, public transport use measured by per capita passenger kilometres is closer
to European levels due to the longer distances travelled by public transport in Swedish cities, which
again probably relates to low densities. Using total motorised passenger kilometres as a measure,
these five Swedish cities on average have a healthy 20.4% of total motorised passenger kilometres
on public transport, beaten only by their European neighbours (24.5%) and of course the Asian cities
(62.9%). The modal split of daily trips is also just under 50% for public transport, walking, and cycling
combined, meaning that the modal share in these five larger Swedish urban regions is pivoted rather
equitably between the more sustainable and less sustainable modes. As shown in Figures 21–29,
Swedish cities have significant areas of urban fabric that are supportive of non-motorised modes
and where walking and cycling is high, leading to over 27.1% of daily trips in Swedish cities being
completed by these modes, despite a very cold climate. Only the other European cities have more
with 34.5%. There are numerous areas in Swedish cities where bicycling is supported with reasonable
infrastructure and walking is well catered for too in many areas.

Three key areas of concern for eco-urbanism also perform well in these Swedish cities. Energy
use in private passenger transport is commensurate with the other European cities and much lower
than in the auto-cities of North America and Australia. The Swedish cities excel in their extremely low
transport emissions per capita and per hectare compared to every other region in the world and even
the worst Swedish cities are better than the best of the others. Of course, the other data are from 2005–6
so it is expected that the other cities would have been closer to the Swedish cities in 2015, given the
large advances in automotive technology and tougher air pollution regulations. Likewise, in transport
fatalities per 100,000 persons, Swedish cities are the lowest in the world, and possibly would remain so
due to Sweden’s Vision Zero transport deaths policy [45]., even if the other cities were to be updated
to 2015.

The third asked research question was: Are there any policy lessons that can be learned from the
comparisons? Based on the data here, urban and transport policy for enhanced transport sustainability
and better eco-urbanism in Swedish cities could focus on three key areas.

The cities would do well to focus on targeted increases in higher density, mixed use development
that is especially linked to expanded and improved public transport. Stockholm is by far the best of
the Swedish cities in sustainable transport and although it is still a low-density region, it is bound
together by strong and now diverse urban rail networks (light rail, metro, and regional rail), around
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which very high density, mixed use development has occurred in strong centres throughout the region.
Such an approach could be emulated in other Swedish cities.

There is also a need to restrict further development of already abundant freeway and road systems
in all Swedish cities and perhaps to consider some focused removal of freeways, especially to help
green the cities and improve public spaces. The thought of removing freeways is a radical one and is
usually met with claims that the existing traffic will simply flow over everywhere else and cause chaos.
However, it has been shown repeatedly that traffic behaves more like a gas than a liquid, adjusting
its volume according to the size of the “container” provided (in this case, road capacity) [11,46].
It is thus important in such endeavours to eliminate freeways to provide demonstrative projects of
“disappearing traffic” so that other cities can learn from these experiences and feel more confident that
such an approach can work. There are numerous examples of freeways that have been successfully
removed. The Seattle Urban Mobility Plan in 2008 [47] provides a catalogue of case studies of these
projects, such as the Embarcadero and Central Freeways in San Francisco, California and the Harbor
Drive Freeway in Portland, Oregon.

However, one of the best examples to date (also included in [47].) is the Cheonggyecheon
restoration project in Seoul (Figure 30), which removed 6 km of elevated freeway and surface road
carrying collectively 170,000 vehicles per day and created a green river boulevard in their place.
The average traffic speed improved in Seoul after the removal of the freeway [11,47]. This project
stands as a landmark of both how traffic adjusts to a reduction in high capacity roads and the sheer
attractiveness and beauty of the green environments that can replace such traffic corridors.
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Swedish cities have an over-reliance on bus systems and a need for more extensive urban rail
networks, which are critical in developing competitive public transport and achieving a wide range
of other environmental, economic, and social goals [48,49]. A major difference between Swedish
and European cities generally is that European cities have three times higher rail use and this is a
critical distinguishing feature in the lower public transport use in Swedish cities compared to other
European cities.
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5. Conclusions

Through a wide-ranging investigation of 69 comparative land use, transport, and related
indicators, five Swedish cities were investigated in detail for their urban transport based eco-urbanism
characteristics. They were shown to form a somewhat unique group of cities in the world with lower
densities, but many positive transport features, including only moderate car use.

The strengths of the five investigated Swedish cities lie in the following factors, which imply
certain policy responses:

(1) These Swedish cities have low CBD parking per 1000 CBD jobs. Such an advantage can change
over time so that there is a need to limit the addition of new parking in the city centres of
Swedish cities, which generally means changing parking regulations to require less parking
in new non-residential land uses (and residential developments) in recognition of the access
advantages of city centres by public transport, walking, and cycling. It is also possible to replace
current parking lots and structures with other uses, which in turn could be encouraged with
special taxes on CBD parking.

(2) These Swedish cities also have lower levels of car and motorcycle ownership than other cities,
but this too can change unless consideration is given to active disincentives to acquiring more
cars (and incentives for owning less cars). Incentives can include attractive car-on-demand and
car sharing schemes, as well as more bike sharing schemes. All these sharing systems would
benefit from electric options (pedelecs in the case of bikes), which are generally more attractive to
users. It can also mean considering placing car ownership deterrents, such as Singapore-style
Certificates of Entitlement requiring bidding at an auction and paying a substantial sum just for
the right to purchase a car [11].

(3) Public transport in these Swedish cities is relatively well-developed and has the multiple
advantages of a very high line length and reserved route per person, high seat kilometres
per person, and a high average speed, both in absolute terms and in relation to car speeds.
It is important to maintain these advantages and one of the key ways is to introduce light rail
systems, which are physically segregated from general traffic, such as what Lund (Malmö region)
is developing now and Stockholm has been progressively doing over the last decade. Another
important aspect is to stop building high capacity roads, which only favour more car traffic.

(4) Walking and cycling in Swedish cities is comparatively high and can be further strengthened
by increases in density and mixed land use, especially in sub-centres and through progressive
extensions and upgrades to walking and cycling infrastructure. Increasing the use of pedelecs
(e-bikes) will extend the range of cyclists, as will better integrating bikes with public transport
(bicycle parking at stops and facilitating more bikes on board public transport). Buses are limited
in how many bikes they can carry, whereas rail vehicles are less limited, which constitutes another
good reason for the provision of more rail in Swedish cities.

(5) Energy use in private passenger transport, the big energy user in the passenger transport
sector, is of a typical European medium level in Swedish cities. However, there is scope for
further improvement by reducing actual car use and by using less energy intensive automotive
technologies. Electric vehicles are one option, but care needs to be taken to consider the embodied
energy in electric vehicles, not just the operational use.

(6) Transport deaths are exceptionally low in Swedish cities, at least partly a reflection of Sweden’s
Vision Zero national policy. Sweden can further strengthen its already significant global
reputation in this field by further improvements in transport safety, and especially by enhancing
conditions for vulnerable road users, mainly pedestrians and cyclists of all ages.

(7) Transport emissions per capita are very low in these five Swedish cities, the lowest in the
world, and this advantage can be further pressed home by tightening emissions regulations,
eliminating diesel use in cities, as is happening in the United Kingdom and Germany at present,
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and promoting the use of electric vehicles. Care again needs to be taken, however, in not treating
electric vehicles as a panacea for the problems of cars in cities.

The two key weaknesses of Swedish cities are their low overall density reflected in the lower
levels of public transport use, especially boardings, than other European cities and the relatively
low level of rail provision, except in Stockholm and to a lesser degree also in Göteborg. The use of
rail in these Swedish cities is very low compared to other European cities and Malmö, Linköping,
and Helsingborg are even lower than the larger US cities in this comparison. These problems can be
solved simultaneously by densification and intensification through mixed land use in sub-centres (also
accompanied by limiting parking) and the linking of new or existing rail services to these centres.
The issue of funding for new rail lines is of course important and in this respect, value capture could be
productively exploited to achieve more funds for rail investment, as well as providing more incentives
for denser development for developers, planning authorities, and transport agencies alike [50].

These five Swedish cities are at very different stages in their evolution, though there are unifying
aspects and commonalities, as well as points of departure, as revealed in this international comparison.
The value of this international comparison of cities on an aggregate level, as well as comparisons
within Sweden itself, was demonstrated and the ability of such research to highlight the strengths and
weaknesses of specific cities and the needed policy priorities to improve cities was explained.
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