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1. Introduction

There is as of yet no political or scientific agreement on the definition of sustainable passenger transport (Black, 2010;
Schiller et al., 2010; Castillo and Pitfield, 2010; Litman and Burwell, 2006; Banister, 2005).! Rather, the use of the concept
has to an increasing extent reflected socially desirable attributes of local and project level problems, while ignoring the global
challenges the concept was supposed to solve. The diversity of definitions and interpretations of the concept has raised the risk
that the concept will end up as mere rhetoric that offers little guidance for policy makers and scientists.

A review of sustainable passenger transport literature shows that the focus of mainstream literature on sustainable trans-
port indeed has changed during the last two decades (Holden, 2007). Sustainable passenger transport problems are being
addressed in new ways by researchers representing an increasing number of scientific disciplines applying different meth-
odological approaches. The definition of the concept has changed to include a broader set of passenger transport types like
work-related travel, everyday travel (e.g., Shiftan et al., 2003; Castillo and Pitfield, 2010; Amekudzi et al., 2009; Banister,
2011) and leisure-time travel (e.g. Black and Nijkamp, 2002; Mokhtarian, 2005; Banister, 2008; Holden and Linnerud,
2011). This has added to our understanding of the challenges posed by sustainable passenger transport but also to the com-
plexity of how the concept is defined, measured, assessed and evaluated.

More importantly, the definition of the concept has changed to include a broader set of transport’s impacts on society.
Gudmundsson and Hojer (1996) focus on impacts on the environment and social equity. Black (2010) adds impacts on health
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and security. Lautso and Toivanen (1999) include all of these impacts and add quality of life considerations. More recently,
several studies have widened the list of impacts to include economic growth (e.g. Shiftan et al., 2003; Castillo and Pitfield,
2010; Amekudzi et al., 2009; UNCSD, 2007). Examples of issues dealt with by these and other studies include protecting
wildlife and natural habitats, reducing levels of noise, promoting economic growth, facilitating education and public partic-
ipation, reducing congestion levels, minimizing accidents and fatalities, ensuring stakeholder satisfaction, enhancing aes-
thetic dimensions of neighbourhoods, supporting cultural activities, increasing tourism’s contribution to GDP, promoting
liveable streets and neighbourhoods, and minimising transport-related crime.

Thus, sustainable transport is about to include every aspect of transport, which is socially desirable, but it also therefore
risks becoming meaningless. To avoid a dilution of the concept, it may be helpful to first clarify the main dimensions of sus-
tainable development by going back to its origin, the Brundtland Report (WCED, 1987), which set the standard and became
the point of reference for every debate on sustainable development (Lafferty and Langhelle, 1999). We adapt these dimen-
sions to the concept of sustainable transport, and by doing so, we redefine sustainable transport and suggest an assessment
method based on four equally important main dimensions. We then proceed by defining suitable indicators and assign min-
imum/maximum thresholds for each dimension.

To construct a more precise definition of sustainable transport, we make some delimitations. First, we argue that main
dimensions should be given priority over less important dimensions, and unless all threshold values related to these main
dimensions are met, transport cannot be deemed sustainable.

Second, we argue that the main dimensions and their threshold values represent equally important targets where each
needs to be fulfilled. This excludes the possibility of trading off an underperformance on one indicator against an over per-
formance on another. Consequently, we argue against reducing sustainability to one single composite index (e.g. the Inclu-
sive Wealth Index?). On the other hand, we have not chosen the other extreme, namely specifying a very long list of indicators
(e.g. the 96 indicators suggested by the UN Commission on Sustainable Development (UNCSD, 2007).

Third, sustainability should ultimately be addressed at a global level. We are all part of a single human and natural system
with complex interactions among all its parts. Although national territories, economies and societies are only one level of
system organisations, it is perhaps the most significant level because governance is presently strongest at the national level
(Dahl, 2012). Thus, dimensions, indicators and thresholds refer to the national level, although they are, as will be explained
later, derived from global challenges.

Fourth, we focus on achieving sustainable transport in passenger mobility (including air transport), partly because of the
need to limit the article’s scope and partly because of our professional background. Nevertheless, many conclusions may
eventually be relevant for the equally important challenge of achieving sustainable transport of goods.

The remainder of the article is organised as follows. In Section 2, we examine the Brundtland Report to derive four main
dimensions of the concept of sustainable development. In Section 3, we adapt these four main dimensions of sustainability to
the passenger transport sector. In Section 4, we discuss the challenges faced by different countries in achieving sustainable
transport. We offer concluding remarks in Section 5.

2. The main dimensions of sustainable development

The large number of definitions and interpretations of sustainable development has made some scientists avoid using the
term because it is too vague or even dismiss the concept altogether. Yet the persistence of the concept itself is remarkable.
Despite all the problems in agreeing on a definition, sustainable development as an ideal is as persistent a political concept as
are democracy, justice and liberty (O'Riordan, 1993; Lafferty, 2004).

2.1. Main and secondary dimensions

Four main dimensions of sustainable development can be derived from the Brundtland Report: safeguarding long-term
ecological sustainability, satisfying basic human needs, and promoting intra- and intergenerational equity (WCED, 1987,
Lafferty and Langhelle, 1999; Hayer, 2000; Holden and Linnerud, 2007).

In addition to these main dimensions, Hayer (2000) presents a number of secondary dimensions, which include preserving
nature’s intrinsic value, promoting protection of the environment, promoting public participation, and satisfying aspirations
for an improved standard of living (or quality of life). Because these secondary dimensions are subordinated to the main
dimensions, preserving nature’s intrinsic value (a secondary dimension), for example, must give way whenever basic human
needs (a main dimension) are threatened. Correspondingly, satisfying aspirations for a better life (secondary dimension)
should be subordinated to safeguarding long-term ecological sustainability (main dimension).

Following this logic, we argue that economic growth is not one of the main dimensions of sustainable development. This
runs contrary to the popular tripartite model focusing on the balance between environmental, social and economic issues.
The desire for economic growth may be equivalent to aspiring for an improved standard of living far beyond what is regarded

2 The International Human Dimensions Programme on Global Environmental Change (IHDP) launched of the Inclusive Wealth Report 2012 (UNU-IHDP and
UNEP, 2012) at the Rio + 20 Conference in Brazil. The 2012 report features an index, the Inclusive Wealth Index (IWI), that measures the wealth of nations by
addressing a country’s capital assets, including manufactured, human and natural capital, and their corresponding values.
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as ecologically sustainable in the long term. The Brundtland Report claims that: ‘Sustainable development clearly requires
economic growth in places where such [human] needs are not being met. Elsewhere, it can be consistent with economic
growth, provided the content of growth reflects the broad principles of sustainability and non-exploitation of others. But
growth by itself is not enough’ (WCED, 1987, p. 44). The inclusion of economic growth as a main dimension of sustainable
development is therefore not consistent with the Brundtland Report. Rather, economic growth is one of the potential means
to facilitate the fulfilment of the main dimensions.

This does not imply that economic growth is unimportant. In fact, efficient allocation of the planet’s resources to maxi-
mise the welfare of society across countries and generations may arguably be the most important target for development.
Our point is, however, that from the perspective of a developed country and from the perspective of one generation, max-
imising economic growth may run counter to sustaining economic growth and welfare over space and time. Because the
interests of future generations, nature and the poor are underrepresented in the political debate, social and environmental
issues risk being ignored or allocated reduced weight as compared to economic issues. Thus, equivalent to firms being re-
stricted by law from paying out dividends that decrease the value of the firm, politicians should enter into global or regional
agreements that restrict them from pursuing short run economic growth if this aim runs counter to the aims of sustained
economic growth for all generations and all countries. To utilise global resources in the most productive way means that
constraints set by sustainability need to be satisfied.

Another possibly controversial aspect of our approach is that it is not based upon (local) stakeholder participation. This
runs contrary to a number of recent studies that place stakeholder participation as a key to achieve sustainability (Castillo
and Pitfield, 2010; Amekudzi et al., 2009; Shiftan et al., 2003; Xenias and Whitmarsh, 2012). Although it is agreed that par-
ticipation and acceptance among stakeholders is vital to ensure efficient implementation of sustainable policies and mea-
sures, we disagree with the proposition that the choice of sustainable dimensions, indicators and threshold values should
depend on what local stakeholders agree to include. Globally there must be an agreement, and the choice made here is based
on the Brundtland Report.

Finally, by setting explicit minimum and maximum threshold values that should be met, our approach runs contrary to
those focusing on relative changes. For example, suggesting that sustainability of transport equals ‘the rate of change’ (Ame-
kudzi et al., 2009) for a country or region is not satisfactory. Changing a non-sustainable state to a less non-sustainable state
is positive, but the result cannot be regarded as sustainable.

2.2. The sustainable development space

For each of the four main dimensions, we must choose appropriate indicators and assign threshold values that should be
met in order for development to be deemed sustainable. The four threshold values form a four-dimensional space, which we
call the ‘Sustainable Development Space’ (SDS). Amekudzi et al. (2009) uses the concept ‘sustainability footprint’ and the Liv-
ing Planet Report (WWF, 2010) uses the concept ‘sustainability box’ for similar constructions.

Dimension 1: The ecological footprint (EF) is used as an indicator for safeguarding long-term ecological sustainability. The
ecological footprint tracks humanity’s demands on the biosphere by comparing its consumption against the Earth’s regen-
erative capacity, or biocapacity. This is accomplished by calculating the area required to produce the resources people con-
sume, the area occupied by infrastructure, and the area of forest required for sequestering CO2 not absorbed by the ocean
(WWEF, 2012).

EF covers a wide range of current major environmental issues (WWF, 2012; EEA, 2012; UNDP, 2011). It compares con-
sumption against the Earth’s regenerative capacity and illustrates the extent to which we may be ‘over-using’ natural re-
sources (WWEF, 2012). The method fits well with the notion of strong sustainability (UNDP, 2011), thus reflecting our no
trade-offs requirement between the main dimensions. The concept and methodology are well established (Bastianoni
et al., 2012; Wiedmann and Barrett, 2010; Ewing et al., 2010), and EF is one of only two measures of long-term ecological
sustainability available for a large number of countries over a reasonably long period (UNDP, 2011).% Following the logic
of Brundtland’s low-energy scenario (WCED, 1987), we argue that the yearly per capita threshold value must be a maximum
of 2.3 global hectares (see Table 1 for details).

Dimension 2: Gross Domestic Product Purchasing Power Parity (GDP PPP) is used as an indicator for satisfying basic human
needs. This dimension is about basic human needs, not about living standards, well-being, quality of life or other concepts
that entail aspirations for a better life; these aspects are all legitimate, but they are secondary dimensions. A high level of
GDP PPP indicates that countries have sufficient means to provide its inhabitants with the necessary services to meet their
basic needs, whereas a low level indicates otherwise. Following the UNDP’s classification into human-development groups,
we argue that the yearly per capita threshold value must be a minimum of USD 3350 (2000) PPP (see Table 1 for details).

We could alternatively use the Human Development Index (HDI) to indicate whether basic human needs are met. The HDI
measures the average achievement in a country in three basic dimensions of human development: life expectancy at birth,
adult literacy rate and per capita GDP PPP (UNDP, 2011). However, replacing per capita GDP PPP with HDI would not alter
our analysis because the two measures are strongly correlated (Hanley et al., 2001).

3 The World Bank’s adjusted net savings is the other measure.
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Table 1
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Main dimensions, indicators and suggested 2030 threshold values for sustainable development and sustainable passenger transport.

Sustainable development

Sustainable passenger transport

Dimension Indicator 2030 Threshold Dimension Indicator 2030
Threshold
1. Safeguarding Yearly per capita Maximum 1. Impacts of transport activities Daily per capita energy Maximum
long-term ecological footprint 2.3 gha per must not threaten long-term consumption for 5.6 kW h per
ecological (EF) capita® ecological sustainability passenger transport capita per day®
sustainability
2. Satisfying basic Yearly per capita GDP Minimum USD 2. Satisfying basic transport Daily per capita travel ~Minimum
human needs PPP 3350 (2000) per  needs distance by motorised 9.2 km per
capita yearly” transport capita per day’
3. Promoting Gini coefficient Maximum 0.40° 3. Promoting intragenerational Public Transport Minimum
intragenerational transport equity Accessibility Level PTAL 3%
equity (PTAL)
4. Promoting The amount of Minimum 27%¢ 4. Promoting intergenerational The amount of Minimum
intergenerational renewable to total transport equity renewable to total 15%¢
equity energy in primary energy used for

energy production

transport

2 Based on Brundtland’s low-energy scenario: The 1985 global energy consumption of 9.9 TW is allowed to increase to 14.4 TW by 2030 (WCED, 1987).
Adjusted for global population growth, this increase calls for a 15% per capita reduction in energy consumption by 2030. Because EF is strongly correlated
with energy consumption, we use the same rate of reduction for it: the world EF is reduced by 15% from its 1985 level of 2.7 global hectares (gha) per capita
(WWEF, 2008) to 2.3 gha per capita in 2030. Interestingly, Brundtland’s low-energy scenario compares to the IPCC’s low estimate for scenario group B1:
global energy consumption in 2030 scenarios belonging to the B1 group varies from 16 to 28 TW. By 2100 the average of all 2030 B1 scenarios is estimated
to 16 TW (IPCC, 2000).

> UNDP (2011) classifies countries into groups according to human development—very high, high, medium and low—according to their levels on the
human development index (HDI). For 2009 the per capita GDP of countries with medium human development was USD 5077 (2009) PPP, corresponding to
USD 3350 (2000) PPP (World development indicators, The World Bank). We take the view that the measure of the medium group reflects the minimum
requirement a country must meet to ensure the basic human needs of its inhabitants.

€ This threshold value equals the target level set by UN Habitat—sometimes called the international alert line (UN, 2010).

4 This threshold reflects the amount needed by 2035 to be consistent with a 450 ppm COeq stabilization level (IPCC 2011, p. 106). IPCC data is based on
the IEA’s World Energy Outlook 2010 ‘450 Policy Scenario’.

€ Energy consumption for motorised passenger transport (all modes, including air travel) in 1985 was 1000 Mtoe (IEA, 2009). This corresponds to
6.6 kW h per capita daily in 1985, and given a 15% per capita reduction (as required in Brundtland’s low-energy scenario), 5.6 kW h per capita daily in 2030.

' According to Schafer et al. (2009), the ratio between yearly travel distance per capita and GDP PPP per capita has been estimated to 1 km per USD. Thus,
using the minimum GDP of USD 3350 (2000) PPP to satisfy basic needs, a minimum per capita transport level sufficient to meet basic transport needs would
be 3350 km yearly or 9.2 km daily.

& A PTAL value of 3 corresponds to ‘moderate accessibility’ (TfL, 2010).

Dimension 3: The Gini coefficient is used as an indicator for promoting intragenerational equity. The Gini index is the most
popular and widely used measure of inequality (UNDP, 2010). It measures the distribution of either household income or
consumption spending in a country. A zero value implies perfect equality and a value of one maximal inequality. Using
the target level set by UN Habitat, we set the threshold value to 0.40 (see Table 1 for details). Other measures for equity exist
(e.g. the ratio of the income received by the top to the bottom 20% of a population), but the choice of measure rarely has a
significant effect on results (Wilkinson and Pickett, 2009).

Dimension 4: The fraction of renewable energy to total primary energy is used as an indicator for promoting intergenera-
tional equity. Intergenerational equity requires that future generations are able to meet their needs. Although we do not
know these future needs, it is unlikely that future generations’ needs can be met without access to some sort of energy.
Expecting that fossil fuel will become more scarce and costly, the Brundtland Report emphasises that ‘every effort should
be made to develop the potential for renewable energy, which should form the foundation of the global energy structure
during the 21st Century’ (WCED, 1987, chapter 7, Section 88). Thus we argue that the amount of renewable to total energy
in primary energy production is a good indicator for intergenerational transport equity. Following the IPCC Special Report on
Renewable Energy and Climate Change Mitigation’s (IPCC, 2011) recommendation, we argue that the amount of renewable to
total energy in global primary energy production must be a minimum of 27% by 2035 (see Table 1 for details).

Fig. 1 shows how pairs of main dimensions can be compared; thresholds are marked as horizontal and vertical lines in the
figure. All countries where relevant statistics are available (130) are included. Sustainable development is defined as the area
in the lower right quadrant where the maximum and minimum requirements are met.

All four indicators and their assigned threshold values have their shortcomings (Dahl, 2012; Singh et al., 2011; Aslaksen
et al., 2010; Gasparatos et al., 2009; Heink and Kowarik, 2010; Moldan et al., 2004). Nevertheless, because all four indicators
are based on high-quality, scientific-based sources we regard them as relevant and robust.

3. The sustainable transport space

We proceed by adapting the four main dimensions of sustainable development to the passenger transport sector and
identifying suitable indicators and threshold values. These values define a four-dimensional space, which we call the ‘Sus-
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Fig. 1. The sustainable development space (SDS) for dimension 1 (ecological footprint) and dimension 2 (GDP PPP). SDS is in lower right quadrant. Country
data is from 2008/2009. Sources: 2011 Key World Energy Statistics (IEA, 2011); Living Planet Report 2012 (WWF, 2012)

tainable Transport Space’ (STS). An overview of main dimensions, indicators and threshold values for sustainable develop-
ment and sustainable passenger transport is given in Table 1.

3.1. Dimension 1: long-term ecological sustainability

We suggest per capita energy consumption for passenger transport as an indicator of the first main dimension of sustain-
able transport. A large amount of data on energy consumption for transport is readily available, whereas data on the ecolog-
ical footprint for transport is not. Moreover, calculating energy consumption from travel-survey data requires considerably
less supplementary data than does calculating the ecological footprint. In addition, data on energy consumption shows a
strong correlation with data on ecological footprints (IEA, 2011; WWEF, 2012).

In fact, the importance of focusing on energy consumption as an adequate indicator of overall ecological sustainability
was acknowledged in the Brundtland Report, because all types of energy—renewable and non-renewable alike—cause a large
spectrum of environmental impacts and thus cause a threat to long-term ecological sustainability (WCED, 1987). Thus, we
regard total energy consumption for transport (all modes, including air travel) as a key indicator for long-term ecological
sustainability. In accordance with the Brundtland Report’s low-energy scenario, the maximum threshold level was set at
5.6 kW h per capita per day (see Table 1 for details).

A threshold level of 5.6 kW h per capita daily is well below present levels in most developed countries and might there-
fore seem like a highly unrealistic goal. However, the International Energy Agency has estimated that 2050 energy consump-
tion for passenger transport in their ETP 2012 2DS scenario is 4.4 kW h per capita per day. The ETP 2012 2DS scenario
describes an energy system consistent with an emissions trajectory that recent climate science research indicates would give
an 80% chance of limiting the average global temperature increase to 2 °C (IEA, 2012b).

3.2. Dimension 2: basic human needs

Basic transport needs should be satisfied. That is, all people should have access to affordable and appropriate means of
transport that enable them to work and use other vital private and public services such as health and education. In this case,
basic transport needs is not the goal in itself, but rather a necessary means to accomplish the goal of meeting basic human
needs as defined in the previous section.

We have chosen per capita travel distance by motorised transport as an indicator of this second main dimension. This
indicator tells us to what extent people are mobile in a modern world. A sufficiently high level indicates that people have
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access to appropriate and affordable modes of transport to meet their basic needs. A high per capita GDP indicates a coun-
try’s potential to provide basic needs—including transport needs—to its inhabitants, and data on yearly travel distance shows
a strong correlation with data on GDP PPP: ‘Each additional unit of GDP PPP has generated a corresponding rise in PKT [pas-
senger kilometre travelled] (through increased use of automobiles, buses, railways, and aircraft)—independent of the stage of
economic development, the political system, or cultural values’ (Schafer et al., 2009, p. 35).

The challenge is to set the minimum level of motorised travel needed to meet basic transport needs. We set the minimum
level at 9.2 km daily (see Table 1 for details), assuming that people having access to motorized travel above this level would
be able to meet their basic transport needs.

However, the motorised transport needed to meet basic needs will vary depending on location. People living in remote
areas probably have to travel farther by motorised transport to meet their basic needs than people living in densely popu-
lated cities with well-organised cycling and walking paths. Furthermore, statistics on average distance travelled will not
indicate whether there are differences between population groups. However, these and similar intragenerational equity is-
sues are covered by the next main dimension.

3.3. Dimension 3: promoting intragenerational transport equity

Intragenerational transport equity means that access to transport does not vary systematically across population groups.
However, more important than minimizing inequalities is ensuring that everyone has the possibility to meet their basic
transport needs. This aspect was partly reflected in the previous subsection where the focus was on society’s average mobil-
ity level. Here we take this aspect one step further by focusing on individuals’ mobility level.

We argue that satisfying basic transport needs is the most important challenge when addressing social justice or intra-
generational equity aspects of sustainable transport. Social justice may be defined as the morally proper distribution of
goods and bads across members of society (e.g. Elster, 1992). Transportation systems can alter this morally proper distribu-
tion if there are systematic differences between population groups that benefit (use) and those that are negatively affected
by a new transport system (Feitelson, 2002).

However, as noted by Feitelson (2002), assessing the extent to which transport negatively affects some population groups
and not others raises some methodological issues that are difficult to resolve. First, correlation between population groups
and negative externalities from transport does not necessarily mean that transport has caused this social injustice. For exam-
ple, poor people may systematically choose to live in areas with polluting and noisy transport systems because these neg-
ative impacts reduce the price of housing in those areas. Second, if the focus of the study is on global or regional impacts, it
may be impossible to determine which population groups are most negatively affected by transport. Global impacts (e.g.
greenhouse gas emissions) will affect all people independent of the source of emission; regional impacts (e.g. NOX,
ground-level ozone, flooding and ecosystem severance) are governed to a significant extent by meteorological variables.
Thus, only local impacts (e.g. CO and NOX emissions, noise, accidents and congestion) will be relatively consistent over time
and space and may be related to attributes of people living in a given area.

Thus, we delimit our focus on social justice issues to the opportunities created by transport and whether these differ
across population groups. Our line of reasoning is in accordance with Martens (2006, p. 8) who emphasises that, to incorpo-
rate social justice in sustainable transport planning, it should be based on the principle of need: ‘The goal of such a needs-
based model would be to assess to what extent the existing or future transport network is able to secure a minimal level of
accessibility for all population groups.’ Such basic needs could include health, education, work and social contacts. A sustain-
able transport system should thus reflect the needs of the weak rather than the wants of the strong.

The challenge with such an approach is to set accessibility standards. Such standards are needed to assess the perfor-
mance of a transport network in terms of its success or failure to provide minimal levels of accessibility to all population
groups. Ideally, access should be defined in terms of travel costs (time and direct costs) and availability (what transport
modes are within reach). Feitelson (2002, pp. 105-106) argues that in countries where access to cars is high (e.g. the US)
and the cost of motoring is low, equity concerns related to transport may be smaller. However, cars can never provide access
for all, because even in a wealthy community, substantial numbers of people are prevented from driving by age, disability,
income, recent immigration or simply by personal preferences (Root et al., 2002; Tillberg, 2002; Rudinger, 2002; Uteng,
2006; Mees, 2010; Banister, 2009). To accommodate the basic needs of these population groups, a well-developed public
transport system is essential.

A number of attempts have been made to develop accessibility measures. Examples include the policy goal for public
transport in the Queensland region (Murray et al., 1998); Public Transport Accessibility Levels (PTAL) (TfL, 2010); the Public
Transport Relative Accessibility Percentage (PTRAP) (Gent and Symonds, 2005); the Metropolitan Accessibility/Remoteness
Index of Australia (Pitot et al., 2006); and the Land Use and Public Transport Accessibility Index (LUPTAI) (Pitot et al., 2006).
As a starting point for discussing a minimum threshold level, we use the PTAL methodology. PTAL is a detailed and accurate
measure of the accessibility of a point in the public transport network, taking into account walk access time and service
availability. Walk access times are calculated from a specified point of interest to all public transport access points. The PTAL
then incorporates a measure of service frequency by calculating an average waiting time based on the frequency of service at
each public transport access point. A reliability factor is added and the total access time is calculated. A measure known as an
Equivalent Doorstep Frequency (EDF) is then produced for each point. These are summed for all routes within the catchment,
and the PTALs for the different modes are then added to give a single value. The PTAL is categorised from 1 to 6, where 6



E. Holden et al./ Transportation Research Part A 54 (2013) 67-77 73

represents an excellent level of accessibility and 1 a very poor level. We take the view that PTAL must be a minimum of 3
(moderate level) to satisfy basic transport needs. It is, however, important to note that PTAL was developed to study acces-
sibility within Greater London, and it is therefore not necessarily an adequate method for assessing accessibility in rural
areas.

3.4. Dimension 4: promoting intergenerational transport equity

Intergenerational transport equity requires that future generations be able to meet their transport needs. Although we do
not know these future needs, it is unlikely that future generations’ transport needs can be met without access to some sort of
motorised transport and, subsequently, the need for fuel. We know that fossil fuel will become more scarce and costly, so to
meet future transport needs, we should, according to the Brundtland Commission’s exigency, reduce our current dependence
on fossil energy sources. Thus, we argue that the amount of renewable to total energy used for transport is a good indicator
for intergenerational transport equity. Following the IPCC Special Report on Renewable Energy and Climate Change Mitigation’s
(IPCC, 2011) recommendation, we argue that the fraction of renewable energy for transport must be a minimum of 15% by
2035 (see Table 1 for details). Over time, the required fraction of renewable fuel should be adjusted to reflect changes in re-
serves and costs of fossil fuels. Note that the required fraction of renewable energy is lower for transport (15%) than for the
total economy (27%), reflecting that the thought that there are less opportunities or it is more costly to substitute renewable
for fossil energy in the transport sector as compared to the rest of the economy.

4. Achieving sustainable passenger transport

We now illustrate the challenges countries face when entering the STS, focusing on the first two main dimensions. Similar
sustainability assessments should be made for each pair of the four main dimensions.

4.1. Different challenges country-by-country

Fig. 2 shows the relation between daily per capita energy consumption for passenger transport and daily per capita travel
distance by motorised transport (including air) for selected countries. All countries where relevant statistics are available
(34) are included in Fig. 2; most developing countries are excluded because of a lack of available data.

Sustainable transport is defined as the area in the lower right quadrant where the maximum and minimum requirements
are met—per capita energy consumption is below 5.6 kW h/day and per capita travel distances are above 9.2 km/day. Coun-
tries in the STS area include Romania and Slovakia.

In the lower left quadrant, we find Armenia and Albania (and probably would find most of the developing countries if data
were available). Their sustainable transport strategy should focus on increasing per capita motorised travel. These strategies
should include sustainable land-use planning and improved public transport systems to ensure increased motorised travel at
the lowest possible level of energy consumption. If developing countries were to adapt the US transport pattern, they would
probably consume about four times as much energy per capita than if they were to adapt the European transport pattern
(Kenworthy and Laube, 2002).

In the upper right quadrant, we find most developed countries, all of which exceed the maximum per capita threshold
value of 5.6 kW h/day. Such countries must reduce their energy consumption for passenger transport while still satisfying
basic transport needs. Fig. 2 shows that there are large variations between countries in this quadrant. For example, the
US and Italy have comparable per capita travel distances but very different per capita energy consumption, whereas Italy
and Korea have comparable per capita energy consumption but very different per capita travel distances. Consequently,
achieving sustainable transport represents a very different challenge in the US, Italy and Korea, respectively.

4.2. The main approaches for developed countries

Basically, there are three main approaches for developed countries to enter the STS: efficiency, alteration and reduction.
In everyday terms, the three approaches can be characterised respectively as ‘travel more efficiently’, ‘travel differently’ and
‘travel less’.

The three approaches, under different names, represent established knowledge within the sustainable transport (and sus-
tainable development) literature, for example, the IPAT equation (Commoner, 1972; Ehrlich and Holdren, 1971), the ASIF
equation (Schipper and Lilliu, 1999); the ASI model (Dalkmann and Brannigan, 2007); the SMART model (Holden 2007); so-
cial, technical and infrastructural emission drivers (Sager et al., 2011); and the STPM index (Black, 2003).*

Low-, medium- and high-mobility countries face different challenges when entering the STS, and this has consequences
for which approach—or combination of approaches—are needed to enter the STS. Fig. 3 illustrates this point. For simplicity

4 =P x A x T. Human Impact (I) on the environment equals the product of P=Population, A = Affluence, T = Technology. ASIF: CO, = Activity * Struc-
ture = Intensity = Fuels. ASI - Avoid, shift, improve. SMART: SM = g(A,R, T) where SM = sustainable mobility, A = changing transport patterns and public transport
use, R =reducing growth in transport, and T = increasing pace of technological change. STPM index: based on the difference between the level of sustainable
mobility and the level of potential mobility, standardized by population size and units of measurement.
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Fig. 2. The sustainable transport space (STS) for dimension 1 (daily per capita energy consumption for passenger transport) and 2 (daily per capita
motorised travel distance). STS is in the lower right quadrant. Country data are from 2009/2010. Note: ETP is the I[EA’s Energy Technology Perspective 2012.
2DS describes an energy system consistent with an emissions trajectory that recent climate science research indicates would give an 80% chance of limiting
the average global temperature increase to 2C. The ETP-2DS (2050) point shows the global 2050 target for passenger transport (IEA, 2012b). Sources: EU
energy trends to 2030 (EC, 2010); Trends in the Transport Sector (OECD, 2011); IEA Data service (IEA, 2012a)

we assume a linear relation between travel distance and energy consumption for travel purposes; moreover, we do not con-
sider any forms of compensatory effects, rebound effects, complementarity of potential energy savings, or other similar
factors.

The upper line shows the 2010 relationship between daily per capita energy consumption for passenger transport and
daily per capita travel distance, as well as their respective threshold levels (dmin and Emax). The middle line (2030-Eff) illus-
trates how an efficiency approach alone may change the relation between energy consumption and travel distance in 2030.
The bottom line (2030-Eff + Alt) illustrates how combining the efficiency and alteration approach could improve the sustain-
ability of transport even further. Typical low- (L), medium- (M) and high- (H) mobility countries are marked on the figure,
with travel distances of dL, dM and dH, respectively.

The figure illustrates the challenges for countries with different mobility levels. High mobility countries must use all three
approaches: increasing efficiency (EffH), altering transport patterns (AltH) and reducing their travel distance (RedH) as com-
pared to their present levels. Medium-mobility countries may achieve sustainable transport through a combination of in-
creased efficiency (EffM) and altered transport patterns (AltM). In the scenario presented in Fig. 3, they are, however,
allowed to maintain their present level of travel distance. Low-mobility countries, on the other hand, can concentrate only
on increasing efficiency (EffL).

There are other key considerations. We have to consider the level of technological improvement and the degree of alter-
ation in transport patterns (which determine the slope of the two 2030 lines). If, for example, more efficient engines are put
into larger, faster and more comfortable cars, energy consumption might not be reduced by much. Thus the 2030-Eff line
would run much closer to the 2010 line than indicated in the figure. Or, if we continue to travel more by car and plane than
by bus and train, the alteration effect could in fact be negative.

These limitations are the main concerns of proponents of the reduction approach, namely that very strong assumptions
are made in the efficiency approach regarding technological improvements and in the alteration approach regarding changes
in present transport patterns. Rather than supporting the rather optimistic scenarios portrayed by the 2030 lines in Fig. 3, the
reduction approach suggests that the 2030 lines are more likely to equal the 2010 line. In that case, the only way to enter the
STS would be to reduce present per capita travel distance for low-, medium- and high-mobility countries alike.

The relevance of the reduction approach is powerfully demonstrated by Sager et al. (2011). In their 2050 light-duty vehi-
cle scenarios, they forecast that meeting greenhouse-gas targets through technological improvements alone would require
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universal deployment of one or more of the following clusters: electric vehicles running on nearly zero-carbon electricity,
cellulosic biofuel-powered vehicles achieving 0.78 1 per 100 km, or gasoline-fuelled vehicles achieving in excess of 0.24 1
per 100 km. The researchers argue that these performance levels exceed even the most optimistic technology scenarios
for the year 2050. Making substantial reductions in greenhouse gas emissions (and subsequently achieving sustainable
transport) is a behavioural issue (i.e. alteration and reduction), not solely a technological (efficiency) issue. Their conclusion
regarding the inadequacy of solely focusing of technological solutions is further supported by many other studies, notably
that of the International Energy Agency in Energy Technology Perspectives 2012 (IEA, 2012b).

5. Conclusion

Returning to the Brundtland Report, the concept ‘sustainable passenger transport’ has been reframed, together with an
assessment method based on four main dimensions. Moreover, by selecting relevant indicators and assigning threshold val-
ues, the scale of the necessary changes to achieve sustainable passenger transport has been illustrated. The task may seem to
be overwhelming, and the question can be asked about whether these changes are socially desirable and are they within
reach? Assuming the answer to the first question is yes, each of the four threshold values can be evaluated to determine
the feasibility and realism of the targets in the context of current and future conditions.

First, the maximum threshold value for daily per capita energy consumption for passenger transport has been set at
5.6 kW h (Dimension 1). No high-income country currently has such a low rate of energy use. However, Japan, Portugal
and Poland are not that far off, with 13.6, 13.0 and 7.6 kW h, respectively. If we focus on high-income big cities, the picture
is even brighter. Reporting only passenger transport by car, energy consumption in 2005, the levels were 3.2 kW h in Hong
Kong, 6.0 kW h in Singapore, 8.4 kW h in Beijing and 8.7 kW h in Helsinki. It should be noted that the figure from Hong Kong
has decreased since 1995 in spite of economic growth (Kenworthy, 2012).

The relevance of these figures cannot be underestimated. Today more than 50% of the global population lives in cities and
this fraction is increasing rapidly (UNFPA, 2011). Compact cities may imply shorter travel distances and facilitate the devel-
opment of public transport. It may be possible that a continued drop in energy use for land-based travel could be anticipated.
The real challenge relates to a continued rise in travel by high-speed trains and air as predicted by Schafer et al. (2009). Only
a sharp rise in fuel prices and/or the political will to reduce such travel may succeed in keeping the energy use for longer
distance travel within the restrictions set by the threshold.

Second, the minimum threshold value for daily per capita travel distance by motorised transport has been set at 9.2 km
(Dimension 2). For most developed countries this threshold value is not a problem, as current travel distance is well above
the threshold value (Fig. 2). For most developing countries this threshold value is within reach, as non-OECD countries have
experienced a 75% increase in average per capita travel distance between 2000 (6.4 km) and 2010 (9.3 km) (IEA, 2012a), and
travel distances are expected to increase further in the coming decades (IEA, 2012b).
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Third, the minimum threshold value for Public Transport Accessibility Level (PTAL) is set at 3 or moderate accessibility
(Dimension 3). According to Transport for London, large parts of central London already have a PTAL of at least 3 (TfL,
2012). Cities like Hong Kong, Zurich and Munich have higher levels of public transport travel than London and thus an even
higher potential to overcome this threshold value (Kenworthy, 2012). Although an increasing number of people live in big
cities, the challenge of an equal access to public transport in the rural areas must be dealt with. Perhaps PTAL is not a suf-
ficient indicator for such areas and must be supplemented with car-based accessibility indicators.

Finally, the minimum renewable energy share for transport is set at 15% (Dimension 4). Statistics show that these shares
have increased sharply, partly fuelled by political regulation, standards and subsidies. According to the European Commis-
sion, between 2006 and 2010, the transport renewable share increased from 2.0 to 6.1% in France, 3.0-7.8% in Slovakia, and
4.9-7.7% in Sweden (Eurostat, 2012). Achieving 15% by 2030 is therefore a realistic threshold.

Taken together, these are four tough targets for transport, and they do not necessarily operate in the same direction. For
example, most countries and cities will achieve the distance threshold (Dimension 2), but greater distance might lead to
more energy being consumed (Dimension 1). Different solutions need to be developed for each situation so that the most
appropriate combinations of both technological innovation and behavioural change are used, as this is the only means by
which “the international goal of limiting the long-term increase of the global mean temperature to 2 °C” can be reached
(IEA, 2012b, p. 7). This paper has tried to interpret the Brundtland definition of sustainable development within the transport
context, by highlighting the four key dimensions and then deriving a set of clear and transparent measures, so that progress
towards sustainable transport can be measured, both at the national and city levels.

Two main conclusions stand out. Firstly, the approach and measures developed are based on thresholds that allow com-
parison to take place between different countries (and cities) and over time. This means that it is possible to monitor change
and to learn from countries (and cities) that are making good progress towards sustainable transport. Secondly, positive con-
clusions can be drawn on some of the Dimensions, as several countries (and cities) have already reached the thresholds or
are close to achieving them. This is good news that suggests transport is at last becoming more sustainable, but this opti-
mism needs to be tempered with a note of caution, as some of the major countries are still a long way from the thresholds
and the high energy costs of long distance travel are difficult to reduce.
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