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Abstract

Public transportation is often framed as a key component of building sustainable cities. Conversely, the social, economic, and
environmental impacts of transport are framed as critical issues that can challenge the sustainability of cities and regions. This paper
presents a critical literature review of the relationship between public transportation and sustainability. First the paper offers a review
of key sustainable transportation concepts and how public transport contributes to sustainability goals. Second, the paper reviews past
studies that analyse sustainable transportation in order to develop recommendations for planning, engineering, and researching
sustainable public transport. Finally, the paper concludes by offering suggestions for future research into the sustainability

performance of public transit.
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1. Introduction

An effective transportation network is an essential driver for
the economic and social development of a city. Transportation
systems have been described as the “lifeblood” of cities in
recognition this critical role (Vuchic, 1999). As cities grew in the
20" century, expanded transportation networks furthered urban
development but also created a series of challenges towards
achieving sustainability.

Sustainability is commonly explored in terms of the theories of
sustainable development. A commonly used definition of
sustainability comes from the Brundtland Commission’s report
Our Common Future - “Sustainable development is development
that meets the needs of the present without compromising the
ability of future generations to meet their own needs” (World
Commission on Environment and Development, 1987).

Sustainable development and transport are linked — for
example cities around the world experience congested roads due
to reliance on automobiles, which leads to emissions and social
costs such as accidents (Moavenzadeh e al., 2002). As a result,
transportation networks take on a paradoxical role — they drive
urban development but at the same time lead to a series of
challenges. These challenges include economic, social, and
environmental impacts (Banister, 2005). Challenges across these
three spheres can be considered as ‘sustainability challenges’.

Investing in public transit is often framed as a critical mechanism
to reducing auto dependence and lessening the impact of
transportation networks on society and the environment, while

also enabling transportation to continue to play a critical role in
sustainable development.

Ramani er al. (2011) proposed a general sustainability assessment
framework for transportation agencies along with a review of
key sustainable transportation concepts. This framework presents a
5 step process, with feedback loops between each level of the
process. The five components of the process are: (1) understanding
sustainability; (2) transportation sustainability goal development;
(3) development of objectives; (4) development of performance
measures; and (5) performance measure application. This paper
sets out to clarify the role of public transportation in sustainable
urban development through a critical literature review that also
provides evidence and information for each of these five steps.
This review is divided into three sections. Section 2 presents a
review of definitions of sustainable transportation and how
public transportation can achieve sustainable transportation
goals. Section 3 includes a review of techniques for quantifying
and measuring sustainable transportation. Finally, Section 4
contains key conclusions, which summarize the review and note
potential future research directions.

2. Sustainable Transportation

2.1 Overview

The analysis of transportation systems is a broad topic with
many elements including human behaviour, network configuration,
geography of the system, prevailing influences on the system
(politics and economics, for example), and the types of mode of
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travel that are available (Manheim, 1979). Sustainability is also a
very complex topic that explores all elements of: human welfare
(the social aspects of sustainability), economic expansion, and
the impacts of human growth and development on the environment.
Given the degree of complexity of both topics, combining the
two into a common field creates a challenging topic to address
(Cidell, 2012). This review seeks to clarify contemporary views
on the intersection of these two complex fields: transportation
and sustainability.

2.2 Defining Sustainable Transportation

A foundational concept in applying sustainability to transport
is the triple bottom line. Theis (2012), Black (2010), Jeon (2007),
Kennedy (2005), Newman and Kenworthy (1999), Banister (2005),
consider sustainable development issues using three dimensions
— environment, economy, and society. These three dimensions
are commonly referred to as a ‘triple bottom line’ (Pei et al.,
2010). They are defined as follows by Low (2003):

* Environment: the environmental or ecological dimension
considers the impacts of human activities and developments
on changing local and global environments

* Economy: the economic development is the process of a
community’s growth or progress towards economic goals,
such as increased wealth, employment, productivity or ulti-
mately welfare

* Social: the social dimension of sustainability often is described
as dealing with issues of equity and inclusion (Low, 2003).

Before sustainability became a topic of common discourse in

the late 1980s, the need to address a variety of impacts of
transportation systems was a key component of transportation
planning. For example, Manheim (1979) wrote on viewing
transportation systems as holistic entities, with a focus on
multimodal solutions that take into account social, economic,
political, environmental, and other considerations. This approach
was written before sustainability became a mainstream research
topic, but is in line with the principles of sustainability and the
goals set out in the Brundtland report, and other authors who
have since studied and expanded upon the sustainability concept.

Schiller et al. (2010) suggest that the application and definition

of sustainability goes beyond technical progression. Developing
sustainable transportation involves society at large — including
aspects of planning, policy, economics, and citizen involvement
(Schiller et al., 2010). The study highlights the emergence of
sustainable transportation in terms of three main concepts: (1)
Concerns on transportation’s impacts and the counter productivity
of conventional highway-oriented planning that emerged from
the 1970s onward; (2) Recognition that reducing traffic in cities
(either through calming, or pedestrianization) achieved health and
environmental benefit; and (3) Increased awareness of sustainability
concepts after the Brundtland report was published. These three
considerations are positioned as key drivers of the emergent concern
for sustainability in transport.

As transportation has a variety of negative impacts, specific

focus on environmental, economic, and social issues should be
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included in a definition of sustainable transportation and its
application to decision making (Bongardt ef al., 2011). Despite
an increasing volume of sustainable transport studies, within the
literature there is no accepted single definition of sustainable
transportation or how to measure it (Bongardt ez al., 2011).

This review classifies definitions span as aspirational (providing
general guidance for sustainability and transport) or objective
oriented (outlining specific measurements or considerations for a
transport system to be sustainable).

Aspirational definitions include those written by Black (2010).
Black suggests that a sustainable transportation system is one that
applies the Brundtland definition or simply said “transportation that
satisfies the current transportation and mobility needs without
compromising the ability of future generations to meet those
needs” (Black, 2010).This definition locks sustainable transport
in line with broader research on sustainability.

An objective oriented definitions commonly referred to in the
literature is the “Centre for Sustainable Transportation definition”.
It expands on other definitions and outlines three key elements of
sustainable transportation: (1)Allows the basic access needs of
individuals and societies to be met safely and in a manner
consistent with human and ecosystem health, and with equity
within and between generations; (2) Is affordable, operates
efficiently, offers choice of transportation mode, and supports a
vibrant economy; (3) Limits emissions and waste within the
planet’s ability to absorb them, minimizes consumption of non-
renewable resources, limits consumption of renewable resources
to the sustainable yield level, reuses and recycles its components,
and minimizes the use of land and the production of noise (The
Centre for Sustainable Transportation, 2005).

Vreeker and Nijkamp share a similar set of objectives for
transportation and identify that these may be difficult to balance:
(1) Economic efficiency — reflected in the increased competitiveness
of regions through an improvement in connectivity; (2) Social
equity — reflected in more equal opportunities for better access to
transportation facilities (for different socio-economic groups, for
less central areas); (3) Environmental sustainability — reflected in
more emphasis on coping with the negative externalities of the
transportation sector, such as pollution, noise, landscape decay,
congestion, lack of safety (Vreeker and Nijkamp, 2005).

2.3 Frameworks for Understanding Sustainable Transpor-
tation

A growing body of research seeks to apply definitions of
sustainable transport into applicable frameworks. These frameworks
provide understanding for sustainability in two ways: supporting
understanding of how projects or programs may make transport
more sustainable and frameworks for understanding the impacts
of transport.

Banister outlines a sustainable transportation paradigm composed
of four aspects: (1) Actions to reduce the need to travel; (2)
Encouragement of modal shift; (3) Short trip lengths; (4)
Increased efficiency (Banister ef al., 2008). This framework may
be applied to classify policies or projects based on how they
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support sustainable transportation.

Another thorough attempt to outline a definition framework to
further sustainable transportation comes from Kennedy et al.
(2005). Sustainable transportation is framed as a critical urban
issue intersecting with complex global issues, such as climate
change, as well as local issues like human health. Similar to other
frameworks, the authors frame sustainable urban transportation
as a balance between economy, environment and society,
however the difference is in how this balance is developed. Four
pillars are suggested: (1) Governance: “the establishment of
effective bodies for integrated land-use transportation planning”;
(2) Funding: “the creation of fair, efficient, and stable funding
mechanisms”; (3) Infrastructure: “strategic investment in
major infrastructure”; (4) Neighborhoods: “the support of
investments through local design” (Kennedy ez al., 2005).

A key study on sustainable transportation was conducted by
Jeon (2007). This work suggests that all frameworks should
consider: (1) How effective the transportation system is; (2)
Impacts of the system on economic development; (3) Impacts of
the system on social quality of life; (4) Impacts of the system on
environmental integrity (Jeon, 2007). This study then presents a
framework that is comprehensive and utilizes the three common
terms from the triple bottom line framework, but it also explicitly
treats transportation effectiveness as a key element of sustainability.
The framework suggests that this expanded triple bottom line
with four dimensions is a key tool to actively applying
sustainability analysis to transport.

2.4 Key Transportation Sustainability Challenges

Transportation intersects with many segments of society and
the environment and can create many benefits for human welfare.
It can enable economic growth and connect people to necessary
services. However, it can also create a number of challenges. A
growing body of research suggests that current trends of
automobile oriented transportation are unsustainable due to key
impacts across environmental, economic, and social considerations
as noted in Table 1, drawn from Litman and Burwell (2006).

A key issue in auto dependent cities that greatly impacts their
sustainability is congestion. Congestion is characterized by low
traffic flow rate, and high density of vehicles and is a key issue
associated with auto dependence. Congestion has been deemed a
worldwide phenomenon that is caused by increasing automobile
dependence (Moavenzadeh and Markow, 2007). Negative impacts
include — environmental (increased pollution), loss of economic

productivity, and social (human health and equity impacts).

Transportation is a large contributor to pollution and apart
from energy generation and industrial processing, transport is the
largest contributor to air pollution (Dobranskyte-Niskota et al.,
2007). The economic impacts of congestion are explored by
Bannister (2005), who suggests that when a system fails to
provide acceptable levels of mobility for different trip purposes
and different modes it is considered unsustainable from an
economic point of view. Auto-dependent transport can be seen as
a driver of social sustainability issues including health burden of
a sedentary lifestyle (Cidell, 2012).

Schiller et al. (2010) and Newman and Kenworthy (1999)
provide further context on the unsustainability of auto-dependence
beyond the congestion impacts.

Schiller et al. (2010) write that due to the decreased travel time
and increased personal mobility bestowed by automobiles, cities
were able to expand greatly with fewer hurdles than when cities
were governed by other modes of travel. While this method of
development yielded increased mobility, it also yielded the
sustainability challenges as discussed in table 1. The authors
suggest that auto-depencen has created environmental impacts
including increased emissions for mobility as well as increased
land consumption to develop freeways. Schiller er al. (2010)
argue that economic impacts of auto-dependence are shown in
cost of infrastructure development, which are higher for
automobile dependent systems than for other modes due to the
intense level of freeways required to facilitate movement. The
authors suggest that social sustainability issues be explored
through the ideas of severance, which occurs where intensive
highway development severs communities.

Newman and Kenworthy (1999) also suggest severance is a
key social issue that decrease interactions between neighbors and
can fragment communities and lead to community deterioration -
with sprawl, communities can become bedroom communities
with little interaction or sense of community. This growth is most
common in North America while in other parts of the world,
such as East Asia or Europe, cities are denser and the
development patterns are less stratified (i.e mixed use is more
prevalent) which makes the automobile a less dominant mode
(Newman and Kenworthy, 1999).

2.5 Public Transit Benefits
Public transit is a key driver of sustainability in the transport
sector as well as a tool to address the sustainability impacts of

Table 1. Transportation Impacts

Environmental Economic Social

Air pollution Accessibility quality Equity/fairness
Climate change Traftic congestion Impacts on mobility disadvantaged
Noise pollution Infrastructure costs Affordability

Water pollution
Hydrologic impacts
Habitat and ecological degradation
Depletion of non-renewable resources

Consumer costs
Mobility Barriers
Accident Damages
Depletion of non-renewable resources

Human health impacts

Community cohesion

Community livability
aesthetics

Adapted from Litman and Burwell (2006)
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auto-dependence. This review clarifies the expected benefits of
public transit.

Transit can provide energy efficient transportation in an urban
setting that competes with the speed of private automobile travel
(Schiller et al., 2010). This positions transit as a potential
competetor to the automobile and a key tool for reducing
dependence on automobiles, which in turn can reduce auto-
oriented impacts. Given the link between energy consumption
and pollution, this positions transit as a key provider of
sustainable mobility. Schiller et al. (2010) suggest that the space
efficiency and social benefits of transit trigger benefits across a
suite of sustainability criteria and conclude that transit can be a
key factor in reducing auto travel and auto dependence in cities.
These benefits could include benefits across all the impacts noted
in Table 1, including reduced emissions and consumption of land
(environment), improved access (social), increased economic
efficiency and contributions to economic activity (economy).

Banister also suggests that a mode shift to transit can achieve
sustainable development and urbanization goals, however this
mode shift must be accompanied by a reallocation of the public
space that was once used for auto travel (Banister, 2008).

Newman and Kenworthy discuss a concept of ‘Transit Leverage’
— the notion that substituting a transit trip with a car trip has great
benefits for the transportation system — in general replacing a car
trip with a transit trip greatly reduces the passenger km travelled
within a network. They articulate four major points that support
transit as a key transportation intervention for promoting
sustainability in cities: (1) Good transit options cause businesses
and people to adjust their location behaviour; (2) People who
take transit combine trips into single trips — rather than separate
car trips (reducing the total number of trips); (3) Households that
use transit give up a car; and (4) Transit users often use walking
or cycling to get to stations or stops. Public transit’s benefits exist
outside of the realm of direct transportation service — for
example, the Canadian Urban Transit Association (CUTA)
estimates that there is a $10 billion benefit to the Canadian
economy each year due to transit (Canadian Urban Transit
Association, 2010).

3. Analyzing the Sustainability of Public Transit

Vreeker and Nijkamp (2005) suggests that transportation
planning problems have a degree of complexity that requires the
application of both theory and practical policy. This literature
review surveys key contributions from research that fills this gap
by providing new insights into sustainability and transport for
planning, research, and policy development. It focuses on two
areas: (1) The development of effective indicators, metrics, and
indices to quantify and measure sustainable transportation; and
(2) studies of sustainable transportation that have either applied
indicators, metrics, and indices, or have utilized another technique
to measure sustainable transportation. The focus of this review is
on clarifying the studies and tools that have been able to measure
sustainability benefits, and assessing their application for public

Vol. 20, No. 4 / April 2016

transit analysis.

3.1 Review of Sustainability Indicators/Measurement

The field of public transit performance analysis has an
established literature base of theory and applied studies that have
analyzed the performance of transit under a variety of lenses
including efficiency, effectiveness, economic performance, and
environmental impact. While early studies were concerned with
operating parameters of transit systems, such as operating
expense per passenger, and were developed to understand
economic efficiency (e.g. revenue vehicle miles per vehicle) or
to understand vehicle utilization, more recent studies have
attempted to fill a research gap by assessing transport more
holistically

Pope et al. (2004) describe sustainability assessment as a
process of exploring the implications of existing policies, plans,
programmes, projects, or pieces of legislations, or existing practise or
activities on sustainability. The authors suggest that while there
are many attempts to assess sustainability, many could be
declared as extensions of an environmental impact assessment
framework, that reflect a triple bottom line conception of
sustainability, but do not necessarily truly contribute to
sustainable practice by providing an integrated framework (Pope
et al., 2004). The research suggests that most definitions and
approaches to sustainability assessment are generic and describe
a suite of processes and that more rigorous approaches are
necessary to truly use assessment to promote sustainability.

Analysing and planning transportation systems relies on
indicators to understand trends and model or analyse impacts
(Sustainable Transportation Indicators Subcommittee, 2009).
The Subcommittee also suggests that comprehensive and balanced
indicator sets should include indicators from all major categories
of issues in order to improve the decision making framework.

Littman and Burwell (2006) suggest that conventional evaluation
techniques used in transportation analysis mostly consider
motorized travel and may not fulfil sustainable transportation
objectives — meaning there is a need for expanded indicators and
methodologies for sustainability analysis (Litman and Burwell,
2006). This identifies a clear path for further research into new
evaluation techniques that allow for a more nuanced assessment
of transport sustainability for other modes — including transit.

To support further research into public transit indicators, a set
of studies was reviewed including Bongardt et al (2011),
Haghshenas and Vaziri (2012), Dobranskyte-Niskota ef al. (2007),
Litman (2013) and Jeon et al. ( 2009) to develop a set of transit
considerations and sustainability objectives, as shown in Table 2.
The literature suggests that these are critical considerations for
understanding how transit can contribute to sustainability.

3.2 Review of Application of Sustainability Assessment
Sustainability in transportation is a widely acknowledged
necessity due to triple bottom line impacts - indicators allow
impacts of transportation to be recognized and measured and can
be used as a basis for policy making (Bongardt et al., 2011).
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Table 2 — Sustainability Considerations for Public Transit

Sustainability Considerations Objective Linked to
Decrease passenger Energy Use Minimize energy consumed/pkm g:gﬁf@gﬁi—l\%g;a (?i?é‘l’alzlo%)l’;)HaghShe-
Decrease passeneer contribution to (Dobranskyte-Niskota et al., 2007), (Haghshe-
: p g Minimize ghg emissions /pkm nas and Vaziri, 2012), (Bongardt et al., 2011),
i t climate Change (Jeon et al., 2009),
nvironmen
. . L . (Dobranskyte-Niskota et al., 2007), (Haghshe-
Decrease Pollution - Land, air, water Minimize pollutants or emissions/pkm nas and Vaziti, 2012), (Jeon et al., 2009)
s . . . (Dobranskyte-Niskota et al., 2007), (Haghshe-
Limit Ecological Disturbance y;?éﬁlignd;;ﬁﬁ}ézn by right of way and nas and Vaziri, 2012), (Bongardt et al., 2011),
Y (Jeon et al., 2009), (Litman, 2013)
(Dobranskyte-Niskota et al., 2007), (Haghshe-
Reduce Travel Time nas and Vaziri, 2012), (Jeon et al., 2009),
Reduce user cost (Litman, 2013)
Reduce direct monetary costs Egﬁgggs%%\mkota et al., 2007),
. . (Dobranskyte-Niskota et al., 2007),
Economy _ _ Reduce operating cost per unit of travel (Haghshenas and Vaziri, 2012)
Increase system economic efficiency (Dobranskyte-Niskota ef al.. 2007)
. obranskyte-Niskota et al., R
Reduce capital cost (Haghshenas and Vaziri, 2012)
Improve System independence xﬁ);ilg;lze recovery or reduce required (Dobranskyte-Niskota et al., 2007)
Increase demand relative to GDP Maximize passenger km travelled relative | (Dobranskyte-Niskota et al., 2007),
to gdp (Bongardt et al., 2011)
o Minimize cost of transit as portion of user | (Dobranskyte-Niskota et al., 2007), (Jeon et
Improve affordability or household income al., 2009), (Litman, 2013)
.. e . (Dobranskyte-Niskota et al., 2007), (Haghshe-
Increase accessibility g/i[r}a;lrl:;(z)is ?ﬁfs:zfs;blslgym)across multiple nas and Vaziri, 2012), (Bongardt et al., 2011),
Social > SY (Jeon et al., 2009), (Litman, 2013)
ocial
Limit health impacts Minimize exposure to and illness/death | (Dobranskyte-Niskota et al., 2007),
P fro, human health impacting emissions (Bongardt et al., 2011), (Jeon et al., 2009)
S (Dobranskyte-Niskota et al., 2007),
Limit safety impacts I(;/Iglrl;iglf injury and death from system (Bongardt et al., 2011), (Jeon et al., 2009),
P (Litman, 2013)
Improve operations and capacity utili- . s e (Dobranskyte-Niskota et al., 2007),
System | zation Maximize reliability and capacity utilization (Litman, 2013)
Effecti
eetveness Shift demand from automobile to transit | Maximize the ridership of transit Eggnmg;fdégtl g" 2011), (Jeon et al., 2009),

Adapted From: Bongardt ef al. (2011), Haghshenas and Vaziri (2012), Dobranskyte-Niskota e al. (2007), Litman (2013), Jeon et al. (2009)

While there is much discussion on indicators and their application,
it was found that few studies use sustainability indicators to
compare systems (Haghshenas and Vaziri, 2012). Recent studies
have applied the concept of ‘holistic’ sustainability including:
Jeon (2007), Kennedy (2002), Haghshenas and Vaziri (2012),
and Miller (2014). These studies were reviewed to share the state
of practice in research. These studies represent a cross section of
literature that considers sustainability analysis as a problem with
multiple dimensions or criteria that can be quantified and understood.
These studies utilize analysis that break down various aspects of
sustainable transportation into sets of criteria or accounts of
analysis and evaluate these criteria/accounts in order to understand
the sustainability implications of the system or problem being
explored.

Kennedy (2002) provides an in depth comparison of private
and public transportation in the Greater Toronto Region. This
study contributes to the field of sustainability analysis by
conducting a holistic triple bottom line comparison of the benefits
and negative impacts of private and public transportation within a

— 1080 —

fixed geographic area. A set of indicators are set out and data is
collected that combined historical sources with analytical models
or estimates where appropriate to conduct a rigorous analysis.
Unlike other studies mentioned in this section, there is no effort
made to aggregate the data collected or the indicators used for
composite indicators or indices, however, the results are clearly
explored through in depth analysis. As there are multiple
indicators under each category, the potential trade-offs, costs, and
benefits within each sustainability category, as well as within
each system can be observed and better understood. The key take
away from this study is the general approach to setting out
indicators and categories for analysis as well as systems being
compared as well as setting a clear scope for analysis.

A set of Composite Sustainability Index (CSI) studies was
reviewed: Jeon (2007) and Jeon et al. (2009), Haghshenas and
Vaziri (2012), and Miller (2014). These studies all apply CSI
techniques to quantify the sustainability performance of public
transit systems. CSlIs combine a set of sustainability indicators
numerically using normalization and weighting techniques, both
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of which impact the final CSI. CSlIs are typically a single integer
that reflects the overall sustainability performance of a transport
system. These techniques were applied uniquely in each study.

Jeon (2007) and Jeon et al. (2009) presents a methodology for
sustainability analysis that uses multi criteria decision making
processes and composite indicators. First, the studies provides a
literature review of sustainability based in the triple bottom line
paradigm, and sustainability indicator frameworks that reviews
common frameworks for utilizing indicators in sustainability
analysis. These studies are focussed on applying composite
indicator or index techniques to analyzing sustainability plans in
a geographic region to both better understand how different plans
perform under rigorous sustainability analysis and also contribute to
the state of applying holistic sustainability research to decision
making problems. These studies break down sustainability into
four categories as an expansion of the triple bottom line framework:
environmental, social, economic, and system effectiveness. These
four categories measure the impacts of different plan alternatives
on the city and transportation system, as well as those who live
there. Two alternative transportation-network-land use scenarios
for the Atlanta Metropolitan region were modelled and the
outputs with respect to 30 indicators were analyzed and compared to
a 2005 base case scenario. The key takeaways from the Jeon
studies is the methodology of how to use composite indices with
a modified triple bottom line framework under a MCDM
environment in order to compare the overall sustainability of multiple
systems or plan alternatives. This technique can be adapted to for
public transit analysis by determining appropriate measures or
indicators of public transit sustainability and selecting appropriate
data.

A second CSI oriented study focuses on the comparison of
multiple cities based on their overall transportation systems.
Haghshenas and Vaziri (2012) presented a study of cities and
their transportation systems from a holistic sustainability lens.

Similar to Jeon (2007) and Jeon et al. (2009) the study utilized an
approach grounded in MCDM with different sustainability
categories each with a set of factors represented by an indicator.
Also similar to Jeon studies, this study utilized a weighted sum
equation to create composite sustainability indices for each city.
This study utilized the UITP’s (International Association of
Public Transportation) millennium cities database for sustainable
transportation, which contains 100 cities, along with environmental,
economic, and social indicators to rank all cities in the database
based on their relative sustainability performance. The overall
contributions of the article are oriented around the development
of composite indicators using weighed sum techniques, similar
to the Jeon (2007), as well as basic insight into denser cities
having more sustainable transportation systems.

Miller (2014) applies CSI techniques directly to the question of
measuring the sustainability performance of public transit
systems, which is at the heart of this review. This analysis
develops the public transit sustainable mobility assessment
project (PTSMAP) framework to aid in quantifying sustainability
and understanding the overall sustainability performance of
public transit. The tool outlines two ways to apply CSIs to
understand public transit: performance assessment and plan
assessment. Performance assessment focuses on characterizing
an individual existing transit system’s sustainability performance
based on historic data. Planning assessment focuses on identifying
the potential sustainability benefits of a proposed or planned
public transit alternative. The tool was tested against all major
LRT and heavy rail systems in the USA using the National
Transit Database, as well as a planning study from Vancouver,
Canada. The results demonstrated how 16 sustainability indicators
could be used to develop a set of composite indicators
(environmental, social, economic, effectiveness) and one CSI.
The analysis of USA rapid transit systems was used to assess
relative comparison of LRT and heavy rail modes — including the

Table 3. Review of Sustainability Studies

Author Analysis Tool Key Concepts
* Multi Criteria Decision Making ggsgﬁegsvgfegfiﬁ;gf: sér?(t; tflzze:ﬁgr:lhfoif(Alore benefits.
Kennedy (2002) - Focussed on clarifying key sustainability issues P P ’

and approaches used for analysis

costs, trade-offs based on triple bottom line
- Developed a rigorous analysis for each area of sustainability

- Composite Sustainability Index
Jeon (2007), Jeon,
Amekudzi, and Guensler
(2009)

outputs

scenarios

- Applied to high level transport demand model

+ Focuses on the transport network/highway expansion

+ Analysed three scenarios in the Atlanta Metropolitan area

- Used 30 indicators based on an expanded triple bottom line to
understand trade-offs and costs/benefits as well as to develop
composite sustainability index

+ Normalization based on single attribute utility, weights equally
assigned

Haghshenas and Vaziri - Composite Sustainability Index

- Applied to high level travel data to compare cit-

- Analysed the transport systems of 100 cities based on a variety
of sustainability factors

(2012) . . - Used z-score normalization and weights that were equally
ies/regions :
assigned
- Adapted CSI techniques for the analysis of rapid transit )
- Composite Sustainability Index : lI:’r;(l)‘l[;(i)tsed two types of analysis to assess sustainability of rapid
Miller (2014) * Built for purposc transit assessment index applied to | Analyzed 32 rapid transit systems in the USA and outlined per-

existing transit (USA systems)

studies (Vancouver rapid transit expansion) and

formance by rapid transit mode (LRT, heavy rail)
- Analyzed plan alternatives to demonstrate application of CSIs
to planning and policy development
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development of performance tier classification for rapid transit
sustainability. This analysis also analyzed how three normalization
techniques (z-score, min/max, distance to maximum) will impact
how CSIs are calculated. Additionally, the Vancouver case study
indicated how CSI methodologies can be adapted to existing
planning processes to provide new insight into how potential
systems can perform.

These studies are summarized in Table 3.

CSI tools have become a key element of sustainability research
for transit and transport more broadly due to their flexible nature.
Because CSlIs have been applied in many other fields there is an
existing body of research and practice to draw upon. Nardo et al
(2005) provide a guidebook for the application of CSls and note
key pros, such as being able to summarize complex issues into a
single value. However, there are also cons, such potential to be
misleading if they are not carefully constructed and reviewed
(Nardo et al., 2005).

4. Conclusions

4.1 Summary

This paper provides a critical literature review of key topics for
understanding the state of research and practice of sustainability
analysis for public transit. First, a conceptual base was established
by reviewing comparative definitions of sustainable transportation
and key sustainability impacts of transport networks. Second a
review of public transit’s contributions to sustainability and other
benefits of transit was presented. Finally, the paper reviewed key
studies that provide methodologies to analyze sustainability of
transportation systems.

This review, while not exhaustive, reflects the depth of discussion
within planning and engineering literature with respect to
sustainability and transportation. As noted in the preceding
discussion, this is a complex topic that requires further research
and development to support understanding how transport
impacts urban sustainability and also enable the development of
robust research, planning, and engineering support tools that can
enrich how transport systems are developed and operated.
Because public transport systems offer potential to achieve
sustainable urbanization goals, further research into better
understanding sustainability benefits will help decision makers
and planner/engineers alike in developing optimally sustainable
transport interventions.

4.2 Areas for Further Research

As noted in the literature review, the role of multi criteria
analysis and CSIs within transport research has grown. These
techniques allow sustainability, which is a complex topic, to be
explored quantitatively across a large number of indicators Jeon
(2007) and Jeon et al. (2009), Haghshenas and Vaziri (2012), and
Miller (2014) reflect that sustainability performance of a transport
system may be assessed with CSI techniques; however, CSIs are
dependent on normalization and weighting techniques used.
Further research should focus on clarifying how to apply varying
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weighting techniques to public transit CSIs and the impact of
weighting on CSI performance. Similarly, different data
normalization techniques may impact the performance of
options, as noted in Miller (2014) and further research into
characterizing normalization impacts may benefit the application
of CSIs. Additional research should also consider the impact of
uncertainty on CSls. Because uncertainty influences CSls in
terms of data inputs, normalization, and weighting, future studies
should develop techniques to expand on the CSI processes
proposed by Jeon (2007) and Jeon et al. (2009), Haghshenas and
Vaziri (2012), and Miller (2014) to reduce uncertainty.

References

Banister, D. (2005). Unsustainable transport: City transport in the new
century, Routledge, New York, NY.

Banister, D. (2008). Cities, Mobility, and Climate Change, Journal of
Industrial Ecology, pp. 7-10, DOI: 10.1162/jie.2007.1271.

Black, W. (2010). Sustainable transportation: problems and solutions,
guildford, New York, NY.

Bongardt, D., Schmid, D., Cornie, H., and Litman, T. (2011). Sustainable
transport evaluation, GI1Z, Eschborn, Germany.

Canadian Urban Transit Association (2010, May). Measuring success:
the economic impact of transit investment in Canada, Retrieved
from Canadian Urban Transit Association: http:/www.cutaactu.ca/
en/publicationsandresearch/resources/Issue_Paper 35E.pdf.

Cidell, J. (2012). Sustainable transportation: Accessibility, mobility, and
derived demand, In T. Theis, & J. Tomkin (Eds.), Sustainability: A
Comprehensive Foundation, pp. 566-576. U of 1 Open Source
Textbook Initiative. Retrieved October 8, 2012, from http://cnx.org/
content/m42717/1.2/

Dobranskyte-Niskota, A., Perujo, A., and Pregl, M. (2007). Indicators
to assess sustainability of transportation activities, Ispra: European
Commission Joint Research Centre Institute for Environment and
Sustainability.

Haghshenas, H. and Vaziri, M. (2012). Urban sustainable transportation
indicators for global comparison, Ecological Indicators, pp. 115-
121, DOI:10.1016/j.ecolind.2011.09.010.

Jeon, C. M. (2007). Incorporating sustainability into transportation
planning and decision making: Definitions, performance meaures,
and evaluation (Dissertation), Retrieved from https://smartech.
gatech.edu/xmlui/bitstream/handle/1853/19782/jeon_mihyeon ¢
200712 phd.pdf.

Jeon, C. M. and Amekudzi, A. (2005). “Addressing sustainability in
transportation systems: Denitions, indicators, and metrics.” Journal
of Infrastructure Systems, pp. 31-50, DOIL: 10.1061/(ASCE)1076-
0342(2005)11:1(31).

Jeon, C. M., Amekudzi, A. A., and Guensler, R. L. (2009). “Evaluating
plan alternatives for transportation system sustainability: Atlanta
metropolitan region.” [International Journal of Sustainable
Transportation, pp. 227-247, DOI: 10.1080/15568310902940209.

Kennedy, C. A. (2002). “A comparison of the sustainability of public
and private transportation systems: Study of the Greater Toronto
Area.” Transportation, Vol. 29, No. 4, pp. 459-493, DOI: 10.1023/
A:1016302913909.

Kennedy, C., Miller, E., Shalaby, A., Maclean, H., and Coleman, J. (2005).
“The four pillars of sustainable urban transportation.” Transport Reviews,
Vol. 25, No. 4, pp. 393-414, DOI: 10.1080/01441640500115835.

Litman, T. (2013). Well measured - developing indicators for sustainable and

KSCE Journal of Civil Engineering



Public Transportation and Sustainability: A Review

livable transport planning, Victoria Transport Policy Institute, Victoria,
Canada.

Litman, T. and Burwell, D. (2006). “Issues in sustainable transportation.”
International Journal Global Environmental Issues, pp. 331-347,
DOI: 10.1504/IIGENVI.2006.010889.

Low, N. (2003). Is Urban Transport Sustainable? In Making Urban
Transport Sustainable, pp. 1-22, Palgrave Macmillian, New York,
NY.

Manheim, M. L. (1979). Fundamentals of transportation systems
analysis - Volume 1: Basic concepts, MIT Press, Cambridge, MA.
Miller, P. (2014). Sustainability and public transportation: Theory and

analysis (Thesis), University of Calgary, Calgary.

Moavenzadeh, F. and Markow, M. (2007). Moving millions: Transport
strategies for sustainable development in megacities, Springer,
Dordrecht, Netherlands.

Moavenzadeh, F., Hanaki, K., and Baccini, P. (2002). Future cities:
Dyanmics and sustainabilit, Kluwer Academic Publishers, Norwell,
MA.

Nardo, M., Saisana, M., Saltelli, M., Tarantola, S., Hoffman, A., and
Giovannini, E. (2005). Handbook on constructing composite indicators:
Methodology and user guide, OECD.

Newman, P. and Kenworthy, J. (1999). Sustainability and cities, Island
Press, Washington DC.

Pei, L. Y., Amekudzi, A. A., Meyer, M. D., Barella, E. M., and Ross, C. L.
(2010). “Performance measurement frameworks and development of
effective sustainable transport strategies and indicators.”
Transportation Research Record: Journal of the Transportation
Research Board, pp. 73-80, DOI: 10.3141/2163-08.

Vol. 20, No. 4 / April 2016

Pope, J., Annandale, D., and Morrison-Saunders, A. (2004). “Concep-
tualising sustainability assessment.” Environmental Impact Assessment
Review, pp. 595-616, DOI: 10.1016/j.eiar.2004.03.001.

Ramani, T. L., Zietsman, J., Gudmundsson, H., Hall, R. P, and Marsden, G
(2011). “A generally applicable sustainability assesment framework for
transportation agencies.” Transportation Research Board 2011
Annual Meeting. Washington.

Schiller, P. L., Bruun, E. C., and Kenworthy, J. R. (2010). An Introduction to
Sustainable Transportation: Policy, planning, and implementation,
Earthscan, Washington DC.

Sustainable Transportation Indicators Subcommittee (2009). Sustainable
transportation indicators - A recommended research program for
developing sustainable transportation indicators and data.
transportation research board.

The Centre for Sustainable Transportation (2005, March 31). Defining
Sustainable Transportation, Retrieved June 23, 2011, from http:/
cst.uwinnipeg.ca/documents/Defining_Sustainable 2005.pdf.

Theis, T. (2012). What is Sustainability? In T. Theis, & J. Tompkins,
Sustainability: A Comprehensive Foundation, Houston: Connexions.
Retrieved October 1, 2012, from http://cnx.org/content/m41188/1.7/.

Vreeker, R. and Nijkamp, P. (2005). Multicriteria evaluation of transport
policies, In K. J. Button & D. A. Hensher (Eds.), Handbook of
Transport Strategy, Policy and Institutions, pp. 507-526, Elsevier
Oxford, UK.

Vuchic, V. R. (1999). Transportation for livable cities, New Brunswick, New
Jersey: Centre for Urban Policy Research.

World Commission on Environment and Development (1987). Our
common future, Oxford University press, Oxford, UK.

- 1083 —




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageDownsampleThreshold 1.33333
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageDownsampleThreshold 1.33333
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 150
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.33333
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /DetectCurves 0.000000
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /PreserveDICMYKValues true
  /PreserveFlatness true
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /ColorImageMinDownsampleDepth 1
  /CropGrayImages true
  /GrayImageMinResolution 290
  /GrayImageMinResolutionPolicy /Warning
  /GrayImageMinDownsampleDepth 2
  /CropMonoImages true
  /MonoImageMinResolution 800
  /MonoImageMinResolutionPolicy /Warning
  /CheckCompliance [
    /None
  ]
  /PDFXOutputConditionIdentifier ()
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [2834.646 2834.646]
>> setpagedevice


