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ABSTRACT

The application of the concept siistainability by transportat agencies is often limited by
agencies’ understanding of wigtstainability means and howcdn be integrated into their
regular functions. Varying definitions of the term “sustainability” and “sustainable development”
can be found in research and literature. The authors gdpisr consider “sustainable
development” as a process of change towarshee desirable state of the world. This paper
presents a flexible approach and framework wiktequip transportation agencies with the tools
required to understand what sustainabilitgams, incorporate sustainability into their
organizational culture, as well as to lay theugrdwork for the use of performance measures to
progress toward sustainabiligypals and outcomes. The framework development process was
conducted as part of an ongoing researolept under the Nation&ooperative Highway
Research Program titled “Sustainability Performance Measures for State Departments of
Transportation and Other Transportation Agies.” The proposed framework can be
applied/adapted for use in a range of transpion agencies, including state departments of
transportation and metropolitan planning organizatidnsey feature of thisramework is that it
moves away from the traditional “sustainabbnsportation” perspective and instead promotes
the consideration of transpatitan from a holistic “sustainablgevelopment” perspective. The
framework defines broadly-appéble transportation goals that can be broken down into a menu
of objectives and indicators tmver various transptation contexts. The framework is also
designed to direct an agency’s strateganping toward the practical implementation of
sustainability through performance measurement.
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INTRODUCTION
This paper presents research performed ut#eNational Cooperative Highway Research

Program (NCHRP) project titled “Sustainability Performance Measures for State Departments of

Transportation and Other Transportation Agenti€ke goal of this project is to develop
guidance for state departments of transpamaDOTs) and other agencies to understand and
apply concepts of sustainahjlthrough performance measurent to enhance their decision-
making, including planning and operations.

The vision for this project is to develop a frework that is flexible and applicable to a
range of US transportation agencies. The propappedoach balances the need for addressing
sustainability in a holistic manner (i.e., in teraissustainable development”) with practical
considerations that favor a sector-specific apph (i.e., “sustainabkeansportation”). The
framework presents guidance on importantanability principles, as a first step to
understanding the subject. The framework alsogmtssa set of broadlypglicable transportation
sustainability goals that can beewied in conjunction with an agency’s strategic goals to enhance
the strategic planning procesidther key aspect is the usefefus areas (i.e., transportation
agency functions where sustainability can be agdplie further define the context. The practical
application of the framework is through a menwbjectives and performance measures related
to the sustainability goals as well as to the focus areas.

This research lays the foundation for usinggenance measuresrfeustainability by
developing appropriate contexts transportation agencies. Tkds a need to understand that
while sustainability is a conceptahreaches across sectors, it hasadranslated into steps that
can be taken within an agency. By taking iat@ount both a top-down and bottom-up approach,
this framework provides a start to tackling the issue of sustainability and making it accessible
and relevant.

BACKGROUND AND LITERATURE REVIEW

There are vast amounts of literee covering the subjects sfistainability/sustainable
transportation, performance measurement, andgplécation of sustainality for transportation
agencies. Keeping in mind the scope and aim ofpiyer, this section aims to distill the most
important concepts and assemtiiem in a concise form.

Topics covered include:
e Sustainability and sustainable development;
e Applying sustainability in tb transportation sector; and
¢ Frameworks, indicators, and performance messstor sustainability in transportation.

Sustainability and Sustainable Development

In general, sustainability can be thought of as relating to the holistic consideration of
environmental, economic, and social concerns, with a long-term perspective. The term
“sustainable development” evolved to link two distinct, yet related coneesunstainability
(fairness with respect to future generations’ needs., preserving the earth’s natural life-support
systems into the future) and development (more immediate concerns over progress and
improvement in living conditions for the presertt).(

The emergence of the terms sustainabditg sustainable development into common
usage can be traced through various global events, conferences, legislation, and publications
(2,3). To this day, however, a majority of wdtiat discusses sustainability inevitably refers to
the 1987 report for the United Nations Wo@dmmission on Environment and Development
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(commonly referred to as the Brundtland Commission repdyt)lhis report is considered a
turning point in recognizing that sustainabilitgeds to be addressed comprehensively through
coordination among various sectonsgdanot with a piecemeal approad).(A reason for the
popularity of the Brundtland definition of sastability, as discussed by Jones et@), ¢an be
attributed to the fact that it presents a broaghdg that even entities with conflicting interests or
goals can agree upon. However, the Brundtland Wwaskcome in for criticism as being too
anthropocentric (i.e., too focused on humavettgpment and needs). Alternative eco-centric
approaches include the Natural Step Ayagh framework, postulated by Robéf}, (and the
concept of Natural Capitalisn8), which views the natural environment as the primary focus of
sustainability.

Basic Requirements for Sustainability

Irrespective of the philosophicaligins of a framework, some key concepts of sustainability
emerge from the literature. How these criteia addressed/and equhtiepends on whether a
strong or weak approach to sustainability is adopted.

Sustainability Dimensions The dimensions of sustainabilifglso termed as the pillars of
sustainability) are the environmah economic, and social dimensions. These need to be taken
into consideration when following what igteed as a triple bottom line approach to
sustainability. Many definitions @ustainability address thesedl dimensions - for example,
“striving for an optimal balance between economic, social, and ecological obje&jyves (
“[sustainability]... requirements reflect thedcial conditions, @momic opportunity, and
environmental quality are essential if we sreéeconcile society’development goals with
international environmental limitationd@).” It is important to undestand that the dimensions

do not represent isolated areas of humarblifeare more like metaphors for a comprehensive
approach to judge if develomnt is sustainable overalll).

Relationship between Sustainability Dimensions The notion of dimensions of sustainable
development does not have a strict scientific b#sis.open to intengetation or argument how
the dimensions are to be made operational, theiv role with regard to one another is
perceived, and how trade-offseao be addressed. One wayédtate the dimensions to one
another is as a set of nestétles representing economic, sdcand environmental spheres.
Economic systems are contained within a socah&work; similarly, soeity exists within the
natural environment. There areny alternative representations to illustrate the linkages
between the three sustainability dimensionsluiting the three dimensions as intersecting
circles or as sides of a triang®.(

“Strong” and “Weak” Sustainability — Also relevant in this dicussion is the difference
between what are termed as strongwaedk approaches to sustainabilify?). A weak approach

to sustainability is one in which trade-offs amaagious facets of sustainable development (i.e.,
the dimensions) are considered to be accepthabteher words, the weak approach views man-
made capital and natural resources as integdeble, without considation of the finite

gualities of the ecosystem. On the other handstitueig approach views neal capital as the
limiting factor. Baker’s “adder” descriptionl(3) provides a clear idea of the range between what
can be seen as an ideal for sustainability §teong sustainability) and weaker definitions of
sustainability, represented by what is terraedhe “treadmill” approach. Gudmundsson also
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provides a comprehensive discussionvebk and strong sustainability) (stating that a more
nuanced approach can be taken to the igsuexample, by identiing certain critical
environmental resources that cannot be deplatedpposed to some that may be substituted or
renewed.

Applying Sustainability in the Transportation Sector

Transportation, as a major human activity, ismaportant consideration for sustainability. When
addressing sustainability in rétan to transportation, there are two divergent approaches noted
among literature and practices — one that is cedten transportation arahother that looks at
transportation in support of a baexr agenda for sustainabilitg)(

Sustainable Transportation — Holisticreaes Transportation-Centered View

Using the term “sustainable transportaticah sometimes narrow the scope of the problem
being addressed. To quote Greérgystainability pertains to éhresponsibility of an entire
generation of society to future generations; Whett can meaningfully be applied to a single
area of human activity such as tsportation has been a subjectlebate. That is, sustainability
must be satisfied by the integral activities of eisty and so, in this seasit is not possible to
judge whether one sector of setyi is sustainable on its owh4).”

The core principles of sustainable develepini.e., meeting human needs and improving
quality of life; living within the earth’s ecologal carrying capacityral maintaining/enhancing
natural capital; and protecting fueugenerations have been ingorated to varying degrees in
several conceptuabtions of sustainable transportatid(16,17. In general, sustainable
transportation is articulated using the sustairtgldimensions (also termed as the three Es —
environment, economy, and equity/society/employmel@)19,20,2) and is treated ash
expression of sustainable develarin the transportation sect¢22).” A limitation of this
conceptualization is that it has the potential to perpetbatstatus quo by focusing only on
changewithin the transportation sector tioe exclusion of changecrosssectors. Thus, it can be
argued that the sectoral focus implied by ausible transportation may limit opportunities for
radical technological and soaétransformations across several systems/sectors at2)nce (
Thus, an important question is whether it isenbeneficial to devep transportation policies
from asustainable developmefite., holistic) rather thansustainable transportatioi.e.,
transportation-centered) perspective.

Examples of Sustainable Transportatiorfibiéons and Implementation into Practice

As mentioned previously, theiga significant amount of reselron sustainability focused on
transportation, including attemgty transportation agencies tdfile sustainable transportation.
For example, a commonly cited definition of&inable transportaitn was adopted by the
European Conference of Mingss of Transport (ECMT)23).The ECMT’s definition is based
upon an earlier definition created by The CefareSustainable Transport in Canada in 1997
(24). These definitions are inalform of principles that emphasize basic access needs, human
and ecosystem health, equity, affordability, system efficiency, and limiting of emissions and
waste.

Banister described a sustainable mobility paradigm involving four primary elements
(technology, demand management, integrated lesse and transportation planning, and public
awareness and acceptan@g)( This concept of sustainable mobility was thought of as a
broader and more encompassuogcept than sustainable tsportation, understood to not only
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refer to physical movement (i.e., transportatiba) also the spatial, economic, and social
contexts 26).

Another definition of sustainabteansportation is that it balances “the need to travel with
the need to improve quality of lif@7).” In the US context, th€ommittee for the Conference
on Introducing Sustainability intSurface Transportation Plannir@gj defined a sustainable
transportation system as “onevinich (a) current social aretonomic transportation needs are
met in an environmentally conscious manner andh@ ability of futuregenerations to meet
their own needs is not compromised.”

Studies of transportation agencies in theitticate that while sustainability is not
explicitly mentioned in the mission and vision staents of most agencies, a majority of them
touch upon sustainability concermg addressing issues such as the environment, future needs,
and social equity29,30). In terms of goals for sustainakiransportation, past research has
indicated that potentiabjectives and goals of sustainatsensportation range from maximizing
accessibility, safety, and pedestrian/bike ustgminimizing ecosystem impact and cos%)(
More recently, the American AssociationSthte Highway and Traportation Officials
(AASHTO) listed a set of 17 goals for susiable transportation, which include improved
accessibility, mobility, and safety, redugeallution, ecosystem impacts, et82f. AASHTO
also hosted a peer exchangesastainability, that identified set of seven focus areas for
sustainable transportation, inding social well-being and nesnsibility, material flows and
management, energy, fuel and climate, habitat, ecosystems and storm water, economic
efficiency, health andafety, and land us&3).

A review of the literaturéendicates that there are ceni@ommonalities among various
sustainable transportation iaiives and definitions; thes®oadly include concerns about
environmental impacts, emphasis on safeffprdability, and accessibility of transportation
services, etc. There are many challenges vwegblith evaluating sustainability from a
transportation perspective, depending on the scope of the iantigslevel at which it is
undertaken, or the agency beiransidered. A proposed set of pripleis that capture the essence
of sustainable development is provided below:

“Sustainability entails meeting humaeeds for the present and future, while:
e Preserving environmental and ecological systems,
e Improving quality of life,
e Promoting economic development, and
e Ensuring equity between and among population groups and over generations”

The purpose of these principles is to enshad the transportation sector encourages,
supports, and maintains progress toward sustdityaihese principlesre general in nature,
aiming to be inclusive. The description of goalshia next section helgs clarify how the broad
sustainability principles tratate to transportation.

Frameworks, Indicators, and Performance Measures for Sustainability in Transportation

Organizational Considerations

The lines that delineate traditial transportation agency organiaatl boundaries and the siloed
nature of responsibilities fananaging the nation’s transpeation system often present
challenges for practitioners seeking to impégintransportation sustainability principles.
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Transportation sustainability concerasuch as climate change or economic growaften
extend beyond the organizational boumeaof national, state, athacal transportation agencies.
Likewise, within an agency, sustainabilityindluenced by many traditional organizational
stovepipes that comprise transportation infragtire management, which range from planning
transportation investment cloeis to designing infrastructyrer day-to-day operation of
transportation facilities. Progress on transgamasustainability depends on the ability of
agencies to acknowledge the overlaps thstiasnability exposes among their organizational
boundaries and their willingness collaborate across traidihal organizational linesboth

inside and out. An understanding of the needseitiencies, of how ageasiinteract with each
other and with other elements outside tla@sportation sphere, tiserefore required.

Applying Performance Measement for Sustainability

Performance measures (or indicators) are mabkicriteria that can be used to evaluate
progress toward achieving goals. The generglptiaable performance measurement process
can be described as having the following st&d$. (1) determine objective®) set targets; 3)
measure performance; 4) monitor performanaaraj targets; and ®valuate and review
process. The outcome of this process canilgadlecision-making or #ions taken to improve
performance.

A guestion that arises is hasustainability performanaaeasures/indicators differ from
other performance measures ttadally used by transportain agencies. Litman and Burwell
dtinguish between what are termed as conveatitransport indicatorand those that can be
termed as sustainability indicato®.(For example, there is a need to shift from using
automobile-centric (and operations-focused) penorce measures to assessing indicators that
are more holistic, even if they are more diffidolimeasure. Similarly, Zietsman and Rilett noted
the paradigm shift required for capturing susdility concerns — moving from measuring
mobility to accessibility, anffom outputs to outcome®2). Thus, while the use of sustainability
performance measures and indicators reghiesame adherence to sound performance
measurement principles (i.e., use of relevardsuees, based on availallata, responsive to
trends, etc.), they also needtéde into account a broader senghat sustainability is. This
approach is typified by MarsdeB4) who screened sustainabilitydicators by onsidering their
relevance to transportation, relevance toanability outcomes, as well as whether the
indicators were of acceptable quality in terohslesirable characteristics for a performance
measure.

There exists substantial literature on sustaliglindicators — both general indicator sets
and those specifically geared towdné transportation sector. Hal))( Litman (35) and Jeon
and Amekudzi29) are examples of resources that jlevcomprehensive summaries of a range
of sustainability indicator sets from many US and international organizations.

Comprehensive Sustainability Evaluation tigb Performance Measures and Frameworks
When creating a complete methodology of sustaiitya performance measurement that can be
utilized by a transportation agency, it iefid to study how perfenance indicators are
combined into frameworks and applied. A framekvoan be viewed as a formalized system of
goals, objectives, and performance measureseapfar sustainability. Another aspect of
implementation is the creation of methodologmsquantifying or evaluating performance
measures, benchmarking the measures or setting targets.
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Defining an appropriate framesk can help resolve or clarify the issues related to
developing an approach to comprehengiwsaluating sustaindliy. Pei et al. 86) discussed
the validity of various performance measurenfearneworks, includinghose traditionally used
in sustainability assessments (such as the triple bottom line) to those usually used in other fields
(such as balanced scorecards, performansmpetc.). The authors also discussed the
requirements of robust sustainability framewdrksn a transportatioperspective, including
comprehensiveness, understanding of trade-ofésntaining linkages with agency goals and
objectives, addressing needs of akstholders, and being flexible.

While there are many examples of sustainabititicators available in literature, as well
as guidance on indicator selectiand framework development, there are very few documented
examples that move through all phases of tistasuability framework application process —
including defining sustainalty and applying performanceeasures. A notable resource
promoting this approach is the Performahmasurement Framework for Highway Capacity
Decision-Making, or the Collaboigae Decision Making Frameworl37) developed under the
Strategic Highway Research Pragr. Though not explicitly linked tsustainability, it provides
guidance to define the approggaise and formulation of performance measures across the
stages of the planning andopgct development process.

APPROACH TO DEVELOPING A GENE RALLY-APPLICABLE SUSTAINABLITY
FRAMEWORK

In addition to the literature veew and study of general pram#i case study interviews were
conducted for selected US and internationalspantation agencies tdentify issues, possible
approaches, and best practicppleable to the development of the sustainability framework. A
preliminary set of 30 case study cataie agencies were reviewdgurther in-depth case studies
were conducted for 14 of these agencies, cogaicross section sfate DOTs, MPOs, and
other transportation agencies.

The term “framework” in this context corgenot only the implementation aspects of
sustainability, but broader topies well. This includes informatnal modules that discuss basic
concepts of sustainability andgmide an understanding of how they relate to transportation. The
framework also includes guidance for transgbon agencies to implement performance
measures for sustainability. The frameworkoisiltimately take the form of a guidebook for
transportation practitioners. &tollowing points encapsulateetlapproach to developing a
generally-applicable sustainability framework faansportation agencies based on the research
team’s consolidated findings and sulpsent conclusions and recommendations:

e A distinction is made that sustainability denctéestate to be aspired, even if it cannot
necessarily be reached while sustainableelbgpment can be viewed as a process by
which sustainability is attained. Here, theotterms are considered as interchangeable for
the sake of simplicity.

e While acknowledging the alternative definitionissustainability, as well as the possible
weaknesses of the Brundtland definition, pieposed to use the Brundtland definition
as a starting point for ddessing sustainabilitysince the definition of
sustainability/sustainable development will be contested, a preferred approach would be
to note the key components of sustainabaityl develop objectives and strategies to
operationalize them within the relevant system boundaries.
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e Sustainability is typically considered b@ a combination of economic, social, and
environmental progress, usually termed asasngbility dimensions. The issues of future
needs (i.e., intergenerational eqligynd governance are also relevant.

e |tis important to acknowledge the intercextion between sustainability dimensions and
to respect that while gains in all areas are desirable there will be trade-offs over time in
their achievement. The aim of the framework proposed here is to provide a
comprehensive coverage of sustainability issues and ensure that any prioritization is
conducted and explained in a transparent manner.

e Growth in well-being rather than pure economiowth is desirable, and this brings in
the issue of having a strong versus weak ampro@a sustainability and to understand the
implications of each approach.

e While a holistic approach to sustainabilityessential, it does natply that the concept
of sustainable transportation is rendered nmegess. Rather, it means that sustainability
in transportation (or sustainairansportation) should bddressed keeping in mind that
transportation is one paot a larger system.

The authors believe specific emplsasihould be given to the designiiegratedandcoherent
policies and programs that seek to improvesitgal, environmental, and economic performance
of the transportation sectoithvout negatively affecting the germance of other sectors.

IDENTIFYING COMPONENTS FO R A GENERALLY-APPLICABLE
SUSTAINABILITY FRAMEWORK
A key consideration was to have the frameaw@main comprehensive without introducing
cumbersome levels of detail. In identifyinghgoonents to be included in the sustainability
framework, the question to be answeredabdt does a transportath agency need to be
equipped with in order to successfully adsrasustainability issues through performance
measurement?Keeping this in mind, the basic stdpswhich a transportation agency can
implement sustainability concerns/goals include:
e Understanding the universal principles/concegptsustainability and using these to lead
into a general definition of sustainability;
e Tailoring this general definition to fit thentext in which performance measures are to
be used; and
e Defining appropriate sustaindiby goals and objectives, lking performance measures to
these goals, and then applying performance measurement.

Four major components were identified as pathe framework: 1) general sustainability
principles; 2) goals for sustainability in the transportation sector; 3) framework application
guidance; and 4) sustainability objectiaasl performance measures. The four major
components of the framework are descrilvethe following sections of the paper.

GOALS FOR SUSTAINABILITY IN THE TRANSPORTATION SECTOR

The framework presented in thissearch proposes a set of gdal provide guidance on how to

operationalize the general sustainability principléin the transportation sector. Goal-setting
is a crucial part of the process, as it allovesmsportation agencies tolitberate how goals of the

organization relate to sustabikity. Depending on the transpatitan agency and its function, the
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particular goals prescribed in the framework maynay not be explicitly used as a part of the
sustainability performance measment in their entirety.

“Provide and Protect” Approach to Sustainability Implementation

The approach to implementing sustainability imte of goals for the traportation sector can be
characterized as tgfovide and protect This phrase encapsulates what we ook for in
sustainability — meeting human needs (peoyide and ensuring that éhenvironment is
adequately safeguarded, and that the intecéstsinerable populations are promoted (i.e.,
protec). This approach is similar toow sustainability is often enacterized and enacted across
various nations, states, and agencies. For pharthe government of Sweden organized its
transportation policy in two cagories — termed as functional and impact objecti88k As
indicated by the name, the furartal objectives deal with howelftransportation system serves
its main functions, while the impact objectives consider broader isip&tite system on the
natural and human environment. This characteomgwhich mirrors théprovide and protect”
terminology) helps us understand how sustainalzhbty be addressed by transportation agencies
or in the transportation secteffirstly, in how agencies provdtransportation facilities and
services, and secondly, in hdley impact broader issues.

Developing a Recommended Set of Goals

The development of a set of goals is an imponpant of the process of thinking through what
the sustainability principles @an for the transportation sectord for transportation agencies.
A set of 11 goals (shown in Table 1) were ideetifas key goals for transportation agencies to
promote sustainability in their activities. The goaere developed based a review of critical
sustainability and transportation issues iderdifrem literature review findings and issues
raised by practitioners and researchers during staglies conducted asrpaf the research
project. The development of these goals also iotmkaccount how sustainability needs to be
addressed both in terms of system functionsystiem impacts. While these goals are broadly
relevant to transportation agencies and thaictions, it is acknowledgkthat transportation
agencies would wish to review these goals iati@n to their own stratgc goals and concerns.
The goals can be incorporatedaiselective manner while agplig the framework, as discussed
in the description of the goal rewi process in #hnext section.

Classification as Functional and Impact Goals

In the approach to characterizing sustaingghibr transportation agencies, the recommended
goals are broadly classified as: 1) functional goals (relédisgstainability in how the
transportation system functions.e., goals that “provide” anénsure”) and 2) impact goals
(relating to how sustainability t® be considered in terms of the transportation system’s broader
impacts — i.e., goals that “protect” and “reduc@his is also shown in Table 1. This approach is
also helpful in the goal review processwihich agencies modifying/incorporating goals
selectively can use the impact/functional clasation of goals to ensel development of a
comprehensive goal set foreih particular context.
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TABLE 1 Listing of Prescribed Goals and Thei Classification as Runctional/Impact Goals

Functional Goal Impact Goal
Provide ... Protect and Enhance ...
1. a safe transportation system for users and the 8. environmental and ecological systems while
general public. developing and opetimg transportation
2. a transportation system that offers accessibility systems.
that allows people to fulfill at least their basic
needs. Reduce ...
3. options that allow affordable and equitable 9. waste generated by transportation-related
transportation opportunities for all sections of activities.
society. 10.  the use of non-renewable resources and promote
the use of renewable replacements.
Ensure ... 11.  transportation-related emissions of air
4. the transportation system’s functionality and pollutants and greenhouse gases.
efficiency is maintained and enhanced.
5. the transportation system is secure from, ready
for, and resilient to threats from all hazards.
6. the transportation system’s development and
operation support economic development and
prosperity.
7. the economic feasibility of transportation
investments over time.

These goals also provide transportation agendidstiae means to work with other agencies and
organizations that have a shared intentiommsion with regards to sustainability and
transportation. Such organizations can leveragh ether’'s work when it comes to these goals,
through cost savings obtained by matching fund$&y working together to reduce the costs
relating to public engagemeand process costs.

Mapping Goals to Sustainability Principles

As mentioned previously, the above 11 goalsendeveloped based on findings from literature
review and case studies. When further bradkewn into objectives and performance measures,
the applicability is retained even for agenciest tieview and modify the goals as a part of the
framework application process.

The criterion for a goal to be included in m®posed set is that it should have a clear
relation to at least one princgbf sustainability, but it could also reflect more than one
principle. The four components of the principfesm the previous section can be summarized
as:

e Preserving environmental and ecological systems,

e Improving quality of life,

e Promoting economic development, and

e Ensuring equity.

The above four components were used to mapub&inability goals to the principles, as shown
in Figure 1 for one example goal. For the firsethcomponents, the applicability of the goal to
the principles was in the form of a yes/no Ijjn@ndicated by a check mark in the figure).
Overall, a mapping of the entire goal setltese components indicated a comprehensive
coverage of all principles by the goals.
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The final component (equity) isese as a special principle thag¢eds to be an integrated
part of the framework. There can, for example concerns relating to how the economic and
environmental benefits of new transportatiotiatives are distributed. However, these equity
impacts are often neglected or “traded-offf &@onomic and environmental gain, even in the
traditional triple-bottom line approach to sustaiity. Rather than assess applicability as a
“yes” or “no” in this case, it was felt that a dission of each goal withsgpect to equity is of
more value to practitioners. Thus, the last@pte is included as “equity and distributional
impacts” — in the form of an assessment efelquity or distributiodampacts that may be
considered important for each goal, both inrdra-generational (i.e., present-day) and inter-
generational (i.e., future) context.

~ ~
Reduce transportation-related emissions of air

pollutants and greenhouse gases

|j Preserving Environmental and Ecological Systems
Ij Improving Quality of Life
|j Promoting Economic Development

Equity and Distributional Impacts

*Air quality problems have strong spatial differences
*The problems in more severe areas should be addressed
= Climate change emissions have significant global equity
issues which may inform any targets selected

FIGURE 1 Example of mappng of goals to principles.

In applying this framework it is important sxcept that some goals may not apply to
some agencies or may have radically diffeiegortance within different local contexts.
Specific local goals may need to be added, witiers in the proposed goal set may not be
included. It is anticipated that the goal reviewgass would help agencigstify their selected
goals, and explain clearly the rationale for andnection to the principles of any new or
additional goals. This is explaiden detail when discussing the application of the framework.

APPLICATION OF THE FRAMEWORK — TURNING PRINCIPLES AND GOALS

INTO PERFORMANCE MEASURES

A step-wise process is anticipated to interfine sustainability principles and goals into
performance measures which work in differepplication areas within an agency. The main
steps in the process of frameWwapplication are as follows:

Develop an Understanmy of Sustainability

Goal Review

Framework Application — Focus Areas and Business Units
Framework Application — Whole Agency

PwpnpPE
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These steps are not completsgguential, in that many inwa feedback loops and cross-
checking between steps for proper implementadiothe framework. These are shown in the
proposed framework layout shown in Figure 2 belbach of the steps is then described in
further detail.

Develop Understanding of
Sustainability

Goal Review

Participation

Craoss check

L Include external
Framework Review 3 agencies and
i groups

Stakeholder Engagement and

Feedback Y
Informgtion sottomUp | Framework Application

Whole Agency

Framework Application
For Focus Areas and Business

Units Feedback

Operational Decisions Strategic Decisions

FIGURE 2 Propose'd frameWOrk'Iayrout.

1. Develop an Understanding of Sustainability- The organization should understand the
principles and debate how they relate titikontext and their ggific organization.

2. Goal Review -The set of 11 goals described in the pyas section may not be applicable in
their entirety to a particular agency. Agensasuld review the goals aigpst their own remits
and the strategic goals which they are beirkg@$o support and deliver. Goals can be added
and their linkages to the principles given duesideration, especially ¢fie extent to which
equity issues are important. Agees should also ensure thth functional and impact goals
are a part of the final goal set.

Since the final set of goals developed will be transportation-focused, it is important that
agencies still keep in mind the holistic naturesastainability issues. For example, if agencies
find they are restricted from addressing important aspects of sustainability, this highlights the
need for inter-agency cooperation to ensuag tine goal is being adequately covered and
monitored elsewhere. While this is not an esthat can directly be addressed within the
framework, it is still necessary for agencies tdenstand the bigger picture issues, and to think
and work in a holistic manner.
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A few additional comments on the goaliew process are provided below:

e When goals are omitted or realigned, theraxy should attempt tmaintain a goal set
that is representative of @kpects of the sustainabilpyinciples, and provide explicit
reasoning and justification for over-representatiothe lack of representation of certain
principles in the set of goals.

e As part of the goal review process, orgations should develop clear directions of
change for their goals and include a transpastatement about how the equity impacts
of their policies are being considered.

e Itis recommended that the goal review psxbe given adequatensideration in the
application of the framework, as the goals eonsidered to beitical in developing
agency-level directions for sustainabilifynese goals can then be applied in the
framework for specific areas within theeangy, or for the agency as a whole.

e Itis possible to apply thframework while bypassing the development of goals by
directly linking performance measures tatsunability principés. It can be argued,
however, that the developmentgwals is still implicit to thigprocess. Therefore, the use
of the following hierarchy: sustainability principle -> sustainabjoal -> sustainability
objective/performance measure is preferredhis hierarchy, the goals relate to the
entire agency, while objectives and performance measures may be specific to only
particular aspects of an agency’s functioning.

3. Framework Application — Focus Areas and Business UnitsThe application of the
framework within the various operational arms of the agency will vary quite significantly. The
proposed framework considers this in termsaaf elements — termed as focus areas and
business units. The focus areas are brodelined generic categories applicable to
transportation agencies (for example, operatmr@danning). Business usirefer to specific
divisions or sections in an agency thaghiibe tasked with implementing performance
measurement for sustainability timeir particular area. The boumges of a particular business
unit may or may not coincide with the focus areeescribed in the framework. The application
of the framework and selection of performance messneed to take both these elements into
account.

Specific business units should identify whiaf the goals they contribute to. This
performs two roles. First, the whole agemscygtainability manager can understand which
business activities impact which goals. If no dtig impact on a specific goal then it may be
that core business activities are not being interpreted breadlygh or that the goal may have
little organizational relevance and might be removed. So, for example, the street lighting section
may have strong connection only to goalatedl to non-renewable energy and safety.
Construction activities may focus on waste generation, emissions, and environmental protection.
The goals will be subject to performance indicatwhich are specific to that business unit.
There will therefore be multiple performance indicators across the organization that are
contributing toward the achievement of the go8lsme standardization will be necessary and
desirable (for example in carbon footprint cédtion) and must be addressed as relevant.

4. Framework Application — Whole Agency— The application of the framework for a whole
agency can include top-down applications thek at the various focus areas or business units,
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as well as the development of $té@ic direction on sustainabilifpr the agency as a whole, as
described below:

e Performance measurement anpaming across focus areas and agency divisions can also
help identify areas for improvement. Theeagy’s approach and understanding of the
implementation of sustainability is developed and improved (by iteration) through
interaction with the business units, for wig clear reporting framework needs to be
established.

e |tis also important for the framework tdfluence important straggc decisions rather
than just the detailed implementation prees at the business unit level. This can be
done for example, through the developreemd application of sustainability reporting
scorecards which are supplied and discuss@didaof all major boal level decisions.
This approach is used in the UK Highways Agency.

Figure 2 also includes a “framework reviestép, between the goal review and framework
application sections. As mentiahe the previous section onetldlevelopment of sustainability
goals, the framework review provides the opportutatinclude external agencies and groups in
the review process. These entities can Hedpagency search for potential avenues for
collaboration that can save costs, pool resoyaras share expertise/knagge in the case of
multiple agencies working toward common sirsability goals. As shown in Figure 2,
stakeholder participation inessary in understanding sustailigbhideveloping the goals, and
reviewing the framework.

The framework application, resulting in sgpgonal and strategic decisions does not
represent the termination of the sustainabdggessment and performance measurement process.
Feedback information on whether the decisions are leading to the desired/intended outcomes is
an essential part of the pr@sg and must lead to refinements being made to the framework
application to ensure continuaiprovement. Another aspecttbie framework targeted at the
strategic level could be the decision to depean agency-wide definition or statement on
sustainability. It is proposed todlude guidance on this topic fhe form of additional material
in the finalized framework.

SUSTAINABILITY OBJECTIVES AND PERFORMANCE MEASURES

The aim of this section is fmrovide a menu from which performee measures can be selected
for use in the framework application process. Takes the form of a nvax of objectives and
indicators covering the 11 goals.&ole of the objectives is farther define how goals can be
linked to targets and outcomes in specificu® areas, with apprapte indicators and
performance measures linked to each objective.

The matrix of objectives and performance measare®rganized to cover five focus areas:
Planning

Programming and Project Development

Construction and Maintenance

System Operations

Organization and Administration
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The contents of this matrix will help withe selection of performance measures, as well
as in the development of newrflmance measures when necegséhe main concept here is
that a transportation-sector sustainability gzl translate into different objectives and
measures according to the focus area under consideration. An example is provided in Table 2,
again for the goal relating to air pollutants @mdenhouse gases. The example lists one potential
objective and related indicators per focus ared,is meant to illustrate how objectives and
indicators targeting the same goal may differ mteof scope and coverage. Only the first four
focus areas are covered in this manner - thé ficais area (organization and administration) is
considered to be an overarching category fackibbjectives and indicators will not necessarily
be goal-specific.

TABLE 2 Potential Objectives and Indicators(by Focus Area) for an Example Goal

GOAL - REDUCE TRANSPORTATION-RELATED EMISSIONS OF AIR POLLUTANTS
AND GREENHOUSE GASES

Focus AREA ExamMPLE OBJECTIVE POTENTIAL | NDICATORS

travel distances between interacting land uses
floor area ratio

population per square mile
jobs per square mile

labor force/jobs balance

Promote land use
compactness, density, and

Plannin
g balance of interacting uses

Planned route or service miles of: transit

routes, pedestrian facilities, designated bik

facilities,

e  population within one mile of transit,

e person-miles walk distance to transit stops

e person-miles distance from building
entrances to public pedestrian facilities
(sidewalks, pedestrianways),

e connectivity index: (pedestrian facilities,

bike facilities, transit)

[ ]
[0

Programming Promote use of non-

and Project motorized modes
Development

Reduce adverse impact on
traffic operations (lane
Construction and reductions, traffic
Maintenance interruptions, detours,
night operations)

reduction in peakdur/period capacity
vehicle or person hours of delay,
extra VMT generated,

percent of passing VMT affected by
construction/ maintenance operations

e percent of VMT at low emission speed

Reduce congestion-related ranges,
System o veiele el
Operations emissions * lotalvenicle delay, . . :
e percent of approaching traffic that is stopped
o multimodal level of service (by mode) T

The completed matrix will contain multiple example objectives and indicators presented
in a similar manner to Table 2, covering all gaaisl focus areas. Further information, including
translation of indicators to specific perfornt@ measures, units of measure, computation
methods, and data will also be included. didition to the focus areas, further context will be
established in the objectives and performancasmes by addressing issues such as area type,
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environment (natural and built), and users. It should be noted that some objectives and indicators

may overlap between focus areas, and thdteeipossibility ohaving indicators and

performance measures that may be used in a cross-cutting manner or for multiple purposes.
On completion of the goal and framework ewisteps in the framework application, the

contents of this matrix can guide in the setatif appropriate performance measures, as well as

in the development of new objectives and meastirecessary for goalsdhare not covered in

the set of 11 proposed goals. It is to be notati¢hrtain business units an agency might find

the above focus areas not completely aligned thigr structure — but due to the differences

among the structure of DOTs and other agenciesistinist addressed the organization of the

matrix. It is recommended that agenciedrads these overlaps by selecting objectives and

performance measures from multiple focus areas as necessary.

FRAMEWORK IMPLEMENTATION

The previous sections outline the approach a transportation agency could use to apply the
framework in practice. This includes developian understanding of sustainability, identifying
appropriate sustainability goalsatrare also relevant fromsaistainability perspective, and
identifying suitable objectives and performaimugicators or measures to operationalize the
process for selected focus areas and busurets Additionally, tke application of the
framework for the agency as a whole can aldaraaligning an agency’strategic planning and
direction to be in line witlsustainability considerations.

Prior to implementing the framework, a thoroughkiew of the framewark is desirable to
ensure a comprehensive and robust approastusiainability. The framework review process
should examine the goals, along with selectedailyes and performanceeasures to determine
if satisfactory coverage of the principlesashieved. Agencies must use the opportunity to
collaborate with external agencies in a synergistic manner. Stakeholder input is also a vital part
of the framework development process. The divehape of the framewkrshould be studied to
ensure that each of the principles is covened that the coveragenst disproportionately
weighted to one principle. It shioube reflected and explained difily if there is a purposeful
emphasis/de-emphasis on some principles. Thmeragency sustainability strategy should be
described and developed around this set ofetegl principles and goals. Upon implementation
of the framework, feedback based on the outcamiteffectiveness of reing decisions should
drive further refinements to the framework.

CONCLUDING REMARKS

This paper outlines the foundation for a framewtbik will enable transportation agencies to
integrate the notion of sustainability into théecision-making. The authors believe specific
emphasis should be given to the design of iatiegk and coherent policies and programs that
seek to improve the social, environmengald economic performance of the transportation
sector without negatively affectinbe performance of other sectors.

The approach and framework presented hdo¥esses the critical bridge between the
seemingly abstract concept of sustainabilityhi® everyday practice tfansportation planning
and system management. Through a clear step-by-step framework, transportation agencies and
practitioners can understand sustainability, develop context-apgieogoals and objectives, and
apply performance measures to incorporate sustainability comsaoher into their activities.



O© oo ~NOOTLhA WNPEF

Ramani, Zietsman, Gudmundsson, Hall, and Marsden 18

ACKNOWLEDGMENTS

We wish to thank, Lori Sundstrom, Seniop&ram Officer, NCHRP, and all members of the
NCHRP project panel (chaired by Wayne Kober)tfeir guidance and input. We also wish to
thank the following members of the reseatedim for their contribtions: Tim Bevan, Brian
Bochner, Joe Crossett, Hugh Louch, Steve Mbg@tiris Porter, Joanne Potter, Ginna Reeder,
Sam Seskin, and Kristen Wallin.

REFERENCES

1. Gudmundsson, Feustainable Mobility anthcremental Change — Some Building Blocks for
IMPACT. WP2 IMPACT, TransportMistra, Sweden, 2007.

2. Hall, R. P. Understanding and Applying the Concept of Sustainable Development to
Transportation Planning andeBision-Making in the U.SPh.D. Dissertation, MIT, 2006.

3. Kelly, C.Origins of SustainabilityReport for Task 1.1, Appraisal Sustainability Project
Report, Institute for Transport Studies, Unsigr of Leeds, Leeds, UK. Working Paper.
http://www.its.leeds.ac.uk/projects/sustainability/project outputs.htm

4. U.N. World Commission onrivironment and Developmer@®@ur Common Future: Report of
the World Commission on Environment and Developi@#ei2/427). 4 August 1987.

5. Clayton, A., and N. Radcliff&ustainability: A Systems Approadtestview Press, Boulder,
Colorado, 1996.

6. Jones, C., M. Baker, J. Carter, S. Jay, M. Short, and C. \Btatkgic Environmental
Assessment and Land Use PlanniAg:International EvaluationSterling, VA: Earthscan,
London, 2005.

7. The Natural Step. http://www.naturalstep.trg/system-conditions. Accessed November 25,
20009.

8. Hawken, P, A. Lovins, and L. H. Lovindatural Capitalism: Creating the Next Industrial
Revolution, 1st EditiarLittle, Brown, and Co., Boston, 1999.

9. Litman, T., and D. Burwell. Ises In Sustainable Transportatidmt. J. Global Environmental
IssuesVol. 6, No. 4, 2006, pp. 331-347.

10. Mihelcic, J. R., J. C. Crittenden, M. J. Small, D. R. Shonnard, D. R. Hokanson, Q. Zhang,
H.Chen, S. A. Sorby, V. U. James, J. W. &udtind, and J. L. Schnoor. Sustainability Science
and Engineering: The Emergence of a New Meta-Discipingironmental Science and
TechnologyVol. 37, No. 23, 2003, pp. 5314-5324.


http://www.its.leeds.ac.uk/projects/sustainability/project_outputs.htm

Ramani, Zietsman, Gudmundsson, Hall, and Marsden 19

11. For a more detailed discussion of theseetlisions of sustainable development, see
Gudmundsson, HSustainable Mobility anthcremental Change — Some Building Blocks for
IMPACT. WP2 IMPACT, TransportMistra, Sweden, 2007.

12. Turner, R. K.Sustainable Environmental Econesand Management: Principles and
Practice Bellhaven, London, 1993.

13. Jones, C., M. Baker, J. Carter, S. Jay, M. Short, and C. \8trategic Environmental
Assessment and Land Use PlanniAg:International EvaluationSterling VA: Earthscan,
London, 2005.

14. Greene, D. L. Sustainable Transportation. pp3%-39 In Baltes, Paul B. and Smelser, N. J.
(eds.).The International Encyclopaedia ofetlsocial & Behavioural Scienceslsevier Science
Ltd., Oxford, 2001.

15. Holdren, J. P., C. Daily, and P. R. Ehrlithe Meaning of Sustaibdity: Biogeophysical
AspectsDefining and Measuring Sustainalyli The Biogeophyiscal Foundatigrid. a. S.
Munasinghe, W. (ed.), World Bandistributed for the United Nimns University, Washington,
D.C., 1995.

16. Rees, W. E. Achieving Sustain#pi Reform or Transformation®ournal of Planning
Literature, Vol. 9, No. 4, 1995, pp. 343-361.

17. U.N. World Commission onrizironment and Developmer@ur Common Future: Report of
the World Commission on Environment and Developii#ia2/427). 4 August 1987.

18 . Button, KTransport, the Environment and Economic Poliegiward Elgar, Aldershot,
1993.

19. The Centre for Sustainable Transportation (CB&)inition and Vision of Sustainable
Transport.CST, Ontario, October 2002.

20. Organisationfor Economic Co-operatioand Development (OECDENnvironmentally
Sustainable Transport: FutureStrategies and Best Practicgynthesis Report of the OECD
project on Environmentally Sustainable Tran$8T. Organisation for Economic Co-operation
and Development (OECD), Paris, 2000.

21. Transportation Research Board (TRB)ward A Sustainable Future: Addressing the Long-
Term Effects of Motor Vehicle dmsportation on Climate and Ecolggyational Academy Press,
Washington, D.C., 1997.



Ramani, Zietsman, Gudmundsson, Hall, and Marsden 20

22. Zietsman, J., and L. R. RileBustainable Transportation: Conceptualization and
Performance Measureth Report SWUTC/02/167403-1p8thwest Region University
Transportation Center, Texas A&M Umirsity, College Station, March 2002.

23. European Conference of Ministers of Bport (ECMT). Assessment and Decision Making
for Sustainable Transport. OrganizatiorEaionomic Coordination and Development, 2004.

24. The Centre for Sustainable Transportation (CB&)inition and Vision of Sustainable
Transport.CST, Ontario, October 2002.

25. Banister, D. The Sustainable Mobility Paradigmansport Policy Vol. 15, No. 2, 2008, pp.
73-80.

26. Gudmundsson, H. Making Concepts Matter: &nable Mobility and Indicator Systems in
Transport Policylnternational SociaSciences JournaVol. 176, 2003, pp. 199-217.

27. Ferrary, C. and H. Crowther How Realigtie Sustainability Appraisals? A Review of
Research on the Transport Implicationg&kefional Policies for Yorkshire and Humb&rd
Transport Practitioners Annual Meetingston University, 6th July 2005.

28. Black, W. R. Sustainable Tramsp Definitions and Responsdategrating Sustainability
into the Transportation Planning Proceg3onference Proceedings 37, Committee for the
Conference on Introducing Sustability into Surface Transportation Planning, July 11-13,
2004, Baltimore. Transportation ReseaBdard, Washington, D.C., 2005, pp. 35-43.

29. Jeon, C. and A. Amekudzi. Addressing Sustdlibgn Transportation Systems: Definitions,
Indicators, and Metricdournal of Infrastructure System&SCE, March 2005. pp. 31-50.

30. University of WashingtorState DOT Mission Statements
http://pavementintective.org/index.php?title=UW:8te DOT Mission Statemen#sccessed
February 2010.

31. Zietsman, Jncorporating Sustainability Perforamce Measures into the Transportation
Planning ProcessPh.D. Dissertation, Texas A&M University, December 2000.

32. AASHTO Center for Environméal Excellence. American gsociation of State Highway
and Transportation Officials.
http://environment.transpottan.org/environmental_issuea&ainability/#bookmarksubGoalsfo
rTransportationAccessed February 2010.

33. CH2M Hill and Good Compan$austainability Peer Exchange: Transportation in Service of
a Sustainable Societgummary Report, June 29, 2009. Prepared for the Center for
Environmental Excellence, American Assdmn of State Highway and Transportation
Officials. From the Sustainability Peer &bange, Gallaudet Univaty Kellogg Conference
Center, Washington, D.C., May 27-29, 2009.


http://pavementinteractive.org/index.php?title=UW:State_DOT_Mission_Statements
http://environment.transportation.org/environmental_issues/sustainability/#bookmarksubGoalsforTransportation
http://environment.transportation.org/environmental_issues/sustainability/#bookmarksubGoalsforTransportation

Ramani, Zietsman, Gudmundsson, Hall, and Marsden 21

34. Marsden, G. Monitoring Across Sectors &patial Levels for Sustainable Transport: A
Good Practice Guide. Availableatvw.distillate.ac.ukAccessed July 2010.

35. Litman, T.Well-Measured — Developing Indicators for Comprehensive and Sustainable
Transport PlanningVictoria Transport Policy Institutd/ictoria, British Columbia, Canada,
2009.

36. Pei, Y. L., A. A. Amekudzi, M. D. Meyer, E. M. Barrella, and C. L. Rdsrformance
Measurement Frameworks and the Developmegffettive Sustainable Transport Strategies
and Indicators Georgia Tech University. Presented at th® 88nual Meeting of the
Transportation Research Board, 2010.

37. SHRP 2 Performance Measurement Fraonkewor Highway Capacity Decision Making
http://shrp2webtool.camsys.col¢cessed July 2010.

38.Overall Objective of the Swedish Transport Polidynistry of Enterprise, Energy and
Communications, Stédolm, May 14, 20009.


http://www.distillate.ac.uk/
http://shrp2webtool.camsys.com/

	A Generally Applicable Sustainability Assessment Framework for Transportation Agencies.pdf
	Basic Requirements for Sustainability 
	Sustainability Dimensions  The dimensions of sustainability (also termed as the pillars of sustainability) are the environmental, economic, and social dimensions. These need to be taken into consideration when following what is termed as a triple bottom line approach to sustainability. Many definitions of sustainability address these three dimensions - for example, “striving for an optimal balance between economic, social, and ecological objectives (),” or “[sustainability]… requirements reflect that social conditions, economic opportunity, and environmental quality are essential if we are to reconcile society’s development goals with international environmental limitations ().” It is important to understand that the dimensions do not represent isolated areas of human life but are more like metaphors for a comprehensive approach to judge if development is sustainable overall (). 
	Relationship between Sustainability Dimensions – The notion of dimensions of sustainable development does not have a strict scientific basis. It is open to interpretation or argument how the dimensions are to be made operational, how their role with regard to one another is perceived, and how trade-offs are to be addressed. One way to relate the dimensions to one another is as a set of nested circles representing economic, social, and environmental spheres. Economic systems are contained within a social framework; similarly, society exists within the natural environment. There are many alternative representations to illustrate the linkages between the three sustainability dimensions, including the three dimensions as intersecting circles or as sides of a triangle (3).  
	“Strong” and “Weak” Sustainability – Also relevant in this discussion is the difference between what are termed as strong and weak approaches to sustainability (). A weak approach to sustainability is one in which trade-offs among various facets of sustainable development (i.e., the dimensions) are considered to be acceptable. In other words, the weak approach views man-made capital and natural resources as interchangeable, without consideration of the finite qualities of the ecosystem. On the other hand, the strong approach views natural capital as the limiting factor. Baker’s “ladder” description () provides a clear idea of the range between what can be seen as an ideal for sustainability (i.e., strong sustainability) and weaker definitions of sustainability, represented by what is termed as the “treadmill” approach. Gudmundsson also provides a comprehensive discussion of weak and strong sustainability (1) stating that a more nuanced approach can be taken to the issue, for example, by identifying certain critical environmental resources that cannot be depleted, as opposed to some that may be substituted or renewed. 
	Sustainable Transportation – Holistic versus Transportation-Centered View 

	A question that arises is how sustainability performance measures/indicators differ from other performance measures traditionally used by transportation agencies. Litman and Burwell dtinguish between what are termed as conventional transport indicators and those that can be termed as sustainability indicators (9). For example, there is a need to shift from using automobile-centric (and operations-focused) performance measures to assessing indicators that are more holistic, even if they are more difficult to measure. Similarly, Zietsman and Rilett noted the paradigm shift required for capturing sustainability concerns – moving from measuring mobility to accessibility, and from outputs to outcomes (22). Thus, while the use of sustainability performance measures and indicators require the same adherence to sound performance measurement principles (i.e., use of relevant measures, based on available data, responsive to trends, etc.), they also need to take into account a broader sense of what sustainability is. This approach is typified by Marsden (34) who screened sustainability indicators by considering their relevance to transportation, relevance to sustainability outcomes, as well as whether the indicators were of acceptable quality in terms of desirable characteristics for a performance measure. 
	Comprehensive Sustainability Evaluation through Performance Measures and Frameworks
	When creating a complete methodology of sustainability performance measurement that can be utilized by a transportation agency, it is useful to study how performance indicators are combined into frameworks and applied. A framework can be viewed as a formalized system of goals, objectives, and performance measures applied for sustainability. Another aspect of implementation is the creation of methodologies for quantifying or evaluating performance measures, benchmarking the measures or setting targets. 


