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ABSTRACT

AN INDICATOR BASED TRANSPORTATION SUSTAINABILITY ASSESSMENT
IN REGIONAL DEVELOPMENT: A CASE STUDY FOR CACHE COUNTY, UTAH
by
Humaira Yusuf Nabeela, Master of Science
Utah State University, 2020

Major Professor: Dr. Keith A. Christensen
Department: Landscape Architecture and Environmental Planning

Transportation provides the foundation of the U.S. economy and growth, while
sustainable transportation preserves that economy for future generations and ensures a
better place to live. Thus, transportation agencies in some states have introduced
sustainable practices in their functional operations, following other countries such as
Australia, Sweden, Norway, and Canada, to name a few. With such practices in place,
transportation agencies assess and evaluate transportation sustainability. However, these
assessment practices typically monitor individual transportation projects or a specific part
of the transportation system, rather than involving the whole. Moreover, they either focus
on small-scale, local sustainability or large-scale, national sustainability assessments that
do not consider the impacts of local changes. A regional level sustainability assessment
could address local changes while also reflecting national requirements..
The sustainability rating system includes various scale and score-based measures
indicating a system’s performance towards sustainability. Nevertheless, very few
agencies, especially at the local and regional level, have any planning tools to integrate a
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wide range of sustainability measures and assist decision-makers in building a more
relevant and efficient transportation plan.
Performance measures or indicators help assess a region’s performance in the
field of sustainability through benchmarking. According to the World Bank, there are
more than 300 transportation performance indicators that can evaluate the sustainability
of the transportation system. As a result, using individual indicators for each city or
region to describe transportation sustainability can be overwhelming and ultimately
makes the process cumbersome and time-consuming. Thus, a combined sustainability
index method is preferable for an aggregated result, as the index compares variables
within a numerical scale. This study attempts to define transportation sustainability at the
regional level and establish a feasible methodology with performance indicators for
assessing regional transportation sustainability. This methodology will help a region track
the sustainability of its transportation system, the system that will ultimately maintain a
prosperous economy and ensure equity in a clean and healthy environment.
(Page Count. 139)

(151 Pages)
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PUBLIC ABSTRACT

An Indicator Based Transportation Sustainability Assessment
in Regional Development: A Case Study for Cache County, Utah
by
Humaira Yusuf Nabeela

Evaluating sustainability for a key system like transportation can be vital for both
planners and citizens alike, as planners provide the system and citizens use the system. A
sustainable transportation system not only builds a prosperous economy, but it also
ensures social equity and a healthy environment for years to come. There are differing
scales of sustainability assessment, ranging from neighborhood to global. However, a
sustainability scale between the local and national scale is not very common in practice.
Therefore, this study offers a regional scale sustainability assessment for the
transportation system that will address local changes while also reflecting national
requirements. To do the assessment study, regional sustainability indicators for the
transportation system have been used for benchmarking within a numerical scale. In the
end, the study will provide an aggregated result that will represent the region’s
transportation sustainability condition. Such an assessment is akin to evaluating a student
based on grades for several subjects.
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CHAPTER I
INTRODUCTION
Rapid development and economic growth are resulting in decreased resources
(Bruntland, 1987). Such unsustainable growth and development have created multiple
challenges, such as environmental contamination, global warming, drought, famine, loss
of energy, and social estrangement. (Bruntland, 1987). Sustainability is “a versatile
system of policies, beliefs, and best practices that will preserve the diversity and richness
of the planet’s ecosystems, excel economic vitality, create opportunities, and build a high
quality of life for people” (CH2M HILL, 2009). Global concern has been on the rise,
ensuring continuous development to prevent the endangerment of future generations
(Bartlett, 2012). As a dynamic effort, sustainable practices are emerging to combine
human needs and environmental standards (Gould, 2013).
1.1 Motivation
All six modes of transportation play a prominent role in transportation system
development (Eberts, 2000). These are used when commuting to work, purchasing
merchandise, accessing facilities, visiting family and friends, and traveling to distant
places. Due to a booming economy and technological advancement, transportation
facilities and services have increased rapidly in the United States. Transportation
connects over 7.6 million business establishments with customers, suppliers, and workers
(USDOC Census, 2018). Due to highway construction, over the past several years, more
and more people have come together, eventually creating more jobs (Serafim, 2010).
From a historical perspective, the power sector in the United States grew with the
length of railways (“High-speed railroading”, 2010). Such rapid transportation of people
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and goods through airways and waterways has made raw material affordable for
industrialists, driving the United States towards development and keeping the socioeconomic balance.
Nevertheless, with low physical constraints and average operational flexibility,
road transportation functions well, despite greater consumer need. Moreover, road
transportation allows for more diverse vehicles than other modes of transportation,
serving several purposes and making it more convenient (Rodrigue, 2020). Consequently,
road transportation has prominent and stronger impacts on land use patterns, congestion
of urban traffic, natural resource usage, quality of air, water, and the overall quality of
life (Rondinellia et al., 2000). Road transport accounts for 81% of the transportation
sector’s total greenhouse gas emissions, and the transport sector itself contributes 31% of
the U.S. total greenhouse gas emissions (Simpson et al., 2014). Sustainability in
transportation, especially in the road sector, has become an important issue for
transportation policy and planning worldwide (Eberts, 2000). A sustainable transportation
system ensures balanced economic development, better and safer accessibilities, and a
protected environment for both the present and the future (Shiftan et al., 2003; Steg et al.,
2005).
However, identifying policies for establishing a sustainable transportation system
is a major challenge for policymakers and planners alike, due to many constraints and
future uncertainties which prevent the fulfillment of sustainability targets (Alonso et al.,
2015). Sustainability targets can be achieved through a gradual sustainability assessment
of the transportation system. Sustainability assessment (SA) is one of the most
complicated evaluation methodologies, as it is conducted to assist the decision-making
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and policy-building process (Sala et al., 2015). Hence, performing sustainability
assessment requires a methodological framework that can be used to assess both new and
existing policies with performance measures or indicators (Sala et al., 2015).
Such a framework is defined as “the structure for the integration of concepts,
methodologies, indicators, and tools” (Sala et al., 2013). It is a conceptual model that
helps explain and determine what to measure, what indicators can be used, and what to
depict from the result (Pintér et al., 2005). Based on the definition of transportation
sustainability, a framework is built and divided into differing dimensions of
sustainability. Then a set of indicators is identified and measured for assessing each
dimension of the transportation system in the context of sustainability (Khan et al., 2009).
Therefore, the “Sustainability Assessment Framework” has become a commonly used
tool for evaluating sustainability in transportation development (Hemphill et al., 2004;
Hezri, 2005).
Sustainability assessment can be conducted using differing geographical scales,
varying from small units, such as neighborhoods, to broad units, such as countries
(Yigitcanlar et al., 2015). Historically, however, most sustainability assessment
techniques concentrate either on the urban scale or the national scale (Raskin et al., 2010;
Smetana et al., 2015). On the contrary, sustainability for any scales in-between, such as
regional scales, has not been explored much, particularly in the United States. However,
small and rural communities or counties located near larger cities are growing fast,
thereby creating a significant amount of commuting activities. Such communities or
counties are also concerned with the sustainability of their transportation system, as well
as preserving access to employment and educational opportunities (Shoup et al., 2010).
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Thus, this study will identify, categorize, and determine relevant indicators for
conducting a regional sustainability assessment and will measure and analyze those
indicators within a Sustainability Assessment Framework to determine the economic,
social, and environmental sustainability of its transportation system.
Indicators are variables that rely on practical data and are perceived as a rational
approach to determining a sustainability level that can be measured and compared
(Yigitcanlar et al., 2010; Singh et al., 2009). These indicators are also vital in order to
both identify issues related to the transportation system and ascertain how to make the
system more sustainable (Brownhill et al., 2002). This study aims to integrate
transportation sustainability indicators with the spatial planning process through the
Geographical Information System (GIS). GIS provides spatially referenced information,
functioning as a concrete foundation for decision-makers (James, 2008).
This study will focus on developing a sustainability assessment framework for the
transportation system. It will analyze sustainable assessment in a regional context. This
paper will also discuss transportation system sustainability and performance indicators,
factors to consider in the selection of indicators, development of a performance
measurement index, and how to integrate said index with the Geographic Information
System (GIS). This research provides a comprehensive perspective on sustainability in
transportation, which can serve as a model for use in a regional context.
1.2 Problem Statement
Indicators for any transportation system should be chosen cautiously in order to
reflect information specifically relevant to that system (Litman, 2009). As a single
indicator is not likely to effectively evaluate an entire system, an index must be created
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that covers various objectives of the system. Still, a particular policy may appear
favorable and necessary if assessed with one set of indicators and proven adverse and
damaging for other aspects of sustainability. For example, policy that encourages more
parking spaces may not be favorable for promoting transportation diversity. Hence,
indicators such as increased number of parking space, low parking cost etc. will not
corroborate in achieving social and environmental sustainability, although they are
necessary to measure policy for more parking space. In this sense, indicators should
complement each other, thereby balancing the social, economic, and environmental
dimensions while also evaluating the sustainability of a transportation system.
As reported by the World Bank, there are about 150 performance indicators for
evaluating the sustainability of a transportation system. Although larger sets of data
provide more precise analysis, excessive data collection can be costly to conduct. Hence,
the choice of indicators which will be most relatable to the system objectives, must be
carefully planned. Moreover, not all data are available all the time. In that case, there will
be a need for efficient data collection strategies, as well as concepts for compiling,
transforming, and interpreting existing data.
Indicators must also be chosen according to the mission and goals of the
Transportation Plan. However, a study by the Georgia Institute of Technology for the US
DOT Federal Highway Administration in 2011 shows that most state-run U.S. DOTs
discuss transportation sustainability concerning the environment, future needs, and social
equity issues separately, rather than addressing transportation sustainability as a whole.
Such practice creates a gap that needs to be addressed. Thus, indicators must be selected
in such a way that will not only fill this gap, but also comply with community
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requirements.
Indicators can be both quantitative and qualitative. While quantitative data is easy
to measure, evaluate, and analyze, qualitative data can be a challenge, especially when
representing the GIS application. Moreover, there are several transportation sustainability
weightings and scoring methods that have either been developed or are currently in
development, including Envision, Green Leadership in Transportation and Environmental
Sustainability (GreenLITES), GreenPave, Greenroads, Illinois Livable and Sustainable
Transportation (I-LAST), Infrastructure Voluntary Evaluation Sustainability Tool
(Invest), and the Sustainable Transportation Analysis Rating System (STARS) (Simpson
et al., 2014). Although each of these scoring methods determines sustainability using
different factors, they all emphasize the sustainability of transportation projects, rather
than the overall system and its impacts on a certain territory (Martland, 2012). Therefore,
a sustainability assessment method must be developed that not only evaluates the overall
transportation sustainability of a region, but that can also be integrated with the GIS
application, making it more comprehensible.
1.3 Purpose
The purpose of this case study is to examine, identify, and categorize various
indicators that define the sustainability of transportation systems in a rural or regional
context and to develop an assessment framework that will evaluate the overall
sustainability situation for the regional transportation system after conducting a GISbased transportation sustainability assessment. The Cache County MPO area in Utah has
been chosen for the case study.
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1.4 Objective
The key objectives of this study are—
•

To define transportation sustainability in a regional context

•

To select and determine indicators that drive regional transportation
sustainability

•

To develop an indicator-based sustainability assessment framework

•

To evaluate the significance of transportation sustainability in regional
development planning and study

1.5 Outline
This report includes seven chapters, including this chapter.
Chapter One discusses the motivation, problem statement, and reason for this
study, along with its objectives and scopes.
Chapter Two provides a framework for understanding transportation sustainability
and its related definitions. It focuses on an understanding of sustainable transportation
and its importance to the transportation industry. It also elaborates on the background
behind the study.
Chapter Three describes the methodology for the study and the study area.
Chapter Four explains that transportation indicators are selected based on
different regional transportation plans, policies, levels of integration with sustainability,
and sustainable practices implemented by state agencies. In addition, this research
demonstrates how sustainable indicators quantify these policies and practices and which
indicators were ultimately chosen for this research.
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Chapter Five documents the data collection for selected indicators and describes
each indicator.
Chapter Six discusses the data analysis and its outcome.
Chapter Seven describes research outcomes and identifies the limitations of this
study and directions for future research work.
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CHAPTER II
SUSTAINABILITY IN TRANSPORTATION
The first definition of "Sustainability" was given at the Conference on the Human
Environment in Stockholm, rising from a global concern about civilization’s inevitable
impacts on social and economic growth in the environment (United Nations, 1972). It
recognized the need to protect, preserve, and refine resources and environment for the
present as well as future generations. Since then, sustainability has become a major issue
for decision-makers worldwide (Newman et al., 1999; Jeon et al., 2005; Haghshenas et
al., 2012).
In simple words, sustainability relates to "the recognition, evaluation, and
attempted mitigation of long-term impacts of human or developmental activity" (Ramani
et al., 2009). Frequently, it is described in terms of "three pillars of sustainability":
environmental preservation, economic efficiency, and social equity. According to
Stylianidis et al. (2012), sustainability is the existence of harmony between the built and
non-built environment into perpetuity. It is a continuous and safe journey through time, a
non-stop effort to achieve environmental, socio-economic, and cultural goals (Stylianidis
et al., 2012).
When it comes to sustainability development, the World Commission on
Environment and Development’s report, also known as the "Bruntland Report," defines
sustainability as "development which meets present needs without compromising the
ability of future generations to achieve their own needs and aspirations." (WCED, 1987).
This definition links the significance of preserving natural resources with the well-being
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of human society by identifying uncertainties related to growth, making it one of the
most frequently cited definitions of sustainability development (WCED, 1987).
2.1 Transportation Sustainability
Any discussion regarding sustainability and sustainable development is almost
impossible without considering transportation. Increased demand in the movement of
people and commodities in recent years has led countries towards social and economic
prosperity. However, this prosperity has also resulted in high congestion, more frequent
accidents, higher transportation costs, excessive energy usage, and environmental
pollution (Booth, 2012). All of these negative aspects of the transportation system can be
minimized and controlled by ensuring the system's sustainability. Thus, transportation
sustainability indicates maintaining equilibrium among the three pillars of sustainability:
the environmental, social, and economic qualities of the system both in the present and in
the future (Ruckelhaus, 1989; OECD, 1996; Litman, 2003). This means a sustainable
transportation system should ensure safe and affordable accessibility of basic needs to
individuals in order to preserve the social balance, maintain a healthy environment, and
support a thriving economic system through its efficiency (Black, 2010).
Transportation Sustainability can be expressed as development in the
transportation sector and should be considered standard for an effective transportation
system (Litman, 2009). The committee for the conference entitled "Introducing
Sustainability into Surface Transportation Planning" defined sustainable transportation
systems within the U.S. context as systems “in which current social and economic
transportation requirements are addressed in an environmentally conscious manner, and
the ability of future generations to meet their own needs is not compromised" (Black et
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al., 2004; Ramani et al., 2011). As a whole, environment, economy, and equity (society)
are three equally weighted considerations when assessing transportation sustainability
(e.g., Litman & Burwell, 2006; Hall, 2006; Deakin, 2002, Lee et al., 2002).
However, it is crucial to attaining transportation sustainability that we improve the
environment with social equity and economic feasibility. Problems related to
transportation systems are more critical to address, as they have several negative impacts,
including congestion and its consequences on delays, noise, air pollution, GHG
emissions, impacts on land, and accidents (Environment, Nuclear Safety, and Civil
Protection, 1996; European Commission, 2011). Moreover, the idea of sustainable
transportation varies by location, scale, people, and their decision-makers, which makes
sustainable transportation planning more complicated. Hence, an expansive and
comprehensive practice is needed that will address and include all these issues for both
evaluation and monitoring (Ehlig-Economides et al., 2009).
According to the Centre for Sustainable Transportation (CST, 2005), a sustainable
transportation system is the one that:
-

Ensures peoples' safety with basic access and development requirements,
keeping equity within and between following generations (Social dimension)

-

Promotes well-balanced regional development by making it affordable, fair,
and efficient, considering the internalization of external costs (Economic
dimension)

-

Limits emissions of GHGs as well as waste to minimize environmental
pollution and control the impact on land use (Environmental dimension)

These key elements need to be included in policymaking, project implementation,
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and appraisal to build a sustainable transportation system (Booth, 2012).
2.2 Sustainability Assessment and Sustainable Assessment Framework
Although early understanding of sustainable transportation centered only around
environmental pollution due to consumption of fossil fuels or the issue of congestion
(Deakin, 2002; Black & Sato, 2007), researchers in recent years have linked sustainable
transportation with social and economic factors, along with environmental aspects (Zhou,
2012). Hence, Litman and Burwell recommended seeking an "integrated solution" to
sustainable transportation (Litman & Burwell, 2006). If factors that contribute to the
environmental, social, and economic goals of a transportation system are optimally
combined, sustainability can be obtained. This achievement can be evaluated through a
Sustainability Assessment (Quddus, 2014).
Sustainability assessment approaches can be conducted using either frameworks
or structured protocols (Srinivasan et al., 2011). A Sustainability Assessment Framework
is a conceptual model that helps to explain and determine what to measure, what
indicators can be used, and what to depict from the result (Pintér et al., 2005). Any
sustainability assessment requires a clearly defined sustainability framework, as it allows
any researcher or practitioner to follow logical, consistent procedural steps (Sala et al.,
2015). Despite not having any universally recognized framework for assessing
transportation sustainability, various transportation sustainability assessment frameworks
have been developed to serve communities and clients of different geographic scales.
These frameworks weigh, score, and rank the indicators that specify the sustainability of
a transportation system. Ten significant sustainability assessment frameworks are BESTin-Highways, Envision, Green Guide for Roads, Green Leadership in Transportation and
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Environmental Sustainability (GreenLITES), GreenPave, Greenroads, Illinois Livable
and Sustainable Transportation (I-LAST), Infrastructure Voluntary Evaluation
Sustainability Tool (Invest), Sustainability Assessment and Awards for Civil
Engineering, Infrastructure, Landscaping and the Public Realm (CEEQUAL), and the
Sustainable Transportation Analysis Rating System (STARS) (Simpson et al., 2014).
Although each of these scoring methods determines sustainability using different factors,
they all emphasize evaluating the sustainability of transportation projects and their
impacts within specific regions, rather than the overall system (Martland, 2012).
Monitoring the progress of transportation sustainability cannot be achieved
precisely with goals, visions, and targets only. It will also require a performance
measuring tool based on sustainability indicators which can cover all aspects of
transportation sustainability (Munier, 2005). A sustainability assessment framework can
be regarded as a formal system of goals, objectives, and performance measures applied
for sustainability. The role of different elements of the framework is to make the analyst
aware of several possible variables that could influence the final result of the analysis
(Wang, 2014).
2.3 Indicators
As "sustainability assessment" is a relatively new and emerging practice,
quantitative measurement and evaluation of sustainability is still a challenge. However,
this can be assessed when the parameters that operate the system's sustainability can be
defined and measured. Available data determines the parameters that will be used in the
assessment, thereby signifying them as indicators for sustainability (Mitropoulos &
Prevedouros, 2016). As defined by Fiksel et al. (2013) in “A Framework for
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Sustainability Indicators at EPA”, a sustainability indicator is " measurable aspect of
environmental, economic, or social systems that is useful for monitoring changes in
system characteristics, relevant to the continuation of human and environmental wellbeing." Indicators are the most important element of sustainability assessment, as they are
the key to revealing whether sustainability targets have been met and what the overall
sustainability situation is (Yigitcanlar & Dur, 2010). Therefore, using indicators for
assessing transportation sustainability is essential.
To manage and monitor transportation sustainability, indicators are necessary for
planners and policymakers (Stylianidis et al., 2012). Meadows (1998) has stated that
quantifiability is the most significant advantage of an indicator-based comparative
sustainability assessment model, as indicators are established on values. Moreover,
Lukman et al. (2010) suggested that indicator-based assessments are easily measurable
and have higher performance, due to their transparent nature. Another reason for using
sustainability indicators is that they "simplify, quantify, analyze, and communicate
complex and complicated information by visualizing phenomena and highlighting trends"
(Warhurst, 2003). In a paper on developing indicators for comprehensive and sustainable
transport planning, Litman (2007) states that "indicators are things we measure to
evaluate progress towards goals and objectives." Due to such qualities, indicator-based
transportation sustainability assessment caught the attention of scientific communities
and became a thriving practice among planners and decision-makers (Black et al., 2002).
Appropriate indicator selection relevant to transportation sustainability must be
based on the following selection criteria, as summarized by the OECD (2003) and Litman
(2007):
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i.

Policy relevance and utility for users (i.e., representative, easy to interpret,
responsive to changes in the environment, provide a basis for comparisons);

ii.

Analytical soundness (i.e., based on established scientific and international
standards, can be linked to economic models, forecasting, and information
systems), and;

iii.

Measurability (i.e., readily available, adequately documented and of known
quality, frequently updated).

Furthermore, Hemphill et al. (2004), also mentioned that indicators must be
scientifically sound, technically robust, easily understood, sensitive to change,
measurable, and capable of being regularly updated. Despite the historical concentration
on national and global scales, a group of researchers has more recently developed
regionally applicable indices. Fleskens et al. (2009) mentioned, "To be useful at multiple
scales, indicators should be linkable between relevant assessment levels and preferably be
indicators of objectives rather than means".
Instead of a single indicator, a combined set of indicators, referred to as a
composite sustainability index, is used to assess transportation sustainability (Lomax et
al., 1997). A composite sustainability index represents a weighted aggregated value based
on the Analytic Hierarchy Processes principle (Quddus, 2014). To monitor and analyze
progress towards sustainability, many researchers and planners have also utilized the
Geographic Information System (GIS) as a platform upon which to represent and explore
indicators spatially (Yigitcanlar et al., 2010). Several researchers discussed the growth of
GIS practice in spatial planning. GIS applications have been applied to a wide range of
spatial planning tasks, such as land use, transportation, and economic development. It has
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contributed to administrative as well as most decision-making planning tasks by offering
a unique and rational approach to viewing and analyzing spatial data (Stylianidis, et al.,
2012). Graymore et al. (2009) developed a GIS-based multiple criteria analysis decision
support system for sustainability progression at the regional level, while Blaschke (2001)
has applied GIS to indicators development and sustainable regional planning.
However, most of the studies and research on sustainable transportation have
focused on either the environmental issues of transportation systems, transportation
mobility, or related topics (Tóth-Szabó et al., 2012). According to Singh et al. (2009), "in
most cases, the focus is on one of the three aspects. Although it could be argued that they
could serve as supplementary to each other, sustainability is more than an aggregation of
the important issues. It is also about their inter-linkages and the dynamics developed in a
system." A study conducted on state DOTs in the United States shows that concern
related to transportation sustainability is demonstrated with regard to the environment,
future needs, and social equity issues as three separate issues. However, such concerns
are not overtly stated nor added to the mission goals of most agencies (Alshuwaikhat et
al., 2006).
Most research on transportation sustainability is focused on analyzing one or two
categories of the system, such as public transit, mobility, environment, or economy, for
example, rather than assessing the sustainability of the overall transportation system
(Yigitcanlar et al., 2010; Carsjens et al., 2007). Furthermore, based on various research
and reviews of related studies, sustainability assessments tend to focus on evaluating
urban transportation systems, rather than regional or rural systems.
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Still, there are rapidly growing small and rural communities and counties
located near larger cities, each with a considerable number of commuting activities.
These growing counties tend to be ex-urban counties that depend on their proximity to
urban areas for amenities such as jobs and retail, education, health services, and utilities.
Such communities are often concerned about sustainability of their transportation system
and preserving access to employment and educational opportunities (Shoup et al., 2010).
Thus, this research will work on an assessment approach for the transportation
system's sustainable performance valuation in a regional context.
2.4 Practice of Performance Measures in the USA
Here in the USA, conventional transportation planning practice predominantly
emphasizes mobility-based assessment. Transportation agencies evaluate performance
with indicators like traffic speed, the number of lanes, and/or vehicle operating costs,
thereby overlooking other aspects with improvement options. Such mobility-based
planning attempts to solve traffic congestion issues by expanding roadway capacity or
applying new engineering design. However, accessibility-based planning considers other
alternatives and more real-world solutions involving people, thus making it a more
sustainable process. Still, it fails to cover the environmental and economic issues
involved (Littman, 2009).
As a relatively new concept, very few studies on transportation sustainability have
been conducted in the United States, unlike many other developed countries, including
Canada, Germany, Australia, Sweden, the U.K., and China (Ramani et al., 2009).
According to Sdoukopoulosh et al. (2015), only seven studies were conducted on
sustainable transportation in the United States from 1996 to 2015. However, currently 15
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of the 50 states (Florida, Georgia, Indiana, Louisiana, Michigan, Montana, New Jersey,
New York, Nevada, Oregon, Rhode Island, South Dakota, Texas, Vermont, and West
Virginia) have begun to address transportation sustainability in their strategic
transportation plans. Although the U.S. Department of Transportation introduced
performance measures in the "USDOT Strategic Plan, 2006- 2011," not all the states
mentioned above have applied these measures yet (Littman, 2009). Such practice has also
not been introduced to the Utah transportation system. However, the Wasatch Front
Regional Council included indicator-based transportation system assessment in their
2019 Regional Transportation Plan. This study focuses more on individual assessment of
performance indicators, rather than integrating them in a composite index.
Furthermore, small and rural communities or counties in the United States face
several challenges in providing accessibility, transportation connectivity between the
community and its needs, and livability, for example. Such communities and counties
have disproportionately higher crash and fatality rates for pedestrians, as well as poorer
public health outcomes, with higher obesity levels than their urban counterparts (TRIP,
2005). Approximately 40 percent of county roads are not adequately maintained, and
nearly half the rural bridges longer than 20 feet are currently under-maintained (Shoup et
al., 2010; FHWA).
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CHAPTER III
METHODOLOGY
3.1 Background
From the literature review and the research questions of the preceding chapter, the
methodology for this study is built on the following steps:

i)

Identifying the study area and its' relevant sustainability goals associated
with the regional transportation system.

ii)

Determining performance measures or indicators based on identified goals
of the area.

iii)

Data collection and analysis for performance measure assessment

iv)

Building a composite sustainability index that signifies the overall
transportation system of the study area.

3.2 Framework
As mentioned by Ramani (2009), a sustainability assessment of a transportation
system is generally developed in three steps: Conceptualization, Operationalization, and
Utilization.
Conceptualization— defines what sustainability means in context
Operationalization— involves the selection of parameters to measure sustainability
Utilization— uses the results to guide further development and policy.
The National Cooperative Highway Research Program (2011) has provided a
sustainable performance framework in their annual report, which is as follows—
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• Step-1: Understanding Sustainability
• Step-2: Developing transportation sustainability goals
• Step-3: Developing Objectives
• Step-4: Developing performance measures
• Step-5: Implementing performance measures
• Step-6: Refining the framework and applying feedback

Figure 3.1. Simplified framework diagram (NCHRP Report, 2011)

Within the research of this paper, the framework is modified to integrate the
Geographic Information System in order to build and assess the composite index of the
transportation system in the reviewed study area. In the Conceptualization phase, this
study describes transportation sustainability within the context of the study area's
mission, goals, and limitations. Indicators are selected and categorized based on
consideration of all such factors.
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In the Operationalization phase, data are collected, sorted, and combined with a
GIS environment where indicators are evaluated and ranked based on their weightage.
At that point, an aggregated result is shown, displaying the overall transportation
sustainability condition for the study area. Later, in the Utilization phase, the study's
findings analyze and discuss transportation sustainability to help forecast future
scenarios and recommendations. These findings can be beneficial for states and local
governments, planning institutions, and local community organizations during the
decision-making process.

limitations

Figure 3.2: Methodology Framework for the study
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3.3 Composite Sustainability Index Using GIS
A GIS database was created for this study after completion of the data collection necessary
to build a GIS-based composite index with the final result for transportation sustainability.
Indicators were first computed, normalized, weighed, and ranked individually in a spatial
environment. Afterwards, the indicators were categorized, weighed again, and ranked
within their categories. At that point, all the sustainability categories were weighed and
ranked into one composite index. The whole process can be illustrated as follows—

Figure 3.3: ArcGIS Indexing Framework example (Yigitcanlar et. al, 2010)
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3.4 Study Area
For this research, Cache Metropolitan Planning Area in Cache Valley, UT, was
selected. This region consists of ten of the nineteen incorporated cities in Cache County:
Logan, North Logan, Hyde Park, Smithfield, River Heights, Providence, Millville,
Nibley, Hyrum, and Wellsville.
This county was chosen because of its geographic location. There are currently
four metropolitan planning organizations in Utah, and Cache Metropolitan Planning
Organization is one of these. Logan is the largest city within the county. According to the
most recent U.S. Census, Logan is one of the fastest-growing cities in Utah. As of 2018,
Logan's population was 51,619, whereas North Logan, a city adjacent to the north of
Logan, boasts less than half that number, with a population of just 11,176. Hyde Park is
located in the north-central part of Cache county, just north of North Logan, boasting a
population of 26,893. Smithfield is north of Hyde Park with a population of 11,811.
These four cities are connect to US-89/91 North, along with Nibley to the south-west and
Wellsville to the west. Nibley has a population of 7,087, and Wellsville’s population is
just 3,849. Outside of Logan, none of the cities have a population of over 50 thousand.
The populations of these cities are very small. According to official U.S. Census
Bureau definitions, rural areas comprise open country and settlements with fewer than
2,500 residents, while urbanized areas contain an urban nucleus of 50,000 or more
people. Cache County is primarily an agriculture-based county, although other
occupations can be found. Logan is also the home to Utah State University, one of Utah's
top three research universities.
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Cache Metropolitan Planning Organization primarily works within this boundary,
but its transportation plan covers all of Cache County. Due to its unique location, the road
network of Cache Valley has become the backbone of its transportation system. It is one
of the USA's largest metro areas without being connected with an interstate freeway
system. The roadway network contains various road types that include state highways
with higher speed allowances. In this way, it still meets more extended distance
accessibility requirements. There are minor arterial, collector, and residential roads that
typically require lower speeds and fulfill local needs for shorter trip lengths.

Figure 3.4: Study area, Cache Metropolitan Planning Organization Boundary

Transit buses generally serve the greater Logan area via 11 fixed routes, using the
existing road network. Communities in the north and south valley are provided with two
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commuter routes. This is not part of the Utah Transit Authority; instead it is served by
separate transit department called Cache Valley Transit District.
Bicycle lane striping or share use markings are utilized on several roads within
this area, especially in Logan and its immediate surroundings. There are also designated
bike routes. Most roadways have sidewalks for pedestrians, except for some older
neighborhoods where the need for sidewalk maintenance is creating breaches within the
system. A growing network of shared-use paths and trails connects many Cache County
communities and is functional for recreational purposes (Cache RTP, 2040).
3.5 Study Area Transportation Issues, Sustainability Goals and Mission
Due to the region's existing growth, Cache Valley is currently dealing with
transportation issues such as accessibility, mobility, air quality, infrastructure, and system
performance. Limited transit options, lack of infrastructure, and high dependency on
automobiles has created social inequity, regular roadway congestion resulting in traffic
delays, and a higher amount of greenhouse gas emissions, which affects the air quality
(Cache RTP, 2040). A lack of connection with interstate routes also affects the region
economically. With the express purpose of mitigating these issues CMPO’s Regional
Transportation Plan 2040, mentioned the following goals::
i) Provide increased mobility for persons and freight through a balanced and
interconnected transportation system.
ii) Increase transportation safety for all modes.
iii) Protect and preserve existing transportation systems and opportunities.
iv) Provide a transportation system that protects the environment and improves
the quality of life.
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These goals will be attained by improving current traffic infrastructure conditions,
accessibility, transportation system efficiency, preservation of the environment, quality of
life, safety, security, and policy development. The first goal addresses economic
development in Cache Valley. The second goal and third goals will ensure social equity.
The last goal articulates the improvement of regional environmental conditions currently
hindered by the existing transportation situation. Hence, the CMPO Regional
Transportation Plan incorporates each of the critical perspectives of maintaining
transportation system sustainability.
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CHAPTER IV
PERFORMANCE INDICATOR SELECTION
4.1 Background
A set of measurable indicators can assess transportation sustainability by
following trends, comparing areas and activities, evaluating particular policies and
planning options, and determining performance targets (Litman, 2011). The procedures
and practices adopted by different agencies to achieve their goals do not precisely
provide the whole picture of sustainability and are also hard to comprehend. However,
these same policies and practices can help assess a system's sustainability when measured
using performance indicators, selected based on available data from reliable sources. In
terms of transportation sustainability, indicators simplify the complicated process of
evaluating decreased human impact in order to preserve the region for future generations
(Oswald, 2008). Indicators must be selected according to the requirements of specific
research goals and must be based on reliable information. As indicators must be chosen
according to the study requirements, Bossel (1999) mentioned four selection steps. The
first step is to understand the transportation system and its requirements. This step is
followed by identifying the potential indicators, assessing the indicators, and applying the
assessment in the system (Bossel, 1999).
4.2. Performance Indicator Selection Criteria
The performance of indicators and their impacts on the decision-making process
depends solely on developing and selecting appropriate sustainability indicators. Thus,
selecting relevant and valid indicators is a vital part of the overall transportation
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sustainability process. The previous discussion in Chapters 1 and 2 mentioned the
importance of incorporating attributes that define a specific transportation system's
sustainability. More than 300 indicators can be used to measure the performance of
transportation sustainability (Litman, 2009). The US Environmental Protection Agency
and the US Department of Transportation have developed their own sets of indicators
(Appendix-A). Therefore, selecting valid indicators from a vast pool of sets is a
complicated, rigorous process (Neufville, 1987). It requires analysis, professional
understanding, experienced judgment, and social and political strategy.
Appropriate indicator selection relevant to transportation sustainability must be
based on the following selection criteria, as summarized by the OECD (2003) and
Litman (2007):
(i)

Policy relevance and utility for users (i.e., representative, easy to interpret,
responsive to changes in the environment, provide a basis for comparisons);

(ii)

Analytical soundness (i.e., based on established scientific and international
standards, can be linked to economic models, forecasting and information
systems), and;

(iii) Measurability (i.e., readily available, adequately documented and of known
quality, frequently updated).
In a report prepared by Litman (2007) from the Canadian Victoria Transport
Policy Institute (VTPI), the best practices for selecting indicators to measure
transportation performance take into account the following criteria:
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•

Comprehensiveness – indicators should reflect various economic, social and
environmental impacts, and various transport activities (such as both personal and
freight transport)

•

Data quality – data collection practices should reflect high standards to ensure
that information is accurate and consistent

•

Comparability – data collection should be standardized, so the results are suitable
for comparing various jurisdictions, times, and groups. Indicators should be
clearly defined.

•

Easiness to understand – indicators must be useful to decision-makers and
understandable to the general public.

•

Accessibility and Transparency – indicators (and the data they are based on) and
analysis details should be available to all stakeholders.

•

Cost-effectiveness – indicators should be cost-effective to collect. The decisionmaking worth of the indicators must outweigh the cost of collecting them.

•

Net Effects - indicators should differentiate between net (total) impacts and shifts
of impacts to different locations and times.

•

Performance targets – indicators should be suitable for establishing usable
performance targets.
After the above discussion, this study selected performance indicators considering

geographic location, political boundaries, population size, and regional goals of the study
area's transportation system. From the study area discussion, it was made known that
Cache County is primarily built upon road transportation. For this study, sustainability for
road surface transportation only has been assessed, as Cache County is not connected via
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any waterway vehicular channels, and air traffic is negligible for regular travels.
4.3 Transportation Plans
For this research, indicators pertinent to transportation policies and practices in
Cache County and Utah have been considered. Therefore, various transportation policy
documents, such as Envision Cache Valley, the Utah Long Range Transportation Plan,
the Utah Statewide Rural Transportation Plan, and Federal Transportation Improvement
Projects, along with the CMPO Regional Transportation Plan, 2040, have been studied
and evaluated to select performance indicators.
4.3.1 CMPO 2040 RTP Goals
Goal # 1: Provide increased mobility for persons and freight through a balanced and
interconnected transportation system.
-

Objective 1.a) Roadway Capacity Maintain regional vehicle hours of delay at the
present level as inflated by population growth rate.

-

Objective 1.b) Complete Streets Build arterial and collector streets as "complete
streets" accommodating automobiles, bikes, buses, and sidewalks.

-

Objective 1.c) Transportation Choice Develop and maintain a public transit
system that enhances mobility choices and increases per capita ridership. Develop
and maintain a network of safe and efficient pedestrian and bikeways connecting
neighborhoods with activity areas.

Goal # 2: Increment of transportation safety for all modes.
Goal # 3: Protect and preserve existing transportation systems and opportunities.
-

Objective 3.a) Access Management Manage access to major facilities to maintain
throughput and encourage compatible land uses.
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-

Objective 3.b) Corridor Preservation Preserve needed future transportation
corridors early.

Goal # 4: Provide a transportation system that protects the environment and improves
the quality of life.
- Objective 4.a) Neighborhood Impact Roadway widening that may impact existing
neighborhoods should be avoided to the extent possible.
- Objective 4.b) Vehicle Miles Traveled Implement projects and policies that help
reduce the growth rate of vehicle miles traveled (VMT) to be more consistent with
the rate of population growth.
The goals of the CMPO 2040 Regional Transportation Plan are also included in the Utah
Long Range Transportation Plan or Utah's Unified Transportation Plan. Therefore, the
same goals are not stated twice.
4.3.2 Envision Cache Valley Goals
Cache Valley also developed overarching goals to guide the implementation of
the Cache Valley Vision, identified during the Envision Cache Valley process. These
goals have been adopted in the Cache Regional Transportation Plan ongoing
transportation planning and prioritization:
i) Developing existing towns and cities through inward growth and compact
development to preserve the individuality of the community.
ii) Increasing mixed-use developments with variety of housing options and access to
basic facilities.
iii) Increasing job proximity to residential areas.
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iv) Bettering transportation network, transportation diversity and non-motorized
vehicle mobility.
v) Bettering funding for future growth.
vi) Protecting and preserving the environment of Cache Valley.
vii) Increasing accessibility through the local street network
viii) Expanding local recreation systems, providing small parks located near where
people live and linked by trails for walking and biking
ix) Encouraging close coordination among local governments, school districts,
universities, businesses, and places of worship to address growth issues and
implement the Cache Valley Vision
4.3.3 Federal Performance Measures and Targets
Federal performance measures were required by the Federal Transportation Bill
"MAP 21" to enable a federal summary and comparison between states. Utah's
performance measures are derived from local goals (MPOs, Transit, DOT) and used for
decision-making within Utah. In the spring of 2018, a joint Memorandum of Agreement
was approved and signed by the CMPO and other transportation planning agencies in the
state (including UDOT and CVTD) to establish the framework and reporting methods for
implementation of a performance-based planning and programming approach. Projects
listed in the TIP identify which performance measure category each project may
contribute to in order to enhance performance. Below are some of the initial performance
categories and targets:
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Performance
Measure Category
Safety

Infrastructure

Congestion
Reduction

Statewide Target
Reduce fatalities and serious injury
by 2.5% annually (five-year average)
Percent National Highway System
roads rated good >35% and poor
<5% (bridges good >40% & poor
<10%)
Annual Hours Peak Hour of
Excessive Delay (PHED) <12.4
hours. Non-Single Occupancy
Vehicle Travel >1.7 occupants per
vehicle

Cache County Application
2 less fatalities, 2 less serious injuries

Cache County has 2.5% of NHS roads

Accountability is only required for
large urbanized areas.

System Reliability

80% of Person Miles Traveled on
non-interstate NHS are reliable

Cache has 3.6% of non-interstate
NHS. Currently rated at 95%.

Freight Movement

Maintain Truck Travel Time
Reliability (TTTR) at 1.2

TBD by NHPP

Environmental
Sustainability

TBD by NHPP

Reduced Project
Delivery Delays

TBD by NHPP

TBD by NHPP

Table 4.1. Performance Measure Category Target for Utah State and Cache County

4.3.4 UDOT Statewide Rural Long-Range Transportation Plan, 2019 – 2050
The statewide planning outcomes are defined by the UDOT Statewide Rural
Transportation LRP goals and objectives, as shown in the following table:
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GOAL AREA

OBJECTIVE

Safety

Reduce the number of fatal and serious
injuries

Economic Vitality

State of Good
Repair

Air Quality and

-Fatalities + serious injuries per capita

- Increase number of jobs, services, and
desired destinations where Utahans can
-Increased number of jobs and
reach within a certain travel time
services Utahans can reach within a
- Increase the miles of facilities available for certain travel time
active transportation
Pavement Metrics
-Interstate/Good:
Percentage of lane miles in good condition
-Interstate/Poor:
-Keep infrastructures in good condition
Percentage of lane miles in poor condition
-NHS Non-Interstate/Good:
Percentage of lane miles in good condition
-NHS Non-Interstate/Poor:
Percentage of lane miles in poor condition
-Reduce emissions which adversely affect
health, quality of life, and the economy

Environment

Mobility and
Accessibility

PERFORMANCE
MEASURE/METRIC

-Bridges/Good
- Reductions in key mobile source
emissions of ozone and PM2.5
(particulate matter less than 2.5 microns
in diameter)

-Reduce the hours spent driving long
distances daily

-Reductions in the hours spent driving
long distances daily as measured by
vehicle hours traveled per capita

-Increase the shared-trips using nonsingle occupant vehicle modes
Improve the reliability of the
transportation system

-Commuter mode split percentages
(the percentage of travelers using
various modes of transportation)
-Planning level measure to be
determined during the next update of
the Statewide Rural Long-Range
Transportation Plan

Table 4.2: UDOT Statewide Rural Long-Range Transportation Plan 2019 - 2050

After evaluating the four principal planning documents for Utah and Cache County, the
following performance indicators (Table 4.3) were found that could be incorporated with
the study area. These performance indicators define the study area's transportation
sustainability based on relevance to regional policies, measurability, interpretability, and
data availability..
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PLANNING
DOCUMENTS

CMPO Regional
Transportation Plan,
2040

Envision Cache
Valley

GOALS

DIMENSION

Goal#1

Economic,
Social

PERFORMANCE
INDICATORS
INCORPORATED TO GOALS
Mobility, Freight,
Modal Share, NMTFacilities

Goal#2

Social

Safety

Goal#3

Economic

Accessibility, Job
Opportunities

Goal#4

Environment
Economic

Fewer Emission
Less VMT

All Goals

Economic
Social

Access to basic facilities,
Access to jobs
Transportation Diversity
(Modal Share)
NMT facilities, Walkability
Better Funding
Increased level of service

Utah performance
measures (MAP-21)

Environment
Economic Social

Safety,
Infrastructure,
Congestion Reduction, Freight
Movement, Environmental
Sustainability,
System Reliability, Reduced
Project Delivery Delays

Reduced
number of
Injuries
Increased job
numbers
UDOT Statewide
Rural
Transportation

Social

Safety

Access to jobs

Increased nmt
facilities

NMT Facilities

Infrastructures

Pavement Metrics

Air Quality

Emission rate

Environment

PM 2.5 rate

Mobility

Congestion delay, Less VMT

Accessibility

Modal Share

SELECTION CRITERIA

Relevant, Interpretable,
Measurable, Data Available
Relevant, Interpretable,
Measurable, Data
Available
Relevant, Interpretable,
Measurable Data Available
Relevant, Interpretable,
Measurable, Data
Available
Relevant, Interpretable,
Measurable Data
Available

Data
Unavailable,
Not
interpretable
Relevant, Interpretable,
Measurable, Data
Available

Data
Unavailable,
Not
Measurable,
Relevant, Interpretable,
Measurable, Data
Available
Relevant, Interpretable,
Measurable, Data
Available
Relevant, Interpretable,
Measurable, Data
Available
Relevant, Interpretable,
Measurable, Data
Available
Relevant, Interpretable,
Measurable, Data
Available
Data Unavailable
Relevant, Interpretable,
Measurable, Data
Available
Relevant, Interpretable,
Measurable, Data
Available

Table 4.3. Performance Indicators Incorporated to Planning Documents and Criteria
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From the above table, it can be deduced that there are a total of twelve
performance indicators that define and operate the transportation sustainability of Cache
County. These are:
Affordability, Congestion Delay, Employment Accessibility, Freight, Mobility,
Non-Motorized Transport, Public Transit, Safety, Transport Diversity, Walkability,
Street Infrastructures, and Air Pollution.
These are the common performance indicators present in all four principal
transportation plans and the Cache Metropolitan Planning Organization Regional
Transportation Plan, 2040, to achieve their respective goals and objectives. There were,
of course, other performance indicators other than these twelve. Although these were
relevant to Cache County and Utah's different transportation plan policies, these either
cannot be measured, are not readily understandable, or data were unavailable. Therefore,
those indicators were dropped from the list. All the performance indicators from the
CMPO Regional Transportation Plan, 2040, are included.
4.4 Selection of Indicators
Based on the goals, objectives, performance indicators, and their criteria from
Table 4.3, the following performance measures were selected that define the
transportation sustainability of the study area more appropriately:
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GOAL AREA

PERFORMANCE INDICATOR

PERFORMANCE MEASURES

Prosperous

Congestion delay

Traffic congestion delay cost

Economy

Mobility

Per capita mobility cost (daily or
annual person-miles or trips)
Income spent on transportation

Affordability
Employment Accessibility

Social Equity

Freight

Number of job opportunities
accessible within cities
Freight Movement

Safety

Fatal crash rate and fatalities

Transport diversity

Modal share

Public Transit

Public Transit Facilities

NMT transport

Quality of walking and cycling
conditions
Average number of basic services
(schools, shops, and government
offices) within walking distance of
homes.
Pavement

Walkability

Infrastructures
Quality

Air Pollution

Environment

Green Gas Emission from
automobiles

Table 4.4: Selected Performance Indicators and Measures for CMPO Transportation
Sustainability

After more elaborate study and research, these indicators were broken down into
finer measures with the following units:
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SUSTAINABILITY
DIMENSION

PERFORMANCE INDICATORS UNIT
A1. Mobility

A1. Annual VMT Cost

A2. Affordability

A2. Income Percentage Spent on
Transportation

A3. Congestion Delay
Economic Sustainability
A4. Employment accessibility

A5. Freights

Environmental
Sustainability

A31. Automobile User Cost of Delay
A32. Freight Cost of Delay
A41. Number of Job Opportunities
within 30-minute Transit Distance
A42. Average Commute Time to Work
A51. Percentage of Single Unit Truck
A52. Percentage of Combined Unit
Truck

B1. Annual greenhouse gas
B1. Ton/Household
emission from household auto usage
B2. Annual On-road vehicle
B2. Ton/ Sq. mi
emission of CO2
C1. Non-Motorized Vehicle Facility

C2. Access to Public Transport

C11. Percentage of On-Road Bike
Share Lane
C21. Transit Density Route (mi/ sq.
mi.)
C22. Number of Bus Trips per week
C23. Percentage of Household within
1/2-mile Transit Access
C31. Fatal Crash Rate

C3. Safety and Security
Social
Sustainability

C4. Modal share to workplace

C5. Walkability

C32. Fatal Crash Rate involving
Pedestrian and Cyclist
C41. Percentage of Commuters by Car
C42. Percentage of Commuters by
Bus
C43. Percentage of Commuters by
Walking
C44. Percentage of Commuters by
Bike
C51. Percentage of Residential Area
with Access to Basic Facilities within
Walking Distance
C52. Proximity to Transit (mins)
C53. Walkability Score

C6. Pavement

C61. International Roughness Index

Table 4.5: Selected Performance Indicators with units for CMPO Transportation

These indicators will be discussed Sustainability
more elaborately in the next chapter.
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CHAPTER V
DATA COLLECTION, NORMALIZATION AND EVALUATION
5.1 Background
A significant portion of this study has been dedicated to data collection with
regard to developing a sustainability assessment framework that can be used to
benchmark the sustainability of cities within the specific study area. Like any other
sustainability assessment and monitoring, a study of transportation sustainability for
Cache Valley must be conducted based on data collected from various sources.
Generally, the quality of any sustainability assessment depends upon participation of
various people as a central piece in the data collection process. However, this study is
based solely on online data collection from the following organizations:
APTA = American Public Transportation Association
BLS = Bureau of Labor Statistics
BTS = Bureau of Transportation Statistics
Census = U.S. Census Bureau
CMPO = Cache Metropolitan Planning Organization
CVTD = Cache Valley Transit Department
EIA= U.S. Energy Information Administration
EPA= United States Environmental Protection Agency
FHWA = The Federal Highway Administration
HTAI = Housing and Transportation Affordability Index
HUD = Department of Housing and Urban Development
NHTSA = National Highway Traffic Safety Administration
ORNL = Oak Ridge National Laboratories
WFRC = Wasatch Front Regional Council
UDOT = Utah Department of Transportation
USDOT= United States of Department of Transportation
UTAH AGRC = Utah Automated Geographic Reference Center (AGRC)
UTD = Utah Transit Department
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Although several organizations were involved in data collection, data availability
at the local level was challenging, thereby creating a significant barrier to conducting this
regional study. Such a barrier makes the goal of this study even more critical—to develop
a path for future local and regional level studies and to update local resources. As most of
the organizations have data until 2018, this study will analyze results from that year,
noting that the sustainability situation may change after that point.
SUSTAINABILIT
Y DIMENSION

PERFORMANCE
MEASURES
A1. Mobility
A2. Affordability
A3. Congestion Delay

Economic
Sustainability
A4. Employment accessibility

A5. Freights
Environment
Sustainability

B1. Annual greenhouse gas
emission from household auto
usage
B2. Annual On-road vehicle
emission of CO2
C1. Non-Motorized Vehicle
Facility

C2. Access to Public Transport

C3. Safety and Security

Social Sustainability

UNIT
A1. Annual VMT Cost
A2. Income Percentage Spent on
Transportation
A31. Automobile User Cost of Delay
A32. Freight Cost of Delay
A41. Number of Job Opportunities within
30-Minute Transit Distance
A42. Average Commute time to work

A1. Less = Better

A51. Percentage of Single Unit Truck

A51. More = Better

A52. Percentage of Combined Unit Truck

A52. More = Better

B1. Ton/Household

B1. Less = Better

B2. Ton/ Sq. mi

B2. Less - Better

C11. Percentage of On-Road Bike Share
Lane

C1. More = Better

C21. Transit Density Route (mi/ sq. mi.)

C21. More = Better

C22. Number of Bus Trips per week

C22. More = Better

C23. Percentage of Household within
1/2-mile Transit Access
C31. Fatal Crash Rate
C32. Fatal Crash Rate Involving
Pedestrian and Cyclist
C41. Percentage of Commuters by Car
C42. Percentage of Commuters by Bus

C4. Modal share to workplace

C5. Walkability

C6. Pavement

SCALE

C43. Percentage of Commuters by
Walking
C44. Percentage of Commuters by Bike

A2. Less = Better
A31. Less = Better
A32. Less = Better
A41. More = Better
A42. Less = Better

C23. More = Better
C31. Less = Better
C32. Less = Better
C41. Less = Better
C42. More = Better
C43. More = Better
C44. More = Better

C51. Percentage Of Residential Area
with Access to Basic Facilities within
Walking Distance

C51. More = Better

C52. Proximity to Transit (mins)

C52. More = Better

C53. Walkability Score

C53. More = Better

C61. International Roughness Index

C61. Less = Better

Table 5.1: Selected Sustainability Performance Measures with Their Unit and SCALE
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Table-5.1 shows the data collected for each performance measure and what it will
indicate for each sustainability dimension.
5.2 Data Standardization
The "Scale" section in the table will control how each indicator will head the
sustainability of the study area's transportation system. For some indicators, the greater
the number, the more it will move towards sustainability, such as number of bus trips per
week and proximity to Transit. In contrast, some indicators will lead the transportation
system to sustainability by attaining a lower number. In these cases, the lower the
number, the more it will move towards achieving sustainability. For example, the
vehicular emission of Greenhouse Gas.
As unit and scale for the chosen indicators differ from each other, they need to be
assessed under a standard scale. Therefore, for data standardization, Z-score will be used
for each indicator. Based on their respective scale criteria, all cities within the study area
have been ranked for each indicator. A Z-score has been calculated for each indicator
using that rank, and all the indicators have been scored based on their four comparative
levels: Adverse, Bad, Moderate, and Good. As the study has been conducted on a
regional scale with only ten cities involved, the comparative scale has been kept within
four. Z-score with "Adverse" value is scored 1, "Bad" is 2, "Moderate" is 3, and the
"High" level is 3.
5.3 Evaluation of Selected Performance Measure
This section will briefly discuss the performance measures selected for the study.
These performance measures or indicators represent the goals and objectives of the
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CMPO Regional Transportation Plan, along with other significant transportation plans in
Utah. Instead of running after broad sustainability goals, these indicators will lead the
transportation system towards achieving small goals and will ultimately help attain
sustainability.
Here, the study discusses findings for each city's performance indicators within
the study area and their implications, based on the available data. This section will give a
brief idea about how the transportation system in the study area is functioning.
5.3.1 Economic Sustainability Dimension
The economic sustainability of transportation depends on the efforts of
transportation systems with regard to several economic factors. Because economic
sustainability is a critical component for any community, five performance indicators from
Table 5.1 have been chosen for evaluating the economic dimension of transportation
sustainability. These indicators are:
i)

Mobility

ii)

Affordability

iii)

Cost of Congestion Delay

iv)

Employment accessibility

v)

Freight facilities

5.3.1.1. Mobility. Transportation provides efficient movement of people and
goods for economic activities, or Mobility. Mobility generally refers to physical
movement, as measured by trips, distance, and speed, such as person miles, or kilometers
traveled, and ton-miles, or ton-kilometers for freight travel (Litman, 2020). According to
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the Transportation Research Board by the National Research Council's Committee
(2002), "Mobility" means the time and costs required for travel. Increased Mobility
results in increased accessibility. The more and faster people can travel, the more
destinations can be reached with fewer costs. Low average travel time and low travel cost
translate to high Mobility. Mobility-improving approaches usually emphasize improving
traffic flow and transportation system performance. Thus, in order to use Mobility as an
indicator, annual cost associated with vehicle miles traveled (VMT) has been selected for
this study.
Vehicle miles traveled (VMT) per capita is calculated as the total annual miles of
vehicle travel divided by the total population in a specific area. Compact and walkable
communities generally boast lower VMT levels. Communities with robust public
transportation systems may also enjoy low VMT levels (ChangeLab Solutions, 2007;
U.S. EPA, 2013). VMT per capita can be used for tracking and monitoring the impacts of
implemented policies and strategies to reduce traffic congestion, various public health
outcomes, road traffic injuries and fatalities, and other physical activity derived from
transportation (USDOT, 2015). Annual VMT cost is calculated to determine the number
of miles a household drives each vehicle and the associated annual usage cost, such as the
cost of gas, maintenance, and repairs per mile. These costs are generally variable and
therefore primarily determined by the use of automobiles. This data has been collected
from the Federal Highway Administration (FHWA), 2018 Highway Statistics. The lower
the annual VMT cost, the more sustainable a city becomes.
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Annual VMT Cost ($) per Household, 2018
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Figure 5.1: Annual VMT Cost ($) in CMPO cities

From the graph, we can see that Logan has the lowest Mobility among the cities
in the study area. This means people tend to move and spend less in the Logan area, due
to its many available facilities, including parks, groceries, schools, commercial spaces,
and recreational areas. Wellsville ranks as the highest VMT cost, which means that users
must travel and spend more to access various facilities.
5.3.1.2. Affordability. In simple words, transportation affordability denotes the
financial load households must carry when purchasing transportation services to get
access to basic amenities, such as education, employment, and healthcare (Litman, 2020).
Standard affordability generally means that households spend less than 20% of their
budgets on transportation, or less than 45% on transportation and housing combined
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(USDOT, 2015). This indicator is vital to indicate how impartial transportation actually is
when it comes to its users, especially those in lower income brackets. Affordability is
calculated as the sum of auto ownership costs, auto used costs, and public transit costs.
With a sound transportation system in place, households typically spend less than 20% of
their budgets on transport (Department of Housing and Urban Development Location
Affordability Index, United States, 2018). This indicator shows the amount of income
spent by average households on transportation. It is calculated as the sum of auto
ownership costs, auto used costs, and public transit costs. Dividing these costs by
representative income illustrates the cost burden placed on a typical household by
transportation cost. The below graph shows the percentage of income spent on
transportation costs by average households in each city in the Cache Metropolitan
Planning area in 2018.
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Figure 5.2: Percentage of income spent by households on transportation in CMPO cities
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The study area's overall transportation affordability is higher than the standard of
20%. However, in the above graph, Logan is the city with the lowest percentage at 26%.
This number can be lowered by appropriate sustainable initiatives. With the highest rate
of 33%, the city of Wellsville, along with the cities of Hyde Park, Millville, Nibley, and
Smithfield at 32%, are the most unaffordable cities within the study area.
5.3.1.3. Congestion Delay. Congestion is a common issue for any metropolitan
urban area. Traffic congestion causes substantial economic losses in wasted time and fuel
(Downs, 2005). Cache County is no exception to this reality. Congestion has a direct
economic impact on any region., and as a growing region, this is a critical issue to
address in Cache county. Two measures can illustrate this situation within an economic
context.
The first measure is the automobile user's cost of delay, or the cost that an
automobile user bears for every vehicle-hour of delay due to congestion annually.
Likewise, the second measure, freight cost of delay, is the cost that one freight spends for
every vehicle-hour of delay due to congestion every year. Delay in this sense refers to
speeds less than 60 miles per hour, and one vehicle hour of delay reflects one vehicle
stuck in traffic for one hour. The data for these two measures were extracted and
calculated from the Performance Measurement System (PeMS) by the Utah Department
of Transportation for 2018. They were collected in real-time from individual roadway
detectors. These data represent peak hours on weekdays, Monday through Friday from 6
am-6 pm.
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5.3.1.3. (a) Total Auto User's Cost of Delay per day. Total Auto User's Delay
Cost per Day for 2018 is calculated by multiplying total Auto-Hours of Delay during
peak weekday hours (6 am-6 pm) in 2018 with Delay Cost per Auto Hour, which is
$13.65 (rate set by UDOT). This result is again divided by the total number of weekdays
in 2018. The resulting number represents the per day Delay Cost of Total Auto Users
during peak hours of weekdays in 2018.

Total Auto User's Delay Cost ($) per day, 2018
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Figure 5.3: Automobile User’s Delay Cost ($) in CMPO cities

The higher the cost is, the less sustainable that city becomes economically. In
2018, every weekday during peak hours (from 6 am to 6 pm), all the automobile users in
Logan lost $5609.34 collectively. Hyrum, Millville, Nibley, Providence, and River
Heights have zero Auto User's Delay cost as all these cities are not connected by US89/91 north.
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5.3.1.3. (b) Total User's Cost of Delay per day. Figure 5.4 illustrates the cost
spent by truck or freight users in each city every weekday during peak hours in 2018. It is
calculated by multiplying the total Freight Hours of Delay during peak weekday hours
(6am – 6pm) in 2018 with Delay Cost per Freight Hour, or $31.40 (rate set by UDOT).
The result is then divided by the total number of weekdays in 2018. The final number
shows the per day delay cost of freight users during peak weekday hours in 2018.
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Figure 5.4: Freight User’s Delay Cost ($) in CMPO cities

Similar to the previous indicator, the higher the cost, the less sustainable that city
becomes economically. The city of Logan tops out again with a collective cost of
$1844.77 for all weekday freight users during peak hours in 2018. North Logan and Hyde
Park come next, due to their location adjacent to Logan and their connection via US89/91.
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5.3.1.4 Employment Accessibility. The more access people have to economic
activities, the more that city’s economy will thrive. To measure Employment
Accessibility in the study area, two sub-indicators—Average Travel Time to Work and
Number of Available Jobs within a 30-minute Transit Distance—were selected. These
data have been collected from the U.S. Census Bureau Organization and the National
Transit Database, a database maintained by the Federal Highway Administration.
5.3.1.4 (a) Mean Travel Time to Work. According to the U.S. Census Bureau
Organization, average Travel Time to Work refers to the total number of minutes it takes
a worker to get to work from home each workday. This time includes time spent waiting
for public transportation, picking up carpool passengers, and the time spent in other
activities related to getting to work. A study by the University of the West of England
shows that an extra 20 minutes of travel time to work has negative impact on workers'
income by 19 percent.
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Figure 5.5: Average Travel Time to Work (minutes) in CMPO Cities
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According to the above graph, Hyde Park, Logan, and North Logan boast the
lowest commute times, presumably because they are adjacent cities to most industries. In
contrast, both Hyrum and Wellsville have average commute times of more than 20
minutes, which may affect the community adversely.
5.3.1.4 (b) Number of Available Jobs within 30-minute Transit Distance. To
reduce automobile travel, jobs must be available and accessible within public transit
distance to allow workers to use transit to travel to their jobs. Moreover, higher number
of job availability within 30-minute transit distance, not only makes the transportation
system more affordable, but it ensures equity.
No. of Job Opportunities within 30 minutes of Transit Distance, 2018
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Figure 5.6: Number of available jobs within 30-minutes transit distance in CMPO cities

Figure 5.6 shows that Wellsville has the lowest number of jobs within a 30minute transit distance, at almost one-sixth the second-lowest number, 14,507, recorded
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for Hyrum. Such a number is a hindrance to the community’s growth. This data were
collected from the National Transit Database by the Federal Highway Administration
(2018).
5.3.1.5 Number of Freights. Although the study area is neither connected to any
interstates nor associated with any significant freight routes, it shares freight routes for
local freight movement. Cache County has 28.24 miles of secondary highway and 6.80
miles of critical routes. The county is also served by the Union Pacific (UP) Railroad via
the Cache Valley Branch. Indirectly, Cache County is also served by rail service via
Union Pacific's Salt Lake City Intermodal Terminal. At this facility, rail containers can be
transferred on or off trucks for transport to destinations to or from Cache County.
CMPO’s Regional Transportation Plan states that in 2007, Cache County imported over
2.4 million tons of freight valued at $2.2 billion and exported just under 1 million tons of
freight valued at $1.6 billion.
For this indicator, only on-road freights are considered. According to the Federal
Highway Administration's Highway Policy and vehicle classification rules, two types of
unit trucks— Single and Combined—are considered. Vehicle classification, road design,
safety procedures, and driving guides are different for each of these two types.
Therefore, this indicator is divided into two separate sub-indicators. One refers to
single unit trucks, while the other denotes combined unit trucks. Numbers have been
collected from CMPO and the National Performance Management Research Dataset by
the Federal Highway Administration, 2018.
5.3.1.5 (a) Single Unit Truck Percentage. All vehicles on a single frame,
including trucks, camping and recreational vehicles, and motor homes, whether with two
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axles and dual rear wheels or with three or four more axles or with four or fewer axles
containing two units, one of which is either a tractor or straight truck power unit— are
classified as Single Unit Truck (James, 2012). Single unit trucks represent more than 75
percent of all large trucks on U.S. roads (James, 2012). The following graph shows the
percentage of single-unit trucks that have traveled in each of the targeted cities in 2018.
The data has been extracted using 2018 Annual Average Daily Traffic data.
Figure 5.7 shows that Logan has the highest percentage of Single Unit Truck, at
11.30%. Next is Smithfield with 11.02%, whereas Hyrum, Millville, River Heights, and
Providence have zero Single Unit Truck, due to lack of freight routes. Higher numbers of
Single Unit Truck indicate a higher number of Economic Activities in a region.
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Figure 5.7: Percentage of Single Unit Truck in CMPO cities
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5.3.1.5 (b) Combined Unit Truck Percentage. Combination Combination Truck
indicates tractor-trucks that pull trailers. In this case, the number of axles is more
important than body style. All six-axle vehicles consisting of three or more units, one of
which is a tractor or straight truck power unit, are defined as combined unit trucks. The
next indicator is Combined Unit Truck, consisting of trucks that are bigger than single
unit trucks (James, 2012).
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Figure 5.8: Percentage of Combined Unit Truck in CMPO cities

Nibley shares the highest percentage of Combined Unit Truck as a small
part of US- 89/91 bypasses the city.

54

Figure 5.9: Indicator List and scales for Economic Dimension of CMPO Transportation System

55

5.3.2. Environmental Sustainability
Any transportation system heavily impacts the environment and eco-system of the
region, making environmental indicators necessary for assessing sustainability. Air
pollution, noise, water pollution, depletion of nonrenewable resources, landscape
degradation, heat island effects (increased ambient temperature resulting from the
pavement), and ecological degradation are some of the environmental impacts created by
transportation systems (Litman, 2011). For this study, only air pollution from
transportation was considered. Other sectors were disregarded due to data unavailability
as well as complexity.
For the Environmental Dimension of Transportation Sustainability, two indicators
have been selected: the Annual Greenhouse Gas Emission from Auto Use per Household,
which represents the local level condition of the environment, and the On-road Vehicle
Emission of CO2 within the study area. The data source for the first indicator is the U.S.
Department of Housing and Urban Development, whereas the second set of data was
collected from the Oak Ridge National Laboratory Distributed Active Archive Center
(ORNL DAAC).
5.3.2.1 Annual Greenhouse Gas emission from Household Auto Usage.
Greenhouse Gas Emissions from Household Auto Use are calculated using the modeled
values for Vehicle Miles Traveled, a national average fuel efficiency, and an average
emissions factor per gallon of gasoline. This per household measure divides the total city
emission by the number of households within the city. Data have been collected from the
Office of Policy Development and Research (PD&R) for the U.S. Department of Housing
and Urban Development.
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GHG Emission (Tons) from Household Auto Use, 2018
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Figure 5.10: Annual GHG Emission (Tons) from Household Auto Use, 2018 in CMPO cities

When it comes to this indicator, the greater the number, the less environmentally
sustainable the city becomes. The graph shows that Wellsville has the highest Annual
GHG Emission per Household at more than 12 tons, while Logan has the lowest. Such a
result indicates that households in Wellsville are required to use more cars than in Logan,
despite the fact that the number of households in Logan is significantly larger than
Wellsville. The results also indicate that population size does not affect the environment
of the transportation system, rather how transportation is most commonly used by
communities.
5.3.2.2 Annual On-Road Vehicle Emission of CO2. This data provides Annual
On-Road CO2 Emissions for the conterminous study area according to roadway-level
traffic data and state-specific emissions factors for different vehicle types on urban and
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rural roads, as compiled in the Database of Road Transportation Emissions (DARTE) by
the Oak Ridge National Laboratory Distributed Active Archive Center (ORNL DAAC).
It was calculated directly at the scale of individual road segments, without downsizing
emissions, through the use of spatial predictors. This method helped to fine-tune any
uncertainty in the spatial distribution for road vehicle emissions and showed a highly
nonlinear relationship between population density and emissions.
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Figure 5.11: Annual On-Road Vehicle Emission of CO2 (Ton/MI2), 2018 in CMPO cities

A higher value means lower sustainability for the city. In this case, Logan has the
lowest on-road vehicle emission. Although other cities contain higher values than Logan,
the difference between values is not significant. Surprisingly, Providence has much higher
values than the other nine cities, whereas it scored in the average range for other indicators.
It can be inferred that as the city is at the center of nine cities, Providence experiences more
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through traffic than its neighbors and thus generates higher On-Road Vehicle Emission of
CO2.

Household

Figure 5.12: Indicator List and scales for environmental dimension of CMPO Transportation
System

5.3.3. Social Sustainability
The social dimension of transportation sustainability deals with issues like
education, equity, and access to social resources; health and well-being; quality of life;
and social capital of a community, society, or region (Flaper, 2009). Indicators chosen for
this dimension assess the impacts of an action on the community. In this study, that
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community consists of the transportation system of the Cache Metropolitan Planning
Area. In order to measure the social dimension of transportation sustainability, six
performance indicators have been chosen, which are—
i)

Non-Motorized Vehicle Facility

ii)

Access to Public Transport

iii)

Safety and Security

iv)

Modal share to workplace

v)

Walkability

vi)

Pavement

5.3.3.1 Non-Motorized Vehicle Facility: Non-motorized Vehicle Facility refers
to a section of roadways or streets that is typically shared and used by pedestrians,
bicyclists, or other non-motorized vehicles. Examples include shared lanes, wide curb
lanes, bicycle lanes, or bikeable shoulders. Such sections can either be open and legally
permitting of both bicycle and motor vehicle travel, or they may be physically divided
from motorized vehicular traffic by barriers of open space or other physical barriers. It
can be within the highway right-of-way or within an independent right-of-way. Welldesigned non-motorized vehicle facilities allow travelers safe and efficient access to jobs,
schools, and basic services. Such facilities make NMT vehicles a feasible choice for a
community.
For this indicator, the study has only considered on-road bike facilities, or the
percentage of bike-share lanes on designated roads. Data has been extracted from UTAH
AGRC.
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Figure 5.13: On-Road Bike Share Facilities in CMPO cities

The greater the percentage of bike-share lanes, the more opportunities there are
for people to use a bicycle or other non-motorized vehicles. The above graph shows that
while Wellsville performed poorly in other indicators, in this case, it ranks right after
Logan and North Logan.
5.3.3.2 Access to Public Transport. Strong public transportation helps construct
thriving communities, creates jobs with better accessibility, eases traffic congestion, and
promotes a cleaner environment (APTA, 2019). This indicator is far more important for
communities outside of urban areas, as it provides access to essential employment, goods,
and basic services for residents, especially older adults, persons with disabilities, and
low-income persons. Moreover, traveling on public transportation rather than in private
vehicles produces 95% less carbon monoxide, 92% fewer volatile organic compounds,
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and 45% less carbon dioxide per passenger mile (APTA, 2002). The fatality rate
associated with public transportation is roughly 1/25th that associated with private
automobiles (APTA, 2007).
For this performance measure, three sub-indicators were considered: Transit
Route Density, Number of Transit Trips per Week, and Percentage of Households within
½ mile of Transit Access.
5.3.3.2. (a) Transit Route Density. This indicator shows the number of roads in a
city used for public transportation purpose when compared to the city’s area. The data
has been extracted from UTAH AGRC and calculated using the Geographic Information
System.
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Figure 5.14: Transit Route Density (mi/ Sq. mi) in CMPO cities
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Figure 5.12 shows the concentration of public Transit in each city. According to
the graph, River Heights has the highest concentration of public transit access. This
means most of River Heights can be covered with riding public transit. Smithfield has
transit access closer to none.
5.3.3.2. (b) Number of Transit Trips per Week. However, access to only bus
routes does not justify access to public transport; therefore, per week bus trips from each
city were also counted as a performance indicator. A greater number of weekly transit
trips ensures a higher intensity of transit use.
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Figure 5.15: Number of Weekly Transit Trips in CMPO cities

Using the data from the National Transit Database by Federal Highway
Administration, the above graph illustrates that although River Heights has the highest
number of public transit route per square mile, its' weekly number of bus trips are a little
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more than half of the number of trips in Logan. And with almost close to no bus routes,
Smithfield has more bus trips than Wellsville.
5.3.3.2. (c) Percentage of Households within ½ mile of Transit Access.
Percentage of Households within ½ Mile of Transit Access, such as bus stops, indicates
the social equity within a community. The greater the percentage, the more socially
sustainable a transportation system becomes. This data has been collected from the
National Transit Database by the Federal Highway Administration.
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Figure 5.16: Percentage of Households within ½ mile of Transit Access in CMPO cities

As with previous indicators, Logan enjoys the highest percentage among other
cities, while Wellsville has the lowest percentage, a percentage that does not even come
close to the second-lowest percentage of Smithfield. Even with the lowest transit route
density, not only does Smithfield boast a better percentage of transit access near
neighborhoods, but people take more transit trips to Smithfield than to Wellsville.
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5.3.3.3. Safety and Security. Traffic fatalities and safety represent a direct
relationship between transportation and public health, which is an important social
factor. It is a necessary factor for transportation planners and policymakers to identify
areas for improvement, including traffic safety measures for all modes and pedestrians.
For this study, this indicator was measured according to the percentage of Fatal Crashes
and the Fatal Crash Rate involving pedestrians and cyclists. This percentage represents
the percentage of fatal crashes when compared with all the crashes in each city. Data has
been collected from UDOT requesting through GRAMA. The Severe Crash Rate Scale
is reported on a 1 to 6 scale, with 6 representing any injury that results in death after the
crash (UDOT, 2013).
5.3.3.3. (a) Percentage of Severe Crash. From a crash intensity scale of 1 to 6,
chosen by UDOT, the fatal crash intensity chosen for this indicator is 5 to 6, where 6
represents any injury that results in death after the crash, and 5 denotes incapacitating
injury which prevents the injured person from walking, driving, or continuing normally
in regular activities. A lower value indicates a safer community, thereby making it more
sustainable.
From the graph below, it can be comprehended that Smithfield and Hyde Park
have the highest percentage value. Although Logan holds the highest number of crashes,
its percentage of fatal crashes is the lowest among all the cities, which means it boasts
the lowest fatality rate.
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Figure 5.17: Percentage of Severe Crashes in CMPO cities, 2018

5.3.3.3. (b) Percentage of Fatal Crashes involving Pedestrian and Cyclists. Fatal
Crashes involving Pedestrian and Cyclists is important for this study to understand the
safety situation of Pedestrians and Cyclists. A study by CMPO shows, around 61% of
pedestrians feel unsafe while walking on the roads.

% of Pedestrians and Cyclists Involved in Severe Crash, 2018
18%

3.00

16%

2.50

14%

2.00

12%

1.50

10%

1.00

8%

0.50

6%
4%

0.00

2%

-0.50

0%

-1.00

% of Pedestrian and Cyclists Involved

score
Z-Score

Figure 5.18: Percentage of Fatal Crashes involving Pedestrians and Cyclists in CMPO cities, 2018
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Figure 5.18 makes it apparent that most of the fatal crashes involving pedestrians
and cyclists occurred in River Heights, as the percentages in that city are significantly
higher than those of other cities within the study area.
5.3.3.4. Modal Share to Workplace. Commute Mode Share reflects how well
infrastructure, policies, investments, and land-use patterns support different types of
travel to work. For better community growth, there must exist transportation choices
other than a car available to people. Transportation diversity is very important for a
functional transportation system. To reduce congestion, air pollution, and to increase
affordability, people must have access to a variety of vehicles. This is especially
important when commuting to the workplace, because people spend a large portion of
their regular day in the workplace. Data for this indicator were collected from the U.S.
Census Bureau Organization.
5.3.3.4. (a) Percentage of People Commuting to Work by Car. Typically,
people living in places with less transportation diversity and less access to employment
within a 5-20-minute distance are more prone to choose a car to commute to work.
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Figure 5.19: Percentage of people commuting to work by cars in CMPO cities, 2018
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A higher percentage in this regard means lower transportation sustainability. The
above graph depicts that people from Hyde Park, North Logan, Smithfield, and
Wellsville are more prone to choose a car while commuting to work than the other five
cities. This also includes carpooling by car, truck, or van.
5.3.3.4. (b) Percentage of People Commuting to Work by Bus. With greater
access to public transit, workers are more prone to choose public transit for commuting to
work. With a higher percentage of public transit commuters, a city or community moves
towards a more sustainable transportation system.
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Figure 5.20: Percentage of people commuting to work by bus in CMPO cities, 2018

Following the lowest percentage of car commuters, River Heights tops with the
highest percentage of commuters by public transport, which is the bus in this case. If the
two graphs are compared, it can be said that with a lower percentage of commuting by
cars, there will be a higher percentage of commuting by bus or any other public transport.
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5.3.3.4. (c) Percentage of People Commuting to Work by Walk. Other than the
car and public transport, people should also have the choice of commuting by walking. In
a healthy community, more people prefer to walk (National Transit Database, FHWA,
2018).

% of Walking Commuters, 2018
7.00%

2.50

6.00%

2.00
1.50

5.00%

1.00
4.00%
0.50
3.00%
0.00
2.00%

-0.50

1.00%

-1.00

0.00%

-1.50

% of Walking Commuters

score
Z-Score

Figure 5.21: Percentage of people commuting to work by Walk in CMPO cities, 2018

The higher the percentage is, the more sustainable the transportation system is.
From the above graph, Logan has the highest percentage of commuters that choose to
walk over other modes.
5.3.3.4. (d) Percentage of People Commuting to Work by Bike. In a
sustainable transportation system, people also prefer to commute by non-motorized
vehicles, such as bikes. The graph below depicts the percentage of people who commute
to work by biking. Both River Heights and Logan hold the highest percentage of biking
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commuters.
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Figure 5.22: Percentage of people commuting to work by bike in CMPO cities, 2018

5.3.3.5 Walkability: According to the U.S. Department of Housing and Urban
Development, walkability depends on characteristics of the built environment which
influence the likelihood of walking being used as a mode of travel. Walking to bus stops
or other public transportation stations is also counted toward meeting daily physical
activity recommendations (Freeland et al., 2013; Besser & Dannenberg, 2005). Although
walkability encompasses a broad range of definition, this study specifically considers
areas with facilities accessible within a quarter-mile walk. Two other measures are also
selected for this indicator: proximity to public transit within walking distance and
National Walkability Score. Data for these measures were collected from the U.S.
Department of Housing and Urban Development.
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5.3.3.5. (a) Percentage of Areas with Facilities within Walking Distance.
Using GIS, this study computed the percentage of residential areas with facilities within a
quarter-mile walking distance. For the purposes of this study, facilities include, but are
not limited to, schools, parks, groceries, banks, town halls, and bus routes. A similar
method of data collection was used by the city of Pasadena, California in 2012 to develop
the PacScore metric for evaluating local transport system performance. A higher
percentage indicates communities with high walkability as well as higher transportation
sustainability.
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Figure 5.23: Percentage of areas with facilities within walking distance in CMPO cities

Figure 5.23 shows the city percentages of residential areas with facilities within a
quarter-mile distance. Like most of the indicators, Logan topped the chart with the
highest percentage of 80.6%. River Heights and Millville followed with percentages of
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77% and 76.5%, respectively. In Nibley, North Logan, and Wellsville, more than 50% of
the residential areas are not accessible to facilities within walking distance. Such a
situation means people choose driving more often.
5.2.3.5. (b) Walkability Score— The Walkability Score is intended to help
address the growing demand for transportation and enable users to consistently compare
multiple places based on their suitability for walking as a means of travel. It is a measure
used to illustrate the ease of pedestrian travel in an area. This score consists of factors
related to built-environment features that determine whether people will choose to walk
(Ewing & Cervero, 2010; Thomas & Zeller, 2017). It simply evaluates communities'
walkability. The score is calculated and built from the National Health Interview Survey
(NHIS) data by the Environmental Protection Agency. The higher the score, the more
walkable the city is, which also indicates higher transportation sustainability.

Walkability Score, 2018
12

2.5

2
10
1.5
8

1
0.5

6
0
4

-0.5
-1

2
-1.5
0

-2

National Walkability Score

Z-Score
score

Figure 5.24: Walkability Score in CMPO cities
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With the highest score, River Heights is the most walkable city within the study area.
5.2.3.5. (c) Proximity to Transit. Proximity to Transit refers to the average time
it takes to walk around a block within ½ of Transit. The lower the time, the more
walkable and sustainable the transportation system becomes.
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Figure 5.25: Proximity to Transit in CMPO cities

Although River Heights boasts the lowest proximity to Transit with a score of
13.5 minutes, Providence and Logan also scored close to that number with 14.4 and 14.5
minutes, respectively.
5.3.3.6. Pavement Quality. Sustainable transportation requires better quality
pavement, which can be measured via the International Roughness Index, or IRI.
Irregularities or pre-existing conditions in pavement surface that adversely affect the ride
quality of a vehicle and its user is defined as Pavement Roughness. Roughness affects not

73

only ride quality, but also vehicle delay costs, fuel consumption, and maintenance costs
(University of Michigan Transportation Research Institute, UMTRI).
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Figure 5.26: International Roughness Index in CMPO cities

The lower the score, the better the quality of the pavement surface. With the
lowest score, River Heights has the best quality of pavement surface. The other cities’ IRI
scores were significantly higher than the River Heights score.
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Figure 5.27: Indicator List and scales for Social Dimension of CMPO Transportation System
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CHAPTER VI
DATA ANALYSIS AND RESULT

The previous chapter discussed the initial steps of the operationalize phase of the
Transportation Sustainability Assessment, which includes data collection, data
normalization, and building a performance index model. This chapter will discuss the
final steps of the operationalize phase, which include ranking, scoring, weighting, GIS
analysis, and assessment. For the data analysis and visualization, the spatial indexing
nature of ArcGIS is significant for this study. This is a useful tool for comparative
analysis of sustainability levels of any geographic boundary. The specific purpose of
analyzing data in a GIS environment is to spatially integrate all the performance
indicators and evaluate them via a more practical assessment method.
6.1 Data Ranking and Scoring
Based on the Z-score, each indicator is reclassified and ranked into four
comparative levels: Adverse, Bad, Moderate, and Good. As the study has been
conducted on a regional scale, and only ten cities are involved, the comparative scale is
kept within four. Z-score with “Adverse” value is scored 1, “Bad” is 2, “Moderate” is 3,
and the “High” level is 4. Figure 6.1 below shows how each indicator has been ranked
and scored for the total study.
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Figure 6.1: Ranking and scoring calculation of GHG emission from HH Auto Use, 2018

Following the above calculation method, all indicators have been ranked,
reclassified as “Good”, “Moderate”, “Bad and “Adverse”. And then they are scored from
4 to 1 based on their comparative scale, where “4” being “Good” and “1” being
“Adverse”. For other indicators, the z-score calculation is provided in Appendix B.
6.2 Spatial Integration
For all ten cities of the study area, each indicator was integrated to the spatial
environment with its comparative scale. After integrating performance indicators in
ArcGIS, each performance indicator layer was turned into a raster based on its associated
Z-score, then reclassified and scored based on the four comparative levels: Adverse, Bad,
Moderate, and Good.
All the reclassified raster layers for each sustainability dimension were then
weighted and summed up together, thereby creating a sustainability index for each
dimension of transportation sustainability. At this point, each of the dimensions was
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reclassified again, weighted, and summed up together (Figure 6.2) to give the final
composite index for transportation sustainability.
6.3 Composite Index of Three Sustainability Dimensions
After summing up the weighted indicators for each dimension in ArcGIS, the
index comprises four sustainability levels: Adverse, Bad, Moderate, and High. With “1”
as the lowest level and “4” as the highest level, each level will include a range of scores
of equal intervals between 1 and 4.
Each dimension of composite transportation sustainability will be discussed here
before analyzing the Cache County Metropolitan Planning Area's overall transportation
sustainability situation.
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Figure 6.2: Transportation Sustainability Index Tool Model
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6.3.1. (a) Economic Dimension Weighting
From the previous chapter, it is given that five performance indicators were
selected for economic analysis, which are—
i)

Mobility

ii)

Affordability

iii)

Cost of Congestion Delay

iv)

Employment accessibility

v)

Number of Freights

Each of these indicators is given equal weightage, resulting in a weight of 0.2 for each.
However, Cost of Congestion Delay, Employment Accessibility, and Freight Facilities
each have two sub-indicators. Therefore, their allocated weightage has been divided
equally between their individual sub-indicators, resulting in a 0.1 weight for each subindicator.
SUSTAINABILITY
DIMENSION

PERFORMANCE
MEASURES

UNIT

WEIGHT

A1. Mobility

A1. Annual VMT Cost

0.2

A2. Affordability

A2. Income percentage spent on transportation

0.2

A31. Automobile user’s cost of delay

0.1

A32. Freight user’s cost of delay

0.1

A41. Number of job opportunities within 30-minute
transit distance

0.1

A42. Average Commute time to work

0.1

A51. Percentage of freight roads per square mile

0.1

A52. Percentage of freight railway per square mile

0.1

A3. Congestion Delay
Economic
Sustainability
A4. Employment
accessibility

A5. Freight facilities

Table 6.1: Economic Dimension Indicators of CMPO Transportation Sustainability
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Figure 6.3: Weighted indicators of economic sustainability dimension

After allocating weightage to each indicator, the following framework has been followed, resulting in Figure 6.5.
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Figure 6.4: Economic sustainability process diagram
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6.3.1. (b) Economic Sustainability Index
After running the economic indicator rasters through the above process diagram,
we arrive at Figure 6.5, which illustrates the economic sustainability index of the
transportation system. As discussed earlier, the sustainability index is divided into four
sustainability levels, with four ranges of scores of equal intervals between 1 and 4.
Figure 6.5 depicts that there are no economically high sustainable areas. Logan,
along with adjacent cities North Logan, Providence, and Nibley, is more economically
viable, with moderate sustainability in the context of Transportation Sustainability. This
means a transportation system that helps grow a community economically is functioning
well in Logan and its neighboring cities, whereas Wellsville is in an adverse situation.
Although Wellsville holds a moderate level of Delay Cost, its Employment Accessibility
falls beneath the adverse level. People do not have accessibility to employment and other
basic facilities through public transit and other modes of transportation. As a result,
people must drive more to gain access to these facilities, which results in a higher VMT
cost that ultimately leads to spending a higher percentage of household income. The
results of the aggregated information make it clear that this city is currently in an adverse
level of economic sustainability within the context of transportation.
From the map, it can also be inferred that scores get lower as distance from Logan
increases. This means cities adjacent to Logan are positively impacted and benefit from
their proximity to Logan. However, this sustainable situation may not remain sustainable
if other cities do not improve the performance of their individual indicators. In the long
run, poor transportation sustainability will not only hamper the development of these
outlying cities, but will also damage the sustainability of Logan.
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Figure 6.5: Economic dimension index of CMPO transportation sustainability
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6.3.2. (a) Environmental Dimension Weighting
There are two environmental indicators for the environmental dimension of
transportation sustainability.
i)

Annual greenhouse gas emission from household auto usage

ii)

Annual On-road vehicle emission of CO2

Each indicator is given an equal weightage of 0.5.
SUSTAINABILITY
DIMENSION

Environmental
Sustainability

PERFORMANCE MEASURES

UNIT

WEIGHT

B1. Annual Greenhouse Gas
Emission from Household Auto
Usage

B1. Ton/
household

0.5

B2. Annual On-road Vehicle
Emission of CO2

B2. Ton/ Sq. mi

0.5

TABLE 6.2: Environmental Dimension indicators of CMPO Transportation

Figure 6.6: Environmental sustainability process diagram

After running all the environmental indicator rasters through the above process diagram,
we come to Figure 6.7.
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6.3.2. (b) Environmental Sustainability Index
Figure 6.7 shows the environmental sustainability index of the transportation
system. As in the previous sustainability index, this sustainability index is divided into four
sustainability levels, with four ranges of scores at equal intervals. However, as this
sustainability dimension consists of two indicators only, the score ranges from 2 to 4,
where “2” signifies the lowest level of environmental sustainability.
Figure 6.7 shows that low economic sustainability areas also have low
environmental sustainability for their transportation system. Since running an
economically viable community needs an effective transportation system with greater
integration of roads, streets, and commercial activities, such communities would draw
higher motorized vehicle flow, including more cars, trucks, and vans. Although it seems
logical that such flow would emit a higher amount of CO2, the reality is that increased
flow can actually save a community from emitting CO2. This is because in communities
with high economic sustainability, people tend to drive less and prefer alternative
transportation, such as non-motorized vehicles. This ultimately leads to lower CO2
emissions.
Due to low economic sustainability, people from Wellsville, Nibley, and Hyde
Park use cars more often, thereby emitting more GHG than in other sustainable cities.
The collective population of these three cities is one-third of Logan’s population. But
GHG Emissions from Auto Use per Household are higher in these cities in than the rest
of the study area. This reflects on the overall environmental sustainability situation.
Although Providence is economically sustainable, its environmental sustainability faces
an adverse condition. As it is located between Logan, Hyrum, Nibley, and Millville, it
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sports more through traffic than other cities. Hence, its on-road vehicle emission of CO2
is also adverse, affecting the overall environmental sustainability situation. Of all the
cities, Logan is the only one that reaches the highest environmental sustainability level.

Figure 6.7: Environmental Dimension Index of CMPO transportation sustainability
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6.3.3. (a) Social Dimension Weighting
To compute the social dimension of Transportation Sustainability, five
performance indicators were selected, which are—
i)

Non-Motorized Vehicle Facility

ii)

Access to Public Transport

iii)

Safety and Security

iv)

Modal share to workplace

v)

Walkability

vi)

Pavement

Each indicator is given an equal weightage of 0.20. As Modal share to the workplace has
three sub-indicators as well as Safety and Public Transport Accessibility has two subindicators each, their weightage is divided into 0.067 and 0.1, respectively.

88
SUSTAINABILITY
DIMENSION

PERFORMANCE
MEASURES

UNIT

WEIGHT

C1. Non-Motorized
Vehicle Facility

C11. Percentage of On-Road Bike Share Lane

0.167

C21. Transit Density Route (mi/ sq mi.)

0.056

C22. Weekly Transit Trip

0.056

C23. Percentage of Household within 1/2-mile
Transit Access

0.056

C31. Fatal Crash Rate

0.083

C32. Fatal Crash Rate involving Pedestrian and
Cyclist

0.083

C41. Percentage of Commuters by Car

0.0416

C42. Percentage of Commuters by Bus

0.0416

C43. Percentage of Commuters by Walking

0.0416

C44. Percentage of Commuters by Bike

0.0416

C51. Percentage of Residential Area with Access
to Basic Facilities Within Walking Distance

0.056

C52. Proximity to Transit (mins)

0.056

C53. Walkability Score

0.056

C61. International Roughness Index

0.167

C2. Access to Public
Transport

C3. Safety and
Security
Social Sustainability
C4. Modal Share to
Workplace

C5. Walkability

C6. Pavement

Table 6.3: Social Dimension Indicators of CMPO Transportation

The assigned weightage of each social indicator is shown in Table 6.3. All the indicatorbased rasters were then run through the process diagram illustrated in Figure 6.8.
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Figure 6.8: Social sustainability process diagram
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6.3.3. (b) Social Sustainability Index
After running the process diagram of Figure 6.8, we arrived at the results, as
shown in Figure 6.9. Like the other two sustainability dimensions, the social
sustainability index includes four sustainability levels with four ranges of scores of equal
intervals between 1 and 4.
Logan enjoys high social sustainability within the context of the transportation
system, with high walkability to facilities, high access to public transport, a high number
of facilities for using non-motorized vehicles, and high transportation diversity. Although
Wellsville performed better in this dimension than in the other two dimensions, it still
scored poorly. In all indicators other than safety, Smithfield and Hyde Park also
performed poorly. This indicates a lack of social equity and low access to basic facilities
within these cities. However, Logan again boasts high levels of sustainability, with two
adjacent cities scoring moderate levels of sustainability. This indicates that River Heights
and North Logan are benefitting from their proximity to Logan.
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Figure 6.9: Social Dimension Index of CMPO transportation sustainability
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6.4. Transportation Sustainability Index
At this point, all the indexes of the three sustainability dimensions were
aggregated together to give the final Transportation Sustainability results. These indexes
were reclassified according to points based on their sustainability values. Then they were
aggregated together according to their weightage. All the dimensions received an equal
weightage of 0.333. The entire process is illustrated below:

Economic (0.333)

Environment (0.333)

Transportation Sustainability

Social (0.333)
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The total transportation sustainability index was divided into four sustainability
levels, each with four ranges of scores, resulting in numbers between 1 to 4 and ranges
divided by these numbers placed at equal intervals.
Figure 6.10 shows the Transportation Sustainability results of the study area. It
shows that Logan, with the highest level of scores, is the most sustainable city within the
context of transportation sustainability. River Heights and North Logan benefit from their
proximity to Logan and enjoy moderate sustainability, making their transportation system
sustainable. Providence, however, is not reaping such benefits and ranks at a bad level of
sustainability. Determining the reason behind this exception and undertaking initiatives
for future development may be an interesting challenge for decision-makers to take on..
Still, it can be inferred from the previous discussion that environmental
sustainability in Providence is so poor, its levels alone have greatly impacted its overall
transportation sustainability performance. Both Wellsville and Hyde Park ended up with
adverse transportation sustainability. This ranking indicates that policymakers must come
up with better development measures to make these communities more sustainable.
The transportation sustainability index also made it clear that Logan is the only
city within the study area with high transportation sustainability. All other cities depend
on Logan to meet their transportation needs, which could impact Logan’s future
sustainability situation. Such centralized transportation sustainability may result in a
breaking down of the balance, thereby lowering overall performance. Hence,
policymakers must focus more on improving other cities in order to decentralize
transportation needs and distribute services more equally.
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Figure 6.10: Composite Index of transportation sustainability
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CHAPTER VII
DISCUSSION AND CONCLUSION
7.1 Discussion
With growing interest in sustainability, several departments of transportation,
including those in Texas, Oregon, New York, and California, have incorporated
sustainability into their future planning goals. Nevertheless, very few agencies, especially
those at the local and regional levels, have access to planning tools that can integrate a
wide range of sustainability measures and help decision-makers build a more relevant and
efficient transportation plan. This study attempts to define transportation sustainability at
the regional level and thereby establish a feasible methodology with region-based
performance indicators for assessing regional transportation sustainability. This resulting
methodology seeks to represent the vision, goals, and objectives of a particular region.
Performance measures or indicators help with analysis of a region’s sustainability
performance through scoring, which demonstrates a region’s current position with regard
to sustainability. However, using individual indicators to describe transportation
sustainability can be overwhelming and ultimately make the process cumbersome. Thus,
a combined sustainability index method is preferable for an aggregated result, as the
index compares variables within a numerical scale. This index aids in determining the
sustainability positioning of an area, and indicators assist in directing decision-makers
and planners to identify sectors that need improvement to reach sustainability goals.
This is the Utilization section of the study, which will explore the scope of the
study, describe its significance as well as its limitations, and make concluding remarks
with final recommendations.
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7.1.1. Scope of The Study
As transportation sustainability assessment deals with several indicators at the
same time to address various issues in a region, it creates a number of potential sub-fields
to explore:
•

Self-evaluation of transportation system: Based on the numerical scores set for
individual indicators, each of the sustainability dimensions, and the overall
transportation sustainability result, a city or region can determine the strengths and
weaknesses of its transportation system.

•

Benchmarking with other cities and regions: Moreover, cities can compare their
sustainability situations with cities of another region or the region itself,
particularly when they share similar profiles or goals and objectives. This would
assess how each city’s partial and total scores compare to those of other cities.
This allows the city or region to set targets for future development.

•

Monitoring: With regular updates of both indicator data and scoring, regions and
cities can better track how the transportation system is progressing towards
sustainability as a result of implemented policy and development measures.

•

Policy assessment: This framework helps evaluate the influence of policies and
improvement measures on each of the sustainability indicators.

•

Backcasting: In this sustainability assessment framework, the total result can be
disaggregated to individual indicators to determine root causes that might hamper
or assist in achieving sustainability.
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•

Ensuring equity in disadvantaged cities: After identifying cities with less
transportation sustainability, in-depth studies can be performed to better serve
those cities with adequate measures that attain sustainability and ensure equity.

•

Alternative transportation system adoption: With the introduction of an alternative
transportation system, such as delivery with a drone, the mobility scenario will be
changed. It will be interesting to explore how this will impact regional
transportation sustainability.

•

Connected and autonomous vehicles (CAVs): With technological development,
connected and autonomous vehicles are taking place instead of regular existing
vehicles. This framework will help to study the impact of CAVs in the regional
transportation system.

7.1.2. Significance of The Study
As has been previously discussed in this study, the concept of sustainability is
often misunderstood as consisting of purely environmental impacts, without considering
its economic and social dimensions. This study aims to explore how each dimension of
sustainability is connected to the others. The transportation sustainability indexes make it
clear that cities wherein transportation services are not equally distributed lack sufficient
access to economic activities. This deficiency ultimately compels residents to use more
automobiles, which heavily impacts the environment of those cities.Wellsville
corroborates these findings most clearly. Its results prove that all three dimensions are
equally important in creating and maintaining a sustainable transportation system.
Historically, sustainability assessments, including transportation sustainability, take place
at either a national scale or a local scale, involving a specific city, neighborhood, or
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community. Local system assessment generally deals with very specific issues which
function separately and scarcely considers influences from outside sources, such as
adjacent cities or neighborhoods. Whereas national scale sustainability assessment is
conducted at such a large scale that it can hardly take local changes into account
(Smetana et al., 2015). Conversely, regional-scale sustainability assessment has the
ability to merge several local systems and integrate them as one. Moreover, local systems
that might get ignored due to their insignificant characteristics also become part of the
assessment and can signify their importance to the system. In this study, River Heights is
such an example. In addition, the sustainability assessment process works better, faster,
and more precisely at the regional scale than it does at the national scale (Hellweg &
Canals, 2014).
Still, a regionally-built transportation sustainability assessment framework has not
been explored much in the United States, leaving policy-makers and transportation
planners without the help and resources they need. Existing transportation sustainability
assessment frameworks, such as INVEST, Greenroads, STARS, and I-LAST, are
typically focused on transportation projects or specific transportation infrastructures and
their impacts on the community, rather than the whole region. This study, therefore, has
set its major goals and primary directions for assessing the sustainability of the
transportation system at the regional scale. Although existing planning practices include
sustainability assessment, the definition of sustainability is not detailed enough to be
universally comprehensible. Defining sustainability without including any indicators
makes the assessment process vague. Hence, transportation planners and policymakers
find it difficult to initiate planning policies and integrate sustainability analysis for
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regional development of the transportation system. This study has been conducted to
explain how sustainability indicators provide accurate analysis of the transportation
system and to establish a transparent decision-making process.
Because of misconceptions regarding sustainability, people don’t entirely
comprehend the sustainability assessment process, and eventually they stop caring about
it at all. However, including sustainability indicators in the planning process and
integrating them in a numerical scale turns the entire process around by making it
comprehensible to all involved. Furthermore, the assimilation of the Geographic
Information System allows people to connect more fully with the sustainability
assessment process of their region.
Because there are more than 300 indicators for transportation sustainability
(according to the World Bank), it can be a complicated and cumbersome process to
determine suitable indicators to define the transportation system of a region. Several
methodologies and frameworks have been created to help in choosing the most applicable
indicators. This study has explored several of these methods and has built a framework to
determine and select indicators that best define the study area.
This proposed framework will help decision-makers incorporate and practice
sustainability evaluation for transportation planning and future decision-making. It is
useful to indicate the deprived community within a region in order to draw decisionmakers' attention and help improve the performance of the deprived community. Apart
from the aggregated result, individual indicators aid in giving direction to issues that
hamper the sustainability process.
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7.2 Limitations of The Study
Although this study is important at various levels, this research is not free from
any limitations. The future research study will surely need to address these limitations to
expand the scope—
i)

This study is conducted based on data extracted from various websites and
sources.

ii)

This study explores relative sustainability based merely on the study area. It
does not focus on absolute sustainability.

iii)

Regions differ in composition, resulting in complex comparability for a
sustainability assessment due to inclusion of different settings, rural vs. urban
areas, natural resources, population, and infrastructure, for example.

iv)

Due to data availability, large-scale sustainability assessment on a national or
global scale can be easily evaluated with the use of multiple available
indicators. Whereas, due to the uneven distribution of resources and irregular
flows of services, regions typically face data unavailability, which becomes a
constraint for such sustainability assessments.

v)

Moreover, most of the data have not been updated since 2018. Therefore, the
final result illustrates a sustainability analysis from 2018.

vi)

Environmental sustainability involves other indicators, such as daily emissions
of carbon monoxide (CO) and particulate matter (PM) and pollution budget.
However, only annual CO2 Emission from Vehicle Flow calculations have
been completed for each city in this study and therefore had to be used as the
sole environmental dimension of transportation sustainability, which clearly
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does not portray the whole environmental sustainability situation. Using only
one indicator for an entire sustainability dimension can be misleading.
vii)

This assessment technique was used for only one community. If the results
could be compared with other communities, said results would be more
comprehensive.

viii)

For the economic dimension, including Freight Flow on Routes calculations for
each city would provide a more accurate capture of regional economic impacts
of accommodating freight traffic. However, similar to the environmental
dimension, this indicator couldn’t be evaluated due to a lack of local data.

ix)

Furthermore, it is important to involve people associated with the community
being evaluated in order to achieve more accurate sustainability results. Yet
due to current nationwide pandemic regulations, the direct involvement of
people wasn’t possible in this regard. Therefore, the methodology will need
improvement when it comes to integrating modern and innovative ideas.

x)

As the composite sustainability index used in the study does not explicitly
portray the correlation between transportation activity, emissions measures (in
the environmental dimension), and human exposure measures (in the social
dimension), future research should develop a broader analysis of the economic,
environmental, and social impacts of transportation systems by modeling
interactions among these sustainability dimensions.
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7.3 Recommendation
Based on the study results and subsequent discussion, this section considers
recommendations for future studies—
i)

Apart from national and global level sustainability assessments, transportation
planners and decision-makers must place more emphasis om sustainability
assessments of regional transportation systems in order to provide specific
system details and more precise analysis.

ii)

In order to make a region’s complicated resource composition simpler to
analyze for sustainability assessment, good data must be collected and
available.

iii)

Different regions need to connect often in order to build an individual profile
with indicators for future benchmarking among similar regions.

iv)

A compact and corresponding list of indicators with data availability must be
created that will cover various regions based on their geographic location,
area, population size, economy, and other factors.

v)

Apart from sustainability assessment frameworks for different transportation
projects, a transportation sustainability assessment framework can be
established that will focus on a region’s overall transportation system, rather
than a specific project.

vi)

Integrating Geographic Information Sustainability can be an excellent addition
when representing transportation sustainability indexes, as it gives people
added perspective about their communities or regions.
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7.4 Conclusion
Transportation sustainability assessment is gradually being considered an
important planning instrument for evaluating and monitoring policies and strategies to
attain sustainability for transportation systems. An efficient indicator system can act as
the foundation for guiding a transportation system’s track towards sustainability. This
study has offered a comprehensive framework for building an indicator system to
measure a region's transportation sustainability. Between local and national scale
sustainability assessments, there is a lack of research regarding the building of a viable
framework to define regional development. Hence, this study explores the requirements
of a regional transportation system, along with other best practices for sustainability
evaluation.
Moreover, this study has also proposed a methodology outlining a resourceful
selection of indicators in order to build a competent assessment framework for evaluating
transportation sustainability in a regional context. The final results illustrate that such a
framework can provide a practicable transportation sustainability assessment at the
regional scale and can generate a mappable transportation sustainability index. This
framework and study can help to measure progress towards long-lasting transportation
systems, thus inspiring innovations in planning strategies within the realm of
policymaking.
Transportation planning can be a challenging task, as it attempts to ensure social
and economic balance within a region and requires regular monitoring, especially at the
regional level. For such regular monitoring, transportation agencies and policymakers
must build and follow a comprehensive and well-organized sustainability assessment
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framework. Despite its limitations, this proposed framework will help transportation
practitioners and agencies develop region-appropriate sustainability goals and objectives
by helping them choose the performance indicators that integrate best within their
transportation sustainability evaluation. Although this is the primary level of such a
framework, it creates a path for future research and study that will make said framework
more futuristic, effective, and robust.
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APPENDIX A
LIST OF TRANSPORTATION SUSTAINABILITY INDICATORS
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Table 1. Performance Indicators for Transport (the World Bank, 2004)
Dimension

Mode

Indicator

ACCESS
Roads
Roads
Roads
Roads
Roads
Rail
Rail
Roads
Roads
Roads
Urban
Urban
Urban
Roads
Air

Access to all-season road by rural population (% of total rural population)
Average distance to nearest transport stop for urban population (km)
Average distance to nearest transport stop for rural population (km)
Road Density in terms of population (km/1,000 people)
Road Density in terms of land area (km/1,000 km2)
Rail Lines Density in terms of land area (route-km/1,000 km2)
Rail lines Density in terms of population (route-km/ 1,000 people)
Motorized Road Vehicle Ownership in Rural Areas: Private Cars
(% of rural households)
Motorized Road Vehicle Ownership in Rural Areas: Motorcycles
(% of rural households)
Non-Motorized Road Vehicle Ownership in Rural Areas: Bicycles
(% of rural households)
Motorized Road Vehicle Ownership in Urban Areas: Private Cars
(% of urban households)
Motorized Road Vehicle Ownership in Urban Areas: Motorcycles
(% of urban households)
Non-Motorized Road Vehicle Ownership in Urban Areas: Bicycles
(% of urban households)
Non-Motorized Road Vehicle Ownership: Bicycles
(% of urban households)
Aircraft Departures (thousands)

AFFORDABILITY
Road
Road
Urban

Motor Vehicle Fuel Prices: Gasoline (Super/ Regular) (US$/ liter)
Motor Vehicle Fuel Prices: Gas/ Diesel Oil (US$/ liter)
Spending on Transport Services by Urban Households (% of Urban Househ
Expenditure)
Rural
Spending on Transport Services by Rural Households (% of Rural Househ
Expenditure)
Rail
Average Rail Tariff, Passenger (US$/ passenger-km)
Rail
Average Rail Tariff, Freight (US$/ tonne-km)
Roads
Road User Charges as Share of Total Road Expenditure (%)
Ports
Port Handling Costs: containers (US $/TEU)
Ports
Port Handling Costs: containers (US$/ ton)
QUALITY (*Technical Dimension*)
Roads
Paved Roads (% of Total Road Network)
Roads
Roads in Fair/Good Condition (% of Total Road Network)
Rail
Rail Traffic Density (traffic units/ km)
Rail
Route Length of Multi-tracked Rail Lines (% of total rout-km)
Rail
Rail Service Frequency (passenger train-km/ route-km)
Roads
Fatalities in Road Motor Vehicle Accidents in terms of vehicles
(Fatalities/ 10,000 vehicles)
Roads
Fatalities in Road Motor Vehicle Accidents in terms of population
(Fatalities/ 10,000 people)
Urban
Urban Transport Modes (% of work trips)
Ports
Seaport Traffic: containers
Ports
Seaport Traffic: general cargo
Rail
Rail Share of Passenger Domestic Travel (%)
Road
Road Share of Passenger Domestic Travel (%)
Water
Inland and Coastal Shipping Share of Passenger Domestic Travel (%)
Air
Air Share of Passenger Domestic Travel (%)
Rail
Rail Share of Total Freight Domestic Carriage (%)
Road
Road Share of Total Freight Domestic Carriage (%)
Water
Inland and Coastal Shipping Share of Total Freight Domestic Carriage (%)
Air
Air Share of Total Freight Domestic Carriage (%)
QUALITY (*Perception*)
All
All

Average Total Time Travelling by Rural Households (minutes/ days)
Average Total Time Travelling by Urban Households (minutes/ days)
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Urban
Roads

Travel Time to Work in Main Cities (minutes/ one-way work trip)
Commercial Perception of Services Delivered by Road Department/
Public Works
Commercial Perception of Railway Services
Commercial Perception of Air Transport Services
Commercial Perception of Port Facilities and Inland Waterways
Cargo Handling Services: Market Openness

Rail
Air
Ports
Ports
EFFICIENCY (*COST*)
Ports
Shipping Costs (ratio)
Rail
Railway Employee Productivity (Annual Output/ Employee)
EFFICIENCY (*Economic*)
Roads
Road Transport System Technical Efficiency (US$/km)
FISCAL COST
Roads
Road Expenditure as share of GDP (%)
Roads
External Funds as Share of Total Road Expenditure (%)
Roads
Actual to Required Road Maintenance Expenditure (%)
FINANCIAL AUTONOMY
Roads
Expenditure on Owning and Operating Vehicles (US$)
INSTITUTIONAL DEVELOPMENT
Roads
National Roads Boards (NRB) Exists and Reports (at least annually) (Y/N)
Roads
Private Sector Representatives from majority of NRB (Y/N)
Roads
Main (National) Road Agency operating with Annual Report published (Y/N)
Roads
Main (National) Road Agency publishing Technical and Financial Audits (Y/N)
Roads
National Road Safety Action Plan (Y/N)
Roads
Social Assessment of Road Projects Mainstreamed (Y/N)
All
Gender assessment (Y/N)
All
Access for all (Y/N)
All
Planning (Y/N)
Roads
Environmental Assessment of Road Projects Mainstreamed (Y/N)
Roads
Communicable disease control (Y/N)
All
Competitive Private Sector Participation in Transport Services (Y/N)
All
Core labour standards (Y/N)
All
Health and safety (Y/N)

116

Table 2. Indicators of the Environmental Impacts of Transportation: Highway
Transportation (US EPA, 1999)
Activity

Outcome Indicators

Output Indicators

Activity Indicators

1. Road Construction and Maintenance
Habitat disruption and land
take for road and right-of way

- States reporting
highway-related wetland
losses

Emissions during construction - Percent of surface
and maintenance
waters degraded from
land development
projects (not just highways)

Releases of
deicing compounds

Highway runoff

- States reporting
degraded wetlands integrity
due to salinity
- States reporting road
salting as a significant
source of ground
water contamination
- River miles, lakes, and
ocean shore miles impaired
by urban runoff (not just
highways)

- Cumulative land area
covered by roads

- New road mileage and
lane mileage constructed

-New land area taken for
roadway use
- Changes in surrounding
water quality conditions
near typical construction
site

- Acres sprayed with
herbicide

- States reporting
contamination problems at
maintenance facilities
(Data unavailable)

- Energy used in
construction

- Quantity of road salt used

- Average pollutant
- Percentage of roads that
concentrations of various
are paved
metals, suspended solids, an
toxic organics in road runoff
- Quantity of oil and grease
loading via road runoff

2. Motor Vehicle and Parts Manufacture
Toxic release and other
emissions

(Data unavailable)

- Quantity of reported
releases of toxic chemicals
included in TRI database
- Quantity of CO, NO2,
PM-10. TP, SO2, VOC

released to air

3. Road Vehicle Travel
Tailpipe and
evaporative emissions

Fugitive dust emissions from
Roads

Emissions of refrigerant
agents
from
vehicle
conditioners

-Cases of chronic respiratory
illness, cancer, headaches,
respiratory restricted
activity days, and premature
deaths due to motor vehicle
pollution
-Cases of chronic respiratory
illness, asthma attacks,
respiratory restricted activity
days, and premature deaths
due to particulates associated
with motor vehicles
(Data unavailable)

-Quantity of CO, NOx,

VOC SO2, PM, Pb, CO2,
CH4, N2O, Benzene,

Butadiene and
Formaldehyde released
- Quantity of fugitive dust
(PM-10) emitted

-Quantity of CFCs,
HFCs emitted from all
sources
-Percentage of emissions
attributable to motor
vehicles

Noise

Hazardous materials
Incidents during transport
Roadkill

-Percentage of population
-Typical noise emissions
exposed to levels of roadway levels by vehicle type and
noise associated with
road type
health and other effects
(1980 only)
(Data unavailable)
-Type and quantity of mate
reported released
-Approximate number of
animals killed

- Quantity of CFCs
consumed in autos
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4. Motor Vehicle Maintenance and Support
Releases during
terminal operations: tank
truck cleaning,
maintenance, repair, and
refueling
Releases during passenger veh
cleaning, maintenance,
Repair and refueling
Leaking underground
storage tanks (UST)
containing fuel

(Data unavailable)

-Quantity of VOCs emitted

(Data unavailable)

(Data unavailable)

-States reporting leaking
USTs to be a significant
source of ground water
contamination

- Number of terminals and
Types of materials used
during terminal operations

- Percentage of transit
agencies that wash bus
fleets daily
-Number of confirmed relea - Number of active
from storage tanks
petroleum USTs

5. Disposal of Vehicles and Parts
Scrappage of vehicles

(Data unavailable)

(Data unavailable)

Motor oil disposal

(Data unavailable)

(Data unavailable)

Tire disposal

(Data unavailable)

(Data unavailable)

Lead –acid batteries disposal

(Data unavailable)

(Data unavailable)

- Number of vehicles
scrapped, quantity of
various materials in
vehicle, percentage of
mass landfilled
- Quantity of used motor oi
improperly disposed
- Quantity of used tires
landfilled or stockpiled
- Quantity of lead –acid
batteries discarded into
musical waste stream
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Table 3. Recommended Transport Indicator Set by VTPI (Litman, 2007)

Most Important
(Should usually
be used)

Helpful
(Should be used if
possible)

Specialized
(Use to address
particular needs
or objectives)
Planning
Process

Market
Efficiency

Economic

Social

• Per capita mobility (daily
or annual person-miles or
trips)
• Mode split (personal travel:
non-motorized, automobile
and public transport;
freight: truck, rail, ship and
air)
• Average commute travel
time and reliability
• Per capita congestion costs
• Total per capita transport
expenditures (vehicles,
parking, roads and transit
services)

• Per capita traffic crashes and
fatalities
• Quality of transport for
disadvantaged people (disabled,
low incomes, children, etc.)
• Affordability (portion of
household budgets devoted to
transport).
• Overall satisfaction rating of
transport system (based on
objective user surveys).
• Universal design
(consideration of disabled
people’s needs in transport
planning).

• Relative quality
(availability, speed,
reliability, safety and
prestige) of non-automobile
modes (walking, cycling,
ridesharing and public
transit) relative to automobile
travel.
• Number of public services
within 10-minute walk and
job opportunities within 30minute commute of residents.

• Portion of residents who
walk or bicycle sufficiently
for health (15 minutes or
more daily)
• Portion of children
walking or cycling to school.
• Community cohesion
(quality of interactions
among neighbours).
• Degree cultural resources
are considered in transport
planning.

• Portion of households with • Transit affordability.
internet access.
• Housing affordability in
• Change in property values.
accessible locations.

Environmental
•

Per capita energy
consumption, disaggregated
by mode
• Energy consumption per
freight ton-mile
• Per capita air pollution
emissions (various types),
disaggregated by mode
• Per capita land devoted to
transport facilities (roads,
parking, ports and airports)
• Air and noise pollution
exposure and health damages
• Impervious surface
coverage and storm water
management practices.
• Community livability
ratings
• Water pollution
emissions
• Habitat preservation
• Use of renewable fuels
• Transport facility
resource efficiency (such

as use of renewable
materials and energy
efficient lighting).
• Impacts on special
habitats and
environmental resources
• Heat island effects

Comprehensive (takes into account all significant impacts, using best current evaluation
practices).
Inclusive (substantial involvement of affected people, with special efforts to insure that
disadvantaged and vulnerable groups are involved).
Based on accessibility rather than mobility
Application of smart growth land use policies
Portion of total transportation costs that are efficiently priced
Neutrality (public policies do not arbitrarily favour a particular mode or group) in transport
pricing, taxes, planning, investment, etc. Applies least cost
planning.
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Table 4. Indicators and Metrics for Sustainable Transportation Systems ~Sixteen Initiatives
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APPENDIX B
Z-SCORE CALCULATION AND SCORING FOR SELECTED INDICATOR DATA
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Economic Sustainability:
Table A1: Annual VMT Cost (Mobility)
City
Logan
North
Logan
River
Heights
Providence
Hyrum
Smithfield
Millville
Hyde Park
Nibley
Wellsville
Index:
Point:

Annual VMT
Cost ($)
3234

Mean

STDV

Z-Score

3565

-0.88 Moderate

3569
3787
3889
3939
3947
3960
3983
4102
<-1 = Good
4

Index
Result
-2.13 Good

-0.86
-0.04
0.35
0.54
0.57
0.62
0.70
1.15

3797.50

264.195

-1 to 0 = Moderate
3

0 to 1 = Bad
2

Moderate
Moderate
Bad
Bad
Bad
Bad
Bad
Adverse

>1 = Adverse
1

Table A2: Income percentage spent on transportation (Affordability)
City
Logan
North
Logan
River
Heights
Providence
Hyde Park
Hyrum
Millville
Nibley
Smithfield
Wellsville

Income% Spent on
Transportation
26%

Mean

STDV

Z-Score

Index
Result
-2.02 Good

28%

-1.12 Good

29%
30%
31%
32%
32%
32%
32%
33%

-0.67
-0.22
0.22
0.67
0.67
0.67
0.67
1.12

0.31

0.022

Index:

<-1 = Good

-1 to 0 = Moderate

0 to 1 = Bad

>1 = Adverse

Point:

4

3

2

1

Moderate
Moderate
Bad
Bad
Bad
Bad
Bad
Adverse
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Table A31: Automobile User Cost of Delay (Congestion Delay)
City

Hyrum
Millville
Nibley
Providence
River
Heights
Wellsville
Smithfield
Hyde Park
North Logan
Logan
Index:
Point:

User's
Delay Cost
(Auto-$)
0.00
0.00
0.00
0.00

Mean

698.56

STDV

984.391

0.00
455.31
924.97
945.46
1702.66
2957.25
<-1 =
-1 to 0 = 0 to 1 =
Good
Moderate Bad
4
3
2

Z-Score
-0.71
-0.71
-0.71
-0.71

Index
Result
Moderate
Moderate
Moderate
Moderate

-0.71
-0.25
0.23
0.25
1.02
2.29

Moderate
Moderate
Bad
Bad
Adverse
Adverse

>1 =
Adverse
1

Table A32: Freight Cost of Delay (Congestion Delay)
City

Hyrum
Millville
Providence
River
Heights
Nibley
Wellsville
Smithfield
Hyde Park
North Logan
Logan

Freight
Delay Cost
(Auto-$)

Mean

STDV

Index Result
-0.74 Moderate
-0.74 Moderate
-0.74 Moderate

0.00
0.00
0.00
0.00
44.62
92.25
197.02
201.38
362.66
629.89

Index:

<-1 = Good

Point:

4

Z-Score

152.78

206.755

-1 to 0 = 0 to 1 =
Moderate Bad
3
2

-0.74
-0.52
-0.29
0.21
0.24
1.02
2.31
>1 =
Adverse
1

Moderate
Moderate
Moderate
Bad
Bad
Adverse
Adverse
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Table A41: Number of job opportunities within 30-minute transit distance (Employment Accessibility)
City

# of Job Opportunities
within 30 min Transit
Distance

River
Heights
Logan
North
Logan
Hyde Park
Nibley
Millville
Providence
Smithfield
Hyrum
Wellsville
Index:

Mean

STDV

Z-Score

35740
34606

1.10 Good
0.99 Moderate

30214
29937 24651
29218
25785
23813
20108
14507
2582
<-1 = Adverse

Point:

-1 to
0=
Bad
2

1

Index
Result

0.55
0.52
0.45
0.11
-0.08
-0.45
-1.01
-2.19

10079.59

0 to 1 =
Moderate

Moderate
Moderate
Moderate
Moderate
Bad
Bad
Adverse
Adverse

>1 = Good

3

4

Table A42: Average Commute Time to Work (Employment Accessibility)
City
Hyde Park
Logan
North
Logan
River
Heights
Nibley
Providence
Millville
Smithfield
Wellsville
Hyrum

Avg. Commute Time Mean
to Work (mins)
14.3
14.6

STDV

14.8
16.3
16.5
17.2
17.9
18.6
21.4
22

Index:

<-1 = Good

Point:

4

Z-Score

Index
Result
-1.14 Good
-1.03 Good
-0.95 Moderate

17.36

2.690

-0.39
-0.32
-0.06
0.20
0.46
1.50
1.73

-1 to 0 =
Moderate

0 to 1
= Bad

>1 =
Adverse

3

2

1

Moderate
Moderate
Moderate
Bad
Bad
Adverse
Adverse
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Table A51: Percentage of Single Unit Truck (Freight)

City
Logan
Smithfield
North
Logan
Wellsville
Hyde Park
Nibley
Hyrum
Millville
River
Heights
Providence
Index:
Point:

Single
Unit
Truck
(SUT)
SUT%
317089
35824
11.30%
41302
4552
11.02%
73069
6388
8.74%

Total
Number of
Trucks

77822
62532
23040
0
0
0

5769
4354
619
0
0
0

7.41%
6.96%
2.69%
0%
0%
0%

0

0

0%

<-1 =
Adverse
1

-1 to 0 =
Bad
2

0 to 1 =
Moderate
3

Mean

5%

STDV

0.048

Z-Score

Index
Result
1.36 Good
1.30 Good
0.82 Moderate

0.55
0.45
-0.45
-1.01
-1.01
-1.01

Moderate
Moderate
Bad
Adverse
Adverse
Adverse

-1.01 Adverse
>1 =
Good
4

Table A52: Percentage of Combined Unit Truck (Freight)
City

Nibley
Smithfield
North Logan
Logan
Wellsville
Hyde Park
Hyrum
Millville
River
Heights
Providence
Index:
Point:

Total
Number of
Trucks
23040
41302
73069
317089
77822
62532
0
0
0

Combined CUT%
Unit
Truck
(CUT)
7432
32.26%
7270
17.60%
7942
10.87%
24301
7.66%
5149
6.62%
988
1.58%
0
0.00%
0
0.00%
0
0.00%

0
<-1 =
Adverse
1

0
-1 to 0 =
Bad
2

Mean

8%

0.00%
0 to 1 =
Moderate
3

STDV

0.105

Z-Score

Index
Result

2.35
0.95
0.31
0.00
-0.10
-0.58
-0.73
-0.73
-0.73

Good
Moderate
Moderate
Moderate
Bad
Bad
Bad
Bad
Bad

-0.73 Bad
>1 =
Good
4

130
Environment Sustainability:
Table B1: Annual On-Road Vehicle Emission of CO2

City

Total CO2
Emission
(Ton)

Area (sq.
mile)

CO2
Emission
(Ton/sq.
Mile)

Logan

13,575.44

18.48

734.63

-0.77 Moderate

North Logan

5,908.10

7.13

828.92

-0.74 Moderate

Wellsville
River
Heights

8,800.53

7.18

1,225.73

-0.57 Moderate

966.28

0.66

1,461.94

-0.47 Moderate

Smithfield

10,027.60

5.39

1,859.48

Millville

5,387.07

2.50

2,150.94

-0.19 Moderate

Hyrum

13,575.44

6.20

2,191.20

-0.17 Moderate

Hyde Park

11,869.13

4.39

2,703.07

0.04 Bad

Nibley

17,941.22

4.46

4,021.68

0.58 Bad

Providence

34,900.77

3.91

8,932.11

2.61 Adverse

Index:
Point:

<-1 =
Good
4

-1 to 0 =
Moderate
3

0 to 1 = Bad
2

Mean

2,610.97

>1 =
Adverse
1

STDV

2423.117

Z-score

Index
Result

-0.31 Moderate
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Table: B2: Annual GHG Emission from auto use per HouseHold

City
Logan
River
Heights
North Logan
Providence
Smithfield
Hyrum
Hyde Park
Millville
Nibley
Wellsville

Index:
Point:

GHG
No. of Autos (Tones) per
No. of HH
per HH
HH
Mean
14,794
1.79
8.8
642
2,707
1,950
917
984
1,136
538
749
250
<-1 =
Good
4

1.99
1.92
2.09
2.2
2.14
2.19
2.21
2.22
2.29
-1 to 0 =
Moderate
3

10.06
10.31
10.78
11.54
11.84
12.04
12.36
12.52
12.63
0 to 1 = Bad
2

STDV

11.288

Index
Z-score Result
-1.97 Good

1.261

>1 =
Adverse
1

Social Sustainability:
Table: C11: Percentage of On-Road Bike Share Lane (Non-motorized Vehicle Facility)

City
Logan
North Logan
Wellsville
Hyrum
Millville
Nibley
Hyde Park
River
Heights
Providence
Smithfield

Index:
Point:

On-Road
Bike Lane
(Miles)
13.75
5.12
7.66
4.31
0.55
2.90
0.81
0.21
0.12
0.00
<-1 =
Adverse
1

On-Road
Bike Lane
(%)
Mean
STDV
Z-Score
86.10%
1.70
69.85%
1.13
65.47%
0.97
42.46%
0.16
36.88%
38.1%
0.282
-0.04
28.49%
-0.34
23.50%
-0.52
23.03%
4.86%
0.00%
-1 to 0 =
Bad
2

Index
Result
Good
Good
Moderate
Moderate
Bad
Bad
Bad

-0.53 Bad
-1.18 Adverse
-1.35 Adverse
0 to 1 =
>1 =
Moderate Good
3
4

-0.97
-0.78
-0.40
0.20
0.44
0.60
0.85
0.98
1.06

Moderate
Moderate
Moderate
Bad
Bad
Bad
Bad
Bad
Adverse

132
Table C21: Transit Density Route (Access to Public Transport)
City
River
Heights
Logan
Providence
Hyrum
Millville
Nibley
Hyde Park
North Logan
Wellsville
Smithfield
Index:
Point:

Bus Lane
(Miles)

Bus Route Density
(MI/Sq.MI)

13.21
99.76
13.91
19.103
6.66
11
8.71
11.792
11.73
1.01
<-1 =
Adverse
1

Mean

7.717
2.084
1.375
1.191
1.027
0.952
0.766
0.639
0.631
0.072

STDV

1.65

2.20

Z-Score
2.76
0.20
-0.12
-0.21
-0.28
-0.32
-0.40
-0.46
-0.46
-0.72

0 to 1 =
>1 =
Moderate Good
3
4

-1 to 0 = Bad
2

Table: C22: Number of Bus Trips per Week (Access to Public Transport)

City

Transit Trip
Mean

Logan
River
Heights
North Logan
Providence
Nibley
Millville
Hyde Park
Hyrum
Smithfield
Wellsville

Index:
Point:

Index
Z-Score
Result
2.35 Good

STDV

496
292
229
129
113
103
71
67
56
30
<-1 =
Adverse
1

158.60

-1 to 0 = Bad
2

143.67

0 to 1 =
Moderate
3

0.93
0.49
-0.21
-0.32
-0.39
-0.61
-0.64
-0.71
-0.90

>1 = Good
4

Moderate
Moderate
Bad
Bad
Bad
Bad
Bad
Bad
Bad

Index
Result
Good
Moderate
Bad
Bad
Bad
Bad
Bad
Bad
Bad
Bad
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Table C23: Percentage of Households within ½ mile of Transit (Access to Public Transport)
City
Logan
River
Heights
North Logan
Providence
Nibley
Millville
Hyde Park
Hyrum
Smithfield
Wellsville

Index:
Point:

Transit Trip

Mean

Index
Z-Score
Result
2.35 Good

STDV

496
292
229
129
113
103
71
67
56
30
<-1 =
Adverse
1

158.60

-1 to 0 = Bad

0.93
0.49
-0.21
-0.32
-0.39
-0.61
-0.64
-0.71
-0.90

143.67

0 to 1 =
Moderate

2

Moderate
Moderate
Bad
Bad
Bad
Bad
Bad
Bad
Bad

>1 = Good

3

4

Table C31: Fatal Crash Rate (Safety and Security)

City
Millville
River
Heights
Nibley
Logan
Wellsville
North Logan
Hyrum
Providence
Hyde Park
Smithfield

Index:
Point:

Total Crash

Crash
Percentage

33

0.00%

6

0.00%

52
1378
157
226
104
71
68
66

0.00%
0.36%
1.27%
1.77%
1.92%
2.82%
4.41%
4.55%

<-1 = Good
4

-1 to 0 =
Moderate
3

Mean

2%

0 to 1 =
Bad
2

STDV

0.017

>1 =
Adverse
1

Z-Score

Index
Result
-0.98 Moderate
-0.98
-0.98
-0.77
-0.25
0.03
0.12
0.64
1.55
1.63

Moderate
Moderate
Moderate
Moderate
Bad
Bad
Bad
Adverse
Adverse
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Table C32: Fatal Crash Rate Involving Pedestrian and Cyclists (Safety and Security)

City
Hyde Park
Millville
Providence
Smithfield
Wellsville
North
Logan
Hyrum
Nibley
Logan
River
Heights

Index:
Point:

No. of
Pedestrian and
Cyclists Involved

Percentage Mean

0
0
0
0
0

0%
0%
0%
0%
0%

3

1%

2
1
35

2%
2%
3%

1

17%
-1 to 0 =
Moderate
3

<-1 = Good
4

2%

STDV

Z-Score

0.051

-0.48
-0.48
-0.48
-0.48
-0.48

Index
Result
Moderate
Moderate
Moderate
Moderate
Moderate

-0.22
-0.10
-0.10
0.02

Moderate
Moderate
Moderate
Bad

2.79 Adverse
0 to 1 =
Bad
2

>1 =
Adverse
1

Table C41: Percentage of Commuters by Car (Modal Share to Workplace)

City

% of
Commuters by
Cars

River
Heights
Logan
Millville
Hyrum
Nibley
Providence
North Logan
Wellsville
Smithfield
Hyde Park
Index:
Point:

81.2%
82.3%
82.8%
89.4%
89.5%
89.6%
90.7%
91.7%
92.6%
95.7%
<-1 = Good
4

Mean

89%

STDV

0.049

-1 to 0 = 0 to 1 =
Moderate Bad
3
2

Z-Score

-1.52
-1.29
-1.18
0.18
0.20
0.21
0.45
0.65
0.83
1.48
>1 =
Adverse
1

Index
Result

Good
Good
Good
Bad
Bad
Bad
Bad
Bad
Bad
Adverse
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Table C42: Percentage of Commuters by Bus (Modal Share to Workplace)

City
River
Heights
Millville
Logan
Hyrum
North Logan
Hyde Park
Nibley
Smithfield
Providence
Wellsville
Index:
Point:

% of
Commuters
by Public
Transport

Mean

3.66%
3.63%
3.18%
1.74%
1.53%
1.10%
0.93%
0.72%
0.30%
0.24%
<-1 =
Adverse
1

STDV

2%

Index
Result

Z-Score

1.48
1.46
1.11
0.02
-0.13
-0.46
-0.58
-0.74
-1.06
-1.11

0.013

-1 to 0 = 0 to 1 =
Bad
Moderate
2
3

Good
Good
Good
Moderate
Bad
Bad
Bad
Bad
Adverse
Adverse

>1 = Good
4

Table C43: Percentage of Commuters by Walking (Modal Share to Workplace)
City

% of Walking
Commuters

Logan
Millville
Providence
North Logan
River
Heights
Smithfield
Hyrum
Nibley
Wellsville
Hyde Park

6.16%
3.08%
2.91%
2.75%

Mean

2%

STDV

0.018

2.20%
1.44%
1.08%
0.90%
0.78%
0.00%

Index:

<-1 = Adverse

Point:

1

Z-Score

2.30
0.54
0.45
0.35
0.04
-0.39
-0.60
-0.70
-0.77
-1.22

-1 to 0 =
Bad
2

0 to 1 =
Moderate
3

>1 =
Good
4

Index Result

Good
Moderate
Moderate
Moderate
Moderate
Bad
Bad
Bad
Bad
Adverse
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Table C44: Percentage of Commuters by Bike (Modal Share to Workplace)
City

Logan
River
Heights
North Logan
Nibley
Hyde Park
Hyrum
Providence
Wellsville
Millville
Smithfield
Index:
Point:

% of
Mean
Commuters
by Bike

STDV

Z-Score

2.68%
2.62%
0.87%
0.43%
0.42%
0.28%
0.24%
0.24%
0.00%
0.00%
<-1 =
Adverse
1

1%

Index
Result

1.87 Good
Good
1.81
0.09 Moderate
-0.34 Bad
-0.35 Bad
-0.49 Bad
-0.53 Bad
-0.53 Bad
-0.77 Bad
-0.77 Bad

0.010

-1 to 0 = 0 to 1 =
>1 =
Bad
Moderate Good
2
3
4

Table 51: Percentage of Residential Area with Access to Basic Facilities (Walkability)

City

Walkable
Residential Percentage Mean
Area
3.96
3.19
80.6%

Residential
area

Logan
River
Heights
Millville
Hyrum
Providence
Smithfield
Hyde Park
Wellsville
North Logan
Nibley

Index:
Point:

0.36
0.49
1.44
1.38
1.77
1.09
1.19
1.55
1.40
<-1 =
Adverse
1

0.28
0.37
1.04
0.97
1.08
0.57
0.59
0.71
0.62
-1 to 0 =
Bad
2

77.0%
76.5%
72.1%
70.2%
60.8%
52.4%
49.7%
46.0%
44.1%
0 to 1 =
Moderate
3

62.9%

>1 =
Good
4

STDV

Z-Score

Index
Result

1.26 Good

0.140

1.01
0.97
0.65
0.52
-0.15
-0.75
-0.95
-1.21
-1.34

Good
Moderate
Moderate
Moderate
Bad
Bad
Bad
Adverse
Adverse
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Table 52: Proximity to Transit (Walkability)

City

Proximity
to Transit.
(Min)

River
Heights
Logan
Providence
Hyrum
North Logan
Smithfield
Hyde Park
Millville
Wellsville
Nibley

13.5
14.4
14.5
15.5
17
17
17.1
17.3
20.8
21.4

Index:

<-1 =
Good

Point:

4

Mean

STDV

16.85

-1.28
-0.94
-0.90
-0.52
0.06
0.06
0.10
0.17
1.51
1.75

2.61

-1 to 0 =
Moderate

0 to 1 =
Bad

3

Index
Result

Z-Score

Good
Moderate
Moderate
Moderate
Bad
Bad
Bad
Bad
Adverse
Adverse

>1 =
Adverse

2

1

Table 53: Walkability Score (Walkability)

City
River
Heights
Providence
Logan
North Logan
Hyde Park
Smithfield
Hyrum
Wellsville
Millville
Nibley

Index:
Point:

National
Walkability
Score
10.42
8.33
8.05
7.46
6.97
6.92
6.53
5.83
5.30
4.83
<-1 =
Adverse
1

Mean

ZScore

STDV

7.06

1.63

2.06
0.78
0.60
0.24
-0.06
-0.09
-0.33
-0.76
-1.08
-1.37

-1 to 0 = 0 to 1 =
>1 =
Bad
Moderate Good
2

3

4

Index
Result
Good
Moderate
Moderate
Moderate
Bad
Bad
Bad
Bad
Adverse
Adverse
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Table 61: International Roughness Index (Pavement)

City
River
Heights
Nibley
Hyde Park
North Logan
Providence
Millville
Wellsville
Logan
Smithfield
Hyrum

Index:
Point:

IRI (in/mi)
11.00
63.00
73.36
75.00
83.00
96.94
99.38
101.28

Mean

80.77

STDV

28.360

102.00

102.74
<-1 = Good
4

-1 to 0 =
Moderate
3

0 to 1 =
Bad
2

Z-Score
-2.46
-0.63
-0.26
-0.20
0.08
0.57
0.66
0.72
0.75
0.77
>1 =
Adverse
1

Index
Result
Good
Moderate
Moderate
Moderate
Bad
Bad
Bad
Bad
Bad
Bad
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