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report is funded, partially or entirely, by a grant from the U.S. Department of Transportation’s University
Transportation Centers Program. However, the U.S. Government assumes no liability for the contents or use

thereof.



TECHNICAL REPORT DOCUMENTATION PAGE

1. Report No. 2. Government Accession No. 3. Recipient’s Catalog No.
4. Title and Subtitle 5. Report Date
Developing a Health Equity Framework and Practitioner March 28, 2024

Toolkit to Enhance the Public Health Benefits of Transportation| 6. Performing Organization Code
Infrastructure

7. Author(s) 8. Performing Organization Report No.
Ben Ettelman, Elizabeth Rhinehart, Joel Akinniranye 05-40-TTI

9. Performing Organization Name and Address: 10. Work Unit No.

CARTEEH UTC

Texas A&M Transportation Institute 11. Contract or Grant No.

3135 TAMU, College Station, TX 77843 69A3551747128

12. Sponsoring Agency Name and Address 13. Type of Report and Period

Office of the Secretary of Transportation (OST) Final

U.S. Department of Transportation (USDOT) September 2022—August 2023

14. Sponsoring Agency Code

15. Supplementary Notes

This project was funded by the Center for Advancing Research in Transportation Emissions, Energy, and Health
University Transportation Center, a grant from the U.S. Department of Transportation Office of the Assistant
Secretary for Research and Technology, University Transportation Centers Program.

16. Abstract

The Health Equity Framework was developed to help decision-makers, practitioners, and members of the public
better understand the linkages between the transportation infrastructure and health, as well as the approaches to
enhance health equity in the transportation system. The framework can be used to minimize the negative impacts
of transportation on health and help create transportation systems that support and enhance public health. The
Center for Advancing Research in Transportation Emissions, Energy, and Health’s (CARTEEH’s) Health Equity
Framework is unique because it views the transportation infrastructure through a health equity lens and provides
an integrated approach for tackling the complex relationship between transportation and health. The framework
combines various health equity objectives aimed at ensuring the development and maintenance of transportation
systems that promote sustainability, accessibility, and the overall well-being of the public regardless of an
individual’s physical ability, socioeconomic status, or racial status. By integrating these objectives with a
practitioner toolkit, the Health Equity Framework aims to enhance transportation systems and provide new and
innovative solutions to measure and implement health equity.

17. Key Words 18. Distribution Statement

Public health, infrastructure, practitioner toolkit, No restrictions. This document is available to the

air quality, emissions, safety, noise, urban heat public through the CARTEEH UTC website.

islands, web-based tool http://cartech.org

19. Security Classif. (of this report) | 20. Security Classif. (of this page) 21. No. of Pages 22. Price
Unclassified Unclassified 40 $0.00

Form DOT F 1700.7 (8-72) Reproduction of completed page authorized






Executive Summary

As the intimate relationship between the transportation system and health outcomes is increasingly recognized, a
growing interest exists in ensuring that transportation infrastructure is designed to meet the needs of the
travelling public and enhance public health. The Center for Advancing Research in Transportation Emissions,
Energy, and Health (CARTEEH) takes a holistic approach when examining this relationship between transportation
and public health by looking at all impacts of the transportation infrastructure on public health. As the United
States faces a transformational period in its transportation system, researchers at CARTEEH determined that
transportation infrastructure should be sustainable, multimodal, accessible, resilient, and technological (SMART) to
ensure that public health needs are met amidst a rapidly changing transportation landscape.

As part of CARTEEH’s SMART initiative, the Health Equity Framework was developed to help decision-makers,
practitioners, and members of the public better understand the linkages between transportation infrastructure
and health, as well as provide several approaches that enhance health equity in the transportation system. The
framework can be used to minimize the negative impacts of transportation on health and help create a SMART
transportation system. The Health Equity Framework is unique because it views the transportation infrastructure
through a health equity lens and provides an integrated approach to tackling the complex relationship between
transportation and health.

When developing the Health Equity Framework, researchers evaluated several existing frameworks to determine
any gaps in practitioner’s needs and subsequently ensure that CARTEEH’s Health Equity Framework could be
immediately utilized by implementors to enhance health equity. The framework features eight objectives that
focus on key contributors to health equity. The objectives were developed with practitioners and implementors in
mind given their close associations with the direct impacts and implications of transportation infrastructure on
health. To ensure that practitioners could readily implement the framework, researchers developed the CARTEEH
Health Equity Toolkit for practitioners (www.carteeh.org/health-equity). The toolkit includes a variety of proven
strategies that help achieve each health equity objective, as well as indictors that measure the impact of each
objective, and a variety of existing tools that can help practitioners further implement health equity in
transportation infrastructure decision-making. Finally, all strategies, indicators, and tools provided within the
Health Equity Toolkit consider the impacts of every phase of the transportation infrastructure life cycle including
policy and planning, project development, material selection, construction, operations, maintenance, and end of
life.



http://www.carteeh.org/health-equity
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Introduction

Transportation is a critical component of modern society, enabling access to goods, services, and opportunities
that improve quality of life and promote positive health outcomes. The relationship between transportation and
health is complex and multifaceted, with transportation influencing health both directly and indirectly. Exposure to
air pollution and physical injuries resulting from road accidents are some of the direct impacts of transportation;
indirect effects are associated with impacts on physical activity opportunities, land use, and access to healthcare
and social services (Litman, 2013). Unfortunately, these indirect impacts are often overlooked during
transportation planning and, if not accounted for, can lead to vast disparities in health outcomes, particularly for
lower-income individuals and those with inadequate transportation in urban areas (Solomon et al., 2020).

The growing understanding of the connection between health and transportation has led to the development of
conceptual models that attempt to clarify this connection. Examples include the work conducted by Glazner et al.
(2021) and Khreis et al. (2021) in which extensive literature was synthesized to identify 14 pathways that
holistically view the transportation system through a health lens. This research helped form the foundation of the
Center for Advancing Research in Transportation Emissions, Energy, and Health’s (CARTEEH's) health equity
focused philosophy. As part of the sustainable, multimodal, accessible, resilient, and technological (SMART)
initiative, the Health Equity Framework builds on the 14 pathways research to provide transportation
implementors with straightforward health equity objectives and a toolkit to help practitioners further implement
health equity in transportation infrastructure decision-making. Figure 1 provides an overview of the SMART
initiative and Health Equity Framework.

Healthy People through SMART Infrastructure
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Figure 1. SMART initiative and Health Equity Framework.




Literature Review

Figure 2 shows the critical pathways established in Glazener et al. (2021) and Khreis et al. (2021), which can be
divided into two groups: (1) pathways that are beneficial to health and (2) pathways that are detrimental to health.
The following subsections describe the pathway-related literature that was used to help create the Health Equity
Framework.

BENEFICIALTO HEALTH DETRIMENTALTO HEALTH
| | I
Green Spaces  Physical __— Social . Urban Heat Motor Vehicle
and Aesthetics  Activity | Contamination  yclugion Notse Islands Crashes
Access Mobility Air Community Electro- - Greenhouse
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Figure 2. Pathways Between Health and Transportation (Glazener et al, 2021, Khreis et al., 2021).

Pathways Beneficial to Health

Transportation infrastructure can provide notable health benefits by providing opportunities for physical activity,
enhancing green space and aesthetics of urban environments, and increasing access to health-related destinations.
The following subsections provide high-level introductions of these pathways by incorporating relevant and diverse
literature. The mobility independence pathway was excluded from the literature review because this pathway was
not included in the development of the Health Equity Framework.

Physical Activity

Transportation infrastructure plays a significant role in determining access to physical activity opportunities and
influencing health outcomes across many groups. A well-designed built environment can motivate people to walk
or bike to their destinations, including public transportation stops. Engaging in physical activity has been proven to
have a positive impact on health by reducing the risk of chronic diseases such as diabetes, obesity, and
cardiovascular disease (Centers for Disease Control and Prevention [CDC], 2022; Hamer & Chida, 2008; Hu et al.,
2007). Physically active individuals tend to have lower rates of all-cause mortality, high blood pressure, stroke,
diabetes, and certain types of cancer (U.S. Department of Health and Human Services [HHS], 1996). Walking or
bicycling as a mode of transportation or to locations where public transit is available, including bus stops, can
contribute toward achieving the daily physical activity guidelines (Freeland et al., 2013). Even multiple, short-term
physical activity sessions throughout the day, each lasting at least 10 minutes, offer comparable health benefits
(HHS, 2008). Common built environment themes that have been linked to higher physical activity rates include the
presence of sidewalks and crosswalks, bike lanes, reduced speed limit, and other traffic calming measures (Boarnet
et al., 2011; Sallis et al., 2012).




Research has indicated that neighborhoods with well-designed transportation infrastructure and access to public
transportation are associated with better health outcomes and greater physical activity (Mueller et al., 2015). As a
result, multimodal travel is projected to promote physical activity. For instance, several studies have found that
neighborhoods with good transportation infrastructure, including sidewalks, bike lanes, and public transportation,
had higher physical activity rates and lower rates of obesity and diabetes than neighborhoods with poor
transportation infrastructure (Pavlick et al., 2020; Sener et al., 2016).

Moreover, studies have found that most public transportation routes frequently offer sidewalks for pedestrians to
freely cross at interchange locations, bus stops, and train stations. In the United States, research by Agrawal and
Schimek (2007) reported that transit access trips made up 16 percent of all waking trips and constituted a
substantial part of walking. To further demonstrate this claim and demonstrate the degree of physical activity
obtained by commuters, Besser and Dannenberg (2005) carried out a study to assess the daily level of physical
activity gained by Americans only by walking to and from transportation. The researchers discovered that the
walks to and from the transportation terminals were a substantial source of physical exercise for Americans who
used public transportation, with a median rate of over 19 minutes and over 29 percent of individuals achieving
more than the recommended 30 minutes of daily physical activity by walking to and from transit. The degree of
physical activity commuters participate in is influenced by the availability of various transportation modes or
alternatives. For example, research by MacDonald et al. (2010) showed that commuters engaged in higher levels of
physical activity when they utilized the light-rail system—a popular form of transportation in the United States—
compared to commuters who used other forms of transportation.

However, transportation infrastructure can also present a major obstacle to physical activity. The lack of certain
infrastructure components in some communities can limit people's ability to engage in physical activity because
they may not feel safe walking or cycling on roads with no bike lanes or sidewalks. Limited public transportation
options can encourage sedentary lifestyles, which can negatively impact health outcomes (Van Schalkwyk &
Mindell, 2018). For instance, research has shown that the distribution of certain built environment features, like
sidewalks and crosswalks, are not equally distributed between high-income neighborhoods and low-income and
minority communities (Boarnet et al., 2011; Mackett & Brown, 2011; Van Schalkwyk & Mindell, 2018).
Consequently, higher rates of chronic diseases, such as obesity and diabetes, may exist in these neighborhoods if
these individuals lack opportunities for physical activity (Pucher et al., 2010).

Green Space and Aesthetics

The interconnection between transportation and green space influences the health and well-being of urban
residents (Wolch et al., 2014). By planning transportation networks that provide access to green spaces and
support sustainable forms of transportation, communities can become healthier, safer, and more livable.
Accessibility is key to this relationship; green spaces that are located far from residential areas require dependable
and accessible transportation for residents to enjoy their benefits. According to a study by Cheng et al. (2021),
diverse modes of transportation, such as cycling and public transportation, are fundamental to utilizing urban
green spaces and reaping the benefits they offer for human health and well-being.

Green areas provide opportunities for physical activity including walking, cycling, and playing, all of which can
improve health outcomes. In addition, research by Maas et al. (2006) linked green spaces to several additional
health benefits, such as decreased stress, improved mood, and increased overall life satisfaction. Yet, as lower-
income groups frequently have less access to these spaces, access to green space is acknowledged as a problem
for environmental justice (Wolch et al., 2014).

Green transportation corridors also provide advantages beyond biodiversity; they also improve local economies,
employment, tourism, recreation, public health, water management, and the sustainability of energy and
transportation systems (European Commission, 2019a; Natural Walking Cities, 2019). In the transportation sector,




combining green spaces with existing transportation systems may increase scenic value and connectivity, boosting
leisure and tourism revenue. Further, lowering storm control expenses and environmental pollutants may be
accomplished by combining permeable pavements with green spaces. Green spaces or green embankments
alongside transportation infrastructure can serve as sound barriers, moderate water runoff, filter air pollution by
reducing particulate levels, and minimize stormwater flows (European Commission, 2019a). The long-term
preservation of nature and biodiversity, the reduction of the transportation sector's carbon footprint, the
preservation of the biological integrity of the landscape, and the avoidance of wildlife-related traffic accidents all
benefit the physical environment.

Access to Healthy Destinations

According to Glazener at al. (2021) and Khreis et al. (2021), access is defined as the ability to reach jobs, education,
goods, and services. This definition is related to the idea of basic mobility, which refers to an individual's ability to
access services and pursuits that are deemed necessary, such as healthcare and employment prospects, as well as
a certain amount of social interaction and recreational pursuits (Litman, 2020). Some methods to increase
accessibility and basic mobility include built environment interventions related to transit-oriented development
and complete streets policies. Complete streets refers to various policies or practices that ensure roadways can
accommodate walking, biking, public transportation, and vehicle flow while also connecting roadway users to
nearby residential and recreational activities (Litman, 2013). This approach shares the overarching goals of transit-
oriented development, which aims to create compact, walkable, and mixed-use built environments to help
individuals reach their destinations (Federal Transit Administration, 2022).

A well-developed public transportation system can provide a reliable and practical mode of transportation for
those who cannot afford to own or operate a personal vehicle, increasing their access to resources, employment
opportunities, and social and cultural events while also facilitating opportunities for physical activity (Musselwhite
et al., 2015). Public transportation plays a crucial role in accessing healthcare, including connecting people to
primary care, preventative treatments, and post-hospitalization appointments (Syed et al., 2013; Wolfe et al.,
2020). Patients have a higher chance of staying healthy and avoiding expensive hospital stays or ambulatory
services when they can access doctor appointments, treatment locations, and pharmacies. However, limited
mobility might compel patients or healthcare organizations to pay for more expensive modes of transportation,
such as taxis, or lead patients to miss appointments, which can worsen medical issues and consume medical
resources (Litman, 2020). By expanding access to medical care, nutritious food, essential services, work
opportunities, and social connections, increased public transportation accessibility can help enhance physical and
mental health, as well as health equity (Heaps et al., 2021). Additionally, public transportation is a crucial factor in
accessing healthcare for populations considered to be transportation disadvantaged such as older adults,
individuals with disabilities, and lower-income individuals (Williams & Tremblay, 2019).

Researchers have attempted to evaluate and create tools that quantify the accessibility of public transportation
based on how long it takes to travel by public transportation and how easy it is for individuals to reach a bus
station and their destinations. For example, the Public Transport Accessibility Level, created by the London
Borough of Hammersmith and Fulham, is used to evaluate the public transport network in greater London (London
Datastore News, 2013). This tool considers the distance that must be traveled by foot to reach a public
transportation access point, the dependability of the nodes that provide the service, the variety of services offered
in the service area, and the typical waiting time (Joyce & Dunn, 2009).

Pathways Detrimental to Health

While opportunities exist for transportation infrastructure to lead to positive health outcomes, some of the most
frequently studied linkages between transportation and health are the pathways that contribute to negative
health outcomes. These outcomes include transportation-related air and noise pollution, motor vehicle crashes,
greenhouse gas (GHG) emissions, social exclusion, roadway contamination, urban heat islands, and community




severance. The following subsections provide high-level introductions of these pathways by incorporating relevant
and diverse literature. The electromagnetic fields pathway was excluded from the literature review because this
pathway was not included in the development of the Health Equity Framework.

Traffic-Related Air Pollution

Air pollution is a major environmental concern due to its adverse effects on human health and is one of the main
causes of health problems for most people, especially those living in urban areas (Anenberg et al., 2019). Although
many sources contribute to air pollution—including from the agricultural, energy production, and industrial
sectors—the transportation sector is one of the largest pollutant contributors (Environmental Protection Agency
[EPA], 2023a). The main pollutants emitted from transportation sources include particulate matter, volatile organic
compounds, nitrogen oxides, carbon monoxide, and sulfur dioxide.

Mobile sources of air pollution can be divided into two categories: (1) on-road vehicles (e.g., passenger vehicles,
trucks) and (2) non-road vehicles (e.g., airplanes, boats) (EPA, 2023b). In addition to pollutants released during
vehicle operation and fuel generation, cars, trucks, and buses generate pollution at all stages of their lives. The
distribution and refinement of fuels, as well as the manufacture and disposal of vehicles, contribute to additional
emissions.

Air pollution from transportation has been linked to a variety of health problems, depending on the type of
pollutant inhaled and other individual factors. The particulate matter and nitrogen oxides emitted from vehicles
can cause respiratory problems, including bronchitis, asthma, and other chronic obstructive pulmonary diseases
(COPD) (Kampa & Castanas, 2008). Particulate matter is also capable of penetrating deep into the lungs where it
causes inflammation that leads to cardiovascular diseases such as heart attacks and strokes. Air pollution from
transportation has also been associated with an increased risk of lung cancer (Cohen, 2000; Wahab et al., 2019).
Furthermore, air pollution from transportation has been linked to premature death, with estimates suggesting that
exposure to air pollution causes about 8.8 million premature deaths worldwide every year (Peaslee et al., 2020).

Children, older adults, and individuals with pre-existing health conditions, such as heart disease and lung cancer,
are especially vulnerable to the adverse effects of air pollution from transportation (EPA, 2023c). Children who are
exposed to air pollution during their formative years are at a higher risk of developing respiratory problems,
including asthma and bronchitis, which can have long-term health and economic impacts (Bai et al., 2018). Many
studies have evaluated the effects of transportation emissions on the overall burden of disease, either in the
context of all emission sectors (Lelieveld et al., 2015; Silva et al., 2016) or with a focus specifically on transportation
emissions (Anenberg et al., 2017; Chambliss et al., 2014). These studies consistently predicted that tailpipe
emissions from transportation sources—such as on-road vehicles, shipping, and other non-road mobile sources—
caused significant harm to public health, particularly in areas of the world where large percentages of the
population live near elevated levels of transportation activities. In 2017, it was predicted that fine particulate
matter (PMa.s) contributed to 2.9 million premature deaths due to ischemic heart disease, stroke, COPD, lung
cancer, lower respiratory infections, and type 2 diabetes (Stanaway et al., 2018; Anenberg et al., 2019). These
studies also calculated that ground-level ozone was responsible for 472,000 COPD-related premature deaths
(Anenberg et al., 2019).

Motor Vehicle Crashes

Traffic injuries from motor vehicle crashes is a significant worldwide public health issue and is currently the leading
cause of death for children and young adults aged 5-29 (World Health Organization [WHOQO], 2022). Road traffic
injuries can incur serious injuries and life-long disabilities, subsequently leading to losses in productivity or even
death. Vulnerable road users (VRUs) such as pedestrians, bicyclists, and motorcyclists are disproportionately
impacted by vehicle-related collisions and are more likely to be severely injured (Organization for Economic
Cooperation and Development, 1998). In addition to these three groups, other road users may be more at-risk,
particularly older adults, individuals with disabilities, and children due to their physical or mental development
that may impact how they interact with surrounding vehicles and roadway infrastructure. Motor vehicle crashes
involving vulnerable road users (informally known as traffic violence) is often due to a multitude of factors;




vulnerable road users are in a less protected position in the built environment compared to drivers, making them
more susceptible to injury.

Although estimates for the absolute number of crash-related fatalities for both vehicle occupants and non-
occupants in the United States have decreased between 1975 and 2020 (National Highway Traffic Safety
Administration [NHTSA], 2023), recent motor vehicle data from the NHTSA revealed a 16-year high in traffic
fatalities, with upward trends in on-road crashes, speed-related crashes, and crashes among various age groups, as
well as pedestrian, bicyclist, and motorcyclist fatalities (NHTSA, 2022). These increasing trends may be due to the
steady increase in vehicle miles traveled (VMT) and overall traffic volumes over the past several decades (Federal
Highway Administration [FHWA], 2022). Unfortunately, nonfatal crashes involving vulnerable road users—
particularly crashes between vulnerable road users not involving a vehicle—are likely to be heavily underreported
and undocumented (Constant & Lagarde, 2010). This lack of data can make it difficult to identify where
interventions are needed in the built environment to improve road user safety.

Some risk factors and predictors of traffic collisions include speeding, distracted driving, poor road infrastructure,
dim lighting conditions, unsafe pedestrian behaviors (including unsafe crossing or lack of helmet use), and other
driver or pedestrian characteristics (Billah et al., 2021; WHO, 2022; Yannis et al., 2020). Moreover, the
transportation infrastructure in some urban areas may not be designed to consider alternative modes of active
transportation such as biking and walking. In the United States, vehicle ownership rates have outpaced population
growth. At the same time, many urban areas have continued to expand outwards, leading to higher percentages of
the population living further from urban centers but still commuting to work in the city (FHWA, 2021). To
accommodate the growth in traffic levels stemming from these factors, many cities have widened roadways and
focused on facilitating motor vehicle throughput, which can result in less separation between vehicles and VRUs
and more traffic violence incidences.

Noise

Transportation-related noise pollution is a significant environmental issue that can have many adverse effects on
human health, including hearing loss, sleep disturbance, cardiovascular disease, stress, and annoyance (Jariwala et
al., 2017; Omubo-Pepple et al., 2010). In many urban cities, the burden of noise pollution can be quite high due to
the accumulation of vehicles, especially during peak-time traffic hours. Exposure to transportation noise can
severely impact quality of life, particularly for residents located in densely populated urban areas (Nitschke et al.,
2014).

Research has shown that transportation noise exposure can cause hearing loss, especially among individuals living
near major roadways (Paaschier-Vermeer & Passchier, 2000; Wang et al., 2021). Additionally, prolonged exposure
to transportation noise can lead to sleep disturbance, which can result in a decrease in cognitive function, an
increase in stress, and a decrease in overall well-being (Halperin, 2014). Transportation noise has also been linked
to diabetes and cardiovascular disease through mechanisms such as elevated stress hormones, increased blood
pressure, and altered heart rate variability (Mlnzel et al., 2021; Thacher et al., 2021). Studies have also linked
urban noise exposure to cases of premature death (Sohrabi & Khreis, 2020). Several studies have also suggested
that transportation noise pollution has a negative impact on mental health and well-being. For instance, studies
have reported that exposure to transportation noise is associated with an increased risk of developing depression
and increased anxiety levels (Minzel et al., 2021; Stansfeld et al., 2017).

Greenhouse Gas Emissions

Burning fossil fuels, such as gasoline and diesel, to power vehicles contributes to a large share of the total
greenhouse gas emissions both in the United States and worldwide. In urban areas, the transportation sector was
responsible for about 27 percent of the total U.S. GHG emissions in 2020 (EPA, 2022a). In 2007, the transportation
sector in the United States contributed 29 percent of the nation's total GHG emissions, where passenger vehicles
and light-duty trucks accounted for 60 percent, medium- and heavy-duty trucks accounted for about 20 percent,
and aviation accounted for around 12 percent of the transportation emissions (U.S. Department of Transportation
[USDQOT], 2009). Despite the slight decline in GHG emissions in 2020 (mostly attributable to the COVID-19




pandemic), the transportation sector accounted for approximately 37 percent of CO2 emissions worldwide in 2021
(International Energy Agency, 2023). This contribution was larger than any other economic sector, including the
agricultural, commercial, and residential, industry, and electricity sectors. The largest on-road contributors to GHG
emissions include passenger cars and light-, medium-, and heavy-duty trucks, while non-road contributors include
airplanes, ships, and trains. Between 1990 and 2020, overall GHG emissions from the transportation sector have
increased due to an increase in VMT because of urban sprawl, population growth, and other factors (EPA, 2022b).

Because GHG emissions are a leading cause of climate change, the transportation sector can play a pivotal role in
combatting the climate crisis (USDOT, 2023). Researchers are actively studying methods to reduce transportation
emissions, including the use of alternative fuels, electric vehicles, and other advanced technologies to improve fuel
efficiency, as well as quantifying the amount of GHG emissions during road projects to identify areas for
improvement (Albuquerque et al., 2020). Transportation agencies are also working toward implementing urban
planning designs that can reduce travel demand by encouraging more active forms of transportation or the use of
public transportation systems.

Likewise, in Europe, the transportation sector accounts for a quarter of greenhouse gas emissions and is the
primary contributor to air pollution in cities. Emissions from the transportation industry remain higher than they
were in 1990, making it one of the few economic sectors in the European Union (EU) where this is the case
(European Commission, 2019b). More than 70 percent of all EU GHG emissions from transportation in 2019 were
from this sector, with road transportation as the major emitter by far.

Social Exclusion

The term social exclusion refers to barriers that prohibit people from fully participating in society, including in
public services, work, education, and other endeavors (United Nations, 2016). This exclusion can be exacerbated
by transportation in several ways. For instance, limited accessibility or affordability of transportation for certain
groups can limit their ability to access essential services, employment opportunities, and social activities, leading
to increased social exclusion and isolation (Litman, 2003). These groups can include individuals who are physically
disadvantaged (e.g., older adults), low-income households that are unable to own a personal vehicle, or individuals
with other disabilities. A spatial mismatch between the location of employment opportunities and affordable
housing can also make it difficult for low-income households and individuals to access job opportunities, further
increasing social exclusion (Zhou et al., 2013).

Additionally, the lack of public transportation in certain areas can limit the mobility of individuals and households,
particularly for those individuals without access to a private vehicle (Church et al., 2010). Moreover, disinvestment
in public transportation systems can result in declining service quality, reduced accessibility, and increased fares,
limiting the mobility of individuals and households (Ma et al., 2018).

Unfortunately, social isolation has been linked to a range of health concerns, including increased feelings of
loneliness, putting individuals at risk for depression, anxiety, heart disease, emergency hospitalizations, dementia,
and premature death (CDC, 2021). Certain populations (e.g., older adults, minorities, immigrants) have also been
shown to be at increased risk of experiencing the health effects associated with social isolation due to several
factors, such as living alone or experiencing discrimination.

Contamination

Transportation-related contamination can come from a variety of sources, including gasoline, oils, grease,
polycyclic aromatic hydrocarbons (PAHSs), particulate matter, heavy metals, and other pollutants on the roadways
(EPA, 1995; Markiewicz et al., 2017; Marr et al., 2004). Therefore, the transportation sector has been identified as
one of the major non-point source contributors to urban stormwater runoff pollution (Miller et al., 2020). When it
rains, contamination from vehicles and road construction can flow directly into streams, lakes, and other bodies of
water, potentially contributing to detrimental ecological and health impacts. Fortunately, various methods exist to
mitigate runoff contamination; these solutions can include preventing and cleaning up spills or other accidents on




the roadways, incorporating green infrastructure, and using more permeable road surface materials (FHWA, 2017;
McFarland et al., 2019).

Additionally, rail transport is a major contributor to organic and inorganic pollution due to the use of lubricating
oils and condenser fluids; the conveyance of oil-based products, metal ores, fertilizers, and chemicals; and the
application of herbicides (Malawska & Wikomirski, 2000; Liu et al. 2009). PAHs and heavy metals are the two main
categories of pollution associated with railroad transportation. PAHs can cause cancer and mutations in living
things in addition to their high toxicity, notable stability, and cumulative impact on the environment (International
Agency for Research on Cancer, 1983). PAHs in railway settings primary originate from the materials required to
operate the rolling stock, such as machine grease, fuel oils, and transformer oils. Creosote, which is frequently
used to impregnate exterior wood constructions like railroad ties, is another significant source of PAHs (Moret et
al., 2007). However, the most often discovered and well-researched contaminants in railway areas that harm the
environment are heavy metals (Chillrud et al. 2005; Liu et al. 2009).

Urban Heat Islands

Urban heat islands (UHIs) are a negative health effect of transportation infrastructure and refer to areas in cities
that are warmer than the surrounding rural areas. The formation of UHIs can result from several factors, such as
high concentrations of heat-absorbing surfaces (e.g., buildings, roads) and a lack of vegetation (Shahmohamadi et
al., 2010). UHIs also contribute to higher urban daytime temperatures, increasing the risks of heat-related illnesses
and deaths, particularly among vulnerable populations like the elderly and people with pre-existing medical
conditions (Buscail et al., 2012).

In addition, UHIs can lead to elevated urban levels of air pollutants and greenhouse gases, which can have a range
of negative health effects such as respiratory problems, heart disease, and stroke (EPA, 2022c). UHIs have also
been reported to cause increased levels of urban noise pollution, which can have various adverse effects on health,
such as sleep disturbance, stress, and hearing loss (Kousis & Pisello, 2020).

Community Severance

Community severance refers to the physical and social separation of different land uses, neighborhoods, and
communities, often resulting in individuals having less access to goods and services (Mindell & Karlsen, 2012). The
expansion of the road network, particularly highways, has physically separated communities by acting as barriers
that make it difficult for people to walk or cycle between various places. Moreover, the widespread use of cars has
enabled people to live further away from their workplaces and social activities, resulting in a dispersed pattern of
land use that has increased the distance between different land uses such as residential areas, commercial centers,
and schools (Frumkin, 2002). This dispersed land use pattern can result in detrimental impacts to air quality, motor
vehicle crashes, traffic violence, physical activity, and even water quality.

According to James et al. (2005), community severance is the presence of an actual or perceived barrier to
commuters moving through an area caused by the transportation infrastructure. The perception of higher traffic
levels at faster speeds can represent barriers to pedestrian movement; this perceived barrier has been correlated
with reduced well-being (Anciaes et al., 2019; Mindell et al., 2017). In certain severe situations, residential
communities become locked-in because they are encircled on all sides by barriers to both transportation and non-
transportation. While most previous studies have focused on the significance of transportation infrastructures as a
physically challenging barrier, the same infrastructure may also be seen as a psychological barrier that is simple to
overcome due to their unfavorable visual impact (Mindell & Anciaes, 2020). The consequences of community
severance can contribute to or exacerbate inequality. For instance, severance typically has a greater impact on the
impoverished. More affluent individuals often have better access to cars and may opt to live in locations with more
severance, which can shield them from many of its negative effects. Along with greater exposure, impoverished
individuals frequently have a higher sensitivity to air pollution, which disproportionately impacts those who
already have a cardiorespiratory illness (Mindell & Anciaes, 2020).




In the past, transportation systems have often been designed primarily for cars with inadequate facilities for
pedestrians and cyclists, making it challenging and sometimes unsafe for people to walk or cycle. This single-mode
design focus increases community severance. Additionally, the growth of cities and suburban areas has been
characterized by low-density, sprawling development that can lead to greater distances between different land
uses, making it even more challenging for people to walk or cycle and exacerbating community severance (Resnik,
2010). Therefore, the concept of smart growth, which emphasizes mixed land uses, compact designs, walkable and
bikeable infrastructure, and a variety of transportation options, is becoming increasingly preferred by
transportation planners to combat the issue of community severance (EPA, 2022d).

Need for Practitioner Guidance

Challenges in Developing Transportation Infrastructure

As discussed in previous sections, the ever-increasing trend of urbanization has led to a growth in the worldwide
motor vehicle fleet, urban sprawl, and increased travel demands over the last several decades (Poumanyvong et
al., 2012). Today, more than half of the world’s population lives in urban areas, and this share is much larger in
many high-income countries (Ritchie & Roser, 2018). By 2050, it is estimated that this figure will jump to nearly
two-thirds of the world’s population living in urban areas. This trend has resulted in the development of car-
oriented transportation policies and infrastructure that prioritized drivers’ needs and maximizing vehicle flow. This
one-directional approach has prioritized the convenience of car travel over other considerations, such as the
impact on the environment and the health of individuals and communities. However, the aging transportation
infrastructure in many towns and cities has struggled to meet today’s transportation needs.

In more recent years, a paradigm shift in thinking about transportation systems has led to efforts by transportation
planners to switch their focus to alternative modes of transportation like walking, cycling, and using public
transportation (Yannis & Chaziris, 2022). Many cities around the world have begun heavily investing in bike lanes,
pedestrian walkways, crosswalks, and shared-use or multi-use paths to create safe and convenient transportation
alternatives. This pattern has come to fruition following the recognition by researchers, transportation
professionals, and urban planners that many mobility problems will not necessarily be solved by simply adding
more vehicle lanes.

While this switch can increase physical activity levels and lead to other beneficial results, it is important to note
that it does not necessarily guarantee improved health outcomes for all communities, particularly for low-income
or underserved communities who have historically been left out of the transportation planning process. Other
factors like air pollution, noise, or connectivity to resources are often still not part of the core considerations when
designing transportation infrastructure.

A Multidisciplinary Approach

The surrounding built environment is recognized by Healthy People 2030 (HHS, 2020) as one of the five main social
determinants of health that affects a range of quality-of-life outcomes. Therefore, a more holistic approach to
transportation planning is necessary to ensure that everyone's health and mobility needs—regardless of their
socioeconomic status—are fully integrated into the decision-making process. Additionally, the 14 pathways linking
transportation and health make it clear that a multidisciplinary approach to planning is necessary to address these
complex interactions and ensure that transportation planning maximizes the benefits and minimizes the adverse
effects on health. This approach requires the expertise of health professionals who understand the health impacts
of transportation and the mitigation strategies for those effects. This approach must also consider the needs of
vulnerable road users—such as pedestrians, cyclists, and those with disabilities—who are often most impacted by
transportation decisions but may not have a voice in the planning process.

To address these issues, the Health Equity Framework was developed to present a more effective approach to
infrastructure development and transportation planning by combining different strategies, tools, and key
performance indicators. This framework attempts to bridge the gap between research-oriented and practice-




oriented approaches by developing a web-based user interface that presents practitioner-focused guidance to a
range of interested stakeholders and the public.

Integration of Health Equity

The Health Equity Framework is unique because it views the transportation infrastructure through a health equity
lens and provides a comprehensive approach to solving the complex problems surrounding the interactions
between transportation and health. Rather than simply looking at one specific aspect of transportation and the
impact on health, it considers larger societal implications and seeks to build transportation systems that are
beneficial to all, regardless of physical ability, socioeconomic status, or racial status. The framework seeks to
adhere to the USDOT’s 2022 Equity Action Plan goals of expanding access and opportunities to underserved,
overburdened, and disadvantaged communities (USDOT, 2022). Some of the Plan’s highlighted equity actions
include the empowerment of these communities in the transportation decision-making process, ensuring
investments are beneficial to the community members, and improving access to affordable transportation options.
The Health Equity Framework’s attempt to integrate health into the transportation planning process can be an
essential step in achieving these equity goals.

Existing Frameworks

Transportation infrastructure is a complex process that requires weighing various needs and interests like
sustainability, accessibility, and safety. With a growing knowledge of the role that transportation plays in shaping
health outcomes and promoting health equity, guidance that describes how to incorporate health considerations
into transportation planning is needed. One way of providing this guidance to practitioners is through the
development of frameworks that allow stakeholders to receive specific information that best fits their
organization’s needs. In addition to CARTEEH’s Health Equity Framework, a range of frameworks have been
previously developed to help practitioners, researchers, and the public understand how to approach planning for
transportation infrastructure. Some key frameworks include the following:

e  ThinkStreetSmart.

e  USDOT Transportation and Health Tool.

e  FHWA Health in Corridor Planning Framework.

e A Guidebook for Sustainability Performance Measurement for Transportation Agencies.

The researchers would like to note, however, that this is not an exhaustive list of existing frameworks. The
following subsections will introduce each of these frameworks, providing relevant background information and a
general description of how these frameworks can be used before highlighting the potential gaps that these
frameworks may not address.

ThinkStreetSmart

Background and Purpose

The ThinkStreetSmart web-based tool provides many resources for evidence and implementation including
synthesized research, case studies, and implementation guides. Strategies for improvements fall into three main
categories: (1) transportation, (2) land use, and (3) engagement. ThinkStreetSmart is the website for StreetSmart, a
nonprofit research organization that offers resources for policymakers and practitioners on integrating public
health, equity, and climate considerations in transportation planning.

Framework Description

To use the tool, the user navigates to the Strategies tab on the ThinkStreetSmart website. This page presents an
overview of the Strategies section, including introductory text and an example of a strategy page (as shown in
Figure 3), and a key for understanding the contents and components of a strategy. This overview also outlines the
three overarching themes: (1) transportation strategies, (2) land use strategies, and (3) engagement strategies
(Figure 4). The Transportation Strategies section contains three subheadings: (1) Transportation Infrastructure, (2)
Transportation Demand Management, and (3) Public Transit. The user can click a bullet beneath the subheadings
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to link to a new page. The subsequent page details the specific strategy, such as Active Travel to School, providing
a summary, proven and likely outcomes, a note about equity and inclusion, complementary strategies, and
implementation guidance.

The proven outcomes on each strategy page include results supported by scientific research. In the case of Active
Travel to School, reduced risk of injury and increased walking, biking, and physical activity are proven outcomes
from introducing programs for walking or biking to school (Figure 5). Supporting research is cited in the descriptive
section of the Proven Outcomes page. The strategy page also includes likely outcomes, but the research on these
likely outcomes is not yet conclusive and further research is needed to make more definitive claims on the
connections between each strategy and the results. In the case of Active Travel to School, improved health
outcomes and sense of community, reduced VMT, and reduced air pollution and greenhouse gas emissions are all
likely outcomes of Active Travel to School Programs. This section also contains links to supporting research.

Each strategy page also includes a note on equity and inclusion. On the Active Travel to School strategy page, this
section acknowledges that low-income and communities of color have specific barriers and considerations for
transportation. This section also discusses the decision the Safe Routes Partnership has made to remove the topic
of enforcement from their framework and includes a link to a fact sheet created by the Transportation Equity
Caucus on the role of law enforcement in traffic safety.

Complementary strategies are also included within each strategy. These related strategies support and are
interrelated with others. Traffic Calming and Bicycle Infrastructure are two of the complementary strategies that
support Active Travel to School. Improving bicycle infrastructure is a crucial step toward creating safe active
transportation to schools. Similarly, traffic calming can improve safety on streets near schools to reduce the risk of
injuries and encourage walking and cycling to schools.

Finally, each strategy also includes an Implementation Guidance section that includes guides, reports, briefs, and
fact sheets from sources such as the U.S. Department of Transportation and the Safe Routes Partnership. Included
in this section are case studies and workbooks for further guidance. While each strategy includes supportive
research and implementation guidance, strategies do not include performance measures.

What's in a Strategy?
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Figure 3. What's in a Strategy? page on ThinkStreetSmart website.
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Transportation Strategies

Transportation Infrastructure

« Bicycle Infrastructure

Land Use Strategies

» Local Accessibility (Local Access to Destinations)

+ Regional Accessibility (Regional Access to

+ Pedestrian Infrastructure Destinations)

« Traffic Calming ¢ Land Use Mix

+ Residential Density

Transportation Demand Management + Street Network Connectivity

+ Active Travel to School

« Employer-Based Trip Reduction Programs

Engagement Strategies

+ Voluntary Travel Behavior Change Programs

« Parking Availability and Pricing + Community Engagement

+ Road User Pricing

Public Transit

« Transit Access

« Transit Service

Figure 4. Strategy themes on ThinkStreetSmart website.

Proven Outcomes

@ 0 O O

Increased Walking Increased Bicycling

Increased Physical Activity Reduced Risk of Injury

Active travel to school is a recommended strategy for increasing walking and bicycling, increasing physical activity, and reducing traffic-related
risks of injury (Community Guide, 2018). Safe Routes to School and Walking School buses are scientifically supported strategies for
increasing walking and bicycling and increasing physical activity (County Health Rankings & Roadmaps, 2017; County Health
Rankings & Roadmaps, 2019).

Figure 5. Proven Outcomes page on ThinkStreetSmart website.

USDOT Transportation and Health Tool

Background and Purpose

The Transportation and Health Tool (THT) was developed by the USDOT in coordination with the CDC

to provide easy access to data that practitioners can use to examine the health impacts of transportation systems.
These data are used as indicators or metrics for measuring the impacts of transportation on health based on data
comparisons between states or between metropolitan regions. One indicator examines the share of all trips by
walking or cycling over 10 minutes long, which can be used to measure physical activity levels from transportation.
The THT indicators contain raw scores and adjusted scores between 0 and 100 that designate the percentile of a
region of interest compared to other regions in the country. For example, a region like San Francisco falls in the
99t percentile of transit trips per capita, which means that San Francisco residents take a remarkably high number
of transit trips per person compared to residents of other U.S. cities. The tool also provides further information
and resources so that agency staff can better understand the relationship between health and transportation
within its Literature and Resources section. This section includes links to peer-reviewed research studies as well as
links to resources such as the National Complete Streets Coalition Policy Atlas.
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Framework Description

The THT is a web-based tool that includes indicator data, profile pages for indicators, strategies, literature and
resources, and background and methodology information. Each of these sections are included in a navigation
sidebar from the tool’s homepage. Users can learn more about each section by following any of the sidebar links
(shown in Figure 6). This navigation page is available from any page on the THT website.

Transportation and
Health Tool Home

Indicator Data

Indicator Profiles

Strategies
Literature and Resources ¥
Scoring Methodology

Background

Figure 6. Navigation sidebar in the USDOT Transportation and Health Tool.

The THT can be used by examining indicator data at the state or metropolitan area level through the Indicator Data
link. The indicator data page contains an introductory paragraph explaining what indicators are and how they can
be used. Figure 7 shows the interactive map used for exploring transportation data on the Indicator Data page. The
user selects a state, an urbanized area, or a metropolitan area on the map to view all indicators for the selected
area of interest.

5| Home Home

Transportation and Health Indicators

Indicators are data points that measure how the transportation environment affects health issues such as safety, active transportation, air quality, and
Strategies connectivity to destinations. Different indicators are available for states, metropolitan areas, and urbanized areas, Select a geography tab below, and
then click on the map to view results. For each indicator, the THT results show the raw value as well as a score from 0 to 100 that indicates what
percentile the state, metropolitan area, or urbanized area is in. When viewing results, click on the name of each indicater for more information on what
the indicator measures and where data come from. Download a spreadsheet with the complete dataset.

Bxckaroind Select a tab to view indicators at the State level, Metropolitan Statistical Area (MSA) level, or Urbanized Area (UZA) level.

States Urbanized Areas Metropolitan Statistical Areas
@ ;
"
oR mn
NY
s i

Figure 7. Transportation and Health Indicators page in the USDOT Transportation and Health Tool.

The tool can also be used through the Indicator Profiles tab from the navigation bar. This profiles page contains
links to the following 14 indicators:

e Alcohol-Impaired Fatalities.

e Commute Mode Shares.

e Complete Streets Policies.

e Housing and Transportation Affordability.
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e Land Use Mix.

e Person Miles Traveled by Mode.

e  Physical Activity from Transportation.

e  Proximity to Major Roadways.

e  Public Transportation Trips Per Capita.

e Road Traffic Fatalities by Mode.

e Road Traffic Fatalities Exposure Rate.

e Seat Belt Use.

e Use of Federal Funds for Bicycle and Pedestrian Efforts.
e Vehicle Miles Traveled Per Capita.

The user can follow the link to a specific indicator profile to obtain more information. Clicking an indicator, such as
Physical Activity from Transportation, directs the user to a dedicated indicator profile page that includes a
description of the indicator, related strategies, the transportation and health connection, a section about the data,
suggestions for how the data can be used, and references used.

The THT also contains a section describing literature and resources for further study. The THT claims that
transportation impacts public health through five major areas or themes: (1) active transportation, (2) safety, (3)
cleaner air, (4) connectivity, and (5) equity. By clicking the Learn More button for a theme, the user is directed to a
new webpage containing an explanatory section on its relationship to public health and the ways that
transportation agencies can address this relationship, the related indicators in the THT that impact this theme, and
further resources and research studies conducted on the subject.

FHWA Health in Transportation Corridor Planning Framework

Background and Purpose

The Federal Highway Administration created the Health in Transportation Corridor Planning Framework to support
transportation agency efforts to incorporate health into corridor planning processes. It is intended to be used
within an existing corridor planning process rather than as a stand-alone or parallel process. The framework can be
used throughout an entire planning process or at a particular stage within a process. It identifies helpful data
sources, tools, or other resources that can be used in the planning process.

Framework Description

The Health in Transportation Corridor Planning Framework is a step-by-step manual designed to provide guidance
throughout a corridor planning process to integrate health considerations into a transportation planning process.
The framework begins with a background section that outlines the purpose of the guide and a Getting Started
section that answers basic questions such as “why” and “what does public health mean?” This Getting Started
section also includes labeled icons for navigation through the guide. The guide then progresses to a checklist that
identifies how the framework might be used within the planning process. The checklist asks if the user’s planning
study matches the steps outlined in the guide. The guide can be rearranged to suit the needs of an individual
agency’s process. The checklist also asks what stage in the process the transportation agency is currently in. The
guide can be used at any point within the planning process. It also asks if the planning agency has existing
relationships or partnerships with health professionals or organizations. These existing relationships can
streamline the process. And, finally, the checklist asks if an interest in public health exists within the planning
agency. Interdepartmental or interagency relationships can strengthen the corridor planning process.

The framework then guides the user through each of the following six steps:

Define Transportation Problems and Public Health Issues.
Identify Transportation and Health Needs.

Develop Goals and Objectives.

Establish Evaluation Criteria.

el A
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5. Develop and Evaluate Alternatives.
6. Identify Alternatives that Support Health.

Each step begins with a descriptive section that explains the purpose of the step, a section of questions to
consider, a list of potential stakeholders or partners, and questions to inform decision-making. Each step also
includes a data section that describes general data that may be useful as well as several specific data suggestions.
Resources and examples from practice are also included within each step.

A Guidebook for Sustainability Performance Measurement for Transportation Agencies

Background and Purpose

A Guidebook for Sustainability Performance Measurement for Transportation Agencies is part of a larger project
sponsored by the National Cooperative Highway Research Program (NCHRP) (Zietsman et al., 2011). The authors
created the guidebook to help transportation agencies understand sustainability and apply that understanding to
their core functions. It is designed to facilitate the incorporation of sustainability into transportation planning
through performance measurement. Performance measures can be used for evaluation, accountability,
communication, description, or informing decisions. The guidebook can be used by any transportation agency or
department and can be adapted to suit their needs in ongoing operations or for new initiatives.

The guidebook includes a discussion of the background of sustainability and theory of its application, performance
measurements for sustainability, as well as detailed references and resources. It addresses the following six major
focus areas within transportation:

Planning.
Programming.
Project development.
Construction.
Maintenance.
Operations.

ounkwnNeE

Framework Description

The guidebook is organized by chapters. The first chapter begins with an explanation of the guide and its
organization and next offers descriptions of each of the chapters. The second chapter discusses sustainability and
its relationship to transportation agencies and includes a discussion of implementation approaches for
performance measures. The subsequent chapters provide a general overview and explanation of framework use
and step-by-step explanations regarding the use of each framework component. The next chapters offer
resources, a checklist, and examples of agencies applying performance measures. The concluding chapter offers a
summary of the material contained within the guidebook and additional resources in an appendix.

The framework can be used to evaluate progress, assess current conditions, develop forecasts, make decisions, or
communicate with stakeholders. The first step in using the guidebook is to understand sustainability. To this end,
the guide outlines the four key principles of sustainability as follows:

Preserving and restoring ecological systems.
Fostering community health and vitality.
Promoting economic development and prosperity.
Ensuring equity.

Bl o

The second step in the process is to develop transportation sustainability goals. The guidebook identifies 11 key
goals for transportation agencies, reproduced in Table 1. The table shows each of the 11 key goals and provides an
explanatory definition for each goal. The first key goal—safety—is an important public health goal. A safe
transportation system and a reduction in traffic fatalities and injuries is one way to improve public health. The last
key goal—reducing transportation-related emissions—also impacts public health.
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Table 1. Recommended Transportation Sustainability Goals (Zietsman et al., 2011)

Sustainability Goal Definition
1. Safety Provide a safe transportation system for users and the general public.

Provide a transportation system that offers accessibility that allows people
to fulfill at least their basic needs.

Provide options that allow affordable and equitable transportation
opportunities for all sections of society.

Ensure that the transportation system’s functionality and efficiency are
maintained and enhanced.

Ensure that the transportation system is secure from, ready for, and

2. Basic accessibility

3. Equity/equal mobility

4. System efficiency

5. Securit -
Y resilient to threats from all hazards.
6. Prosperit Ensure that the transportation system’s development and operation
' penty support economic development and prosperity.

7. Economic viability Ensure the economic feasibility of transportation investments over time.
Protect and enhance environmental and ecological systems while

8. Ecosystems . . .
developing and operating transportation systems.

9. Waste generation Reduce waste generated by transportation-related activities.

Reduce the use of nonrenewable resources and promote the use of
renewable replacements.

Reduce transportation-related emissions of air pollutants and greenhouse
gases.

10. Resource consumption

11. Emissions and Air Quality

The third step, after establishing goals, is to develop objectives. Objectives are specific actions to be taken to meet
an agency’s established goals. These objectives are organized by focus area. The six listed areas of focus are
reproduced in Table 2. Each of the six focus areas in the table are explained in further detail in the
Object/Performance Measure column.

The fourth step is to develop performance measures. These performance measures assess an agency’s progress on
a given objective. These performance measures can be classified as outcome, output, and process measures.
Outcome performance measures evaluate the results or impacts of a program or policy. Output performance
measures examine a product that is a result of a process action. Process performance measures assess elements of
an agency’s practice that support a goal or objective. For example, each of the three performance measures can be
applied to a goal such as reducing waste generated by transportation-related activity. The outcome, in this case,
can be measured by a change in the amount of waste produced. The output can also be measured by any change
in the percentage of activities with a waste diversion goal, and the process can be evaluated by determining
whether an asset management system exists.

The fifth step is to implement performance measures, which can be applied in many ways. Measures can be used
for description to understand how an agency currently operates or for evaluation to identify problems and current
performance. Measures can also be applied for accountability to establish responsibility or for decision support to
prioritize or select a particular option above others in decision-making processes. Finally, performance measures
can be used for communication—internally or externally. The relationships between these application types are
reproduced in Figure 8. The applications are interrelated, and some steps inform others. Communication, for
example, can be implied by any of the other applications, but can also be an application by itself.

The fundamental framework components and the relationship between these components are shown in Figure 9.
Overarching framework components include activities such as stakeholder engagement that should be considered
throughout the entire process. Auxiliary components are optional related aspects that can supplement the
framework application process. Developing a definition of sustainability and organizational sustainability initiatives
and performance measures are considered auxiliary in this process.
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Table 2. Transportation Focus Areas for Objectives and Performance Measures (Zietsman et al., 2011)

Focus Area

1. Planning

Objective/Performance Measure
Planning activities include the development of long-range plans, strategies,
and frameworks intended to improve one or more functional areas of the
transportation system (or the entire system). Documentation resulting from
planning activities may highlight a general or categorical set of problems,
outline a general program of projects or activities calculated to effect
change over time, and provide an estimate of the resources required; it
rarely will delve into specific project parameters. Examples may include
regional transportation plans, master plans, strategic highway safety plans,
and long-range thematic studies or plans. Transportation planning has
strong links to land use planning and comprehensive planning, which could
be taken into consideration where possible.

2. Programming

Programming is the process of determining which set of projects will be
funded and the timing of that investment. These decisions are based on the
policies, strategies, and other plans identified in the planning focus area.
Funding availability must be considered for this process; it may include a
project prioritization tool and often requires broad input from throughout
an agency and its partners. Example outcomes may include transportation
improvement programs and unified planning work programs.

3. Project development

Project development involves defining the specific attributes of the projects
selected during the programming area, including alternatives analysis,
engineering, design, specifications, environmental and regulatory analysis,
and required mitigation. Example outcomes may include alternatives
analysis, environmental impact assessments, and project designs.

4. Construction

Construction involves building new transportation facilities; the addition or
removal of ramps or flyovers; the addition or removal of lanes; and the
addition or demolition of bridges, tunnels, or other integrated
infrastructure.

5. Maintenance

Maintenance activities are broad and include routine and preventive
maintenance. Significant maintenance and improvement activities such as
paving/repaving and major infrastructure improvements such as re-decking
are also included.

6. System operations

Operations include all active or passive non-construction activities or
systems dedicated to sustaining or improving the functionality of the
transportation network. System operations include network monitoring,
signalization and signage, traffic/driver information systems, tolling and
managed lanes, speed control and enforcement, parking management,
turning, merging permissions and restrictions, incident management, public
transportation routing and management, and the management of
integrated transportation and non-transportation infrastructure.
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Figure 9. Sustainability performance measurement framework (Zietsman et al., 2011).

The sixth and final step is to refine the framework and apply feedback. The process is iterative and depends upon

ongoing feedback to ensure its proper function. A checklist included in Chapter 7 can be used for reviewing the
framework. This checklist is a self-assessment tool that contains yes or no questions to identify areas that need
further review. The checklist helps to answer key questions including the following:

Are the sustainability principles addressed?

Do you have the data needed to implement the measures?
Will the measures provide the information needed?

Does your framework work?

bl A

The appendices contain more detailed information regarding the use of the framework. Appendix B contains a
compendium of performance measures available for use. These performance measures are tied to specific goals

and grouped within the six focus areas: (1) planning, (2) programming, (3) project development, (4) construction,

(5) maintenance, and (6) operations. For example, the last goal—reduce transportation-related emissions of air
pollutants and greenhouse gases—contains objectives and several performance measures. An example from the
Planning focus area is shown in Figure 10.
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Goal 11: Emissions and Air Quality—Reduce Transportation-Related Emissions of Air Pollutants and Greenhouse Gases

#

Objectives

Measure A

Measure B

Measure C Measure D Measure E

Focus Area 1: Planning

111

1.2

113

Reduce activity that
generates pollutant
emissions (travel, trip
length, mode split,
emissions)

Reduce polluting
exhaust emissions
(criteria pollutants and
GHGs)

Increase land use
compactness, density,
and balance of

Change in trips, vehicle
trips, vehicle miles
traveled (VMT), percent
non-driver, tons of
emissions per day

Change in percentage
of commercial vehicles
by EPA tier compliance

Change in emissions by
criteria pollutant, total,
and by mode/ton mile

Lane miles of new
access improvements to
intermodal and port
facilities

Number of new
separated rail crossings
replacing grade
crossings

Change in jobs/housing
balance

Change in zoned
residential density levels
around essential service

interacting uses hubs

(compactness, density,
balance)

Figure 10. Example objectives and performance measures for Goal 11: Emissions and Air Quality—Reduce
Transportation-Related Emissions of Air Pollutants and Greenhouse Gases (Zietsman et al., 2011).

Under the overarching goal of Emissions and Air Quality, possible objectives are organized in rows 11.1, 11.2, and
11.3. The columns labeled A through E contain performance measures that can be implemented to address the
corresponding objectives within the larger goal. To measure the success of the objective to “increase land use
compactness, density, and balance of interacting uses” (11.3), an agency could measure the change in the jobs to
housing ratio (Measure A) or the changes in zoning for residential density levels around essential services
(Measure B). Appendix D provides further examples of performance measure use in the form of case studies from
specific agencies. Each example contains the following information:

e Focus area.

e  Objective.

e Measure.

e Agency name.

e Document/website section.
e Agency example measure.
e Methodology.

e Data source(s).

e  Analysis scale.

e Background.

The Texas Department of Transportation (TxDOT) is used to illustrate how performance measures can be used for
objectives within the emissions and air quality goal in the programming focus area. The objective that TxDOT
addressed was to “program projects that reduce pollutant emissions.” The measure that TxDOT used to evaluate
this objective was the “change in percentage of commercial vehicles by EPA tier compliance due to program.” This
example objective and measure are taken from the Texas Emission Reduction Plan (TERP). The agency’s example
measure was to “reduce air emissions from vehicles and construction equipment by encouraging the use of
alternative fuel vehicles.” The background explanation provided outlines how TxDOT acknowledged the issue of air
pollution and created the TERP program, which provides financial incentives so that companies can purchase
vehicles with lower emissions below the EPA’s Tier Il standards. The methodology section acknowledges the role of
driving vehicles and the operation of construction equipment in air pollution and pollution’s impact on health
conditions. The scale of analysis was statewide.

Lessons Learned

While each of the frameworks provides constructive resources and other information related to transportation
planning, none of them are exactly alike. Some emphasize a stepwise planning process that integrates
performance measurement throughout all stages of the process, while others focus on being an informational
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resource for a vast array of transportation-related topics. Each of the frameworks also has different intended
audiences; both the FHWA Health in Transportation Corridor Planning Framework and A Guidebook for
Sustainability Performance Measurement for Transportation Agencies are geared toward transportation agencies
and planners, while the USDOT THT and ThinkStreetSmart framework can also be used by other stakeholders,
practitioners, and the public.

The developers of the Health Equity Framework identified consistent themes between each of the previous
frameworks (e.g., equity, performance measurement, sustainability, implementation guidance, etc.) and
incorporated these themes into one practitioner-focused toolkit. The following section describes the process of
developing the Health Equity Framework and practitioner toolkit and describes how practitioners can use it to
implement effective health-focused transportation solutions.

Health Equity Framework and Toolkit

This section dives deeper into the conceptualization and developmental process of the Health Equity Framework. A
web-based tool that features the Health Equity Framework and practitioner toolkit can be found at
https://www.carteeh.org/health-equity/. As previously mentioned, the framework is built on the foundation
established in CARTEEH’s 14 pathways (Glazener et al., 2021, Khreis et al., 2021). The 14 pathways between
transportation and health were compressed into eight comprehensive objectives. This section explores the subtle
nuances that differentiate CARTEEH’s Health Equity Framework from other frameworks and sheds light on how it
has been developed over time. This section also introduces the framework’s corresponding practitioner toolkit that
has been created by CARTEEH to support the framework’s eight objectives. It is important to emphasize that while
the practitioner toolkit is meant to assist in achieving and measuring the Health Equity Framework's objectives, it is
not part of the framework itself. Instead, the toolkit serves as a deployable collection of strategies, indicators, and
tools to measure the framework's objectives and health equity.

Development of the Health Equity Framework

The framework’s main goal is to achieve equitable transportation infrastructure that helps maximize health
outcomes of every individual. To accomplish this, the 14 pathways connecting transportation and health were
restructured into eight actionable objectives (Table 3). These objectives were designed to achieve specific
outcomes and are accompanied by several implementable strategies (discussed in the following section).
Consideration of these eight objectives while planning, developing, and maintaining transportation infrastructure
has the potential to reduce the risk of various diseases and bodily harm.

While the 14 pathways provide clear roadmaps linking the transportation infrastructure with health outcomes,
they are not action-oriented. Instead, they serve more as theoretical implications rather than actionable steps. On
the other hand, the Health Equity Framework’s objectives allow for the application of specific strategies, guidance
for implementation, and performance measurement. They also highlight a wide range of important stakeholders
that are essential for implementation.

Development of the Health Equity Framework’s Practitioner Toolkit

The Health Equity Framework’s practitioner toolkit is an essential resource for measuring the effectiveness of the
framework’s objectives. The toolkit was developed to provide a comprehensive set of qualitative and quantitative
data that can be used to track progress and convert data into valuable information. Although the information in
the toolkit was not exclusively developed by CARTEEH researchers, the information has been compiled and
integrated to measure the progress toward achieving the goals of the eight objectives. The toolkit is divided into
selectable strategies, indicators, and existing tools—all of which are explained in the following sections.
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Table 3. Health Equity Framework's Objectives, Pathways, and Descriptions

Objective

1. Reduce vehicle
emissions and energy
consumption

Included Pathway

Air pollution,
greenhouse gases

Description
This objective involves implementing several strategies such as
minimizing vehicle idling, opting for fuel-efficient cars,
introducing a carbon tax, etc., while keeping sustainability,
health equity, transportation demand management (TDM), and
infrastructure modification as the anchor. The process involves
various phases, such as policymaking, planning and
programming, project development, operations, and
maintenance. Stakeholders who are involved in this objective
are local governments, transit agencies, metropolitan planning
organizations (MPOs), vulnerable road users (e.g., pedestrians,
cyclists), private developers, etc.

The aim of this objective is to achieve a high degree of
connectivity and social inclusion among community members
and the target population. Policymakers, transit agencies, local

2. Increase Social exclusion,
L . . governments, automakers, fleet managers, and many

connectivity and social | community . oo . L .

. . employers are identified as key players in accomplishing this

inclusion severance . . . . - .
objective. Strategies such as implementing integrated ticketing
systems, facilitating multimodal access to transportation, and
introducing vehicle automation have been identified.
This objective involves implementing various strategies, such as
bike sharing, fixed-route shuttles, lower transit fares, promoting
cycling, and developing compact cities, to ensure equitable

3. Increase equitable accessibility to all destinations irrespective of one's economic,

access to destinations Access racial, or cultural background. Stakeholders involved in this

that improve public
health

initiative include healthcare providers, transit agencies,
vulnerable road users, MPOs, non-governmental organizations,
and policymakers. To achieve this objective, it is essential to
adopt an equitable approach and implement TDM and
infrastructure modification strategies.

4. Increase active
transportation options

Physical activity

This objective blends strategies like fuel taxes, vehicle
ownership taxes, first-last mile infrastructure and other
strategies to necessitate the use of public transportation and
encourage active living. The theme of this objective is to create
a more sustainable and healthier environment by reducing the
reliance on personal vehicles, which often contribute to
sedentary lifestyle, and by encouraging individuals to engage in
physical activity as part of their daily routine. By combining
these efforts, the objective aims to promote a more integrated
approach to transportation and urban planning that benefits
both individuals and the broader community.

5. Increase equitable
access to destinations
that improve public
health

Urban heat islands,
green space and
aesthetics

This objective is focused on enhancing green spaces and
reducing the absorption of heat in urban areas. The aim here is
to create beautiful and sustainable environments that will
improve the quality of life for residents. To achieve this
objective, various strategies, such as urban greening initiatives,
road redesigns and repurposing, and policies that prioritize the
creation and maintenance of parks and green spaces in the
community have been identified. The success of this objective
relies on the involvement of various stakeholders, including
policymakers, MPOs, local governments, and private
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developers. By promoting green spaces and reducing the
presence of heat-absorbing structures, the negative effects of
urbanization can be mitigated. Creating more green spaces and
promoting sustainability will not only beautify urban areas but
also promote a healthier and more livable environment for
residents.

6. Reduce runoff and
contamination from
transportation

Contamination

By implementing laser-focused strategies such as curb
elimination, vehicle maintenance, street cleaning, and
vegetation runoff controls, this objective takes actionable steps
toward reducing runoffs and environmental contamination. This
objective was developed with a deep understanding of the
contamination pathway as described by Glazener et al. (2021)
and Khreis et al. (2021). This objective also emphasizes the vital
role that various stakeholder like policymakers, law
enforcement officials, school boards, and drainage engineers
play to ensure implementation.

7. Improve safety for
all users

Motor vehicle
crashes

Ensuring safety in transportation is essential to promoting
public health. This seventh objective, which builds upon the
motor vehicle crashes pathway, provides a more
comprehensive approach to mitigating transportation risks
through a range of action-oriented strategies. This objective
meticulously outlines the strategies, details methods for
implementation, and provides a comprehensive list of
stakeholders. Not only does it aim to reduce road accidents, but
it also prioritizes the overall safety of the community. This
objective is more policy- and transportation planning-oriented
because it advocates for the integration of strategies such as
intelligent transportation systems (ITS), distracted driving
initiatives, speed reduction initiatives, and many others. By
effectively implementing these measures, transportation
planners can make a substantial impact on reducing the number
of accidents and injuries. Furthermore, the integration of ITS
technologies can enable real-time monitoring of transportation
systems, thus allowing for prompt response and mitigation of
safety risks.

8. Minimize traffic
noise

Noise

This objective prioritizes the reduction of noise pollution
emanating from transportation. A range of strategies have been
developed to achieve this reduction, including the utilization of
low-noise vehicles, tires, and road surfaces among others.
Policy-oriented strategies such as vehicle restrictions, noise
emission standards, and speed reduction initiatives are also
highlighted. These measures can help to significantly reduce the
impact of noise pollution on human health and well-being.
Implementing this objective, however, requires the involvement
of key stakeholders, such as policymakers, car owners, and
federal agencies.
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Practitioner Toolkit: Strategies

Under the framework’s practitioner toolkit, dozens of strategies exist that can be applied by transportation
agencies, metropolitan planning organizations, and other stakeholders to help meet the goals of each of the eight
objectives. These implementable strategies may fit into one or more of the eight objectives (Table 3) based on how
they are applied in real-world settings. Depending on how the practitioner prefers to sort and view the strategies,
strategies can also be organized according to one or more themes. Table 4 lists and describes the six themes used
to sort the strategies.

Table 4. Toolkit Strategy Themes and Descriptions

Theme \ Description

Includes transportation, sewage, water, and green infrastructure
modifications.

Includes environmentally conscious solutions, such as electrification of
vehicles, emission inspection programs, clean and efficient freight, vehicle
maintenance, other equipment modifications, and best practices with
runoff and noise pollution.

Includes modifying human behavior to reduce traffic congestion, such as
Transportation demand alternative work schedules, car sharing/bike sharing, telecommuting, tax
management systems, congestion charges, parking fees, park and rides, etc. Targets
traveler behavior and mode choice to lower traffic demands.

Includes solutions to better manage the existing transportation
infrastructure to improve traffic flow and safety through better
management and operations, including speed limit reduction, ITS,

Infrastructure modification

Sustainability

Transportation system

management . . . . ) .
& circulation changes, signage, safety improvements, and traffic/parking
regulations.
Includes smart growth patterns, compact cities, mixed land use, zoning, and
Smart growth . .
building siting.

Includes strategies that specifically relate to accessibility for all populations
and eliminating disparities.

Equity

The strategies can also be categorized according to project life cycle phases, which include the following:

e Policy and planning.
e  Project development.
e  Material selection.

e  Construction.

e  Operations.

e  Maintenance.

e End of life.

Table 5 provides examples of how select strategies map to different objectives, themes, and life cycle phases.

In addition to themes and life cycle phases, strategies can be further filtered according to who is involved in their
implementation. Various organizations and actors are included in the sortable list, including but not limited to
automakers, construction companies, federal agencies, policymakers, and local health departments.

Once a user selects a strategy of interest, they are directed to that strategy’s page, which includes a description of
the strategy; its related objective(s) and life cycle phase(s); the strategy’s mechanism for helping achieve the
objective(s); and the individuals, groups, or agencies that should play a role in its implementation. This page also
includes further guidance for implementation, real-world examples of the implemented strategy, and a list of
resources for additional information related to the strategy.
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Table 5. Example Strategies and Associated Objectives, Themes, and Life Cycle Phases

Strategy Objective Theme Life Cycle Phase
Develop and . .
. . Policy and planning
increase . - Infrastructure modification .

e 1. Vehicle emissions L Project development
electrification Sustainability . .
. Material selection
infrastructure

2. Connectivity and inclusion
First-last mile 3. Healthy destinations
infrastructure 4. Active transportation

7. Less traffic violence

Infrastructure modification
Smart growth
Equity

Policy and planning
Project development

Practitioner Toolkit: Key Performance Indicators

Whereas the strategies can be browsed by users interested in implementable approaches to achieve one of the
eight objectives, users can also browse through the Key Performance Indicators (KPIs) section in the toolkit. These
KPlIs can be used by practitioners and other stakeholders who are concerned with using established metrics to
assess the impact or effectiveness of strategies that have been deployed. Users can sort the KPIs according to
objective as well as quantitative or qualitative measurements. Table 6 provides several example KPIs that can be
used to measure the impact of interventions to achieve the various objectives.

Table 6. Example Key Performance Indicators

Objective ‘ Key Performance Indicator Type
Reduce vehicle emissions and energy Change in vehicle miles traveled o
. . . Quantitative
consumption before/after intervention
Increase equitable access to destinations . .
. . Increase in access to healthcare Qualitative
that improve public health
Increase equitable access to destinations Number of people using green .
. . Quantitative
that improve public health space
Improve safety for all users Improved road conditions Qualitative

Practitioner Toolkit: Tools

In addition to strategies and performance indicators, users can also browse the Health Equity Framework’s
practitioner toolkit to find a list of existing tools that have been developed by other researchers, institutions, or
agencies that are available to measure the health impacts of each objective. Although this is not an all-inclusive list
of every tool that has been produced, this toolkit does provide an extensive list that can be used by a variety of
practitioners to further implement health equity in transportation infrastructure decision-making. These tools can
also be used in conjunction with the KPls; for example, if the user is interested in the Change in Measured Ambient
Air Quality KPI, one tool at their disposal includes the Air Quality Index, which provides a scale to report the level
of air pollutants in the air at a given location.
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