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EXECUTIVE SUMMARY  
The Palm Beach Transportation Planning Agency (TPA) conducted a Health Impact 

Assessment (HIA) to assess health effects of a no-build scenario compared with proposed 
multimodal alternatives as part of the Okeechobee Boulevard and SR-7 Multimodal Corridor Study 
in Palm Beach County, Florida.  

Health Impact Assessment 
A HIA is a process that analyzes and quantifies how a policy or investment influences 

people’s health. The HIA process consists of six main components: screening, scoping, 
assessment, recommendations, reporting, and monitoring and evaluation. Use of evidence-based 
approaches to predict potential health risks and benefits within a community, supported the HIA 
as a valuable source of evidence that facilitates the process to develop and select alternative 
systems focused on health promotion and risk mitigation.  

1. Screening: Determine the HIA’s value to the TPA’s decision-making process; 
Assess timeliness & feasibility of the HIA; Evaluate the project based on TPA’s 
Performance Measures.  

2. Scoping: Define scope of investigation; Develop assessment plan using the 
Transportation-Alternative Health Analysis framework 

3. Assessment: Evaluate health impacts of the no-build scenario and proposed 
multimodal alternatives in terms of air quality and resilience, physical activity, and 
road safety.  

4. Recommendations: Use assessment findings to develop recommendations that 
align with the TPA’s Performance Measures and optimize health promotions for 
each proposed scenario.  

5. Reporting: Present HIA finds to the community. 
6. Monitoring & Evaluation: Track the impact of HIA findings on the TPA’s 

selection of a multimodal alternative.  

Transportation-Alternative Health Analysis  
The Transportation-Alternative Health Analysis scale was used to weigh health outcomes 

associated with specific design elements for each of the alternatives considered by the TPA. 
Categories deemed most relevant in evaluating the multimodal alternatives considered by the 
TPA were air quality and resilience, physical activity, and road safety. The Transportation-
Alternative Health Analysis criteria categories were composed of factors that were individually 
assessed across the various alternatives. Impacts of an alternative’s design were assigned value, 
based on their resulting effects on health using a likert scale system from -2 (impact on health is 
negative) to 2 (impact on health is positive).  

Integrated Transport and Health Impact Model  
As part of the larger Transportation-Alternative Health Analysis score, the Integrated 

Transport and Health Impact Model (ITHIM) is a modeling tool that quantifies the impact of 
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changes to active travel behavior patterns on health. Depending on the design features included 
within the proposed scenarios considered by the Palm Beach TPA, the ITHIM predicts shifts in 
the number of vehicle miles traveled (VMT) to personal miles traveled (PMT).  

Assuming transportation scenarios will increase bus ridership and active travel (e.g., 
biking), there was an expected redistribution from personal driving miles to miles traveled in 
active travel behaviors. As such, the ITHIM modeled health impacts across baseline (no-build) 
and three (3) scenarios. Scenarios shift 5, 10, or 15-percentage of overall miles traveled (vehicle 
and personal) from VMT to PMT. Projected ridership, informed by technical expertise and 
literature review, was utilized as a measure of such shifts in travel behavior. Proposed alternatives 
were categorized into one of the three scenarios based on their estimated changes in ridership. 

Quantitative & Qualitative Analyses 
A literature review, feedback provided during two Working Group meetings and public 

workshops, and results from polling activities informed the research questions and methodology 
established for assessment. These collaborative efforts helped to ensure the relevance of research 
objectives to the focus of the HIA. In response, the Transportation-Alternative Health Analysis 
was developed as a particularly effective approach to promote positive health impacts while also 
developing strategies to combat negative health impacts experienced within each of the proposed 
scenarios. Incorporating both qualitative and quantitative data elements, the Transportation-
Alternative Health Analysis scale value quantifies the impact of each measure on health. 

Working Group Engagement 
Relevant interest groups were identified for their involvement in the HIA based on their 

expertise and value in the decision-making process. The project team assembled a Technical 
Steering Committee composed of field experts from the Palm Beach County TPA, FDOT, Palm 
Tran, and the City of West Palm Beach. Technical Steering Committee members offer content 
knowledge about planning, engineering, and health. Together with the technical team, public 
engagement and key informant interviews provided an opportunity to facilitate discussions with 
the community, thereby incorporating the public voice in guiding the HIA. 

Findings & Recommendations by Alternative 

No-Build 
If selected, the no-build scenario would have a somewhat negative impact on health within 

the study area (Overall Transportation-Alternative Health Composite Score= -0.83). Compared 
with other proposed multimodal alternatives, the transportation health analysis predicts the no-
build scenario would have the most negative implications on air quality and resilience, as well as 
physical activity. Features such as 6’ wide sidewalks, existing multimodal facilities, higher vehicle 
speeds associated with 12’ wide travel lanes, and narrow bicycle lanes do little to encourage 
public transit ridership, and pedestrian or bicycle activity. Existing emission trends, combined with 
the highest rates of air-quality and physical activity-related diseases, contribute toward the no-
action scenario as the worst overall for health.  
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However, the no-build alternative possesses several health benefits that must be balanced 
with potentially negative health outcomes. While the lack of a bicycle lane buffer and limited 
width increase ambient stress and risk amongst bicyclists, those features are also associated with 
increased attentiveness on part of vehicle operators. The limited construction impacts involved 
with the no-build scenario bolster the aesthetic appeal along the corridor, an important 
consideration when assessing both short- and long-term impacts during the implementation 
phase of this project.  

Under current transportation infrastructure, active travel behaviors (i.e. walking and 
bicycling) remain low, meaning fewer individuals are less likely to be involved in a crash resulting 
in injury or death.  Although reduced activity levels positively influence road safety outcomes, 
discouraging pedestrian and bicycle engagement is not a suitable response. Instead, 
countermeasures such as enhancements to bicycle and pedestrian facilities (i.e., increased 
lighting, landscaping, tree canopy, and/or wider bicycle lanes and sidewalks) may help to reduce 
the negative health impacts experienced under the no-build scenario.   

Mixed Traffic with Limited Bus Stops 
The mixed traffic alternative with limited stops scored as the second highest alternative 

in terms of negative health impacts (Overall Transportation-Alternative Health Composite Score= 
-0.13). Given the slight increase in ridership from an added service route, this alternative may 
raise the convenience for residents to utilize multimodal options without the significant 
construction impacts characteristic of some other alternatives (i.e., center platforms for BRT or 
LRT uses). The mixed traffic alternative retains the potential for green space seen in the no-build 
scenario, while also enjoying a reduction in air quality and physical activity related diseases. 
Furthermore, perceived safety is positively impacted under proposed conditions, arising from 
wider sidewalks (uniform over all alternatives except no-build), wider, designated bicycle lanes, 
and slower traffic speeds (a byproduct of narrower travel lanes).  

If selected, additional strategies should be developed to address areas of concern among 
bicyclists and roadway efficiency. In spite of equivalent risks of injury, designated bicycle lanes 
lack the physical barrier attributed to separated bicycle lanes. As a result, bicyclists may 
experience elevated levels of ambient stress than alternatives which include plans for separated 
bicycle lanes. From an air quality perspective, the mixed traffic option does not present the most 
efficient strategy to promote public-transportation use. Though rises in public transit ridership are 
predicted, the convenience and efficiency afforded by bus-dedicated lanes seen in the BAT 
curbside lane, and curbside BRT alternatives, are missing in the mixed traffic scenario. Mitigation 
strategies to ameliorate public transit efficiency, should aim to reduce the time spent in traffic 
among bus service routes, and in turn, encourage more users to use public transportation options.  

Business Access and Transit Curbside Lane 

The Business Access and Transit (BAT) curbside lane option falls ahead of the mixed traffic 
alternative according to the overall Transportation-Alternative Health Analysis score (0.45). 
Unsurprisingly, both alternatives share similar health benefits, such as wider sidewalks, 
equidistant buffer setbacks, designated bicycle lanes, availability of green space, and comparable 
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ridership rates. Unlike the mixed traffic alternative, the BAT curbside option is unique in its 
integration of dedicated BAT lanes and some elements of BRT into design plans. Dedicated 
curbside lanes possess several health benefits. In addition to reducing pedestrian exposures when 
boarding and deboarding buses, exclusive bus lanes help to reduce travel times when utilizing 
public-transit services. As a consequence of enhanced efficiency, the BAT curbside lane enjoys 
increased ridership than the mixed traffic alternative, while averting an increased risk of road 
traffic fatalities and injury. A further health benefit of the BAT curbside lane is the width of 
individual travel lanes. As the alternative with the narrowest travel lanes (11’ wide), the BAT 
curbside lane scenario entails the greatest reduction in vehicle speeds associated with such 
metrics.  

Curbside Dedicated Lane Bus Rapid Transit  
As the best rated alternative in the Transportation-Alternative Health Analysis, the 

curbside dedicated lane BRT alternative has some of the most positive overall health impacts of 
all the proposed scenarios (overall Transportation-Alternative Health Composite Score = 0.78). 
Despite its scoring in the Transportation-Alternative Health Analysis, the potential for greatest 
health impacts relate to LRT alternatives for reasons that will be discussed in greater depth within 
their specific recommendations. 

BRT is a highly efficient and cost-effective transportation system that is similar to LRT. 
BRT is less burdensome from an operational and maintenance approach, even though the 
capacity for riders is somewhat diminished compared to LRT. In contrast to the BAT curbside lane 
option, the curbside BRT boasts enhanced efficiency through use of off-board fare collection and 
traffic signal priority, in addition to dedicated bus lanes. Supplementing it’s appeal from an 
emissions and convenience standpoint, BRT is considered more accessible than traditional bus 
services, due to features such as elevated platforms, which may aid in addressing disparities in 
transportation access among the disabled or aging populations. Improvements to ridership also 
assist in modifying travel behaviors and thus alleviate the burden of chronic diseases related to 
poor air quality and lack of physical activity.  

However, fewer travel lanes may increase congestion and in turn slow traffic speeds, 
reducing the risk of a crash. The smaller buffer setback between the roadway and sidewalk may 
negatively impact the perceived safety of pedestrians (although this is mitigated by the outer 
lanes being dedicated to transit-related travel), as well as their exposure to traffic-related 
pollutants. Further attention should also be paid to the increased risk of injury resulting from 
wider traffic lanes (12’ wide) and heightened vehicle speeds.  

Center Platform Bus Rapid Transit  
The center platform BRT alternative is one of two alternatives that involve converting the 

existing median space into two (2) separated lanes dedicated for public-transit use. Overall, the 
center platform BRT lags behind the curbside dedicated lane BRT with regard to positive health 
impacts associated with air quality, physical activity, and road safety (overall Transportation-
Alternative Health Composite Score = 0.56). Key differences between this alternative and the 
others considered by the TPA, center on the construction of a center platform. Positive health 
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impacts of this alternative surround the rise in ridership, wherein physical activity is increased, 
and emissions of environmental pollutants are cut back from the reduction in personal vehicle 
travel. Bicyclists are similarly benefitted to other alternatives that incorporate a separated buffer 
lane design. 

 There exists several potentially negative health outcomes as a result of the center platform 
BRT option, many of which pertain to construction impacts. Given the significant effort and 
investment required to build the center platform, existing health disparities along the study 
corridor may worsen over time. Construction may discourage residents from engaging in active 
travel modes by compromising the aesthetic appeal of the roadway. By developing the median, 
health benefits related to the presence of green spaces (i.e., reducing exposures to vehicle 
emissions, ambient stress, and lower home values) are lost. If selected, this alternative should 
make effective use of the buffer setback from the roadway to the sidewalk as an area for 
landscaping and vegetation in order to offset the consequences of converting the median.  

Center Platform Light Rail Transit 
The center platform dedicated LRT alternative is one of two proposed designs that 

incorporate LRT technology. Despite being a highly sophisticated and modern transportation 
mode, LRT requires substantial financial investment to construct and maintain over time. As such, 
the center platform LRT option does not positively impact health to the same extent as previous 
designs that supply accessible, efficient, and connected transportation services. The 
Transportation-Alternative Health Analysis score identifies the center platform LRT as an 
alternative that has a somewhat positive health impact related to air quality and resilience, 
physical activity, and road safety (overall Transportation-Alternative Health Composite Score = 
0.57).  

LRT systems provide several distinct advantages in terms of health. As an electric 
technology with a high capacity for ridership, LRT use may significantly reduce roadway emissions 
produced by personal vehicle use. In a ten-year follow up study, Valley Metro found that 
implementation of LRT in Maricopa County, Arizona, triggered significant improvements to quality 
of life in the affected communities. Over 35,000 jobs have since been created in ½ mie of the 
Valley Metro’s LRT (Valley Metro, n.d.). Other benefits include improved access to education and 
areas of interest in a single trip, a reduction in bicycle and pedestrian crashes, and increased 
affordability within the LRT corridor when compared with the average for Maricopa County (Valley 
Metro, n.d.). Increased public-transit use is also associated with a greater number of individuals 
satisfying their daily exercise requirements. 

Despite its advantages, LRT is not the best suited option for all metropolitan areas. The 
sizable cost and construction required to build a center platform, may quell the positive effects of 
the alternative on emissions and physical health. However, these potentially negative impacts 
must be balanced for long-term outcomes as demonstrated by Valley Metro, wherein public transit 
ridership soared 487%, and 81% of users walk ¼ mile or less to access transit options since the 
implementation of LRT in 2008 (n.d.).  
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This specific alternative shares in some negative aspects experienced as result of limited 
available green spaces, fewer travel lanes for public and general roadway-use, and risk of higher 
vehicle speeds associated with wider travel lanes. Similar to recommendations formulated toward 
the center-platform BRT design, strategies to mitigate adverse health impacts aim to make active 
travel modes more desirable. Primarily, use of landscaping as a means to improve aesthetic 
appeal, help to reduce ambient stress caused by increased vehicle speeds and/or traffic 
congestion, and encourage walking or bicycling.  

Elevated Grade-Separated Light Rail Transit 
Much like the center platform design, the elevated grade-separated LRT has similar health 

impacts. A distinct feature of this alternative is the elevated and separated design for the LRT 
system, which would minimize obstructions to the roadway and alleviate traffic congestion. As a 
consequence, the elevated LRT option allows for four (4) travel lanes, as opposed to the three 
(3) lanes proposed in other alternatives (e.g., center platform LRT and BRT). Decreased 
frustration among vehicle operators, congestion, and time spent in traffic are among some of the 
benefits experienced by the elevated LRT design, however from the perspective of road safety, 
these factors are negative in their effects on road traffic speeds and crash risk. 

While four travel lanes may be advantageous for drivers along the study corridor, 
pedestrians are not so fortunate. In contrast, the greater distance across the roadway increases 
pedestrian’s exposure and risk of injury when crossing the street. This issue is compounded by 
the frequency at which LRT users may need to cross the roadway in order to access the platform. 
Similarly, a reduction in buffer setback space between the roadway and sidewalk could diminish 
the sense of safety among pedestrians and discourage walking as a travel mode. Mitigation 
strategies to improve pedestrian safety and crash risk include plans for crosswalk enhancements, 
and integration of greenery in the available spaces below the LRT platform.  

General Recommendations 
In addition to the alternative-specific recommendations, this HIA formulated further 

evidence-based considerations that should be considered by the TPA, regardless of the selected 
alternative. The following is an abbreviated list of the aforementioned recommendations: 

1. Prioritize transportation infrastructure aimed at connectivity, in order to 
bolster equitable access to healthy living.  

a. Minority populations, older adults, low income, and people living with disabilities 
are disproportionately impacted by limited transportation systems (Institute of 
Medicine, 2007; Shrestha et al., 2017).  

2. Prioritize projects using Performance Measures to achieve health equity. 

3. Facilitate appropriate investments in efficient public transit infrastructure 
improvements that increase ridership and achieve health equity. 
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a. Infrastructure like BRT are advantageous in that they produce fewer emissions 
than traditional buses, and reduce travel times through off-board fare collection 
and traffic-signal priority (FTA, 2015). 

4. Consider transportation design elements that promote pedestrian activity. 

a. Sidewalks that are 12 feet wide, further away from vehicular traffic, and slower 
roadway speeds are among the features discussed between proposed alternatives 
that can effectively encourage pedestrian activity (Clarke & George, 2005; Heinrich 
et al., 2008; Galea et al., 2005). 

5. Prioritize crosswalk enhancements to increase health and safety. 

6. Consider transportation design elements that promote bicyclist activity. 

a. Separated bicycle lanes substantially improve the perceived safety of bicyclists, 
which may in turn bolster existing modeshare splits for bicycling. 

7. Develop an architectural ITHIM to be used in corridor-level analysis that 
emphasizes equity, gathers environmental inputs from TPA Performance 
Measures, and informs a regional travel-demand ITHIM mechanism. 

8. Collaborate with FDOT to develop a monitoring plan for each of the main 
corridors/throughout the County.  

9. Consider short-term changes that enhance facilities and build a culture to 
support a Safe System approach.  

a. Though crashes are inevitable, the Safe System approach attempts to reduce the 
risk of human error, and also minimize the severity of injury in the event of such 
incidents (Federal Highway Administration, 2021). 

10.  Encourage an environment of conscious construction practices.  

a. Sustainable construction projects may integrate solar technologies, source 
biodegradable materials, recycle existing materials during any demolition process 
(i.e., steel and/or concrete), utilize locally sourced materials, and ensure the 
availability of green spaces (Construction World, 2019). 

11. Incorporate landscaping and green space considerations into future 
transportation projects. 

a. Availability of green spaces is supported by an array of literature for its beneficial 
effects in reducing ambient stress, slower traffic speeds, enhanced bicycle and 
pedestrian activity, minimized exposure to air pollutants, mitigation of urban heat 
island effects, and increased perceived safety for those walking or bicycling in the 
area of interest (de Hartog et al., 2010; Dijkstra et al., 2008; Dill et al., 2010; 
McDonald et al., 2006; Rabl & Nazelle, 2012; Safe Routes to School National 
Partnership, 2012). 
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12. Consider investing in an air monitor system to measure air quality. 

a. States are responsible for developing their own monitoring plans that ensure the 
ambient air monitoring networks meet minimum requirements set by the Clean Air 
Act. By situating an air monitoring system along the study corridor, decision 
makers can better aim interventions in highlighted areas of need.  

Future Considerations 
As mentioned in relation to the curbside dedicated lane BRT recommendations, this HIA 

may underscore the full potential of LRT alternatives in affecting the community’s health. Reports 
such as the quality of life study published by Valley Metro, and results from Commute Seattle’s 
2019 Center City Commuter Mode Split Survey point toward investments in LRT systems as a 
significant source of commuter mode split, reduction in single occupancy vehicle trips, in face of 
increasing employment. In Seattle, transit-related investments such as LRT have led to a 9% 
reduction in single-occupancy vehicle commutes despite an increase of 90,000 jobs in the 
downtown Seattle area from 2010-2019 (Commute Seattle, 2019). Limitations experienced in this 
HIA to fully capture the magnitude of LRT on health factors could be addressed in future studies 
through use of a Cost-Benefit Analysis and forecasting of long-term health impacts. Considering 
the substantial upfront costs of LRT systems, it is necessary for subsequent analyses to evaluate 
changes in health over an extended period of time, to not miss potential developments that may 
significantly affect health, as supported by findings by Valley Metro (n.d.) and Commute Seattle 
(2019). 

Housing affordability is an additional area for future investigations to measure the impact 
of transportation alternatives on health. Given the demonstrated need for affordable housing in 
the greater Palm Beach area, the Okeechobee Blvd and SR7 corridor could benefit from the 
expansion of high-capacity transit systems that incentivize public and private investment in the 
development of affordable housing options. In a large-scale study of four metropolitan hubs 
(Atlanta, Denver, Seattle, and Washington D.C.), Enterprise Community Partners built on previous 
research by AARP, the National Housing Trust, and Reconnecting America, wherein more than 
250,000 privately owned, federally subsidized apartments were within walking distance to quality 
transit services across 20 metropolitan areas (2010). Two third of which were covered by federal 
housing contracts (AARP, 2010). Similar opportunities exist in the Okeechobee Blvd and SR7 study 
corridor. Implementation of transit services with high ridership capacity, such as LRT, should be 
evaluated for their ability to encourage the development of additional affordable housing options 
and expand transit-oriented development.  
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INTRODUCTION 
The Palm Beach Transportation Planning Agency (TPA) conducted a Health Impact 

Assessment (HIA) on the proposed multimodal alternatives for the Okeechobee Boulevard and 
SR-7 Multimodal Corridor Study in Palm Beach County. A HIA is a process that analyzes and 
quantifies how a policy or investment influences people’s health. The purpose of this 
memorandum is to document the HIA process, how the study could potentially impact health 
from the perspective of mitigating disparities while optimizing air quality, physical activity, and 
road safety. 

As one of the five components of the larger Okeechobee Blvd & SR7 Multimodal Corridor 
Study, the intent of the HIA was to consider health outcomes in evaluating the no-build and 
proposed multimodal alternatives. Performance of the HIA, in conjunction with other aspects of 
the planning study, specifically the roadway and transit alternatives analysis, and Land Use & 
Economic Development Analysis, demonstrated an interest in balancing optimal transit 
alternatives with those that produce the most beneficial health outcomes in the study area 
population. 

About the HIA Process 
HIAs are performed assuming a holistic approach to health, acknowledging that many 

factors may directly or indirectly influence the health of the community (Human Impact Partners, 
2011). This HIA intended to evaluate the potential impact of multimodal alternatives on the state 
of health and equity along the corridor, and to provide recommendations to facilitate the TPA’s 
intended outcomes or mitigate unintended outcomes.  

HIAs are developed under a highly collaborative and democratic process. Through 
listening to feedback from those that live, play, and work, in the study area, the HIA approach 
values engagement from affected populations. In combining evidence-based strategies with 
commentary from stakeholders, policy makers, and community members, HIAs help to foster a 
broader understanding of the unique challenges communities face, particularly for vulnerable 
groups (Human Impact Partners, 2011). Collaborative efforts enable all involved parties to 
increase their competencies between various sectors, in addition to strengthening the contents 
of policies or projects that account for opinions across different areas of expertise (Bourcier et 
al., 2015). In doing so, HIAs possess potential for increased credibility and empowerment within 
their impacted communities.  

The HIA process consists of six main components: screening, scoping, assessment, 
recommendations, reporting, and monitoring, detailed in Figure 1. Each stage is to be expanded 
upon further in its relation to the Okeechobee Boulevard and SR-7 Multimodal Corridor Study.  
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Figure 1. Health Impact Assessment Stages and Purpose 
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SCREENING 
In the first stage of a Health Impact Assessment (HIA), Screening, the project team aimed 

to establish the value and feasibility of the assessment. Data about the proposed project, 
measurement of potential health impacts, the existence of a demonstrated need for such a 
change, and evidence that the proposed project would result in substantial effects on public 
health were documented. 

Timing  
For the multimodal analysis along the Okeechobee Blvd and SR-7 study corridor, the 

project team determined that the HIA time frame is June 2021 to February 2022. A total of four 
(4) Technical Steering Committee meetings were conducted, a series of key informant interviews, 
a community-wide survey, and three (3) public meetings.  

Health Impacts 
As part of the Palm Beach TPA’s 2045 Long Range Transportation Plan (LRTP), the 561 

Plan identified the Okeechobee Blvd and SR-7 as one of six east-west and five north-south priority 
transit corridors respectively (Palm Beach Transportation and Planning Agency [TPA], 2020a). In 
addition to its significance as a major transit corridor, the 561 Plan also expects the Okeechobee 
Boulevard corridor to increase by 70,000 residents and 14,000 jobs by 2045. With such 
considerable growth anticipated in the future, present concerns related to commuter mode split 
within the study corridor and surrounding areas may worsen over time (TPA, 2020a). Specific 
performance measures set forth by the TPA describe desired reductions in single-occupancy 
vehicle trips, improved mode shares for walking, bicycling, and public-transit use, in addition to 
the development of infrastructure conducive for enhanced movement of freight throughout the 
county (TPA, 2020b). For the purposes of this HIA, multimodal alternatives to address current 
transportation-related improvements along the Okeechobee Blvd and SR7 study corridor were 
considered in terms of their potential impacts on the health of the surrounding community.  

Population Characteristics of Okeechobee Blvd & SR-7 
Passing through the Village of Wellington, Royal Palm Beach, and the City of West Palm 

Beach, the study corridor contains several distinct character areas each facing its individual needs 
and challenges, as detailed in the “Okeechobee Boulevard Transit-Supportive Land Use and 
Economic Development Analysis: Existing Conditions Report” performed by the Palm Beach TPA 
(2020a). Baseline conditions described in the Existing Conditions Report justified use of the HIA 
as a tool to assess multimodal alternatives for revised pedestrian, bicycle, public transportation, 
and freight designs to address discrepancies in health outcomes across the distinct sub-sections 
within the study area.  

Population. The target population of interest for this HIA were the people that live, work, 
and play within the study corridor of Okeechobee Blvd and SR7. Of particular interest were 
segments of the population disproportionately affected by poor health outcomes and social 
vulnerability. Special considerations were made to socially vulnerable groups with specific 
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transportation needs, such as aging adults, people living with disabilities, and low-income subsets 
of the population.  

Baseline Conditions. Findings established in the “Existing Conditions Report” 
contextualize the study corridor as an area that could be substantially impacted by enhanced 
multimodal transportation options (TPA, 2020a). Transportation enhancement strategies consider 
a multitude of factors such as the availability of pedestrian and bicycle-friendly facilities, sidewalk 
or crosswalk improvements, and close gaps in transit coverage, with the greater goal of creating 
transportation systems that are accessible, efficient, and help to strengthen connection with 
communities (Todd, 2006). Indicators of particular relevance in the study area include:  

● The demographic breakdown of the study population indicates groups that have unique 
transportation needs or may be underserved by current transportation infrastructure along 
the corridor: 

○ Among the study population, 35% are either under 18 or over 65 years old, both 
of which entail special considerations in terms of transportation access and 
connectivity. 

○ Less than 10% of workers live and work in the study area 

○ There is a considerably higher concentration of the population living in the study 
area living at or below the federal poverty level (21%) as opposed to the county 
average rate (12%).  

○ Indicators of housing and transportation affordability suggest the study area is 
more likely to be cost-burdened by housing and transportation-related costs. 

● Some tracts within the corridor exceed county averages by more than double the rates 
for heart disease, stroke, nutritional deficiencies, diabetes, disability, and homicides. 

● Only 11.3% of the study area is considered walkable.  

● Between 2013-2018, 79% of bicycle and pedestrian crashes on the study corridor roadway 
resulted in injuries or fatalities 

The conditions depict several demographic characteristics of the target population that 
justified further exploration into the potential impact of proposed multimodal alternatives on the 
state of health disparities in the study corridor. 

Social Vulnerability & Areas of Greatest Concern  
 The CDC and Agency for Toxic Substances and Disease Registry’s (ATSDR) Social 
Vulnerability Index (SVI) measures the impact of external stressors on health during times of 
emergency. Importantly, social vulnerability is a measure of community resilience. The social 
vulnerability index is composed of 15 factors from the US Census that identify subsets of a 
population with increased susceptibility to human suffering and economic losses in event of an 
emergency. Overall, there are four primary themes that affect social vulnerability, which are: 
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housing and transportation, race/ethnicity/language, socioeconomic status, and household 
composition (Centers for Disease Control and Prevention [CDC], 2020).  

Using data from the American Community Survey 5-year estimates, the total population 
within the study corridor included 86,736 residents (2019). The total population of the study area 
represents 61% of the total population of all census tracts, including those that intersect the 
region of interest. The Project Team looked closer at different elements of health at the corridor-
level, specifically social vulnerability (see Figure 2, page 5), life expectancy (see Figure 3, page 
6), converging health outcomes (see Figure 4, page 7), and social vulnerability overlayed with 
converging health outcomes (see Figure 5, page 8).  

Figure 2. Overall Social Vulnerability in the Okeechobee Blvd & SR7 Study Corridor, CDC/ATSDR 
Social Vulnerability Index 2020 
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Figure 3. Life Expectancy in the Okeechobee Blvd & SR7 Study Corridor, Florida CHARTS, 2019  
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Figure 4. Percent of Converging Health Outcomes* in the Okeechobee Blvd & SR7 Study Corridor, 
PLACES Project, Centers for Disease Control and Prevention 2020 
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Figure 5. Areas with High Social Vulnerability Index & High Rates of Converging Health 
Outcomes* in the Okeechobee Blvd & SR7 Study Corridor, CDC 2020 

    
Figure 2 illustrates a sizable proportion of the census tracts along Okeechobee Blvd 

experiencing higher rates of social vulnerability than tracts on SR7 (darker blue shades are 
representative of increasing SVI). Similarly, census tracts along Okeechobee Blvd shared similar 
trends in life expectancy (darker blue shades indicate negative decreases in life expectancy) and 
poor health outcomes (Figure 3, page 6, and Figure 4, page 7). While the majority of census 
tracts had either elevated rates of health disparities or social vulnerability, four (4) tracts were 
found to have high scores for social vulnerability and poor health outcomes (see Figure 5, above). 
These tracts were concentrated near the Tri-Rail and southern portion of the Turnpike transect. 
Considerations were made toward these areas of greatest concern during the recommendations 
phase of the HIA, discussed on page _.*Converging Health Outcomes are representative of the 
four health outcomes in the study area that exceed the Palm Beach County rates: asthma, 
diabetes, cancer, poor mental health. 

Potential Impacts of HIA Process and Findings 
Health has been identified as a consideration in the TPA’s selection of no-build or 

multimodal alternatives. As mentioned previously, the decision to perform the HIA was intended 
to evaluate the no-build scenario and proposed alternatives in terms of their potential impact on 
health indicators within the community. Such a consideration, in conjunction with other aspects 
of the multimodal corridor study, specifically the roadway and transit alternatives analysis, and 
Land Use & Economic Development Analysis, prove an interest in balancing optimal transportation 
alternatives with those that produce the most beneficial health outcomes in the study area 
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population. Utilizing previous studies, such as the “Okeechobee Boulevard Transit-Supportive 
Land Use and Economic Development Analysis: Existing Conditions Report,” baseline conditions 
are well documented and support the use of the HIA as a tool to assess differences in premature 
morbidity and mortality across the no-build and multimodal alternatives in terms of their impact 
on air quality and resilience, physical activity and road safety.     

In addition to its influence on existing health conditions, the HIA process was identified 
for its potential to help evaluate existing goals, and achieve the TPA’s vision of a “safe, efficient, 
and connected multimodal transportation system.” (TPA, 2020b). Evidence-based 
recommendations developed through the HIA phases, possess great potential to inform the TPA 
which alternatives or approaches may help to achieve existing desired outcomes within their 
performance measures, and aid in the selection of alternatives that most closely align with 
industry standards.  

Existing variability in transportation infrastructure and access implies variable needs for 
multimodal options. One of the strengths of the HIA, is to weigh identified areas of concern and 
to recommend strategies that strengthen the selected alternative for the greatest magnitude and 
breadth of impact on overall health. Findings from the HIA could enhance collaboration and 
cohesion among community members through the implementation of multimodal alternatives 
aimed at reducing the health inequities identified in previous studies of the area. 

Stakeholder Interest & Capacity 
Vast differences in demographic trends exist from portion-portion of the study area. Stark 

contrasts in health determinants are linked to a variety of poor health outcomes, which may 
contribute to a divide in the communities along the study corridor (Thornton et al., 2016). With 
knowledge of the distinct character areas along the corridor, it is especially important to 
incorporate community feedback on the proposed scenarios, some of which if implemented, may 
have differing effects on residents and community members along the 13.8-mile-long study 
corridor. For example, communities utilizing the eastern segment of the study area enjoy 
improved walkability, bicycle infrastructure, and transportation coverage, whereas areas of the 
study corridor along SR7 (particularly in the north-western segment) have a higher prevalence of 
narrow (4’-7’ feet wide) sidewalks, and gaps in bus route coverage (TPA, 2020a).  

Relevant interest groups were identified for their involvement in the HIA based on their 
expertise and value in the decision-making process. The project team assembled a Technical 
Steering Committee composed of field experts from the Palm Beach County TPA, FDOT, Palm 
Tran, and the City of West Palm Beach. Technical Steering Committee members offer content 
knowledge about planning, engineering, and health. Together with the technical team, public 
engagement and key informant interviews provided an opportunity to facilitate discussions with 
the community, thereby incorporating the public voice in guiding the HIA. Concerns regarding 
current state of health outcomes along the study corridor have been documented prior to the 
HIA, as stated in the “Okeechobee Boulevard Transit-Supportive Land Use and Economic 
Development Analysis: Existing Conditions Report” (TPA, 2020a).  
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During the evaluation meeting for the HIA’s approval, stakeholders noted existing needs 
within the study corridor that could benefit from the HIA process and expressed their interest to 
participate. Of the 30 individuals that attended and approved the use of the HIA, a significant 
amount (16, 53%) had previously participated in HIAs and detailed their priority health 
considerations.  

Stakeholder Feedback in Screening  
One (1) meeting was held by the Project Team to accomplish the tasks outlined in the 

screening phase. As mentioned earlier, Working Group members were invited to participate 
interactively, using a Mentimeter platform. Mentimeter allowed the Project Team to receive real-
time feedback in various formats (e.g. multiple choice answers, ranking and polling, word 
clouds/open-ended responses) submitted by virtually stakeholders (Mentimeter, n.d.).  

Figure 6. Health Considerations Shared by the HIA Corridor Working Group at Meeting #1, June 
2021  

 
 

There were 26 participants that provided open-ended responses highlighting their primary 
areas of interest for investigation within the HIA. Word cloud terms appear larger, the more a 
specific response was submitted. Notably, access, walkability, safety, proximity to services, air 
quality, and equity were among the most popular considerations established by the technical 
team during the June 29th meeting. 
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SCOPING 
During the scoping phase of the Okeechobee Blvd and SR7 HIA, the project team 

determined project roles, scope of investigation, and detailed methodology to be employed during 
the assessment.  

Determining Roles 
Roles for the HIA were determined by the project team, and the HIA Working Group 

Members. The project Working Group met bi-monthly to discuss project developments and 
provide feedback that informed the direction of the HIA. During Working Group meetings, 
members were provided a presentation describing the purpose of each HIA stage, reviewed 
materials, and participated in discussions on HIA findings for each of the respective steps. 
Working Group members also engaged in an interactive polling platform that captured both open-
ended and multiple-choice responses. 

In addition to the project Working Group, feedback from the community brought forth key 
insights on the priority areas to be addressed during the HIA. Through the public workshops, 
community members were provided a platform that informed the HIA in a different manner from 
the project Working Group. As opposed to technical discussions, public workshops allowed the 
Project Team to incorporate the first-hand experiences of the community into the HIA. By 
incorporating both technical and community-based perspectives, the scoping stage of this HIA 
developed an assessment plan that accurately reflected the conditions and needs specific to the 
study corridor.  

Defining the Scope of Inquiry 
Geographic Boundaries. The geographic boundaries evaluated in this HIA adhere to 

previous definitions established by the TPA in the “Existing Conditions Report” (2020a). Such 
boundaries are also replicated in other components of the Okeechobee Blvd & SR7 Multimodal 
Corridor Study. Most population data was collected at the census tract level. Within the study 
corridor, there were 32 census tracts, representing 61% of the intersection tract total population 
(United States [U.S.] Census Bureau, 2015-2019). 
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Figure 7. Census Tracts in the Okeechobee Blvd & SR7 Study Corridor, U.S. Census Bureau, 2015-
2019  

 

Qualitative Analysis. A literature review, feedback provided during both Working Group 
meetings and public workshops, and results from polling activities informed the research 
questions and methodology established for assessment. These collaborative efforts helped to 
ensure the relevance of research objectives to the focus of the HIA. Three (3) pathways arose 
from such interactions. Pathways were selected based on the areas with the greatest potential to 
impact health and equity in considering the proposed multimodal alternatives, which were: air 
quality and resilience, physical activity, and road safety.  

In response, the Transportation-Alternative Health Analysis was developed as a 
particularly effective approach to promote positive health impacts while also developing strategies 
to combat negative health impacts experienced within each of the proposed scenarios. 
Incorporating both qualitative and quantitative data elements, the Transportation-Alternative 
Health Analysis scale value quantifies the impact of each measure on health for each of the listed 
scenarios. Qualitative values are assigned based on literature review as well as professional and 
technical expertise. 

Quantitative Analysis. Combined with the Transportation-Alternative Health Analysis, 
the Integrated Transport and Health Impact Model, or ITHIM, captured quantitative measures of 



 

 

21 

 

physical activity, air pollution, and road traffic injuries. Statistical analyses of the ITHIM utilized R 
Software to run the modeling tool, adapted from California Integrated Transport and Health 
Impact Model (University of California, Davis, 2019). Data sources used to run the ITHIM tool are 
listed in Appendix A, on page __.  

Pathways & Health Indicators 
Within a HIA, pathways are a visual tool that help illustrate associations between 

environmental factors and health outcomes. As part of the iterative process, several pathways 
were presented to Working Group members and the public and underwent revisions during the 
scoping phase. In concluding scoping, it was determined that the pathways of air quality and 
resilience, physical activity, and road safety were the most pertinent subject areas to assess when 
comparing the alternatives considered by the TPA. Figure 8 outlines the pathways through which 
factors of air quality and resilience, physical activity, and road safety impact health.  

Figure 8. Okeechobee Blvd & SR7 Corridor Study HIA Pathways, Adapted from Center for Health 
Impact Evaluation & County of Los Angeles Public Health Department, 2018 
 

 

The pathways shown in Figure 8 provide a guide for the inputs and potential outputs of 
this HIA. Environmental inputs for the ITHIM would include the bike and pedestrian network, 
facilities, changes in land use, vehicle parking, and transportation. Behavioral inputs are impacted 
by the environmental inputs, specifically related to the number of vehicle trips taken in the study 
area, and the modes of active transportation engagement (walking or bicycling). Interactions 
between environmental and behavioral inputs determine outputs of the ITHIM tool, namely 
exposures, health outcomes, and societal outcomes for the study corridor population along 
Okeechobee Blvd and SR7.  
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Research Question 
The scope of investigation for this HIA aimed to compare the no-build scenario and various 
proposed alternatives in terms of their potential health impacts. As such, the Project Team 
established the following research question: 

1. How will the no-build and proposed transportation alternatives along Okeechobee Blvd 
and SR7 impact health in terms of air quality and resilience, physical activity, and road 
safety? 

Transportation-Alternative Health Analysis   
The Transportation-Alternative Health Analysis scale was used to weigh health outcomes 

associated with specific design elements for each of the alternatives considered by the TPA. 
Previous HIAs evaluated proposed transportation projects using a similar scoring framework to 
measure potential health impacts, like the Public Health Assessment performed by the 
Massachusetts Department of Transportation (MassDOT) Office of Transportation Planning 
(2020). To develop their project scoring framework, information was compiled through literature 
review and key informant interviews with transportation and public health officials from seven (7) 
states. Categories considered by ten (10) previous health prioritization frameworks are listed in 
Table 1, below.  

Table 1. Previous HIAs Utilizing Health Criteria in Project Prioritization Frameworks, adapted from 
MassDOT, 2020 

State/MPO Air-Quality & 
Resiliency  

Physical 
Activity Road Safety Accessibility Health 

Equity 

Department of Transportation (State-level) 

California ✓ ✓ ✓ ✓  

Minnesota  ✓ ✓ ✓ ✓ 

Massachusetts ✓ ✓ ✓ ✓ ✓ 

Maryland ✓ ✓ ✓ ✓ ✓ 

North Carolina  ✓ ✓ ✓  

Ohio ✓  ✓ ✓  

Tennessee  ✓ ✓ ✓ ✓ 

Virginia ✓  ✓ ✓ ✓ 

Metropolitan Planning Organization (MPO) (Regional) 
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Nashville ✓ ✓ ✓ ✓  

Sacramento Area Council 
of Governments ✓ ✓ ✓   

 
Based on prior frameworks nationally employed by various MPOs, as well as state 

departments of transportation and departments of public health to evaluate proposed 
transportation alternatives, the Transportation-Alternative Health Analysis deployed in this HIA is 
similarly aligned. The categories deemed most relevant in evaluating the multimodal alternatives 
considered by the TPA were air quality and resilience, physical activity, and road safety. In 
contrast to the MassDOT categories, health equity and accessibility were assessed from a 
qualitative perspective and referred to in the recommendations. Further modifications were made 
to the MassDOT scoring framework wherein each health-related criteria category was assigned a 
weight. Though the weighing system remains relevant to emphasize areas with the greatest 
potential to impact health, the methodology employed in the MassDOT evaluation and similar 
reports, such as the Virginia DOT’s SmartScale, was not in context for this HIA. Within these 
studies, weights represented values generated from public engagement. Though public 
engagement in the form of public workshops was an important factor in guiding the HIA, such 
interactions did not inform this aspect of the project. As a result, this should be considered a 
limitation of the assessment, and remains a potential strategy to be deployed in future studies. 

The Transportation-Alternative Health Analysis criteria categories were composed of 
factors that were individually assessed across the various alternatives. Factors were unique to 
each category, as displayed in Table 2 (below). 

Table 2. Okeechobee Blvd & SR7 Corridor Study Transportation-Alternative Health Analysis 
Factors by Category 

Category Transportation-Alternative Health Analysis Factors 

Air Quality 

● Chronic diseases associated with air quality 
● PM2.5 and NO2 concentration 

○ Green technology 
○ Buffers for pedestrian exposure to emissions 

● Integrated Transport and Health Impact Model 

Physical Activity 

● Chronic diseases (CHD, cancer, dementia, diabetes, stroke) associated with physical 
activity 

○ Enhanced ped/bike facilities 
○ Connectivity 

● Integrated Transport and Health Impact Model 
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Safety 
● Ped/bike crashes 
● Ped/bike fatalities 
● Integrated Transport and Health Impact Model 

Accessibility 
● Access to jobs 
● Access to other goods & services through active transport modes 
● Transportation access for socially vulnerable populations 

Health Equity 
● Construction impacts  
● Aging-in place 
● Distribution of diseases 
● Social vulnerability 

 
A likert scale, similar to the grading systems established in the MassDOT grading 

framework, was established to indicate the magnitude and direction of health impacts for each 
of the factors. Impacts of an alternative’s design were assigned value, based on their resulting 
effects on health. Those with negative health effects received either a -2 or -1 score, depending 
on the severity of the impact. Likewise, health promoting features were assigned positive values. 
The scoring system and specified values are defined in Table 3, below.  

Table 3. Okeechobee Blvd & SR7 Corridor Study Transportation-Alternative Health Analysis Scale 
Transportation- 

Alternatives Health 
Analysis Scale Value 

-2  -1 0 1 2 

Transportation -
Alternatives Health 

Analysis Scale Description 

Impact on 
health is 
negative 

- - 

Impact on 
health is 

somewhat 
negative 

- 

Impact on 
health is 
neutral 

-/+ 

Impact on 
health is 

somewhat 
positive 

+ 

Impact on 
health is 
positive 

+ + 

 
A detailed review of the specific rationale and sub score values assigned to each indicator 

is described in Appendix C (page _).  The composite scores (also seen in Appendix C, page __) 
were calculated by averaging the sub-score values assigned to each Transportation-Alternative 
Health Analysis indicator.   

Integrated Transport and Health Impact Model  
As part of the larger Transportation-Alternative Health Analysis score, the ITHIM is a 

modeling tool that quantifies the impact of changes to active travel behavior patterns on health. 
Depending on the design features included within the multimodal alternatives considered by the 
Palm Beach Transportation and Planning Agency (TPA), the ITHIM predicts shifts disease 
burden (air quality and physical activity-related chronic diseases, and road traffic 
crashes) as a result of changes in the number of vehicle miles traveled (VMT) 
redistributed to Personal miles traveled (PMT).  
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Utilizing data sources across 3 levels of government (federal, state, and local sources), 
the model requires 14 calibration items. Data inputs within the ITHIM tool include existing travel 
patterns (pedestrian, bicycle, vehicular transport), physical activity levels, air pollution 
concentration (as defined by fine particulate matter), in addition to the burden of disease and 
injuries within the study population and various travel scenarios (University of Wisconsin-Madison 
Global Health Institute, 2021; Whitfield et al., 2017). Figure 9 below shows the specific inputs 
and output of the ITHIM. 

 

 

Figure 9. Overview of the Okeechobee Blvd & SR7 Corridor Study Integrated Transport and Health 
Impact Model, Adapted from University of California, Davis, 2019 

 

Use of the ITHIM tool in a HIA is well established for its ability to quantify the impact of 
transportation infrastructure on health, specifically by looking at physical activity, road traffic 
injury risk, and exposure to fine particulate matter (PM2.5) air pollution. The Office of Research 
and Development within the United States Environmental Protection Agency endorsed the ITHIM 
Tool in 2016. Global applications of the ITHIM tool are documented in England, Wales, India, the 
Netherlands, Switzerland, and Brazil (Götschi et al., 2015; Sá et al., 2017; Woodcock et al., 2009, 
2013, 2014). Nationally, Metropolitan Planning Organizations (MPOs) in Nashville, Tennessee, 
Oregon, and California have successfully implemented the ITHIM tool as part of a growing interest 
in the field of health-integrated transportation planning (Iroz-Elardo et al., 2014; Mazlish et al., 
2013; Whitfield et al., 2017; Wu et al., 2019).  
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Similar interest in the ITHIM tool is echoed locally in the South Florida region. A recent 
study commissioned by the Florida Department of Transportation (FDOT) assessed health 
integration in transportation planning, which identified the ITHIM tool as a best practice and 
provided guidance on localized applications of the ITHIM, which are adhered to in this HIA. 
Additionally, the FDOT study recommended a framework that combined regional travel demand 
modeling with ITHIM, to effectively consider health within a transportation planning process that 
could be endorsed by the Federal Highway Administration (FHWA) and the Federal Transit 
Administration (FTA) (Lee & Jin, 2020). The Project Team has taken these models and 
frameworks to devise an ITHIM methodology specific to the Okeechobee Blvd and SR7 corridor 
study.



 

 

*Bus Rapid Transit (BRT) 
**Light Rail Transit (LRT) 
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ITHIM Methodology 

Methodology in this HIA was guided by the California Integrated Transport and Health 
Impact Model (University of California, Davis, 2019). Assuming transportation scenarios will 
increase bus ridership and active travel (e.g., biking), there was an expected redistribution from 
vehicle miles traveled (VMT) to personal miles traveled (PMT). As such, the ITHIM modeled health 
impacts across baseline (no-build) and three (3) scenarios. Scenarios shift 5, 10, or 15-percentage 
of overall miles traveled (vehicle and personal) from VMT to PMT. Projected ridership, informed 
by technical expertise and literature review, was utilized as a measure of such shifts in travel 
behavior. Proposed alternatives were categorized into one of the three scenarios, as seen in Table 
4.  

Table 4. Okeechobee Blvd & SR7 Corridor Study Categorization of Alternatives by ITHIM Scenarios 

Category Baseline 5% Shift in VMT to 
PMT 

10% Shift in VMT 
to PMT 

15% Shift in VMT 
to PMT 

Alternative 
● No-Build /No-

Action 
Alternative 

● Mixed Traffic Bus 
w/ Limited Stops 

● Business Access 
and Transit (BAT) 
Lane 

● Curbside 
Dedicated Lane 
BRT* 

● Center Platform 
Dedicated Lane 
BRT* 

● Center Platform 
Dedicated Lane 
LRT** 

● Elevated Grade 
LRT** 

Projected 
Corridor 

Boardings* 
3,200 2,800 - 3,800 3,900 - 6,000 6,300 - 10,300 

Data elements consisted of Okeechobee Corridor census tract-level data combined with 
California estimates and percentage shift changes (i.e., average, minimum, maximum for non-
travel Metabolic Equivalent Task hours (METS), and baseline PMT and VMT). Formula coefficients 
and unit-change values are based on previous meta-analysis research. Baseline was defined as 
Okeechobee Corridor’s current state of health. Death and road traffic data were averaged over 
2018-2020 to increase reliability due to probable fluctuations due to the 2020 pandemic. Changes 
in vehicle and personal miles traveled based on transportation scenarios were hypothesized by 
UHS based on literature reviews.  

Although previous ITHIM applications resort to Disability Adjusted Life Years (DALYs) as 
a measure of health impacts, this HIA makes use of a similar metric, the Population Attributable 
Fraction (PAF). DALYs, unlike PAFs, is a measure of the burden of a disease over an individual's 
lifetime, equating the years of life lost due to premature mortality and years lost living in a 
suboptimal state of health (WHO, n.d.-a). Instead, the PAF indicates the proportion of a 
disease in a population that is attributable to a certain exposure (WHO, n.d.-b). 
Additionally, the PAF assumes a causal relationship, where the disease burden could be avoided 
by adding or eliminating the exposure, presuming no other changes. Use of the PAF, as opposed 
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to DALYs, was justified given the availability of corridor-level data and the similarities between 
both metrics.  

 To understand the magnitude of deaths prevented in the corridor, cause-specific deaths 
for Palm Beach County (i.e., three-year average from the Florida CHARTS) were divided by the 
corridor’s population and multiplied by the respective PAF. Diseases without well-defined death 
estimates were omitted from these transformations (i.e., acute respiratory infections, 
depression). Scenario health impacts were ranked by an overall composite score of mean PAFs 
summed across diseases. Disease-specific PAFs included acute respiratory infection, breast 
cancer, colon cancer, lung cancer, dementia, depression, diabetes, heart disease, stroke, and 
road traffic injuries. Scores were then multiplied by 100. A higher relative score corresponded to 
great positive impacts on health.  

Air Quality. Changes in air quality were impacted by the concentration of fine particulate 
matter (PM2.5) in the study corridor. More specifically, shifts in VMT across each of the modeled 
scenarios, projected differences in future PM2.5 concentration and the relative risk of developing 
an air-quality-related illness. The association between certain exposure levels of fine particulate 
matter and risk of heart disease, stroke, acute respiratory infections, and lung cancer was 
established by Woodcock et al. and required by the ITHIM to estimate health impacts affected by 
air quality changes (2010). Data regarding the concentration of PM2.5 was not previously 
available at the corridor-level prior to this HIA. As a response, a field collection of PM2.5, 0.3MuM, 
10MuM, percent Relative Humidity, and temperature (°F) using a PerfectPrime AQ9600, PM 
0.3/2.5/10 Μm Air Quality Particle/Dust Detector/Counter at transit station stops located within 
the study corridor was performed.  

Physical Activity. Physical activity levels were measured by shifts in PMT affecting the 
prevalence of heart disease, diabetes, stroke, dementia, depression, colon cancer, and breast 
cancer. Baseline data for disease states were obtained from the Florida CHARTS (2019). Active 
travel time, or PMT, was multiplied by weights in order to generate the Metabolic Equivalent Task 
(MET) hours (University of California Los Angeles, 2009). The ITHIM outputs (Population 
Attributable Fractions, or PAFs) related to physical activity account for age- and sex- specific 
differences in metabolic rates for active travel, as set forth by Woodcock et al.(2011). Existing 
literature on the relationship between the relative risk and health conditions support health 
outcome estimates modeled by the ITHIM (Krewski et al., 2009). 

Road Safety. Road traffic crash data was obtained from the Signal Four Analytics System 
(2020). The data was averaged across three years (2018-2020) due to probable pandemic 
impacts on travel behaviors. Rates of road traffic crashes were based on the PAF and multiplied 
by baseline road traffic fatalities with the corridor population denominator. Road safety outcomes 
are expressed as potential road traffic fatalities. 
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ITHIM Limitations 

Florida specific travel behavior was not available to serve as baselines for vehicle and 
personal miles traveled. In the absence of this measure a range of values (i.e., mean, minimum, 
and maximum to calculate non-travel METs; Baseline PMT and VMT for Florida) were used from 
California’s travel survey estimates. Future ITHIM applications could benefit from the availability 
of region-specific data of VMT and PMT measures, which could be administered in the form of a 
Travel Survey similar to the version used in California (University of California Los Angeles, Center 
for Health Policy Research, 2012).   

In addition, corridor census tract-level deaths were not available. To combat this 
limitation, the mortality per 100,000 residents was used, based on a Palm Beach County death 
numerator and a corridor population denominator. Future work may consider gathering tract-
specific deaths by cause for more precise estimation of the Corridor’s health impact. 

While road traffic estimates do account for mode of striking vehicle or pedestrian, and 
severity of incident, the ITHIM was unable to account for the protection conferred by additional 
safety measures within each of the modeled scenarios. Countermeasures may include 
improvements to lighting, curb extensions (as seen in several of the proposed designs, such as 
the Curbside dedicated lane BRT, which has the shortest roadway distance of all the alternatives), 
high visibility markings for crosswalks at midblock crossings or uncontrolled intersections, and 
additional “YIELD” or “STOP” signage leading up to crosswalks. Given this significant limitation, 
caution is urged in interpreting ITHIM outputs related to road safety, as they are likely a 
substantial overestimation of crash risk. Inclusion of such safety measures are expected to 
counteract the frequency and severity of traffic-related crashes. Therefore, the ITHIM’s road 
safety outputs should be understood as areas where such safety countermeasures are essential 
considerations. Future research could benefit through the development of constants, coefficients, 
or formulas to be applied in the ITHIM in order to project the effects of road safety 
countermeasures. 

Changes in mortality were chosen as this study’s primary outcome given our methodology 
was adapted from California’s Integrated Transport and Health Impact Model (ITHIM). California’s 
ITHIM incorporated relative risk change in mortality per unit increase/decrease in air particulate 
matter and physical activity exposure. Additional areas for future investigations may include 
estimating changes to corridor morbidity (e.g., non-fatal outcomes) upon appropriate changes in 
methodology and data elements. Currently within the corridor, road traffic injuries (as opposed 
to road-traffic fatalities) are the one measure that provided insight on road-safety related 
morbidity. Such a recalibration of the ITHIM mechanism could help provide an alternative form 
of analysis and better capture the current state of health within the Okeechobee Blvd & SR7 
corridor.
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ASSESSMENT 
For assessment, the Project Team evaluated the direction and magnitude of potential 

health impacts related to air quality and resilience, physical activity, and road safety.  
Design Elements & Health Outcomes  
 The associations between transportation design and health outcomes are well established 
in literature. Differences across the proposed alternatives in terms of sidewalks, bicycle lanes, 
travel lanes, buffer zones, median, and transportation types are compared across the 
Transportation-Alternative Health Analysis categories. Features unique to each of the proposed 
alternatives can differentially impact areas of focus within this HIA. Oftentimes, certain design 
elements impact health in similar ways, a point that is illustrated in Table 5 (below). 

Table 5. Okeechobee Blvd & SR7 Corridor Study Design Elements by Transportation-Alternative 
Health Analysis Categories 

Design 
Element 

Air Quality & 
Resilience 

Physical 
Activity Road Safety Accessibility Health Equity 

Sidewalk Width  ✓ ✓ ✓ ✓ ✓ 

Bicycle Lane 
Width ✓ ✓ ✓  ✓ 

Travel Lane 
Width   ✓   

Buffer Zone 
Width ✓ ✓ ✓ ✓ ✓ 

Type of Bicycle 
Lane ✓ ✓ ✓  ✓ 

Median Green 
Space ✓ ✓ ✓   

Type of Transit ✓   ✓ ✓ 

Construction 
Impacts ✓ ✓ ✓   

 
One example are the health effects resulting from designs that encourage walking or 

bicycling, as opposed to driving a car. Wider sidewalks and buffered bicycle lanes promote 
pedestrian and bicyclist activity through related mechanisms (Appendix B). Both design features 
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(i.e. broader walkways, and a physical barrier between oncoming traffic and bicyclists) increase 
the perceived safety of walking or bicycling along such areas, and may in turn promote physical 
activity (Appendix B). As such, design elements that increase active transportation engagement 
will also improve rates of physical activity, air quality, and their related diseases. The relationship 
between transportation designs and some of their related health outcomes are featured in Table 
6.



 

 

*The corresponding numbered reference list is included in Appendix B, on page ___.  
**Within this specific study, vehicle operators experienced elevated levels of PM2.5 exposure as compared to bicyclist 
exposure.   
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Table 6.  Okeechobee Blvd & SR7 Corridor Study Transportation Design Elements & Health-
Related Outcomes* 

Design Element Behavioral Outcomes Associated Health Outcomes 

Sidewalk Width  

Wider sidewalks are associated with 
... 
 
Increased perceived safety 1,6,7 

Greater pedestrian activity when 
sidewalks are considered more 
desirable 3,6,7,20,21 

Enhanced walkability from sidewalks 
is associated with higher land values 
12, 13 

Improved air quality (fewer vehicle 
emissions) 15,17 

● Enhanced business activities 
(e.g., shopping, access to 
goods & services) 4,11,20, 27 

● Increase in spending at 
businesses 11,27  

● Increase in the number of 
individuals meeting daily 
exercise requirements 14,26  

● Reduce burden of chronic 
diseases associated with 
physical activity 21,23,25  

● Improve mental health 22 
● Risk of exposure to air 

pollution 15,16,17,18,19  
● Risk of respiratory illnesses 

linked to poor air quality 
15,16,17,18,19  

Bicycle Lane Width 

Wider bicycle lanes are associated 
with … 
 
Increased perceived safety for 
bicyclists 36 

Decreased attentiveness by vehicle 
operators 10 

 

● Increase in the number of 
individuals meeting daily 
exercise requirements 14,26  

● Reduce the burden of chronic 
diseases associated with 
physical activity 21,23,25  

● No significant association with 
green spaces and mixed land 
uses 30 

● Risk of vehicle and bicycle 
crash increases 10 

● Risk of exposure to air 
pollution 31** 

Travel Lane Width 

Lane widths measuring 10 feet 
positively impact street safety 
without compromising traffic 
capacity 41,42,43 

 
Narrower travel lanes promote 
slower traffic speeds 44,45 

 

● Narrower lanes reduce 
pedestrian exposure at 
crossings and intersections 
44,46 

● Crash rates are reduced or 
unchanged between 10 ft and 
12 ft wide travel lanes 47,48 

● Higher traffic speeds increase 
the risk of more severe 
crashes, with serious injuries 
and fatalities 49 

Buffer Zone Width 

Wider buffer zones between 
roadway and sidewalk are associated 
with … 
Increased perceived safety 1,8 

Increased pedestrian activity 8 

Enhanced aesthetic appeal and 
opportunity for green spaces 50  

● Greater buffer widths reduce 
risk of pedestrian exposure to 
air pollution (PM2.5 NO2) 51,52 

● Risk of respiratory illnesses 
linked to poor air quality 
15,16,17,18,19 

● Increased protection for 



 

 

*The corresponding numbered reference list is included in Appendix B, on page ___.  
**Within this specific study, vehicle operators experienced elevated levels of PM2.5 exposure as compared to bicyclist 
exposure.   
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pedestrians from out-of-
control motorists 50 

Type of Bicycle Lane 

Increased perceived safety 36,37  

Buffered bicycle lanes provide 
increased safety as opposed to wider 
bike lanes 9 

Increased bicyclist activity 38,39 

Fewer vehicle emissions & traffic 
congestion 40  

● Decrease in crash odds across 
all types of bicycle lane 
(separated, designated) 32 

● Improve mental and physical 
health 33,34,35 

● Lessened air and noise 
pollution exposure in 
surrounding communities 40 

Median Green Space 

Presence of green spaces is 
associated with … 
 
Increased perceived safety for 
pedestrians and bicyclists 1,24 

Increased pedestrian and bicycle 
activity 1,2,55  
Slower traffic speeds 5 

Enhanced aesthetic appeal and 
opportunity for green spaces 50  
Reduced greenhouse gas emissions 
53 

● Reduce ambient stress 24  
● Reduce the risk of pedestrian 

exposure to air pollution 
(PM2.5 NO2) 51,52 

● Risk of respiratory illnesses 
linked to poor air quality 
15,16,17,18,19 

● Mitigate urban heat island 
effects 53 

● Presence of tree canopy is 
linked with elevated property 
values 54 

Type of Transit 

Availability of enhanced, multimodal 
transit options relates to ... 
 
Sustainable infrastructure in the 
form of green technology 
investments 56 

Reduction in greenhouse gas 
emissions 61 

 

● Improve functional capacity in 
performing daily activities 23 

● Increase the number of 
individuals meeting daily 
exercise requirements 26 

● Lower BMI 28,29 
● Increase social interactions 

within the community 60 
● Reduce vehicle crashes 59 
● Equitable access to 

employment opportunities, 
and goods and services, 
especially for low-income 
individuals, older adults, or 
people living with disabilities 
57,58 

Construction Impacts 

Construction efforts are often 
associated with changes to daily 
living. The intensity and duration of 
such projects are linked with impacts 
such as … 
 
Aesthetic appearance 68 

Increased noise pollution 62 

Construction-related emittance of air 
pollutants 66 

Disruption of existing traffic patterns 
64 

● Risk of ambient stress, sleep 
disturbances, and high blood 
pressure, typically associated 
with noise pollution 62,63 

● Traffic delays may increase 
frustration among vehicle 
operators 64,65 

● Compromised quality of life 
due to noise and air pollutants 
66,67 

● Discourage physical activity 68 
● Increase in exposure to air 

pollutants 68 



 

 

*The corresponding numbered reference list is included in Appendix B, on page ___.  
**Within this specific study, vehicle operators experienced elevated levels of PM2.5 exposure as compared to bicyclist 
exposure.   
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● Risk of bicycle and pedestrian 
crashes increase 68 
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Air Quality & Resilience 
Background 

Reliance on personal vehicles as a primary mode of transportation presents several 
challenges to health. Within the larger Palm Beach County, the percentage of commuters driving 
to work alone (80%) exceeded the national average (75%), whereas less than 2% utilized public-
transit alternatives (TPA, n.d.-a). Nationally, the transportation sector contributes to 29% of the 
United States’ greenhouse gas emissions, passenger cars being one of the main sources of 
emissions (United States Environmental Protection Agency, 2021b). Increases in greenhouse 
gasses are associated with a multitude of negative health outcomes including heat-related 
illnesses, lung cancer, asthma, displacement, and increased prevalence of communicable disease 
(National Institute for Environmental Health Sciences, 2019).   

Aims to reduce greenhouse gas emissions caused by personal vehicle travel may be 
accomplished through upgraded multimodal alternatives that may diminish health impacts linked 
to climate change.  Such are aligned with established goals within the Palm Beach TPA. The TPA, 
alongside the Broward Metropolitan Planning Organization (MPO), and the Miami-Dade 
Transportation Planning Organization (TPO), led the “South Florida Climate Change Vulnerability 
and Adaptation Pilot Project,” intended to “conduct climate change and extreme weather 
vulnerability assessments of transportation infrastructure and to analyze options for adapting and 
improving resiliency.” As a result, the final report concludes that southeast Florida (including Palm 
Beach County) is one of the most vulnerable areas in the country to extreme weather events and 
future impacts of climate change (Broward Metropolitan Planning Organization & Parsons 
Brinckerhoff, Inc., 2015). By promoting the use of alternative forms of multimodal transportation 
that emit less greenhouse gasses, this HIA explored the resulting impacts of proposed measures 
on mitigating negative health outcomes rooted from a warming climate.  

Features of Proposed Alternatives Affecting Air Quality & Resiliency 

Specific design elements within each of the alternatives possessed potential to differ in 
their impact on air quality and resiliency factors. The factors of interest within this HIA were 
adapted from the MassDOT project scoring criteria and include the burden of chronic diseases 
associated with air quality, use of eco-friendly technology, and buffers for pedestrian and bicyclist 
exposure to emissions (2020).  

Table 7. Transportation-Alternative Health Analysis Factors Related to Air Quality & Resiliency 

Transportation-Alternative Health Analysis Factors Related to Air Quality & Resiliency  

Burden of chronic diseases 
associated with air quality  

- Heart Disease 
- Stroke 
- Lung cancer 

Use of eco-friendly technology 
- Vehicle Emissions 
- Electric forms of energy 

Buffers for pedestrian exposure to 
emissions 

- Green space  
- Landscaping 
- Tree canopy 
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A comparison between design specifications of each of the alternatives are listed in Table 
8 (below). Design elements listed are those that may impact the Transportation-Alternative Health 
Analysis factors of interest. The specific health factors within air quality and resilience are later 
discussed in relation to their impact on health.   

Table 8. Okeechobee Blvd & SR7 Corridor Study Design Elements Affecting Air Quality & 
Resilience 

Design 
Elements No Build 

Mixed 
Traffic 
with 

Limited 
Bus Stops 

Business 
Access 

and 
Transit 
(BAT) 

Curbside 
Lane 

Curbside 
Dedicated 
Lane BRT 

Center 
Platform 

Dedicated 
BRT 

Center 
Platform 

Dedicated 
LRT 

Elevated 
Grade 

Separated 
LRT 

Total width 
of the 
sidewalk 
(per side) 

6 ft width 12 ft width 12 ft width 12 ft width 12 ft width 12 ft width 12 ft width 

Total width 
of the 
bicycle lane 
(per side) 

5 ft width 7 ft width 7 ft width 10 ft width 10 ft width 10 ft width 10 ft width 

Type of 
bicycle lane 
buffer 

Designated 
No marked 
buffer) 

Designated 
2 ft buffer 

Designated 
2 ft buffer 

Separated 
2ft and 3ft 
buffers on 
either side 

Separated 
2ft and 3ft 
buffers on 
either side 

Separated 
2ft and 3ft 
buffers on 
either side 

Separated 
2ft and 3ft 
buffers on 
either side 

Median 
Green 
Space  

Green 
space 
available  

Green 
space 
available  

Green 
space 
available  

Green 
space 
available  

Center 
platform for 
BRT 

Center 
platform for 
LRT 

Elevated 
platform, 
some green 
space 
available 

Width of 
Left/Right 
sidewalk 
buffer  

Left: 45.5 ft  
Right: 43.5 
ft 

Left: 39.5 ft 
Right: 37.5 
ft 

Left: 39.5 
ft 
Right: 37.5 
ft 

Left: 32.5 
ft 
Right: 30.5 
ft 

Left: 44 ft 
Right: 42 ft 

Left: 39.5 ft 
Right: 37.5 
ft 

Left: 32.5 ft 
Right: 30.5 
ft 

Eco- 
friendly 
Technology  

No Possible Possible Yes  Yes Yes Yes 

 

Health Outcomes Associated with Air Quality & Resiliency Factors 

 Chronic Diseases Associated with Air Quality & Resiliency. The Integrated 
Transport and Health Impact Model (ITHIM) projected health effects of PM2.5 concentration on 
the following outcomes: heart disease, stroke, and lung cancer. The mortality rates (per 10,000 
corridor residents) at baseline and 5%/10%/15% scenarios are illustrated in Table 9. 
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Table 9. Mortality Rate per 10,000 Corridor Residents due to Air-Quality-Related Diseases 

Cause of 
Mortality Baseline 5% Shift in VMT 

to PMT 
10% Shift in VMT 

to PMT 
15% Shift in 
VMT to PMT 

Heart Disease 452 431 411 393 

Stroke 138 131 125 120 

Lung Cancer 83 <83 <83 <83 

Based on findings shown in Table 10, there is a clear reduction across all chronic conditions 
associated with air quality with increasing shifts in VMT to PMT. Though the 15% shift represents 
the most significant difference in mortality rates, it is important to note ITHIM outputs must also 
be considered in conjunction with the broader Transportation-Alternative Health Analysis. More 
specifically, the two alternatives: center platform dedicated LRT and elevated LRT, do not 
necessarily represent the alternatives with the most beneficial impacts on health even though 
they represent the greatest shift in active travel behavior. Such is due to the fact that the 
5%/10%/15% scenarios are defined by their estimated ridership and lack measured shifts in 
walking and bicycling patterns. Similar considerations must be considered when interpreting 
ITHIM findings related to physical activity and road safety. 

Use of Eco-friendly technology. From an environmental perspective, alternatives that 
alter travel behaviors, namely, a reduction in single-occupancy vehicle trips, directly influence the 
amount of carbon dioxide emissions released into the air resulting from the combustion of 
petroleum-based products, most commonly gasoline and diesel (United States Environmental 
Protection Agency, 2021). Namely, the reduction in vehicle emissions that result from engaging 
in walking, bicycling, and public transportation are outcomes of particular interest that affect air 
quality and resilience. Within public transportation, the prioritization of multimodal options that 
make use of green technology (e.g, electric fleets, LRT), or more efficient transit routes that 
reduce time spent in traffic may significantly impact emission levels along the study corridor.  

A key difference between the alternative designs is the impact each scenario may have 
on air quality. Traditional bus routes are generally regarded as less efficient than services like 
BRT. For context within this HIA, it is important to note that there is potential for Palm Tran to 
electrify their fleet of buses. If so, there would be a great impact on the air quality and resilience 
scoring, particularly among the no-build, mixed-traffic with limited bus stops, and Business Access 
and Transit (BAT) lane alternatives. Existing scores for these scenarios rely on the assumption 
that buses are not electric.    

BRT services are often characterized by dedicated bus lanes, off-board fare collection, 
traffic signal priority, elevated platforms, and expanded station facilities compared to more 
conventional bus stations. Investments in BRT have been endorsed by the Federal Transit 
Administration (FTA) as appropriate, and affordable transit alternatives suitable for application in 
big cities and mid-sized metropolitan areas, like the study corridor (FTA, 2015).  Mimicking 
elements of light rail transit (LRT), BRT alternatives are regarded as more reliable and efficient 
than regular bus systems. Dedicated bus lanes and traffic signal priority reduce the amount of 
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time spent in traffic, making the alternative a more desirable transportation option over single-
occupancy vehicles, while also lessening the amount of emissions released into the atmosphere.  

LRTs best suited within the  context of Okeechobee Blvd and SR7 are capable of high 
capacity, long haul trips. Powered by a catenary system, LRT systems are fully electric and 
possess substantial impact to reduce emissions resulting from vehicles and other forms of public 
transportation. Challenges to LRT require an appropriate balancing between the design of a 
comfortable and efficient service, without spending excessive capital on an alternative that 
exceeds the need of the study area and affected communities (RailSystem, n.d.). At the same 
time, in a 10-year follow-up study of their LRT system, findings from Valley Metro in Maricopa 
County, Arizona, indicate that the potential for long-term health benefits of LRT implementation 
may warrant the substantial up-front costs. Since its implementation, over 35,000 jobs have since 
been created in ½ mie of the Valley Metro’s LRT (Valley Metro, n.d.). Other benefits include 
improved access to education and areas of interest in a single trip, a reduction in bicycle and 
pedestrian crashes, and increased affordability within the LRT corridor when compared with the 
average for Maricopa County (Valley Metro, n.d.). As such, the lasting health impacts must also 
be weighed against the initial investment and construction efforts.  

Buffers for pedestrian exposure to emissions. Availability of green space is 
associated with several positive health impacts. Not only do green spaces increase perceived 
safety among pedestrians and bicyclists, they also play a role in reducing greenhouse gasses, 
mitigating urban heat island effects, elevate property values, and provide a buffer between 
pedestrians and vehicular traffic emissions (Bowker et al., 2007; Dijkstra et al., 2008; Dill et al., 
2010; Kweon et al., 2021; Netusil et al., 2010; Safe Routes to School National Partnership, 2010). 
As a result, exposures to air pollutants like PM2.5 and NO2 are minimized, accompanied by a 
diminished risk of contracting a respiratory illness associated with poor air quality. Alternatives 
that develop the median green space, or reduce the buffer between the roadway and sidewalk, 
must weigh the potential benefits of increased public transit ridership with the decreased potential 
for green space and landscaping.  

Table 10. Air Quality & Resilience-Related Health Outcomes by Alternative According to 
References Listed in Appendix B 

Alternative Potential Health Outcomes 

No-Build* 

● Existing pedestrian and bicycle activity levels 69 
● Perceived safety without a bicycle buffer 36,38,39 
● Green space is available along some corridor sections 69 
● Buffer set-back from roadway to sidewalk, that provides increased 

sense of safety for pedestrians & protection from vehicle emissions 69,70 
● Persistent emission trends 70,74 
● Estimated ridership 73 
● Rates of heart disease, stroke, and lung cancer 70,72,73,74,75,76,77 
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Mixed Traffic with Limited 
Bus Stops 

● Minimal increase in public transit ridership from an added service route 
(Mall at Wellington Green and Intermodal Transit Center) & BRT option 
73 

● Mixed traffic lanes may impact efficiency of the alternative in reducing 
emissions/ time spent in traffic 15,17,40,56,61 

● Increase in pedestrian activity from wider sidewalks (equal across all 
alternatives except no-build) 3,6,7,20,21 

● Minimal reduction in mortality from heart disease, stroke, and lung 
cancer 70,72,73,74,75,76,77 

● Minimal increase in perceived safety for bicyclists due to wider bicycle 
lanes and designated buffer 36,38,39 

● Green space is available along some corridor sections  69 
● Minimal reduction in perceived safety for pedestrians & protection from 

vehicle emissions due to smaller buffer set-back from roadway to 
sidewalk 3,8,51,52 

BAT Curbside Lane 

● Minimal increase in ridership from implementation of Business Access 
and Transit Lane (reduce travel times) 73  

● Minimal potential reduction in emissions (> Mixed Traffic with Limited 
Bus stops) 15,17,40,56,61,78 

● Increase in pedestrian activity from wider sidewalks (equal across all 
alternatives except no-build) 3,6,7,20,21 

● Minimal reduction in perceived safety for pedestrians & protection from 
vehicle emissions due to smaller buffer set-back from roadway to 
sidewalk (= Mixed Traffic with Limited Bus stops) 3,8,51,52 

● Minimal reduction in mortality from heart disease, stroke, and lung 
cancer 70,72,73,74,75,76,77 

● Minimal increase in perceived safety for bicyclists due to wider bicycle 
lanes and designated buffer  36,38,39 

● Green space is available along some corridor sections  69 

Curbside Dedicated Lane BRT 

● Moderate increase in ridership from implementation of dedicated BRT 
lane & BRT option 73  

● Increase in pedestrian activity from wider sidewalks (equal across all 
alternatives except no-build) 3,6,7,20,21 

● Separated buffer provides the maximum increase in perceived safety 
for bicyclists  36,38,39 

● Small buffer area between roadway and sidewalk, leading to a 
decreased sense of safety and increased exposure to emissions for 
pedestrians 3,8,51,52 

● Reduction in emissions due to BRT usage, and increases in bicycle 
activity 15,17,40,56,61 

● Moderate reduction in mortality from heart disease, stroke, and lung 
cancer 70,72,73,74,75,76,77 

● Green space is available along some corridor sections  69 
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Center Platform Dedicated 
BRT 

● Moderate increase in ridership by having dedicated BRT lanes (< travel 
time than curbside dedicated BRT lane alternative due to elimination of 
non-transit vehicles) 73  

● Increase in pedestrian activity from wider sidewalks (equal across all 
alternatives except no-build) 3,6,7,20,21 

● Separated buffer provides the maximum increase in perceived safety 
for bicyclists  36,38,39 

● Minimal reduction buffer area between roadway and sidewalk 
compared to no-build scenario, impacting the sense of safety and 
exposure to emissions for pedestrians 3,8,51,52 

● Moderate reduction in emissions from increases in ridership & bicycle 
activity 15,17,40,56,61 

● Moderate reduction in mortality from heart disease, stroke, and lung 
cancer 70,72,73,74,75,76,77 

● Less green space is available because of converting the median  69 

Center Platform Dedicated 
LRT 

● LRT is powered by electricity and has a high ridership capacity, leading 
to a significant reduction in emissions 73  

● Increase in pedestrian activity from wider sidewalks (equal across all 
alternatives except no-build) 3,6,7,20,21 

● Separated buffer provides the maximum increase in perceived safety 
for bicyclists  36,38,39 

● Moderate reduction in buffer area between roadway and sidewalk 
compared to no-build scenario, impacting the sense of safety and 
increased exposure to emissions for pedestrians 3,8,51,52 

● Maximum reduction in emissions from increases in ridership & bicycle 
activity 15,17,40,56,61 

● Significant reduction in mortality from heart disease, stroke, and lung 
cancer 70,72,73,74,75,76,77 

● Less green space is available because of converting the median  69 

Elevated Grade Separated 
LRT 

● LRT is powered by electricity and has a high ridership capacity, leading 
to a significant reduction in emissions (> ridership than Center 
platform LRT) 73   

● Increase in pedestrian activity from wider sidewalks (equal across all 
alternatives except no-build) 3,6,7,20,21 

● Separated buffer provides the maximum increase in perceived safety 
for bicyclists  36,38,39 

● Small buffer area between roadway and sidewalk, leading to a 
decreased sense of safety and increased exposure to emissions for 
pedestrians 3,8,51,52 

● Maximum reduction in emissions from increases in ridership & bicycle 
activity 15,17,40,56,61 

● Significant reduction in mortality from heart disease, stroke, and lung 
cancer 70,72,73,74,75,76,77 

● Green space is available underneath the elevated platform  69 

 

Transportation-Alternative Health Analysis Scores for Air Quality & Resiliency Factors 
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The composite score was an average of all the scores assigned to each potential health 
outcome listed in Table 10 (above). A detailed table for individual scores by alternative can be 
found in Appendix C, on page __.  

Table 11. Composite Transportation-Alternative Health Analysis Scores for Air Quality & 
Resiliency  

Composite 
Score  No Build 

Mixed 
Traffic 
with 

Limited 
Bus Stops 

BAT 
Curbside 

Lane 
Curbside 
Lane BRT 

Center 
Platform 

Dedicated 
BRT 

Center 
Platform 

Dedicated 
LRT 

Elevated 
Grade 

Separated 
LRT 

Air Quality 
& 

Resiliency  
-1.14 -1 0 1 0.86 1 1.57 

In light of the aforementioned considerations related to air quality and resilience, the 
elevated grade separated LRT scored the highest in terms of its potential health impacts. Similar 
to many of the proposed alternatives, wider sidewalks and separated bicycle lanes were two 
components that positively impacted air quality and resilience by encouraging pedestrian and 
bicycle activity. The availability of green spaces was maintained in this alternative underneath the 
elevated platform, whereas the center platform BRT and LRT options traded the median space 
for a decreased impact on traffic flow.  

Though the elevated LRT scored the highest according to the Transportation -Alternative 
Health framework, there remains a need to analyze each alternative in terms of health promotion 
and mitigation of disparities based on findings across the areas of air-quality, physical activity, 
and road safety. In the Recommendations section on page __, these strategies are outlined in 
greater detail. 
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Physical Activity 
Background 

Multimodal alternatives proposed in the Okeechobee Blvd and SR7 may contribute toward 
individual level health via increases in physical activity. Such a phenomenon may be accomplished 
by encouraging residents to walk and bicycle, as opposed to driving. Increasing the proportion of 
individuals who walk or bike to get places are also identified as an important component of 
Healthy People 2030’s Transportation Objectives, and TPA performance measures (Health.gov., 
n.d.-c; TPA, 2020b). Like Healthy People 2030, the TPA aims to accomplish a target objective of 
5% for those walking to work, and 3% of commuters that bike by 2030 (TPA, n.d.-a). Regular 
physical activity is one of the most important strategies for people of all ages to improve their 
health. The built environment plays an essential role in determining pedestrian and bicycle activity 
(Ferrari et al., 2020). On this note, safe and continuous multimodal facilities for bicyclists, as well 
as pedestrian crossing opportunities are identified needs within the “Okeechobee Boulevard 
Transit-Supportive Land Use and Economic Development Analysis: Existing Conditions Report” 
(2020).  

Features of Proposed Alternatives Affecting Physical Activity 

 Factors with relevance to physical activity within each of the proposed alternative designs 
include the prevalence of chronic diseases such as heart disease, cancer, dementia, diabetes, and 
stroke, availability of enhanced pedestrian and bicycle facilities, and connectivity. Like factors of 
air quality and resilience, measures associated with physical activity were also adapted from the 
MassDOT project scoring framework and modified to reflect the priorities of this HIA. 

Table 12. Transportation-Alternative Health Analysis Factors Related to Physical Activity 

Transportation-Alternative Health Analysis Factors Related to Physical Activity 

Burden of chronic diseases 
associated with physical activity 

- Heart Disease 
- Cancer 
- Diabetes 
- Dementia 
- Stroke 

Availability of bicycle and 
pedestrian facilities 

- Appealing environment 

Connectivity 
- Daily exercise 

requirements 
 

 
The design elements with the most potential to impact physical activity are seen in Table 

13, below. The specific health outcomes associated with each of the design alternatives are 
discussed later in this section.  
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Table 13. Okeechobee Blvd & SR7 Corridor Study Design Elements Affecting Physical Activity  

Design 
Elements No Build 

Mixed 
Traffic 
with 

Limited 
Bus Stops 

BAT 
Curbside 

Lane 

Curbside 
Dedicated 
Lane BRT 

Center 
Platform 

Dedicated 
BRT 

Center 
Platform 

Dedicated 
LRT 

Elevated 
Grade 

Separated 
LRT 

Total width 
of the 
sidewalk 
(per side) 

6 ft width 12 ft width 12 ft width 12 ft width 12 ft width 12 ft width 12 ft width 

Total width 
of the 
bicycle lane 
(per side) 

5 ft width 7 ft width 7 ft width 10 ft width 10 ft width 10 ft width 10 ft width 

Type of 
bicycle lane 
buffer 

Designated 
No marked 
buffer) 

Designated 
2 ft buffer 

Designated 
2 ft buffer 

Separated 
2ft and 3ft 
buffers on 
either side 

Separated 
2ft and 3ft 
buffers on 
either side 

Separated 
2ft and 3ft 
buffers on 
either side 

Separated 
2ft and 3ft 
buffers on 
either side 

Width of 
Left/Right 
sidewalk 
buffer  

Left: 45.5 
ft  
Right: 43.5 
ft 

Left: 39.5 ft 
Right: 37.5 
ft 

Left: 39.5 ft 
Right: 37.5 
ft 

Left: 32.5 
ft 

Right: 30.5 
ft 

Left: 44 ft 
Right: 42 ft 

Left: 39.5 
ft 
Right: 37.5 
ft 

Left: 32.5 
ft 
Right: 30.5 
ft 

 

Health Outcomes Associated with Physical Activity Factors 

 Chronic Diseases Associated with Physical Activity. The health effects of increased 
active travel were measured on the following outcomes: heart disease, breast cancer, colon 
cancer, dementia, diabetes, and stroke. The mortality rates (per 10,000 corridor residents) at 
baseline and 5%/10%/15% scenarios are illustrated in Table 14. 

Table 14. Mortality Rate per 10,000 Corridor Residents due to Physical Activity-Related Diseases 
Cause of 
Mortality Baseline 5% Shift in VMT 

to PMT 
10% Shift in VMT 

to PMT 
15% Shift in VMT 

to PMT 

Heart Disease 452 431 411 393 

Breast Cancer 31 <31 <31 <31 

Colon Cancer 31 30 29 28 

Dementia 38 35 33 31 

Diabetes 39 37 36 34 

Stroke 138 131 125 120 
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As shown in Table 14, increases in active transportation was shown to have an inverse 
effect on the mortality rate of all measured diseases associated with physical activity. Per earlier 
discussions on limitations of the ITHIM, it is not necessarily true that the 15% shift in VMT to 
PMT alternatives (both LRT options) are the most beneficial to improve rates of physical activity, 
but rather are more reflective of ridership. 

 Despite ITHIM limitations, the availability of enhanced multimodal options relates to a 
greater proportion of individuals meeting daily exercise requirements (Li et al., 2008). Design 
elements that engage and promote active travel behaviors will have a positive impact on reducing 
chronic conditions associated with reduced levels of physical activity.  

 Availability of Bicycle and Pedestrian Facilities. Many elements of a built 
environment may help to encourage physical activity participation. Most often, facilities such as 
sidewalks, and bicycle lanes can either promote or discourage such activities by enhancing the 
perceived safety to either walk or bicycle along the area of interest. Facilities that improve safety 
are also those that increase a sense of comfort. As mentioned previously, an area’s desirability is 
often associated with a greater willingness to participate in active travel behaviors. Structural 
improvements, trees/landscaping, and sufficient sidewalk space are among the considerations 
that can improve pedestrian and bicyclist engagement within the proposed scenarios. 

 Connectivity. When places are more connected, individuals are more likely to opt for 
active travel modes when traveling shorter distances. In place of analyzing gaps in pedestrian 
and bicycle networks across the alternatives, this HIA measures connectivity as the number of 
individuals meeting daily exercise requirements by means of active travel. The likelihood of 
satisfying daily exercise requirements are estimated using design elements such as sidewalk and 
bicycle lane width, as well as public transportation use. Though not traditionally associated with 
physical activity, literature supports a positive relationship between public transit use and fulfilling 
daily exercise requirements. Alternatives with enhanced bicycle and pedestrian facilities, and 
increased public transit ridership were considered the most connected.   
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Table 15. Physical Activity-Related Health Outcomes by Alternative According to References Listed 
in Appendix B 

Alternative Potential Health Outcomes 

No-Build 

● Existing number of individuals meeting daily exercise requirements  
14,26,73  

● Sidewalk width 3,6,7,20,21,69 
● High ambient stress among bicyclists and pedestrians due to narrow 

lanes 36,37,69 
● Aesthetic appeal given lack of construction impacts 68,69 
● Aesthetic appeal is not compromised over an extended period of time 

69,79 
● Large buffer set-back from roadway to sidewalk, that provides 

increased sense of safety for pedestrians 3,8,50,69 
● Rates of heart disease, cancers, dementia, diabetes, and stroke 69,72,73,75 

Mixed Traffic with Limited 
Bus Stops 

● Minimal increase in the number of individuals meeting daily exercise 
requirements related to public transit use  14,26,73  

● Wide sidewalks are considered more desirable and encourage 
pedestrian activity (= across all alternatives, except no-build) 3,6,7,20,21,69 

● Aesthetic appeal given lack of construction impacts 62,68,69 
● Aesthetic appeal is not compromised over an extended period of time 

required to implement the transportation alternative 69,79 
● Minimal reduction in mortality from heart disease, cancers, dementia, 

diabetes, and stroke 69,72,73,75 
● Ambient stress for bicyclists that have wider lanes, but no physical 

barrier 36,37,69 
● Some reduction in perceived safety for pedestrians due to smaller buffer 

set-back from roadway to sidewalk  3,8,50,69 

BAT Curbside Lane 

● Minimal increase in the number of individuals meeting daily exercise 
requirements related to public transit use 14,26,73  

● Wide sidewalks are considered more desirable and encourage 
pedestrian activity (= across all alternatives, except no-build) 3,6,7,20,21,69 

● Aesthetic appeal is maintained given limited construction required to 
implement a BAT curbside lane 62,68,69 

● Aesthetic appeal is not compromised over an extended period of time 
required to implement the transportation alternative 69,79 

● Minimal reduction in mortality from heart disease, cancers, dementia, 
diabetes, and stroke 69,72,73,75 

● Ambient stress for bicyclists that have wider lanes, but no physical 
barrier 36,37,69 

● Moderate reduction in perceived safety for pedestrians due to small 
buffer set-back from roadway to sidewalk 3,8,50,69 

Curbside Dedicated Lane 
BRT 

● Moderate increase in the number of individuals meeting daily exercise 
requirements associated with increased public transit use & ridership 
(BRT)  14,26,73  

● Wide sidewalks are considered more desirable and encourage 
pedestrian activity (= across all alternatives, except no-build) 3,6,7,20,21,69 
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● Aesthetic appeal is maintained given limited construction required to 
implement a BRT curbside lane 62,68,69 

● Aesthetic appeal is not compromised over an extended period of time 
required to implement the transportation alternative 69,79 

● Moderate reduction in mortality from heart disease, cancers, dementia, 
diabetes, and stroke 69,72,73,75 

● Minimal amount ambient stress for bicyclists that have wider lanes, and 
a physical barrier 36,37,69 

● Small buffer setback in combination with a dedicated bus lane provides 
minimal reduction in perceived safety  3,8,50,69 

Center Platform Dedicated 
BRT 

● Moderate increase in the number of individuals meeting daily exercise 
requirements associated with increased public transit use & ridership 
(BRT) (>Curbside Dedicated BRT)  14,26,73  

● Wide sidewalks are considered more desirable and encourage 
pedestrian activity (= across all alternatives, except no-build) 3,6,7,20,21,69 

● Aesthetic appeal is compromised due to significant construction efforts 
required to build a center platform dedicated lane 62,68,69 

● Negative aesthetic impacts experienced over a longer period given the 
extensiveness of the project 69,79 

● Moderate reduction in mortality from heart disease, cancers, dementia, 
diabetes, and stroke 69,72,73,75 

● Minimal amount ambient stress for bicyclists that have wider lanes, and 
a physical barrier 36,37,69 

● Minimal increase in perceived safety among pedestrians due to small 
buffer setback from roadway to sidewalk as compared to no build, yet 
pedestrian dedicated onboarding area in the center platform promotes 
slower traffic speeds  3,8,50,69 

Center Platform Dedicated 
LRT 

● Maximum increase in the number of individuals meeting daily exercise 
requirements associated with increased public transit use & ridership 
(LRT has a high ridership) 14,26,73  

● Wide sidewalks are considered more desirable and encourage 
pedestrian activity (= across all alternatives, except no-build) 3,6,7,20,21,69 

● Aesthetic appeal is compromised due to significant construction efforts 
required to build a center platform dedicated lane 62,68,69 

● Negative aesthetic impacts experienced over a longer period given the 
extensiveness of the project 69,79 

● Significant reduction in mortality from heart disease, cancers, dementia, 
diabetes, and stroke 69,72,73,75 

● Minimal amount ambient stress for bicyclists that have wider lanes, and 
a physical barrier 36,37,69 

● Minimal increase in perceived safety among pedestrians due to small 
buffer setback from roadway to sidewalk as compared to no build, yet 
pedestrian dedicated onboarding area in the center platform promotes 
slower traffic speeds 3,8,50,69 

Elevated Grade Separated 
LRT 

● Maximum increase in the number of individuals meeting daily exercise 
requirements associated with increased public transit use & ridership 
(Elevated LRT has the highest ridership)  14,26,73   
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● Wide sidewalks are considered more desirable and encourage 
pedestrian activity (= across all alternatives, except no-build) 3,6,7,20,21 

● Aesthetic appeal is compromised due to significant construction efforts 
required to build an elevated platform dedicated lane 62,68,69 

● Negative aesthetic impacts experienced over a longer period given the 
extensiveness of the project 69,79 

● Significant reduction in mortality from heart disease, cancers, dementia, 
diabetes, and stroke 69,72,73,75 

● Minimal amount ambient stress for bicyclists that have wider lanes, and 
a physical barrier 36,37,69 

● Increase in perceived safety among pedestrians due to buffer setback 
from roadway to sidewalk as compared to no build, yet pedestrian 
dedicated onboarding area on the elevated platform and below the LRT 
space, promotes slower traffic speeds 3,8,50,69 

Transportation-Alternative Health Analysis Scores for Physical Activity Factors 

The composite score was an average of all the scores assigned to each potential health 
outcome listed in Table 15 (above). A detailed table for individual scores by alternative can be 
found in Appendix C, on page __.  

Table 16. Composite Transportation-Alternative Health Analysis Scores for Physical Activity 

Composite 
Score  No Build 

Mixed 
Traffic 
with 

Limited 
Bus Stops 

BAT 
Curbside 

Lane 

Curbside 
Dedicated 
Lane BRT 

Center 
Platform 

Dedicated 
BRT 

Center 
Platform 

Dedicated 
LRT 

Elevated 
Grade 

Separated 
LRT 

Physical 
Activity  -0.86 -0.14 -0.14 0.71 0.43 0.71 0.86 

 
The transportation alternatives with the best scores in terms of physical activity-related 

factors were the elevated grade LRT, followed by the center platform dedicated LRT and the 
curbside dedicated BRT options. All of which possess significant increases in ridership capacity 
compared to the no-build scenario, and promote an environment of perceived safety and 
decreased ambient stress for pedestrians and bicyclists with wider lanes.  

Notably, the most substantial differences across alternatives exist due to the impact of 
construction on aesthetic appeal. While the elevated and separated LRT transportation 
alternatives require substantial construction efforts, their ridership capacity enables an added 
reduction in vehicle emissions, similar to the curbside BRT. The highest scoring alternatives also 
address some design flaws in the no-build scenario that do not effectively promote physical 
activity (i.e., narrow sidewalks and bicycle lanes, and reduced ridership).  
 Additional considerations for each of the multimodal transportation alternatives are made 
in the Recommendations section, on page __. 
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Road Safety 
Background 

With respect to road traffic safety, the Palm Beach TPA established a goal for a combined 
walking, biking, and transit mode share of 15% by 2030, also part of their performance objectives. 
At present, just under 2% of Palm Beach County residents walk as a means of accessing their 
employment centers, and fewer than 1% elect to ride a bicycle (TPA, n.d.-a). In response, the 
need to assess alternatives that create an environment that facilitates efficient and safe active 
transportation options became apparent, particularly for those walking and bicycling along the 
study corridor. In the United States, unintentional injuries are the leading cause of death in 
children, adolescents, and adults under 45 (Herron, 2019). Preventing crashes is a priority of the 
TPA’s vision for safer, efficient, and connected multimodal transportation systems. Similarly, the 
TPA’s “Vision Zero Plan” describes the mechanisms through which they hope to achieve zero 
traffic-related fatalities and serious injuries (TPA, n.d.-b). Between 2013 and 2018, there were a 
total of 281 bicycle and pedestrian crashes on the study corridor roadway, 79% of which, resulting 
in fatalities or injuries (TPA, 2020a). Of which more than half of the bicycle and pedestrian crashes 
were not intersection related. With a majority of bicycle and pedestrian crashes occurring along 
the study corridor roadway, and not at intersections, there may be a significant opportunity to 
reduce unintentional injury and death in the study area through increased safety precautions in 
the design of bicycle and pedestrian routes.  

Features of Proposed Alternatives Affecting Road Safety 

Design elements within each of the alternatives possessed potential to differ in their 
impact on road safety factors. The factors of interest within this HIA include the rate of pedestrian 
and bicycle crashes, as well as fatalities. Proposed alternatives were assessed based on their 
potential to impact traffic-related injuries and fatalities.  

Table 17. Transportation-Alternative Health Analysis Factors Related to Road Safety 
Transportation-Alternative Health Analysis Factors Related to Road Safety 

Pedestrian & Bicycle Crashes Pedestrian & Bicycle Fatalities 
 
The design elements with the most potential to impact road safety are seen in Table 18, 

below. The specific health outcomes associated with each of the design alternatives are 
discussed later in this section.  
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Table 18. Okeechobee Blvd & SR7 Corridor Study Design Elements Affecting Road Safety 

Design 
Elements No Build 

Mixed 
Traffic 
with 

Limited 
Bus 

Stops 

BAT 
Curbside 

Lane 

Curbside 
Dedicated 
Lane BRT 

Center 
Platform 

Dedicated 
BRT 

Center 
Platform 
Dedicate

d LRT 

Elevated 
Grade 

Separate
d LRT 

Total width 
of the 
bicycle lane 
(per side) 

5 ft width 7 ft width 7 ft width 10 ft width 10 ft width 10 ft width 10 ft width 

Type of 
bicycle lane 
buffer 

Designate
d 
No marked 
buffer) 

Designate
d 
2 ft buffer 

Designated 
2 ft buffer 

Separated 
2ft and 3ft 
buffers on 
either side 

Separated 
2ft and 3ft 
buffers on 
either side 

Separated 
2ft and 3ft 
buffers on 
either side 

Separated 
2ft and 3ft 
buffers on 
either side 

Width of 
Left/Right 
sidewalk 
buffer  

Left:45.5 
ft  
Right: 
43.5 ft 

Left: 39.5 
ft 
Right: 
37.5 ft 

Left: 39.5 
ft 
Right: 37.5 
ft 

Left: 32.5 
ft 
Right: 30.5 
ft 

Left: 44 ft 
Right: 42 ft 

Left: 39.5 
ft 
Right: 37.5 
ft 

Left: 32.5 
ft 
Right: 30.5 
ft 

Total width 
of Travel 
Lanes per 
side 

48 ft width 46 ft width 44 ft width 36 ft width 36 ft width 36 ft width 48 ft width 

Width of 
Individual 
Travel Lane  

12 ft width 11.5 ft 
width 11 ft width 12 ft width 12 ft width 12 ft width 12 ft width 

Total 
Number of 
Non-Transit 
Exclusive 
Lanes  

8 lanes 8 lanes 6 lanes 6 lanes 6 lanes 6 lanes 8 lanes 

 
Health Outcomes Associated with Road Safety Factors 
 Pedestrian & Bicycle Crashes. Baseline conditions point toward road traffic injuries as 
a consistent cause of morbidity in the study corridor. Within the study area alone, there was an 
average of 519 road traffic injuries annually (3-Year Average). As mentioned previously, the 3-
year average was calculated from the periods of 2018 through 2020, to mitigate potential 
fluctuations in travel-related behavior resulting from the COVID-19 pandemic in 2020.  

 Pedestrian and Bicycle Fatalities. Potential road traffic fatalities were modeled using 
the ITHIM tool. Under the no-build, or baseline scenario, there are an estimated three (3) road 
traffic fatalities per 100,000 corridor residents. Baseline fatalities are shown in Figure 10 as a 
dotted line within each of the 5%, 10%, and 15% shift scenarios in VMT to PMT. The estimates 
shown in Figure 10 are based on mean starting values for personal and vehicle miles traveled. 
The number of traffic fatalities was calculated by multiplying road traffic injury-specific 
attributable fractions by corresponding 3-year average road traffic fatality rate (i.e., fatality 
numerator and corridor population denominator). Traffic fatalities per 100,000 corridor residents 
are rounded to the nearest whole number. Notably, ITHIM outputs for road safety should consider 
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that road traffic estimates do not account for additional safety measures that may be incorporated 
into transportation-alternative designs. 

Figure 10. Potential Road Traffic Fatalities per 100,0000 Corridor Residents in the Okeechobee 
Blvd & SR7 Study Corridor 

 
Rises in road traffic injuries and fatalities are consistent with previous findings, due to the 

increased presence of active travelers as opposed to personal-vehicle occupants. While the mean 
estimates for traffic fatalities increase under the 10% and 15% scenarios, the 5% shift may yield 
the same, if not reduced burden of road traffic deaths. The decreased risk is likely due to the 
safety in numbers phenomenon. The safety in numbers concept is a phenomenon where rates of 
traffic injuries slow in response to higher activity levels among pedestrians and bicyclists, though 
it appears some threshold exists whereby the safety in numbers concept concedes some of its 
protective effects (Jacobsen, 2003). Such, is used with reference to ITHIM applications in Los 
Angeles and Nashville (Nicholas et al., 2018; Whitfield et al., 2017).  

Limitations of the ITHIM discussed in previous sections also apply to road safety models. 
However, additional regard must be provided to potential road safety strategies when interpreting 
traffic fatality outputs modeled by the ITHIM, which are not integrated into the model’s 
calculations. As a result, ITHIM outputs are likely an overestimation of crash risk. Given these 
additional factors in calculating crash risk, ITHIM outputs should be interpreted as areas where 
such safety countermeasures are essential considerations.  

Table 19. Road Safety-Related Health Outcomes by Alternative According to References Listed 
in Appendix B 

Alternative Potential Health Outcomes 
No-Build ● Narrow bicycle lane leads to maximum exposure to roadway traffic 9,36,37,69 

● Risk of injury without a designated or separated buffer 32,69 
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● Large buffer set-back from roadway to sidewalk, that reduces pedestrian 
exposure to vehicular traffic 1,8,50,69 

● Travel lane width of 12’ is linked with high travel speeds and risk of severe injury 
and/or fatality 47,28,49,69 

● Minimal risk of road traffic fatalities compared to other travel scenarios 
projected by ITHIM 69,71,73 

● Maximum distance across travel lanes, increasing time and risk for pedestrians 
crossing the roadway 44,46,69 

● Number of travel lanes for non-transit vehicles to meet road capacity (decrease 
congestion and increase traffic speeds) 69,80  

● Minimal risk of road crashes among transit users with availability of curbside 
service (not necessary to cross the roadway for transit-access) 69,81 

Mixed Traffic with 
Limited Bus Stops 

● Wide bicycle lane reduces bicyclist exposures to roadway traffic 9,36,37,69 
● Risk of injury is reduced for bicyclists regardless of the type of buffer, so long 

as a buffer is present 32,69 
● Pedestrian exposure to vehicular traffic due to the buffer size from roadway to 

sidewalk 1,8,50,69 
● Reduced travel lane widths promote slower traffic speed 41,42,43,44,45,69 
● Minimal risk of road traffic fatalities projected by ITHIM (equal to BAT Curbside 

Lane)  69,71,73 
● Minimal reduction in roadway width compared to no-build, similar time and 

exposure for pedestrians to cross the roadway 44,46,69 
● Number of travel lanes for non-transit vehicles to meet road capacity (decrease 

congestion and increase traffic speeds) 69,80 
● Minimal risk of road crashes among transit users with availability of curbside 

service (not necessary to cross the roadway for transit-access) 69,81 

BAT Curbside Lane 

● Wide bicycle lane reduces bicyclist exposures to roadway traffic 9,36,37,69 
● Risk of injury is reduced for bicyclists regardless of the type of buffer, so long 

as a buffer is present 32,69 
● Pedestrian exposure to vehicular traffic due to the buffer size from roadway to 

sidewalk 1,8,50,69 
● Maximum reduction in vehicle speeds due to travel lane width 47,28,49,69 
● Minimal risk of road traffic fatalities projected by ITHIM  69,71,73 
● Moderate reduction in roadway width compared to no-build, less time and 

exposure for pedestrians to cross the roadway 44,46,69 
● Reduced number of travel lanes for non-transit vehicles to meet road capacity 

(increase congestion and reduce traffic speeds) and dedicated bus lane provides 
an additional safety buffer for pedestrians and bicyclists 69,80 

● Minimal risk of road crashes among transit users with availability of curbside 
service (not necessary to cross the roadway for transit-access) 69,81 

Curbside Dedicated 
Lane BRT 

● Wide bicycle lane reduces bicyclist exposures to roadway traffic 9,36,37,69 
● Risk of injury is reduced for bicyclists regardless of the type of buffer, so long 

as a buffer is present 32,69 
● Maximum pedestrian exposure to vehicular traffic due to the buffer size from 

roadway to sidewalk 1,8,50,69 
● Travel lane widths of 12’ are associated with increased travel speeds and 

increased risk of injury 47,28,49,69 
● Moderate risk of road traffic fatalities projected by ITHIM  69,71,73 
● Maximum reduction in roadway width compared to no-build, less time and 

exposure for pedestrians to cross the roadway 44,46,69 
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● Reduced number of travel lanes for non-transit vehicles to meet road capacity 
(increase congestion and reduce traffic speeds) and dedicated bus lane provides 
an additional safety buffer for pedestrians and bicyclists 69,80 

● Minimal risk of road crashes among transit users with availability of curbside 
service (not necessary to cross the roadway for transit-access) 69,81 

Center Platform 
Dedicated BRT 

● Wide bicycle lane reduces bicyclist exposures to roadway traffic 9,36,37,69 
● Risk of injury is reduced for bicyclists regardless of the type of buffer, so long 

as a buffer is present 32,69 
● Pedestrian exposure to vehicular traffic is somewhat increased due to the buffer 

size from roadway to sidewalk 1,8,50,69 
● Travel lane widths of 12’ are associated with increased travel speeds and 

increased risk of injury 47,28,49,69 
● Moderate risk of road traffic fatalities projected by ITHIM  69,71,73 
● Maximum reduction in roadway width compared to no-build, less time and 

exposure for pedestrians to cross the roadway 44,46,69 
● Reduced number of travel lanes for non-transit vehicles to meet road capacity 

(increase congestion and reduce traffic speeds) 69,80 
● Maximum risk of road crashes for BRT users crossing the roadway from the 

center platform to the sidewalk 69,81 

Center Platform 
Dedicated LRT 

● Wide bicycle lane reduces bicyclist exposures to roadway traffic 9,36,37,69 
● Risk of injury is reduced for bicyclists regardless of the type of buffer, so long 

as a buffer is present 32,69 
● Pedestrian exposure to vehicular traffic is increased due to the buffer size from 

roadway to sidewalk (= Mixed Traffic alternative & BAT Curbside Lane) 1,8,50,69 
● Travel lane widths of 12’ are associated with increased travel speeds and 

increased risk of injury 47,28,49,69 
● Significant risk of road traffic fatalities projected by ITHIM (equal to Elevated 

LRT)  69,71,73 
● Maximum reduction in roadway width compared to no-build, less time and 

exposure for pedestrians to cross the roadway 44,46,69 
● Reduced number of travel lanes for non-transit vehicles to meet road capacity 

(increase congestion and reduce traffic speeds) 69,80 
● Maximum risk of road crashes among LRT users crossing the roadway from the 

center platform to the sidewalk 69,81 

Elevated Grade 
Separated LRT 

● Wide bicycle lane reduces bicyclist exposures to roadway traffic 9,36,37,69 
● Risk of injury is reduced for bicyclists regardless of the type of buffer, so long 

as a buffer is present 32,69 
● Maximum pedestrian exposure to vehicular traffic due to the buffer size from 

roadway to sidewalk 1,8,50,69 
● Travel lane widths of 12’ are associated with increased travel speeds and 

increased risk of injury 47,28,49,69 
● Significant risk of road traffic fatalities projected by ITHIM (equal to Center 

Platform LRT)  69,71,73 
● Greatest distance across travel lanes, increasing time and risk for pedestrians 

crossing the roadway 44,46,69 
● Number of travel lanes for non-transit vehicles to meet road capacity (decrease 

congestion and increase traffic speeds) 69,80 
● Maximum risk of road crashes among LRT users crossing the roadway from the 

elevated platform to the sidewalk 69,81 
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Transportation-Alternative Health Analysis Scores for Road Safety Factors 

The composite score was an average of all the scores assigned to each potential health 
outcome listed in Table 19 (above). A detailed table for individual scores by alternative can be 
found in Appendix C, on page __.  

Table 20. Composite Transportation-Alternative Health Analysis Scores for Road Safety 

Composite 
Score  No Build 

Mixed 
Traffic 
with 

Limited 
Bus 

Stops 

BAT 
Curbside 

Lane 

Curbside 
Dedicated 
Lane BRT 

Center 
Platform 

Dedicated 
BRT 

Center 
Platform 

Dedicated 
LRT 

Elevated 
Grade 

Separated 
LRT 

 
Road 

Safety  
-0.50 0.75 1.5 0.63 0.38 0 -1 

 
The BAT curbside lane scored the highest in it’s potential to positively impact 

road safety-related health outcomes. Elements of the BAT curbside lane alternative that 
promoted road safety included wider bicycle lanes, fewer travel lanes and reduced vehicle speeds, 
and like the Mixed traffic option, the lowest risk of road traffic fatalities projected by the ITHIM. 
In addition to slower roadway traffic speeds resulting from the number of travel lanes, the BAT 
curbside option and curbside BRT options are also advantageous to road safety given that exterior 
lanes are composed of slower-moving, dedicated bus lanes.  

Considering mortality estimates are similar if not elevated in the no-build scenario, and 
increase across the other alternatives as there is a greater shift in ridership, it is likely the 5% 
shift scenario experienced by the mixed traffic and BAT curbside lane alternatives yield the 
protective effects of the safety in number concept. Mitigation strategies are still needed to address 
increased risk of traffic-related injuries and fatalities resulting from reduced buffer sizes.  

It is worth noting that the type of bicycle lane produces fewer health impacts associated 
with road safety than previous evaluations for air quality and resilience, or physical activity. Wider 
bicycle lanes confer the same reduced risk of traffic crashes regardless of whether the bicycle 
lane is designated or separated by a physical buffer (Hunter et al., 2005). Further examination is 
also required when considering vehicle operators in relation to the type of bicycle lane buffers. 
Some literature indicates that drivers may drive more attentively when the width of bicycle lanes 
are reduced. Despite the increased protection supported by these studies, closer analysis must 
also be made to the distracted driving behaviors, such as texting while driving, which present an 
increased crash risk (Atwood et al., 2018). In 2018 (the most recently available data), Palm Beach 
County experienced a total of 2,509 distracted driving crashes (Morse, 2019). With one of the 
highest county rates of distracted driving-related crashes in the State of Florida, the project team 
decided to exclude the driver attentiveness outcome in relation to bicycle lane widths (Morse, 
2019).   

Additional considerations for each of the multimodal alternatives are made in the 
Recommendations section, on page __.
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RECOMMENDATIONS 
Recommendations formulated by the HIA will not advocate one alternative for 

implementation by the TPA, but rather discuss potential strategies that promote health across the 
alternatives. The recommendations are evidence-based, utilizing findings from previous HIA 
stages to inform areas of air quality and resilience, physical activity, and road safety. 

A brief summary of the Transportation-Alternative Health Analysis Scores by alternative 
are visualized in Table 21, below.  

Table 21. Okeechobee Blvd & SR7 Corridor Study Composite Transportation-Alternative Health 
Analysis Scores  

Category No-Build 

Mixed 
Traffic 
with 

Limited 
Bus Stops 

BAT 
Curbside 

Lane 

Curbside 
Dedicated 
Lane BRT 

Center 
Platform 

Dedicated 
BRT 

Center 
Platform 

Dedicated 
LRT 

Elevated 
Grade 

Separated 
LRT 

 
Air Quality & 
Resiliency  

-1.14 -1 0 1 0.86 1 1.57 

Physical 
Activity -0.86 -0.14 -0.14 0.71 0.43 0.71 0.86 

Road Safety -0.50 0.75 1.5 0.63 0.38 0 -1 

Overall  -0.83 -0.13 0.45 0.78 0.56 0.57 0.48 
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No-Build/ No-Action 
Figure 11. No-Build Alternative Design Plan 

 

 Under the no-build/action scenario, several considerations must be made toward health 
promotion and risk mitigation strategies. Though the no-build scenario encapsulates currently 
planned and funded projects, this HIA evaluated health based on the design specifications and 
traffic patterns currently in practice along the Okeechobee Blvd & SR7 corridor. If selected, the 
no-build scenario would have a somewhat negative  impact on health within the study area 
(Overall Transportation-Alternative Health Composite Score= -0.83). Compared with other 
proposed multimodal alternatives, the transportation health analysis predicts the no-build 
scenario would have the most negative implications on air quality and resilience, as well as 
physical activity. Features such as 6’ wide sidewalks, existing multimodal facilities, higher vehicle 
speeds associated with 12’ wide travel lanes, and narrow bicycle lanes do little to encourage 
public transit ridership, and pedestrian or bicycle activity. Existing emission trends, combined with 
the highest rates of air-quality and physical activity-related diseases, contribute toward the no-
action scenario as the worst overall for health.  

Importantly, the no-build alternative possesses several health benefits that must be 
balanced with potentially negative health outcomes. While the lack of a bicycle lane buffer and 
limited width increase ambient stress and risk amongst bicyclists, those features are also 
associated with increased attentiveness on part of vehicle operators. Adverse effects on the 
perceived and physical safety among study corridor residents may be mitigated by use of available 
green space and large setbacks between the roadway and sidewalks. The limited construction 
impacts involved with the no-build scenario bolster the aesthetic appeal along the corridor, an 
important consideration when assessing both short- and long-term impacts during the 
implementation phase of this project.  

The no-build scenario also boasts one of the lowest road-traffic fatality and injury rates 
relative to the other proposed alternatives. Under current transportation infrastructure, active 
travel behaviors (i.e. walking and bicycling) remain low, meaning fewer individuals are less likely 
to be involved in a crash resulting in injury or death.  Although reduced activity levels positively 
influence road safety outcomes, discouraging pedestrian and bicycle engagement is not a suitable 
response. Instead, satisfying the safety in numbers threshold, and/or weighing the potentially 
positive health outcomes related to air quality and physical activity should also be evaluated.   
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Mixed Traffic with Limited Bus Stops 
Figure 12. Mixed Traffic with Limited Bus Stops Design Plan 

 

 The mixed traffic alternative with limited stops scored as the second highest alternative 
in terms of negative health impacts (Overall Transportation-Alternative Health Composite Score= 
-0.13). With negative composite scores covering air quality, and physical activity, the mixed traffic 
alternative regains some positive health impacts related to road safety, compounded by 
improvements to the no-build plan. Though the mixed traffic scenario is not the highest ranking 
alternative in terms of ridership, it appears the increase in public transit users may trigger the 
protective effects of the safety in numbers phenomenon. Estimated ridership levels for both the 
mixed traffic and BAT curbside lane alternatives yield the same, if not reduced, risk of road traffic 
fatality, as projected by the ITHIM tool.  

Given the slight increase in ridership from an added service route, this alternative may 
raise the convenience for residents to utilize multimodal options without the significant 
construction impacts characteristic of some other alternatives (i.e., center platforms for BRT or 
LRT uses). The mixed traffic alternative retains the potential for green space seen in the no-build 
scenario, while also enjoying a reduction in air quality and physical activity related diseases. 
Furthermore, perceived safety is positively impacted under proposed conditions, arising from 
wider sidewalks (uniform over all alternatives except no-build), wider, designated bicycle lanes, 
and slower traffic speeds (a byproduct of narrower travel lanes).  

If selected, additional strategies should be developed to address areas of concern among 
bicyclists and roadway efficiency. In spite of equivalent risks of injury, designated bicycle lanes 
lack the physical barrier attributed to separated bicycle lanes. As a result, bicyclists may 
experience elevated levels of ambient stress than alternatives which include plans for separated 
bicycle lanes. From an air quality perspective, the mixed traffic option does not present the most 
efficient strategy to promote public-transportation use. Though rises in public transit ridership are 
predicted, the convenience and efficiency afforded by bus-dedicated lanes seen in the BAT 
curbside lane, and curbside BRT alternatives, are missing in the mixed traffic scenario. With a 
compromised ability to navigate through traffic, particularly during peak travel hours, the mixed 
traffic alternative may have negative impacts on air quality. Mitigation strategies to ameliorate 
public transit efficiency, should aim to reduce the time spent in traffic among bus service routes, 
and in turn, encourage more users to use public transportation options.  
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Business Access and Transit (BAT) Curbside Lane 
Figure 13. BAT Curbside Lane Design Plan 

 
The Business Access and Transit (BAT) curbside lane option falls ahead of the mixed traffic 

alternative according to the overall Transportation-Alternative Health Analysis score (0.45). 
Unsurprisingly, both alternatives share similar health benefits, such as wider sidewalks, 
equidistant buffer setbacks, designated bicycle lanes, availability of green space, and comparable 
ridership rates. Given the ITHIM methodology, both the BAT curbside lane and the mixed traffic 
alternatives are included in the 5% shift in VMT to PMT scenario. Accordingly, both alternatives 
share the same outputs related to a reduction in heart disease, stroke, diabetes, dementia, and 
cancer.  

Unlike the mixed traffic alternative, the BAT curbside option is unique in its integration of 
dedicated BAT lanes and some elements of BRT into design plans. Dedicated curbside lanes 
possess several health benefits. In addition to reducing pedestrian exposures when boarding and 
deboarding buses, exclusive bus lanes help to reduce travel times when utilizing public-transit 
services. As a consequence of enhanced efficiency, the BAT curbside lane enjoys increased 
ridership than the mixed traffic alternative, while averting an increased risk of road traffic fatalities 
and injury. Rises in ridership while maintaining the safety in numbers effect, mean that the mixed 
traffic and BAT curbside options enjoy the positive aspects with increases in active travel, such 
as increased physical activity and enhanced access and spending at businesses. A further health 
benefit of the BAT curbside lane is the width of individual travel lanes. As the alternative with the 
narrowest travel lanes (11’ wide), the BAT curbside lane scenario entails the greatest reduction 
in vehicle speeds associated with such metrics.  

In order to acquire improved efficiency and ridership from a dedicated lane, the BAT 
curbside lane poses challenges to single-occupancy vehicle operators in the form of heightened 
traffic congestion. Resulting from the downgrade of four (4) travel lanes to three (3) travel lanes, 
drivers may be more vulnerable to frustration and risky driving behaviors. A distinguishing 
element of the BAT curbside lane, as opposed to the mixed traffic alternative, is the intensified 
need for construction. Though not nearly as intense as other proposed designs, the BAT curbside 
lane will require slightly more intensive construction efforts that may obstruct traffic patterns and 
dissuade active travel behaviors.  
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Curbside Dedicated Lane Bus Rapid Transit (BRT) 
 Figure 14. Curbside Dedicated BRT Design Plan 

 
 As the best rated alternative in the Transportation-Alternative Health Analysis, the 
curbside dedicated lane BRT alternative has some of the most positive overall health impacts of 
all the proposed scenarios (overall Transportation-Alternative Health Composite Score = 0.78). 
Benefits from the transit-exclusive lanes as seen in the BAT recommendations are also reflected 
in this option, however the integration of BRT systems pose a heightened advantage.  

 BRT is a highly efficient and cost-effective transportation system that is similar to LRT. 
BRT is less burdensome from an operational and maintenance approach, even though the 
capacity for riders is somewhat diminished compared to LRT. In contrast to the BAT curbside lane 
option, the curbside BRT boasts enhanced efficiency through use of off-board fare collection and 
traffic signal priority, in addition to dedicated bus lanes. Supplementing it’s appeal from an 
emissions and convenience standpoint, BRT is considered more accessible than traditional bus 
services, due to features such as elevated platforms, which may aid in addressing disparities in 
transportation access among the disabled or aging populations. Improvements to ridership also 
assist in modifying travel behaviors and thus alleviate the burden of chronic diseases related to 
poor air quality and lack of physical activity.  

Akin to the BAT alternative, the curbside lane design protects BRT-users during boarding 
and deboarding periods, where in other designs, they may face increased risk of road traffic 
crashes when crossing the roadway to access public-transportation facilities. The risk of injury to 
bicyclists in the BRT curbside lane is equivalent to the designated bicycle lanes, featured in the 
mixed traffic and BAT curbside lane alternatives. These options do however differ in terms of 
ambient stress levels and perceived safety among bicyclists, which may play a role in either 
encouraging or discouraging bicycle activity. Presence of physical barriers, as seen in the 
separated bicycle lanes planned in the curbside dedicated BRT alternative, help to address such 
safety concerns.  

In contrast to previous options, the curbside BRT plan suffers slightly more negative 
outcomes from the perspective of road safety despite its strengths with regard to air quality and 
physical activity. However, fewer travel lanes may increase congestion and in turn slow traffic 
speeds, reducing the risk of a crash. The smaller buffer setback between the roadway and 
sidewalk may negatively impact the perceived safety of pedestrians (although this is mitigated by 
the outer lanes being dedicated to transit-related travel), as well as their exposure to traffic-
related pollutants. Further attention should also be paid to the increased risk of injury resulting 
from wider traffic lanes (12’ wide) and heightened vehicle speeds.  
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Center Platform BRT 
Figure 15. Center Platform BRT Design Plan 

 
 The center platform BRT alternative is one of two alternatives that involve converting the 
existing median space into two (2) separated lanes dedicated for public-transit use. Overall, the 
center platform BRT lags behind the curbside dedicated lane BRT with regard to positive health 
impacts associated with air quality, physical activity, and road safety (overall Transportation-
Alternative Health Composite Score = 0.56). Key differences between this alternative and the 
others considered by the TPA, center on the construction of a center platform.  

  Some similarities between the center platform BRT and alternatives like curbside lane 
BRT and BAT options are the traffic challenges that arise from the existence of fewer travel lanes 
for single-occupancy vehicles. In addition to these commonalities, the center platform BRT shares 
the same reduction in heart disease, stroke, cancer, diabetes and dementia, and advantages of 
the BRT system as established under the BRT curbside lane alternative.  

 Positive health impacts of this alternative surround the rise in ridership, wherein physical 
activity is increased, and emissions of environmental pollutants are cut back from the reduction 
in personal vehicle travel. Bicyclists are similarly benefitted to other alternatives that incorporate 
a separated buffer lane design. 

 There exists several potentially negative health outcomes as a result of the center platform 
BRT option, many of which pertain to construction impacts. Given the significant effort and 
investment required to build the center platform, existing health disparities along the study 
corridor may worsen over time. Construction may discourage residents from engaging in active 
travel modes by compromising the aesthetic appeal of the roadway. By developing the median, 
health benefits related to the presence of green spaces (i.e., reducing exposures to vehicle 
emissions, ambient stress, and lower home values) are lost. If selected, this alternative should 
make effective use of the buffer setback from the roadway to the sidewalk as an area for 
landscaping and vegetation in order to offset the consequences of converting the median.  

In addition to the aforementioned concerns, the center platform BRT poses an increased 
motivation among public transit users to cross Okeechobee Blvd & SR7 in order to utilize the BRT 
service. As a consequence, the risk of road traffic crashes is substantially intensified with the 
increasing frequency at which pedestrians cross the roadway. 
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Center Platform Dedicated Light Rail Transit (LRT) 
Figure 16. Center Platform Dedicated LRT Design Plan 

 
The center platform dedicated LRT alternative is one of two proposed designs that 

incorporate LRT technology. Despite being a highly sophisticated and modern transportation 
mode, LRT requires substantial financial investment to construct and maintain over time. The 
Transportation-Alternative Health Analysis score identifies the center platform LRT as an 
alternative that has a somewhat positive health impact related to air quality and resilience, 
physical activity, and road safety (overall Transportation-Alternative Health Composite Score = 
0.57).  

  Comparable with alternatives already discussed in this report, this alternative provides 
an increased sense of safety among pedestrians and bicyclists due to wider, more separated 
lanes. LRT systems also provide several distinct advantages in terms of health. As an electric 
technology with a high capacity for ridership, LRT use may significantly reduce roadway emissions 
produced by personal vehicle use. As shown in previous studies, LRT may improve quality of life, 
through increased access to education, job opportunities, and education (Valley Metro, n.d.).  
Increased public-transit use is also associated with a greater number of individuals satisfying their 
daily exercise requirements. Accordingly, the ITHIM hails both the center platform and elevated 
grade LRT options as the alternatives with the greatest reduction in air quality and physical 
activity-related diseases, such as heart disease, dementia, cancer, stroke, and diabetes.  

Despite its advantages, the development of a center platform may exacerbate predicted 
trends in traffic-related fatalities arising from shifts in pedestrian patterns, who may cross the 
roadway more frequently in order to access the LRT systems. This, coupled with the sizable cost 
and construction required to build a center platform, may quell the positive effects of the 
alternative on emissions and physical health. However, these potentially negative impacts must 
be balanced for long-term outcomes as demonstrated by Valley Metro, wherein public transit 
ridership soared 487%, and 81% of users walk ¼ mile or less to access transit options since the 
implementation of LRT in 2008 (n.d.).  

Limited availability of green spaces, fewer travel lanes for public and general roadway-
use, and risk of higher vehicle speeds associated with wider travel lanes should also be 
considered. Similar to recommendations formulated for previous designs, strategies to mitigate 
adverse health impacts aim to make active travel modes more desirable. Primarily, use of 
landscaping as a means to improve aesthetic appeal, help to reduce ambient stress caused by 
increased vehicle speeds and/or traffic congestion, and encourage walking or bicycling. 
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Elevated Grade-Separated LRT 
Figure 17. Elevated Grade-Separated LRT 

 

Much like the center platform design, the elevated grade-separated LRT has similar health 
impacts. Increases in ridership between the center platform LRT and the elevated grade LRT are 
expected to differ regarding the magnitude of health impacts. This is reflected in the 
Transportation-Alternative Health Analysis, where the elevated grade LRT excels in areas of air 
quality and resilience, and physical activity, when compared with the center platform LRT option. 
The magnitude of impacts also applies to negative effects on health. The elevated grade LRT 
score reflects the most negative health impacts among all the proposed alternatives regarding 
road safety. In spite of its shortcomings related to road safety, the elevated grade LRT alternative 
maintains a neutral-to-somewhat-positive overall score (0.48).  

Like the center platform LRT, the elevated grade LRT is advantageous in improving air 
quality, reducing single-occupancy vehicle use, promoting enticing and efficient transit options, 
and encourages active travel behaviors. With increased ridership, the elevated LRT option is 
expected to exceed the center platform LRT design in reducing the burden of chronic diseases 
associated with poor air quality and minimal physical activity.  

A distinct feature of this alternative is the elevated and separated design for the LRT 
system, which would minimize obstructions to the roadway and alleviate traffic congestion. As a 
consequence, the elevated LRT option allows for four (4) travel lanes, as opposed to the three 
(3) lanes proposed in other alternatives (e.g., center platform LRT and BRT). Decreased 
frustration among vehicle operators, congestion, and time spent in traffic are among some of the 
benefits experienced by the elevated LRT design, however from the perspective of road safety, 
these factors are negative in their effects on road traffic speeds and crash risk. 

While four travel lanes may be advantageous for drivers along the study corridor, 
pedestrians are not so fortunate. In contrast, the greater distance across the roadway increases 
pedestrian’s exposure and risk of injury when crossing the street. This issue is compounded by 
the frequency at which LRT users may need to cross the roadway in order to access the platform. 
Similarly, a reduction in buffer setback space between the roadway and sidewalk could diminish 
the sense of safety among pedestrians and discourage walking as a travel mode.   
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General Recommendations 

Prioritize transportation infrastructure aimed at connectivity, in order to bolster 
equitable access to healthy living. Among Census Block Groups, areas with higher education 
rates and decreased proportion of minorities are more likely to engage in physical activity 
(Gordon-Larsen et al., 2006). Older adults, individuals with disabilities, minorities, and low-income 
populations are evidenced in literature as subsets of the population disproportionately affected 
by the negative health impacts of limited transportation systems (Institute of Medicine, 2007; 
Shrestha et al., 2017). Equitable access to opportunities such as employment, businesses, healthy 
foods education, medical care, and social connection have significant potential to reduce health 
disparities (Badger, 2012; National Association of City Transportation Officials, n.d.). As part of 
the “Connected” metrics established in the TPA’s Performance Measures, establish percentage 
goals of federal aid eligible mileage in relation to pedestrian facilities’ proximity to elementary 
schools (within 2 miles), traditionally underserved communities (within 0.25 mile) and the 
proximity of pedestrian and bicycle facilities to transit hubs (respectively within 1 mile and 3 miles) 
(TPA, 2020b). Alternatives that increase equitable living through the availability of improved 
pedestrian and bicycle facilities, are aligned with existing performance goals by the TPA. 

Prioritize projects using Performance Measures to achieve health equity. It is 
recommended that proposed transportation projects should be evaluated using the Performance 
Measures to best align the implementation of plans with achieving broader organizational goals. 
Similar actions have been taken place by State-level DOTs and MPOs as described on page 13 of 
this report. 

Facilitate appropriate investments in efficient public transit infrastructure 
improvements that increase ridership and achieve health equity. By implementing 
policies that expand transit-ridership, users are more likely to engage in physical exercise, spend 
at local businesses, reduce the burden of chronic diseases, improve their mental health, and 
facilitate access to equitable employment opportunities, as well as goods and services. An 
essential component of these investments is ensuring they are contextual to the needs of those 
that live, work, and play in the study corridor. As such, over-spending on infrastructure better 
suited for densely populated cities may not be the best use of funding for the 86,736 residents 
that inhabit the study area. Implementing transit-exclusive service lanes, closing coverage gaps, 
and acquiring BRT vehicles are cost-effective options that can positively impact health and reduce 
disparity in the study area. Infrastructure like BRT are advantageous in that they produce fewer 
emissions than traditional buses, and reduce travel times through off-board fare collection and 
traffic-signal priority (FTA, 2015). In turn, similar investments may aid the TPA in achieving 
performance measure goals related to the decrease in the Daily Vehicle Miles Traveled per Person, 
and transit commute time (versus car commute time) (TPA, 2020b).  

Consider transportation design elements that promote pedestrian activity. Several 
design elements set forth in the multimodal alternatives, can substantially impact a person’s 
decision to walk along the study corridor. Sidewalks that are 12 feet wide, further away from 
vehicular traffic, and slower roadway speeds are among the features discussed between proposed 
alternatives that can effectively encourage pedestrian activity (Clarke & George, 2005; Heinrich 
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et al., 2008; Galea et al., 2005). Prioritizing pedestrian-friendly designs may jointly reduce the 
burden of chronic diseases such as heart disease, diabetes, dementia, and cancer, and help the 
TPA achieve its commuter mode split target of 5% choosing to walk to work by 2030 (below 
target) (TPA, 2020b). 

Prioritize crosswalk enhancements to increase health and safety. Across all alternatives, 
pedestrian safety may be improved through implementation of countermeasures that bolster 
crosswalk visibility. As a major commuting corridor, Okeechobee Blvd & SR7 experiences between 
45,000 and 67,000 in Annual Average Daily Traffic (AADT) prior to the section consisting of the 
downtown West Palm Beach area (in this region the AADT is approximately 21,500) (TPA, 2020a). 
The current AADT  along the study corridor exceeds the threshold identified by the Federal 
Highway Administration (FHWA) for additional crosswalk enhancements beyond the use of 
marked crosswalks (2018; Zegeer, 2005). Features such as high visibility markings at midblock 
pedestrian crossings and uncontrolled intersections (more than the standard parallel lines), 
increased “YIELD” or “STOP” signage prior to crosswalks, or curb extensions to reduce crossing 
distances are among some of the considerations to reduce pedestrian-related crashes in the study 
corridor (FHWA, 2018). 

Consider transportation design elements that promote bicyclist activity. Differences in 
perceived safety and risk of injury among bicyclists are discussed in depth throughout this HIA 
report. Separated bicycle lanes substantially improve the perceived safety of bicyclists, which may 
in turn bolster existing modeshare splits for bicycling. However, a sense of safety must also be 
balanced with regard to inconveniences associated with building a separate bicycle lane, and the 
unchanging risk of injury, as compared to designated buffer lanes (Apasnore et al., 2019; 
Morrison et al., 2019). As a means to accelerate existing rates of the biking commuter mode 
share (0.61% of commuters in 2019) to the TPA’s goal of 3% in 2030, the implementation of 
designs involving separated bicycle lanes is a recommended strategy to achieve such results (TPA, 
2020b).  

Plan future investigations of land use and displacement risk ratio as a measure of 
equity.  The Displacement Risk Ratio (DRR), as developed by the Reinvestment Fund, is a 
measure of housing stability. The DRR identifies neighborhood shifts in housing affordability, 
relative to rises in income over a specified time period. As a result, the DRR allows decision 
makers to discern areas where vulnerable populations may have been involuntarily displaced due 
to a rise in housing prices that exceeds that of income (Dowdall, 2016). Land use may 
substantially influence the availability and cost of housing, which poses an opportunity for future 
research concerned with matters of equity.  

Develop an architectural ITHIM tool to be used in corridor-level analysis that 
emphasizes equity, gathers environmental inputs from TPA Performance Measures, 
and informs a regional travel-demand ITHIM mechanism. Developing an ITHIM 
compatible at the corridor-level possesses potential to remediate existing limitations of the tool 
used in this HIA. Previous studies conducted in metropolitan areas such as Los Angeles, developed 
a customized version of the ITHIM in order to accurately reflect the potential health impacts of 
several proposed alternatives. Inputs collected from the TPA Performance Measures could help 
overcome existing barriers in data collection regarding travel behaviors available at the corridor-
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level. 

Collaborate with FDOT to develop a monitoring plan for each of the main 
corridors/throughout the County. Such, will facilitate future multimodal corridor studies in 
Palm Beach County, and encourage the consideration of health into the transportation and 
planning field. Future studies may benefit by including cost-benefit analyses, and forecasting of 
long term health impacts due to transportation infrastructure investments.   

Consider short-term changes that enhance facilities and build a culture to support a 
Safe System approach. A Safe System approach entails transportation infrastructure that is 
designed with human error in mind. Though crashes are inevitable, the Safe System approach 
attempts to reduce the risk of human error, and also minimize the severity of injury in the event 
of such incidents (Federal Highway Administration, 2021). Such strategies may help the TPA in 
achieving their “Vision Zero Plan”, which is an identified target area included as part of their 
performance measures (TPA, 2020b). In addition to these considerations, the timeline for funding 
and implementation of any selected alternative must be weighed against existing health outcomes 
and disparities. States of health may significantly change and even deteriorate over time if the 
selected alternative is extremely extensive in design and execution.  

Encourage an environment of conscious construction practices. Construction projects 
can be a significant contributor of environmental air pollutants, noise pollution, and may 
negatively impact the visual appeal of a community. By employing environmentally friendly 
techniques, sustainable construction projects may integrate solar technologies, source 
biodegradable materials, recycle existing materials during any demolition process (i.e., steel 
and/or concrete), utilize locally sourced materials, and ensure the availability of green spaces 
(Construction World, 2019). Investment in transportation infrastructure often leads to broader 
economic growth, which results from improved services that facilitate mobility, time, and cost 
savings. Development of novel transportation systems may substantially benefit from integrating 
sustainable, health conscious practices, in addition to economic incentives.  

Incorporate landscaping and green space considerations into future transportation 
projects. Availability of green spaces is supported by an array of literature for its beneficial 
effects in reducing ambient stress, slower traffic speeds, enhanced bicycle and pedestrian activity, 
minimized exposure to air pollutants, mitigation of urban heat island effects, and increased 
perceived safety for those walking or bicycling in the area of interest (de Hartog et al., 2010; 
Dijkstra et al., 2008; Dill et al., 2010; McDonald et al., 2006; Rabl & Nazelle, 2012; Safe Routes 
to School National Partnership, 2012). By incorporating green elements into proposed 
transportation designs, health may substantially influenced to promote healthier lifestyles and 
reduce the negative health impacts  associated with certain multimodal designs (e.g., increases 
in travel time due to traffic congestion; elevated traffic speeds resulting from wider lanes; 
reduction in buffer setbacks between the sidewalk and roadway).  

Consider planting trees that have a larger surface area of leaves to generate more 
photosynthesis, rather than conifers that absorb more heat. Species with enhanced ability 
to conduct greater levels of photosynthesis also have greater capacity for reducing emissions, 
and may reduce the urban heat island effect along Okeechobee Blvd and SR7 (Dill et al., 2010). 
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Consider investing in an air monitor system to measure air quality. States are responsible 
for developing their own monitoring plans that ensure the ambient air monitoring networks meet 
minimum requirements set by the Clean Air Act. Often, states choose to situate monitors in areas 
with higher concentrations and/or higher population since the minimum monitoring requirements 
are based on population size. By situating an air monitoring system along the study corridor, 
decision makers can better aim interventions in highlighted areas of need.   
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FUTURE CONSIDERATIONS 
Light Rail Transit (LRT) 

As mentioned in relation to the curbside dedicated lane BRT recommendations, this HIA 
may underscore the full potential of LRT alternatives in affecting the community’s health. Reports 
such as the quality of life study published by Valley Metro, and results from Commute Seattle’s 
2019 Center City Commuter Mode Split Survey point toward investments in LRT systems as a 
significant source of commuter mode split, reduction in single occupancy vehicle trips, in face of 
increasing employment. In Seattle, transit-related investments such as LRT have led to a 9% 
reduction in single-occupancy vehicle commutes despite an increase of 90,000 jobs in the 
downtown Seattle area from 2010-2019 (Commute Seattle, 2019).  

Housing Affordability & Transit-Oriented Development  
Housing affordability is an additional area for future investigations to measure the impact 

of transportation alternatives on health. The provision of affordable housing is defined as housing 
options that do not cost more than 30% of an individual's income (HUD User, 2017). Staying 
below the 30% housing cost, is intended to provide households enough financial flexibility to pay 
for other non discretionary costs (HUD User, 2017). In addition to housing, transportation costs 
are often the second-most burdensome expense among households. The Center for 
Neighborhood Technology’s (CNT) Housing and Transportation Affordability Index is a direct 
measure of affordability, as determined by the combined cost of housing and transportation 
expenses (2018). Under the Housing and Transportation Affordability Index, the county of Palm 
Beach exceeds the combined affordability benchmark of 45%, where 66% of Palm Beach County 
household income is spent on housing and transportation expenses (CNT, 2018; TPA, 2020a). 
Use of public-transit options, as opposed to personal vehicles, could save households 
approximately $10,000 a year (American Public Transportation Association (APTA), 2017; Valley 
Metro, n.d.).  

Given the demonstrated need for affordable housing in the greater Palm Beach area, the 
Okeechobee Blvd and SR7 corridor could benefit from the expansion of high-capacity transit 
systems that incentivize public and private investment in the development of affordable housing 
options. In a large-scale study of four metropolitan hubs (Atlanta, Denver, Seattle, and 
Washington D.C.), Enterprise Community Partners built on previous research by AARP, the 
National Housing Trust, and Reconnecting America, wherein more than 250,000 privately owned, 
federally subsidized apartments were within walking distance to quality transit services across 20 
metropolitan areas (2010). Two thirds of which were covered by federal housing contracts (AARP, 
2010). The selection of Atlanta, Denver, Seattle, and Washington D.C. in this case study was due 
to existing commitments in expanding transit service such as the addition of light rail coverage, 
bus rapid transit, and facility improvements. Similar opportunities exist in the Okeechobee Blvd 
and SR7 study corridor. Implementation of transit services with high ridership capacity, such as 
LRT, should be evaluated for their ability to encourage the development of additional affordable 
housing options and expand transit-oriented development.  
 Limitations experienced in this HIA to fully capture the magnitude of LRT on health 
factors could be addressed in future studies through use of a Cost-Benefit Analysis and 
forecasting of long-term health impacts. Considering the substantial upfront costs of LRT 
systems, it is necessary for subsequent analyses to evaluate changes in health over an 
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extended period of time, to not miss potential developments that may significantly affect health, 
as supported by findings by Valley Metro (n.d.) and Commute Seattle (2019). 
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MONITORING & EVALUATION 
The goal of the monitoring and evaluation phase is to track the impact of HIA findings and 
recommendations on the selection and implementation of a specific multimodal transportation 
alternative. In completion of this stage, this HIA identified indicators and variables of interest for 
continued evaluation aligned with the Transportation Planning Agency (TPA) Performance 
Measures.  

Monitoring & Evaluation Plan 
The monitoring and evaluation plan set forth by this HIA are a continuation of overall 
recommendations. Informed by considerations related to air quality and resilience, physical 
activity, and road safety, the monitoring plan describes indicators for continued evaluation that 
pertain to overall recommendations and draw from mitigation strategies mentioned across the 
transportation-alternative scenarios.  

Figure 18. Monitoring & Evaluation Overview  

 
This HIA recommends the Palm Beach TPA adhere to a monitoring plan that answers the following 
points:  

1. Which of the transportation-alternatives evaluated in this HIA have been selected to 
promote health and reduce disparities in the Okeechobee Blvd and SR7 corridor? 
Depending on the selected alternative, which of the specific recommendations in this 
HIA were enacted?  

2. As a consequence of the transportation-alternative specific recommendations issued by 
this HIA, what evidence is there to support changes in the community’s health along the 
Okeechobee Blvd & SR7 corridor? 

3. As a consequence of the Overall Recommendations issued by this HIA, what evidence is 
there to support changes in the community’s health along the Okeechobee Blvd & SR7 
corridor? 
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 Tables 22 through 26, highlight existing TPA Performance measures that should undergo 
continued evaluation in relation to the findings and recommendations established in this HIA. 
Currently available data for each of the indicators are listed as baseline statistics. Goal metrics 
are also listed to provide additional context of current conditions in the Okeechobee Blvd and 
SR7 corridor. 

1. Air Quality & Resilience 
2. Physical Activity  
3. Road Safety  
4. Health Equity & Public Health  
5. Construction Impacts 

Table 22. Monitoring & Evaluation Indicators for Air Quality & Resilience  

Air Quality & Resilience 

Indicator Statistical Agency TPA Performance Measure & Timeframe 

Travel Time Reliability on Non-
Interstate Roads INRIX, Inc. 

Baseline: 98% of vehicles in 2020 
Goal: ≥93% of vehicles by 2025 

Timing: 2 years 

Daily Fuel Use per person Palm Beach TPA 
Baseline: 1.14 gallons in 2020 
Goal: ≤1.25 gallons by 2030  

Timing: 10 years 

Vehicle Miles Traveled (VMT) 
per Person 

 
Palm Beach TPA  

Baseline: 24.4 VMT per capita in 2020 
Goal: ≤21 VMT per capita by 2030 

Timing: 10 years 

Percent of Federal Aid 
Roadways Susceptible to 1% 

Annual Flood Risk  
Palm Beach TPA  

Baseline: 26.7% of roadways in 2021 
Goal: <25% of roadways by 2030 

Timing: 10 years 

Percent of Federal Aid 
Roadways Susceptible to 1.2’ of 

Sea Level Rise  
Palm Beach TPA  

Baseline: 3.9% of roadways in 2021 
Goal: <3% of roadways by 2030 

Timing: 10 years 

PM2.5 and NO2 Concentration Palm Beach TPA  To be considered for development by the TPA.  

Vegetation Coverage Palm Beach TPA  To be considered for development by the TPA.  

Daily Fuel Use per person Palm Beach TPA 
Baseline: 1.14 gallons in 2020 
Goal: ≤1.25 gallons by 2030  

Timing: 10 years 

Percent of Electric Vehicles in 
Bus Fleet Palm Tran 

Baseline: 0% of vehicles in 2020 
Goal: 75% of vehicles by 2030 

Timing: 10 years 

Transit v. Car Average 
Commute Time U.S. Census Bureau 

Baseline: 2.11 ratio of transit commute time to 
single-driver commutes in 2019 

Goal: 1.75 ratio of transit commute time to single-
driver commutes by 2030  



 

 

70 

 

Timing: 10 years 

 

Table 23. Monitoring & Evaluation Indicators for Physical Activity 

Physical Activity  

Indicator Statistical Agency TPA Performance Measure & Timeframe 

Miles of Separated Bike Lanes Palm Beach TPA  
Baseline: 0.21 miles of separated bike lanes in 

2021 
Goal: 20 miles of separated bike lanes by 2030 

Timing: 10 years 

10’ Shared Use Paths Palm Beach TPA  
Baseline: 87 miles in 2021 
Goal: 100 miles by 2030 

Timing: 10 years 

8 to ft Paved Pathways on 
Federal-Aid Roads Palm Beach TPA  

Baseline: 293 miles in 2021 
Goal: 305 miles by 2030 

Timing: 10 years 

Buffered Bike Lanes Palm Beach TPA  
Baseline: 12 miles of buffered bike lanes in 2021 

Goal: 20 miles of buffered bike lanes by 2030 
Timing: 10 years 

Designated Bike Lanes Palm Beach TPA  
Baseline: 246 miles of buffered bike lanes in 2021 

Goal: 300 miles of buffered bike lanes by 2030 
Timing: 10 years 

Sidewalks  Palm Beach TPA  
Baseline: 1,183 miles in 2021 

Goal: 1,300 miles by 2030 
Timing: 10 years 

Commuter Mode Split - Walking U.S. Census Bureau 
Baseline: 1.35% of commuters in 2019 

Goal: 5% of commuters in 2030 
Timing: 10 years 

Commuter Mode Split - Biking U.S. Census Bureau 
Baseline: 0.61% of commuters in 2019 

Goal: 3% of commuters in 2030 
Timing: 10 years 

Commuter Mode Split - Transit U.S. Census Bureau 
Baseline: 1.63% of commuters in 2019 

Goal: 7% of commuters in 2030 
Timing: 10 years 
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Table 24. Monitoring & Evaluation Indicators for Road Safety 

Road Safety  

Indicator Statistical Agency TPA Performance Measure & Timeframe 

Crash Fatalities 
 

Department of 
Transportation (FDOT) 

Baseline: 178 fatalities in 2020 
Goal: 0 fatalities in 2020 

Timing: Annual 

Serious Injuries Department of 
Transportation (FDOT) 

Baseline: 917 injuries in 2020 
Goal: 0 injuries in 2020 

Timing: Annual 

Pedestrian & Bicycle Crash 
Fatalities 

Department of 
Transportation (FDOT) 

Baseline: 189 injuries in 2020 
Goal: 0 injuries in 2020 

Timing: Annual 

Crosswalk Enhancements Palm Beach TPA To be considered for development by the TPA.*  

 

Table 25. Monitoring & Evaluation Indicators for Health Equity and Public Health 

Health Equity 

Indicator Statistical Agency TPA Performance Measure & Timeframe 

Percent of Bike Facilities within 
3 Miles of Transit Hub Palm Beach TPA  

Baseline: 20.6% of facilities in 2020 
Goal: 100% of facilities in 2030 

Timing: 10 years 

Percent of Pedestrian Facilities 
within 3 Miles of Transit Hub Palm Beach TPA  

Baseline: 85% of facilities in 2020 
Goal: 100% of facilities in 2030 

Timing: 10 years 

Percent of Pedestrian Facilities 
within 2 Miles of Elementary 

Schools 
Palm Beach TPA  

Baseline: 79.6% of facilities in 2020 
Goal: 90% of facilities in 2030 

Timing: 10 years 

Corridor-Level ITHIM tool Palm Beach TPA  To be considered for development by the TPA.  

Percent of Pedestrian Facilities 
within 1/4 Mile of Underserved 

Communities 
Palm Beach TPA  

U.S. Census Bureau 
Baseline: 70.9% of facilities in 2020 

Goal: 70% of facilities in 2030 
Timing: 10 years 

Displacement Risk Ratio (DRR) Reinvestment Fund To be considered for development by the TPA.  
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Table 26. Monitoring & Evaluation Indicators for Construction Impacts 

Construction Impacts  

Indicator Statistical Agency TPA Performance Measure & Timeframe 

Aesthetic Appeal Palm Beach TPA  To be considered for development by the TPA.  

Ambient Stress Palm Beach TPA  To be considered for development by the TPA.  

Noise Pollution  Palm Beach TPA  To be considered for development by the TPA.  

PM2.5 and NO2 Concentration 
near Construction Sites Palm Beach TPA  To be considered for development by the TPA.  

Quality of Public Water 
Systems and Groundwater Palm Beach TPA  To be considered for development by the TPA.  

Material Waste Palm Beach TPA  To be considered for development by the TPA.  

DICTIONARY OF TERMS  
● Active Travel: opting to travel in physically active forms, that can include walking, and 

bicycling (Paths for all, n.d.).  

● Affordable Housing: The provision of affordable housing is defined as housing options 
that do not cost more than 30% of an individual's income (HUD User, 2017). Staying 
below the 30% housing cost, is intended to provide households enough financial 
flexibility to pay for other non discretionary costs (HUD User, 2017). 

● Business Access and Transit (BAT): business access and transit (BAT) lanes allow 
for buses to navigate more efficiently through traffic and improve access to business as 
they are curbside lanes. BAT lanes are restricted for buses and turning vehicles (LTD, 
n.d.).   

● Bus Rapid Transit (BRT): Bus rapid transit, or BRT is a bus-based transit system, 
characterized by dedicated bus lanes, off-board fare collection, traffic signal priority, 
elevated platforms, and expanded station facilities compared to more traditional bus 
stations. Investments in BRT have been endorsed by the Federal Transit Administration 
(FTA) as appropriate, and affordable transit alternatives suitable for application in big 
cities and mid-sized metropolitan areas, like the study corridor (2015).  Mimicking 
elements of light rail transit (LRT), BRT alternatives are regarded as more reliable and 
efficient than regular bus systems. Dedicated bus lanes and traffic signal priority reduce 
the amount of time spent in traffic, making the alternative a more desirable 
transportation option over single-occupancy vehicles, while also lessening the amount of 
emissions released into the atmosphere (FTA, 2015).  

● Disability-Adjusted Life Years (DALYs): DALYs measure of the burden of a disease 
over an individual's lifetime, equating the years of life lost due to premature mortality 
and years lost living in a suboptimal state of health (WHO, 2022).  
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● Health Impact Assessment (HIA): a process that analyzes and quantifies how a 
policy or investment influences people’s health. The purpose of the HIA is to identify 
positive health impacts and reduce any negative health impacts of a potential policy or 
investment. In combining evidence-based strategies with commentary from 
stakeholders, policy makers, and community members, HIAs help to foster a broader 
understanding of the unique challenges communities face, particularly for vulnerable 
groups (Human Impact Partners, 2011).  

● Health Equity: the opportunity for all to attain their full health potential regardless of 
socioeconomic status or individual circumstances. In order to work toward health equity, 
it is important to identify health disparities, use evidence-based mitigation strategies, 
and to incorporate health equity considerations into the decision-making process 
(Braveman et al., 2017; CDC, 2020; Weil, 2018).  

● Integrated Transportation and Health Impact Model (ITHIM):  ITHIM is a 
modeling tool that quantifies the impact of changes to active travel behavior patterns on 
health. Use of the ITHIM tool in a HIA is well established for its ability to quantify the 
impact of transportation infrastructure on health, specifically by looking at physical 
activity, road traffic injury risk, and exposure to fine particulate matter (PM2.5) air 
pollution. The Office of Research and Development within the United States 
Environmental Protection Agency endorsed the ITHIM Tool in 2016.  

● Greenhouse Gas Emissions:  Greenhouse gas emissions related to the transportation 
sector result from the burning of fossil fuels (often gasoline and diesel) by vehicles, 
trucks, ships, trains, and planes. Nationally, the transportation sector contributes to 29% 
of the United States’ greenhouse gas emissions, passenger cars being one of the main 
sources of emissions (United States Environmental Protection Agency, 2021b). Increases 
in greenhouse gases are associated with a multitude of negative health outcomes 
including heat-related illnesses, lung cancer, asthma, displacement, and increased 
prevalence of communicable disease (National Institute for Environmental Health 
Sciences, 2019). 

● Fine Particulate Matter (PM2.5): PM2.5 is also referred to as particle pollution, which 
forms as a result of chemical reactions between pollutants emitted from power plants, 
industries, and vehicles. PM2.5 is characterized by small inhalable particles, measuring 
≤2.5 micrometers in size (United States Environmental Protection Agency, n.d.).  

● Light Rail Transit (LRT): Light rail transit, or LRT, is a rail-based transit system 
capable of high capacity, long haul trips, as compared with traditional tram-systems. 
Powered by a catenary system, LRT systems are fully electric and possess substantial 
impact to reduce emissions resulting from vehicles and other forms of public 
transportation. Challenges to LRT require an appropriate balancing between the design 
of a comfortable and efficient service, without spending excessive capital on an 
alternative that exceeds the need of the study area and affected communities 
(RailSystem, n.d.). 

● Metabolic Equivalent Task (MET): a measure of the intensity of an exercise or 
activity.  In technical terms, the MET is a ratio of working metabolic rate to resting 
metabolic rate. At resting, an individuals’ MET value would equal 1, whereas a MET 
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value of 4 (such as during a light jog) indicates the body is exerting four times the 
amount of energy than it does at the resting metabolic rate (Bubnis, 2019). Changes in 
the body’s metabolism depending on age and sex are reflected in age- and sex-specific 
MET weights. The MET is an important output of the ITHIM tool. Active travel time is 
multiplied by weights in order to generate MET hours, which allow the ITHIM to 
estimate changes in chronic diseases related to air quality and physical activity 
(University of California Los Angeles, 2009).  

● Nitrogen Dioxide (NO2): NO2 is a byproduct of burning fuel associated with vehicle 
emissions (United States Environmental Protection Agency, 2021a). 

● Personal Miles Traveled (PMT): are a measure of miles traveled from active travel 
modes, such as walking or bicycling (University of California, Davis, 2019).   

● Population Attributable Fraction (PAF): Population Attributable Fractions, or PAFs, 
indicate the proportion of a disease in a population that is attributable to a certain 
exposure. The PAF assumes a causal relationship, where the disease burden could be 
avoided by adding or eliminating the exposure, presuming no other changes (World 
Health Organization (WHO), n.d.-b). PAFs predicted by the ITHIM tool account for age- 
and sex- specific differences in metabolic rates for active travel, as set forth by 
Woodcock et al. (2011).  

● Relative Risk: ratio that calculates the probability of a certain event occurring in an 
exposed group versus the probability of the same event occurring in a non-exposed 
group (Tenny & Hoffman, 2021).  

● Resilience: a community’s ability to endure a disturbance or emergency while 
maintaining its functions and structures (Cariolet et al., 2018). In context of this HIA, 
the project team adapts the term resilience to air quality, specifically strategies to 
reduce concentrations and exposure to air pollution emissions along the Okeechobee 
Blvd & SR-7 study corridor. 

● Safety in numbers: a protective phenomenon where rates of traffic injuries slow in 
response to higher activity levels among pedestrians and bicyclists. Though safety 
increases when more bicyclists and pedestrians are engaged in active travel behaviors, it 
appears a threshold exists whereby the safety in numbers concept concedes some of its 
protective effects (Jacobsen, 2003). Such, is used with reference to ITHIM applications 
in Los Angeles and Nashville (Nicholas et al., 2018; Whitfield et al., 2017). 

● Safe System approach: is transportation infrastructure designed with human error in 
mind. Though crashes are inevitable, the Safe System approach attempts to reduce the 
risk of human error, and also minimize the severity of injury in the event of such 
incidents (Federal Highway Administration, 2021). 

● Vehicle Miles Traveled (VMT): measures the total amount of driving over a given 
area (City of Los Altos, n.d.).  
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● Vision Zero: the “Vision Zero Plan” as established by the Palm Beach Transportation 
and Planning Agency, describes the mechanisms through which they hope to achieve 
zero traffic-related fatalities and serious injuries (TPA, n.d.-b).  
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APPENDIX A: DATA SOURCES USED IN THE ITHIM 
 

Data Source Year(s) Notes 

Air Quality UHS 2021  

American Community 
Survey 

United States Census 
Bureau 2019 5-year estimates 

Road Traffic Crashes Signal Four Analytics 2018-2020 
Average 

Averaged across three years due 
to probable pandemic changes. 

Deaths Florida Charts 2018-2020 
Average 

For all of Palm Beach County 
(tract-level deaths not 

available); Averaged across 
three years due to probable 

pandemic changes. 

*Relative risk changes per 
unit increase in air 
particulate matter 

Woodcock et al., 2009   

*Relative risk changes per 
unit increase in MET hour-

weeks 

CARB 
recommendations 

based on Krewski et 
al., 2009 

  

*Baseline Personal & 
Vehicle Miles Traveled 

California Household 
Travel Survey, 2012 

 

Includes age and sex specific 
active travel. 

Average, minimum, and 
maximum estimates were 

retained as possible Florida 
baselines given Florida travel 
surveys were not available. 

*Age- and sex-specific 
non-travel METS 

California Health 
Interview Survey (Adult 

Survey), 2009 
 

Average, minimum, and 
maximum estimates were 

retained as possible Florida 
baselines given Florida travel 
surveys were not available. 

*Age-, sex-, and travel 
mode-specific MET weights 

for active travel 
James Woodcock, 2011   
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*Incorporated into the California ITHIM model. 
MET: ratio of working metabolic rate relative to resting metabolic rate. 

California Air Resources Board (CARB) 
California Integrated Transport and Health Impact Model (University of California, 2019). 
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APPENDIX C: TRANSPORTATION-ALTERNATIVE HEALTH ANALYSIS 
SCORE CALCULATIONS  
Air Quality & Resilience  

Alternative Potential Health Outcomes 
Transportation- 

Alternative Health 
Score 

No-Build 

Existing pedestrian and bicycle activity levels -2 

Perceived safety without a bicycle buffer -2 

Green space is available along some corridor sections 0 

Buffer set-back from roadway to sidewalk, that provides 
increased sense of safety for pedestrians & protection from 
vehicle emissions 

2 

Persistent emission trends  -2 

Estimated ridership -2 

Rates of heart disease, stroke, and lung cancer -2 

Composite Score: -1.14 

Mixed Traffic with 
Limited Bus Stops 

Minimal increase in public transit ridership from an added 
service route (Mall at Wellington Green and Intermodal Transit 
Center) & BRT option 

-1 

Mixed traffic lanes may impact efficiency of the alternative in 
reducing emissions/ time spent in traffic -2 

Increase in pedestrian activity from wider sidewalks (= across 
all alternatives except no-build) 2 

Minimal reduction in mortality from heart disease, stroke, and 
lung cancer  0 

Minimal increase in perceived safety for bicyclists due to wider 
bicycle lanes and designated buffer -1 

Green space is available along some corridor sections 0 

Minimal reduction in perceived safety for pedestrians & 
protection from vehicle emissions due to smaller buffer set-back 
from roadway to sidewalk  

1 
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Composite Score: -1  

BAT Curbside Lane 

Minimal increase in ridership from implementation of Business 
Access and Transit Lane (reduce travel times)  -1 

Minimal potential reduction in emissions (> Mixed Traffic with 
Limited Bus stops) 0 

Increase in pedestrian activity from wider sidewalks (= across 
all alternatives except no-build) 2 

Minimal reduction in perceived safety for pedestrians & 
protection from vehicle emissions due to smaller buffer set-back 
from roadway to sidewalk (= Mixed Traffic with Limited Bus 
stops) 

0 

Minimal reduction in mortality from heart disease, stroke, and 
lung cancer  0 

Minimal increase in perceived safety for bicyclists due to wider 
bicycle lanes and designated buffer -1 

Green space is available along some corridor sections 0 

Composite Score: 0  

Curbside Dedicated 
Lane BRT 

Moderate increase in ridership from implementation of 
dedicated BRT lane & BRT option 1 

Increase in pedestrian activity from wider sidewalks (= across 
all alternatives except no-build) 2 

Separated buffer provides the maximum increase in perceived 
safety for bicyclists 2 

Small buffer area between roadway and sidewalk, leading to a 
decreased sense of safety and increased exposure to emissions 
for pedestrians  

-1 

Reduction in emissions due to BRT usage, and increases in 
bicycle activity 2 

Moderate reduction in mortality from heart disease, stroke, and 
lung cancer 1 

Green space is available along some corridor sections 0 

Composite Score: 1 

Center Platform 
Dedicated BRT 

Moderate increase in ridership by having dedicated BRT lanes 
(< travel time than curbside dedicated BRT lane alternative due 
to elimination of non-transit vehicles) 

2 
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Increase in pedestrian activity from wider sidewalks (= across 
all alternatives except no-build) 2 

Separated buffer provides the maximum increase in perceived 
safety for bicyclists 2 

Minimal reduction buffer area between roadway and sidewalk 
compared to no-build scenario, impacting the sense of safety 
and exposure to emissions for pedestrians  

0 

Moderate reduction in emissions from increases in ridership & 
bicycle activity 1 

Moderate reduction in mortality from heart disease, stroke, and 
lung cancer 1 

Less green space is available because of converting the median  -2 

Composite Score: 0.86 

Center Platform 
Dedicated LRT 

LRT is powered by electricity and has a high ridership capacity, 
leading to a significant reduction in emissions 2 

Increase in pedestrian activity from wider sidewalks (= across 
all alternatives except no-build) 2 

Separated buffer provides the maximum increase in perceived 
safety for bicyclists 2 

Moderate reduction in buffer area between roadway and 
sidewalk compared to no-build scenario, impacting the sense of 
safety and increased exposure to emissions for pedestrians  

-1 

Maximum reduction in emissions from increases in ridership & 
bicycle activity 2 

Significant reduction in mortality from heart disease, stroke, 
and lung cancer  2 

Less green space is available because of converting the median  -2 

Composite Score: 1  

Elevated Grade 
Separated LRT 

LRT is powered by electricity and has a high ridership capacity, 
leading to a significant reduction in emissions (> ridership than 
Center platform LRT) 

2 

Increase in pedestrian activity from wider sidewalks (= across 
all alternatives except no-build) 2 

Separated buffer provides the maximum increase in perceived 
safety for bicyclists 2 
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Small buffer area between roadway and sidewalk, leading to a 
decreased sense of safety and increased exposure to emissions 
for pedestrians  

-1 

Maximum reduction in emissions from increases in ridership & 
bicycle activity 2 

Significant reduction in mortality from heart disease, stroke, 
and lung cancer 2 

Green space is available underneath the elevated platform 2 

Composite Score: 1.57 

Physical Activity 

Alternative Potential Health Outcomes 
Transportation- 

Alternative 
Health Score 

No-Build 

Existing number of individuals meeting daily exercise 
requirements -2 

Sidewalk width -2 

High ambient stress among bicyclists and pedestrians due to 
narrow lanes -2 

Aesthetic appeal given lack of construction impacts 0 

Aesthetic appeal is not compromised over an extended period of 
time 0 

Large buffer set-back from roadway to sidewalk, that provides 
increased sense of safety for pedestrians 2 

Rates of heart disease, cancers, dementia, diabetes, and stroke -2 

Composite Score: -0.86 

Mixed Traffic with 
Limited Bus Stops 

Minimal increase in the number of individuals meeting daily 
exercise requirements related to public transit use -1 

Wide sidewalks are considered more desirable and encourage 
pedestrian activity (= across all alternatives, except no-build) 2 

Aesthetic appeal given lack of construction impacts 0 

Aesthetic appeal is not compromised over an extended period of 
time required to implement the transportation alternative 0 

Minimal reduction in mortality from heart disease, cancers, 
dementia, diabetes, and stroke 0 
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Ambient stress for bicyclists that have wider lanes, but no 
physical barrier -1 

Some reduction in perceived safety for pedestrians due to smaller 
buffer set-back from roadway to sidewalk -1 

Composite Score: -0.14 

BAT Curbside Lane 

Minimal increase in the number of individuals meeting daily 
exercise requirements related to public transit use -1 

Wide sidewalks are considered more desirable and encourage 
pedestrian activity (= across all alternatives, except no-build) 2 

Aesthetic appeal is maintained given limited construction required 
to implement a BAT curbside lane 0 

Aesthetic appeal is not compromised over an extended period of 
time required to implement the transportation alternative 0 

Minimal reduction in mortality from heart disease, cancers, 
dementia, diabetes, and stroke 0 

Ambient stress for bicyclists that have wider lanes, but no 
physical barrier -1 

Moderate reduction in perceived safety for pedestrians due to 
small buffer set-back from roadway to sidewalk -1 

Composite Score: -0.14 

Curbside Dedicated 
Lane BRT 

Moderate increase in the number of individuals meeting daily 
exercise requirements associated with increased public transit use 
& ridership (BRT)  

0 

Wide sidewalks are considered more desirable and encourage 
pedestrian activity (= across all alternatives, except no-build) 2 

Aesthetic appeal is maintained given limited construction required 
to implement a BRT curbside lane 0 

Aesthetic appeal is not compromised over an extended period of 
time required to implement the transportation alternative 0 

Moderate reduction in mortality from heart disease, cancers, 
dementia, diabetes, and stroke 1 

Minimal amount ambient stress for bicyclists that have wider 
lanes, and a physical barrier 2 

Small buffer setback in combination with a dedicated bus lane 
provides minimal reduction in perceived safety 0 

Composite Score: 0.71 

Center Platform 
Dedicated BRT 

Moderate increase in the number of individuals meeting daily 
exercise requirements associated with increased public transit use 1 
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& ridership (BRT) (>Curbside Dedicated BRT)  

Wide sidewalks are considered more desirable and encourage 
pedestrian activity (= across all alternatives, except no-build) 2 

Aesthetic appeal is compromised due to significant construction 
efforts required to build a center platform dedicated lane -2 

Negative aesthetic impacts experienced over a longer period 
given the extensiveness of the project -2 

Moderate reduction in mortality from heart disease, cancers, 
dementia, diabetes, and stroke 1 

Minimal amount ambient stress for bicyclists that have wider 
lanes, and a physical barrier 2 

Minimal increase in perceived safety among pedestrians due to 
small buffer setback from roadway to sidewalk as compared to no 
build, yet pedestrian dedicated onboarding area in the center 
platform promotes slower traffic speeds 

1 

Composite Score: 0.43 

Center Platform 
Dedicated LRT 

Maximum increase in the number of individuals meeting daily 
exercise requirements associated with increased public transit use 
& ridership (LRT has a high ridership) 

2 

Wide sidewalks are considered more desirable and encourage 
pedestrian activity (= across all alternatives, except no-build) 2 

Aesthetic appeal is compromised due to significant construction 
efforts required to build a center platform dedicated lane -2 

Negative aesthetic impacts experienced over a longer period 
given the extensiveness of the project -2 

Significant reduction in mortality from heart disease, cancers, 
dementia, diabetes, and stroke 2 

Minimal amount ambient stress for bicyclists that have wider 
lanes, and a physical barrier 2 

Minimal increase in perceived safety among pedestrians due to 
small buffer setback from roadway to sidewalk as compared to no 
build, yet pedestrian dedicated onboarding area in the center 
platform promotes slower traffic speeds 

1 

Composite Score: 0.71 

Elevated Grade 
Separated LRT 

Maximum increase in the number of individuals meeting daily 
exercise requirements associated with increased public transit use 
& ridership (Elevated LRT has the highest ridership) 

2 

Wide sidewalks are considered more desirable and encourage 
pedestrian activity (= across all alternatives, except no-build) 2 
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Aesthetic appeal is compromised due to significant construction 
efforts required to build an elevated platform dedicated lane -2 

Negative aesthetic impacts experienced over a longer period 
given the extensiveness of the project -2 

Significant reduction in mortality from heart disease, cancers, 
dementia, diabetes, and stroke 2 

Minimal amount ambient stress for bicyclists that have wider 
lanes, and a physical barrier 2 

Increase in perceived safety among pedestrians due to buffer 
setback from roadway to sidewalk as compared to no build, yet 
pedestrian dedicated onboarding area on the elevated platform 
and below the LRT space, promotes slower traffic speeds 

2 

Composite Score: 0.86 

Road Safety 

Alternative Potential Health Outcomes 
Transportation- 

Alternative Health 
Score 

No-Build 

Narrow bicycle lane leads to maximum exposure to roadway 
traffic  -2 

Risk of injury without a designated or separated buffer  -2 
Large buffer set-back from roadway to sidewalk, that reduces 
pedestrian exposure to vehicular traffic 2 

Travel lane width of 12’ is linked with high travel speeds and 
risk of severe injury and/or fatality -2 

Minimal risk of road traffic fatalities compared to other travel 
scenarios projected by ITHIM 2 

Maximum distance across travel lanes, increasing time and risk 
for pedestrians crossing the roadway -2 

Number of travel lanes for non-transit vehicles to meet road 
capacity (decrease congestion and increase traffic speeds)  -2 

Minimal risk of road crashes among transit users with 
availability of curbside service (not necessary to cross the 
roadway for transit-access) 

2 

Composite Score: -0.5 

Mixed Traffic with 
Limited Bus Stops 

Wide bicycle lane reduces bicyclist exposures to roadway traffic 2 
Risk of injury is reduced for bicyclists regardless of the type of 
buffer, so long as a buffer is present 2 

Pedestrian exposure to vehicular traffic due to the buffer size 
from roadway to sidewalk -1 

Reduced travel lane widths promote slower traffic speed 1 
Minimal risk of road traffic fatalities projected by ITHIM (= BAT 
Curbside Lane 2 

Minimal reduction in roadway width compared to no-build, 
similar time and exposure for pedestrians to cross the roadway  0 
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Number of travel lanes for non-transit vehicles to meet road 
capacity (decrease congestion and increase traffic speeds)  -2 

Minimal risk of road crashes among transit users with 
availability of curbside service (not necessary to cross the 
roadway for transit-access) 

2 

Composite Score: 0.75 

BAT Curbside Lane 

Wide bicycle lane reduces bicyclist exposures to roadway traffic 2 
Risk of injury is reduced for bicyclists regardless of the type of 
buffer, so long as a buffer is present 2 

Pedestrian exposure to vehicular traffic due to the buffer size 
from roadway to sidewalk  -1 

Maximum reduction in vehicle speeds due to travel lane width 2 

Minimal risk of road traffic fatalities projected by ITHIM 2 
Moderate reduction in roadway width compared to no-build, 
less time and exposure for pedestrians to cross the roadway  1 

Reduced number of travel lanes for non-transit vehicles to meet 
road capacity (increase congestion and reduce traffic speeds) 
and dedicated bus lane provides an additional safety buffer for 
pedestrians and bicyclists 

2 

Minimal risk of road crashes among transit users with 
availability of curbside service (not necessary to cross the 
roadway for transit-access) 

2 

Composite Score: 1.50 

Curbside Dedicated 
Lane BRT 

Wide bicycle lane reduces bicyclist exposures to roadway traffic 2 
Risk of injury is reduced for bicyclists regardless of the type of 
buffer, so long as a buffer is present 2 

Maximum pedestrian exposure to vehicular traffic due to the 
buffer size from roadway to sidewalk -2 

Travel lane widths of 12’ are associated with increased travel 
speeds and increased risk of injury -2 

Moderate risk of road traffic fatalities projected by ITHIM -1 
Maximum reduction in roadway width compared to no-build, 
less time and exposure for pedestrians to cross the roadway  2 

Reduced number of travel lanes for non-transit vehicles to meet 
road capacity (increase congestion and reduce traffic speeds) 
and dedicated bus lane provides an additional safety buffer for 
pedestrians and bicyclists 

2 

Minimal risk of road crashes among transit users with 
availability of curbside service (not necessary to cross the 
roadway for transit-access) 

2 

Composite Score: 0.63 

Center Platform 
Dedicated BRT 

Wide bicycle lane reduces bicyclist exposures to roadway traffic  2 
Risk of injury is reduced for bicyclists regardless of the type of 
buffer, so long as a buffer is present 2 

Pedestrian exposure to vehicular traffic is somewhat increased 
due to the buffer size from roadway to sidewalk 1 

Travel lane widths of 12’ are associated with increased travel 
speeds and increased risk of injury -2 

Moderate risk of road traffic fatalities projected by ITHIM -1 
Maximum reduction in roadway width compared to no-build, 
less time and exposure for pedestrians to cross the roadway 2 
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Reduced number of travel lanes for non-transit vehicles to meet 
road capacity (increase congestion and reduce traffic speeds)  1 

Maximum risk of road crashes for BRT users crossing the 
roadway from the center platform to the sidewalk -2 

Composite Score: 0.38 

Center Platform 
Dedicated LRT 

Wide bicycle lane reduces bicyclist exposures to roadway traffic  2 
Risk of injury is reduced for bicyclists regardless of the type of 
buffer, so long as a buffer is present 2 

Pedestrian exposure to vehicular traffic is increased due to the 
buffer size from roadway to sidewalk (= Mixed Traffic 
alternative & BAT Curbside Lane) 

-1 

Travel lane widths of 12’ are associated with increased travel 
speeds and increased risk of injury -2 

Significant risk of road traffic fatalities projected by ITHIM (= 
Elevated LRT) -2 

Maximum reduction in roadway width compared to no-build, 
less time and exposure for pedestrians to cross the roadway 2 

Reduced number of travel lanes for non-transit vehicles to meet 
road capacity (increase congestion and reduce traffic speeds)  1 

Maximum risk of road crashes among LRT users crossing the 
roadway from the center platform to the sidewalk -2 

Composite Score: 0 

Elevated Grade 
Separated LRT 

Wide bicycle lane reduces bicyclist exposures to roadway traffic 2 
Risk of injury is reduced for bicyclists regardless of the type of 
buffer, so long as a buffer is present 2 

Maximum pedestrian exposure to vehicular traffic due to the 
buffer size from roadway to sidewalk -2 

Travel lane widths of 12’ are associated with increased travel 
speeds and increased risk of injury -2 

Significant risk of road traffic fatalities projected by ITHIM (= 
Center Platform LRT) -2 

Greatest distance across travel lanes, increasing time and risk 
for pedestrians crossing the roadway -2 

Number of travel lanes for non-transit vehicles to meet road 
capacity (decrease congestion and increase traffic speeds)  -2 

Maximum risk of road crashes among LRT users crossing the 
roadway from the elevated platform to the sidewalk -2 

Composite Score: -1 
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