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Abstract: Health Lens Analysis (HLA) is a tool to facilitate collaboration among diverse community
stakeholders. We employed HLA as part of a community-based participatory research (CBPR)
and action study to mitigate the negative health effects of traffic-related air pollution TRAP and
ultrafine particles (UFPs) in Somerville, MA. HLA is a Health in All Policies tool with previously
limited implementation in a North American context. As part of the HLA, community and academic
partners engaged residents from across near-highway neighborhoods in a series of activities designed
to identify health concerns and generate recommendations for policies and projects to improve
health over an 18-month planning period. Noise barriers, which may reduce TRAP exposure among
residents in addition to reducing traffic noise, were seen as an acceptable solution by community
stakeholders. We found HLA to be an effective means to engage stakeholders from across sectors
and diverse community residents in critical discourse about the health impacts of near-roadway
exposures. The iterative process allowed the project team to fully explore the arguments for noise
barriers and preferred health interventions, while building a stakeholder base interested in the
mitigation of TRAP, thus creating a shared language and understanding of the issue.

Keywords: health lens analysis; traffic-related air pollution; community engagement; resident-driven
design; health in all policies; noise barriers; social determinants of health; community planning

1. Introduction

An increasing focus on the importance of the social determinants of health has led to
interest in public health strategies designed to foster a broad understanding of individual
health and the ways in which it is influenced by environmental context. The built environ-
ment and the social context which surrounds it rarely falls under the purview of public
health. Therefore, local health authorities and public planners have turned to a health in
all policies (HiAP) framework to better understand this relationship as well as encourage
multisectoral partnerships [1,2].

Health in All Policies (HiAP) is a World Health Organization (WHO) framework
employing interdepartmental and cross-sector collaboration to ensure an integrated policy-
making lens. HiAP addresses the health impact of a given policy, thereby improving the
environmental conditions that promote the health of communities [3]. The use of HiAP is
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increasingly widespread and endorsed by the Pan American Health Organization (PAHO),
and the American Public Health Association (APHA), in addition to the WHO. It has also
been adopted in settings ranging from a statewide initiative in California to the Finnish
health policy strategy [3–6]. Essential to HiAP is the ability to link health outcomes to
governmental projects and policies. Tools associated with HiAP, such as Health Lens
Analysis (HLA), have emerged to provide processes for gathering evidence, engaging
multiple sectors of community life, and generating health-based recommendations [7].

As part of a research and action study designed to mitigate transportation-related air
pollution (TRAP), we sought to employ Health Lens Analysis (HLA) in an effort to inform
land use and transportation policies beneficial to health. HLA is a methodology designed to
facilitate collaboration among diverse community stakeholders including residents, public
health practitioners, planners and government agency staff working on projects which
have implications for health and well-being [7]. HLA was developed by the Government
of South Australia as part of their HiAP strategy, where it was used to inform planning and
policy efforts on a wide variety of topics [7], such as an HLA project to develop parental
engagement strategies for improved childhood literacy skills [8]. Although adoption of
HLA has been limited outside of South Australia, HLA has been an effective method to
facilitate collaboration among governmental sectors in South Australia aimed at improving
population health [9,10].

HLA can be applied across many conditions and by multiple actors, making it rel-
evant for a range of health initiatives. For example, in 2017, the Massachusetts Area
Planning Council (MAPC) used HLA to examine how an urban agriculture policy could be
implemented in ways that promote health and promote equitable engagement in urban
agriculture [11]. This led to the publication of an accessible urban agriculture resource
guide [12] and a better understanding of urban agriculture amongst local government
officials and community leaders.

To date, the literature on HLA is limited. We still do not fully understand best practices.
This is particularly true with respect to how community stakeholders might employ HLA to
inform local polices in an effort to improve community conditions. As such, we present an
illustrative description of the process of implementing an HLA focused on Transportation-
Related Air Pollution (TRAP), in an effort to build the HLA literature as well as local public
health planning efforts that seek to infuse a health lens on local decision-making. In our
case, community stakeholders sought to translate research related to the impact of TRAP
on community health by informing local decision-making, policy and practice. We provide
a brief background on HLA and our project, followed by a detailed description of our HLA
process. HLA outcomes to date and lessons learned are then presented.

2. Background

The HLA process requires all sectors to adopt a shared definition of health as “a
state of complete physical, mental and social wellbeing and not merely the absence of
disease or infirmity” in order to work collaboratively to consider the health and equity
impacts of all policies and practices [7]. Multisectoral partnerships can help communities
create the conditions that enable health-promoting activities by allowing stakeholders
from divergent interests to coalesce around a shared goal [1,2]. The HLA process is a
systematic methodology that can be used to facilitate collaboration among community and
health sector representatives, and government agencies on projects focused on health and
well-being.

The objective of an HLA is to inform the drafting or revision of policy and to influence
policy implementation that affects community health [13]. Similar to the Health Impact
Assessment (HIA), HLA uses a systematic process, which includes data collection, analytic
methods, and stakeholder input to evaluate the potential positive and negative public
health effects of a specific plan, project or policy [14]. In contrast to HLA, HIA also provides
decision-makers with recommendations for monitoring and managing those effects [7,8].
Despite this difference, many HIA and HLA principles, techniques and strategies are
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similar [8,9]. Both employ a structured, stepwise process for assessing health implications
and are rooted in an underlying belief in the value of collaboration to achieve sustainable
change in population health outcomes [15]. Table 1 outlines the conditions of use associated
with both HLA and HIA, as well as the steps for their implementation. For our purposes,
the primary difference between these two tools is the rationale behind the approach. HLA
does not require a specific proposal, in contrast to the HIA process. Thus, HLA allows
health considerations to inform policy at the conceptual stage.

Table 1. A Comparison of HLA and HIA Steps and Conditions for Use.

HLA HIA

Steps

1. Engage
2. Gather Evidence
3. Generate
4. Navigate
5. Evaluate

1. Screening
2. Scoping
3. Assessing
4. Recommending
5. Reporting
6. Monitoring and Evaluating

Conditions for use
Inform the drafting or revision of policy and
influence policy implementation to consider social,
economic, and environmental causes of health.

Assess the potential health impact of a proposed
plan, project, policy or program.
Develop strategies for promoting positive health
impacts and/or mitigating adverse health impacts
of the decision

3. The Somerville Partnership

We employed HLA as part of a community-based participatory research (CBPR) and
action study to mitigate the negative health effects of TRAP and ultrafine particles (UFPs) in
Somerville, MA. Somerville is an inner-core community abutting Boston to the northwest.
It is the most densely populated city in New England with a population of over 81,000
living in 4.1 square miles [16]. Somerville has a history of hands-on community involve-
ment in health policy development and site-specific evidence on resident air pollution
exposures and health effects [17]. In 2006, local environmental health activists brought
TRAP-related concerns to university stakeholders with the aim of seeking consultation on
a legal case [18]. The result was an interdisciplinary community research partnership that
has been collaborating on TRAP mitigation efforts for more than a decade [19,20].

Community Assessment of Freeway Exposure and Health (CAFEH) is a multi-university
and multi-community consortium that has generated substantial evidence of associations
between TRAP and poor health [21–23]. CAFEH has focused, specifically, on the ultrafine
particulate (UFP) component of TRAP. UFPs are smaller than 0.1 microns in diameter and
can penetrate deep into the lungs, where they can be transferred throughout the body,
impacting many organs and tissues [24]. CAFEH research demonstrated that long-term
exposures to ultrafine particles were associated with biomarkers of cardiovascular disease
risk in Somerville as well as in Boston Chinatown. This work was among the first to show
health associations with exposure to ambient ultrafine particles [22].

Building barriers along the roadway, such as noise barriers, may reduce TRAP expo-
sure among residents in addition to reducing traffic noise [25,26]. As such, stakeholders
employed an HLA focused on noise barriers as well as additional alternatives includ-
ing: remediation at the building level, such as improved weatherization and mechanical
ventilation, for housing authority properties, and using landscaping and siting to reduce
exposure at a neighborhood park. Although, a high concentration level of UFP in the
Somerville neighborhoods bordering I-93 was established in the literature [21,23,27], we
found a lack of site-specific data on traffic-related noise pollution. For that reason, the
researchers partnered with community organizations to collect supplemental data on noise
pollution and the health impacts of near-highway exposures; data which key stakeholders
identified as critical to advocating for noise barriers as a mitigation strategy.



Sustainability 2021, 13, 1748 4 of 13

In Somerville, community partners have organized around the highway and its
impacts on the community for more than 30 years [19,28], and much of their work has
focused on advancing environmental justice (EJ).

The EJ determination is based on the principle that all people have the same right to
be protected from environmental pollution and to live in and enjoy a clean and healthful
environment [29]. It recognizes that lower-income groups often live in areas overburdened
by environmental hazards. EJ communities are defined as U.S. Census block groups that
meet one or more of the following criteria: (1) the median annual household income is at
or below 65% of the statewide median income for Massachusetts; (2) 25% of the residents
are racial or ethnic minorities or 25% of residents are foreign born; or (3) 25% of residents
lack English language proficiency [30]. As seen in Figure 1, all three criteria are found in
the area near I-93 in Somerville.
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4. Materials and Methods

We employed the HLA framework with its five-stage process: engagement, gathering
evidence, generating recommendations, navigating and evaluating [7]. These stages are
iterative; once new information is gained during the HLA process, previous stages can be
revisited and refined to improve policy development. As illustrated in Figure 2, we began
with community engagement, which continued iteratively through the process, as new
stakeholders were identified and integrated. A key stakeholder meeting informed an initial
listening session. Themes from the session were prioritized and framed the development of
open houses. Data from the open houses thus informed a day-long larger design charrette
of the results of which were contextualized in follow-up stakeholder meetings. In this
section, we describe each component of the process.
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Figure 2. Somerville HLA conceptual model.

4.1. Community Engagement

We engaged nine key stakeholders early in the process who met together three times
from November 2017 through April 2019. The nine-member stakeholder team served as an
advisory board for the project team, providing coordination throughout the process and
through participation in community-wide events. Members included: three Massachusetts
legislative representatives and their assistants, two City of Somerville elected officials,
leaders of three community-based organizations, and key municipal government staff.
Early on in the process, stakeholders showed an interest in noise barriers along the highway
as a strategy to divert TRAP and to reduce, not eliminate, its impact on health. Additionally,
urban design and building construction, heating, ventilation, and air conditioning (HVAC)
and filtration were discussed as possible strategies to mitigate TRAP.

Throughout the 18 month planning process, the team engaged residents from across
the near-highway neighborhoods of Somerville in a series of activities designed to identify
health concerns and generate recommendations for policies and projects to improve health.
A timeline of activities can be seen in Figure 3.
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Strategies to engage residents included facilitated resident conversations, open house
presentations, tabling at events, and a community participatory design charrette (an inten-
sive, hands-on planning session), described in detail below.

Listening sessions. We held three listening sessions, facilitated discussions to collect
information and experiences, with residents to identify potential linkages between installa-
tion of noise barriers along I-93 and health outcomes, vulnerable populations, and available
data sources. While participants mentioned a wide range of health concerns related to
the highway and noise barrier installation, air quality, noise, and quality of the parks and
streetscapes in the near-highway neighborhoods surfaced as priority concerns in all three
sessions.

Open houses. Project team members also hosted two open houses at community
centers that used display boards to present the evidence gathered from the noise monitoring
campaign and CAFEH’s academic research on the effects of UFPs on the health of near-
highway residents in Somerville. Team members provided indicators of social and physical
environment quality, shared a synthesis of the literature on noise barriers, and collected
questions and concerns regarding noise barrier installation from the community.

Community events. Representatives from community-based organizations identified
additional opportunities for project team members to participate in or present at Somerville
community events including the Mystic Service Providers Picnic, East Somerville Main
Streets Carnival and The Welcome Project’s adult English language learner’s class. The
goal of these opportunities was to increase awareness and interest of community members
to influence the decision-making processes.

Participatory design charrette. The HLA project culminated in a participatory de-
sign charrette, an intensive, hands-on planning session. This day-long event brought
together community residents, local government staff, environmental scientists, public
health experts, building and landscape architects, planners and urban designers to develop
evidence-based approaches to reduce residential exposure to highway air pollution and
noise and to improve the public realm.

To ensure that community residents who were most impacted by air pollution were
part of the process, we sought to engage new immigrants and youth. We did this primarily
through the Welcome Project’s Liaison Interpreter Program of Somerville (LIPS), which
trains bilingual high school students to be interpreters. The LIPS teenagers participated in
and provided interpretation for all community events associated with the HLA process.

4.2. Gathering Evidence

We reviewed the literature to explore the efficacy of noise barriers as a UFP mitigation
strategy and their role on the perceived quality of the public realm. Next, we consulted with
noise barrier experts to expand upon the findings in the literature and provide additional
context on the role of vegetation. We assessed quantitative data on the social determinants
of health, based on recommendations from the literature and from community engagement.
We prioritized publicly available data to enhance the data’s relevance to community mem-
bers in tracking community challenges over time and identifying opportunities for action.
These findings informed the assessment and were presented to community members at
two open houses and the charrette.

Mobile air pollution monitoring. CAFEH had previously conducted extensive mo-
bile air pollution monitoring campaigns of the areas next to the highway in Somerville.
CAFEH drove a converted recreational vehicle, outfitted with multiple air pollution mon-
itoring instruments, along a predetermined route through the area. The route was sys-
tematically collected over the course of a year to gain an understanding of how pollutant
concentrations varied due to traffic conditions, geographic location and weather [17].

Noise monitoring study. This study was conducted by community partners and
researchers working with residents and business owners to host noise monitors at their
properties over an 8 week period, from June to August 2018. We plotted the collected
data in order to compare the hours when noise exceeded recommended noise exposure
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thresholds and to assess the need for and efficacy of I-93 noise barriers. We published the
methods and findings in a noise monitoring report, which found that peak hour noise
measurements exceeded the recommended thresholds at all study sites except for the site
furthest away from the highway corridor, which confirmed that excessive traffic noise
impacts the study area [31].

Risk Assessment of Exposures. We conducted a preliminary risk assessment to
estimate the combined impact of air and noise pollution—the two identified health impacts
of concern. Researchers applied risk estimates drawn from the literature to the population
living within 400 m of the highway in Somerville. Results estimated the new cases of
coronary heart disease, death from coronary heart disease, ischemic stroke, post-stroke
mortality, type-two diabetes, lung cancer, childhood asthma, and childhood autism over a
5-year period due to exposure to freeway air pollution. For example, childhood asthma
increased by 83% among people living 50 m from the highway, while type-2 diabetes
increased by 81%, lung cancer increased by 60%, and death by heart failure increased by
54%, all for people living 100 m or less from the highway [32].

4.3. Generating Recommendations

Borrowing from methods previously used in design charrette events organized by
CAFEH [33], participants with diverse expertise gathered in teams of 6–10 with a design
facilitator to brainstorm design ideas that would remediate noise and TRAP in the study
areas. Participants’ ideas were captured in notes and with sketches over design plans,
cross sections and perspectives. Two design sessions were held during the all-day char-
rette. Participant notes and drawings formed the foundation of the recommendations that
emerged from the HLA. We published a separate charrette report to document the ideas
proposed during the event in a graphic and easily accessible format [34]. Ideas varied by
location. As seen in Figure 4, resulting designs from the charrette report included, from
left to right, the clear glass and vegetated noise barrier designs preferred by participants,
use of recreational structures—like climbing walls—as barriers, and recommendations for
building-level remediation needed for near-highway homes in areas not suitable for noise
barrier installation.
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4.4. Navigating

We conducted our Health Lens Analysis (HLA) with the goal of bringing community
stakeholders and researchers together around air pollution to develop and examine possible
protective measures. Noise barrier installation along the Somerville stretch of I-93 was
an intervention of particular interest for the community. However, the Massachusetts
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Department of Transportation (MassDOT) process for choosing sites does not prioritize
noise barrier installation I-93 in Somerville.

For existing highways, MassDOT considers installation of noise barriers only if there
is substantial alteration or if the highway is on the statewide Noise Barrier Priority List,
populated based on a 1988 statewide noise study and not updated since. Despite acknowl-
edgement by the Environmental Protection Agency (EPA) of the benefits of sound barriers
to reduce pollution exposure, as well as evidence of the multiple dangers of particulate
and vehicular air-toxic emissions, TRAP is not a factor for construction of sound barriers in
MassDOT and federal DOT policy [35].

Thus, we focused on raising awareness of noise barriers as a possible long-term
solution in outreach to state legislators and MassDOT staff, while gathering evidence
which could influence more immediate policy and development discussions.

4.5. Evaluating

Evaluating involves “determining the effectiveness of the health lens” [7]. Community
meetings were observed and stakeholders were asked to provide feedback on a form. After
each session, the planning team met to reflect on the process associated with each session
as well as attendance and participant engagement at each session. In addition, a project
evaluator provided a report back for the group to reflect on. Themes that emerged from
sessions were synthesized by the group and used to inform each subsequent session.

5. Results

Health Lens Analysis (HLA) proved to be an effective process through which to
explore community interests and residents’ concerns about living near a busy highway
and collaboratively develop long-term goals, while working with key stakeholders to
capitalize on available policy and re/development opportunities. We identified three
key themes, described below, which capture the outcomes of community engagement,
gathering evidence, and navigating recommendations.

5.1. Role of Community Engagement in Defining HLA Scope

The “engage” step, during which the project’s scope and focus were determined, was
lengthy but fundamental to project success. Table 2 describes the engagement events we
organized to gauge stakeholder and resident concerns and interests by event. Registra-
tion provides evidence of sustained interest from a diverse group of residents and key
stakeholders. With the exception of city staff, each key stakeholder attended at least one
listening session and one open house. There was some overlap of participants between
meetings; ten participants attended multiple events, with two residents attending three or
more.

Table 2. Community Engagement Activity and Number of Registered Participants.

Engagement Event Participants

Listening Session 1 n = 40
Listening Session 2 n = 25
Listening Session 3 n = 21

Open House 1 n = 21
Open House 2 n = 22

Design Charette n = 56

Residents who participated in the project raised a wide range of health concerns
related to the proximity of I-93, yet air quality and noise pollution were consistently
mentioned as priorities.

With respect to the proposed noise barrier solution, we found that participants were
interested in barrier aesthetics as well as function. Residents reported that a noise barrier,
as a visual reminder that the highway was being buffered, may improve their sense of
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well-being, but that an unadorned barrier could be harsher than looking at the highway.
There was a clear preference for solutions that increased greenery for the near-highway
communities. In response, the project team sought consultation with a noise barrier
subject-matter expert to provide additional context on the role of vegetation as barriers and
barriers with vegetation covering. Further, although the site and metrological conditions of
Somerville would make effective vegetation-only barriers impractical [36], there is evidence
that combined vegetated and solid noise barriers may reduce air pollution more than either
barrier alone [37].

5.2. Gathered Evidence of the Impact of I-93 on Resident Health and Well-Being

The process of describing and, where possible, quantitatively estimating, the links
between I-93 and resident health and well-being was critical to motivating and providing
support for considering proposed mitigation strategies. This occurred primarily in the
“gathering evidence” step of the HLA.

A site-specific predictive model of UFP effectively illustrated the high levels of UFP
adjacent to I-93 and along Broadway, a local commercial corridor located in Somerville [38].
Related research also found that Somerville residents with higher exposure to UFP tend to
have higher levels of inflammation in their blood [22]. Furthermore, the noise-monitoring
study conducted in support of our HLA found that noise was elevated near I-93, which, in
turn, would be expected to impact health outcomes. With a single more remote exception,
we found that sound levels exceeded both government residential and health-based sound
thresholds at all sites monitored in the near I-93 neighborhoods [31]. The highway-related
exposure risk assessment provided estimated cases of each health outcome over 5 years
for Somerville’s near-highway population. Estimates are consistent with negative health
outcomes in both adults and children [32].

By demonstrating how noise barriers along I-93 could effectively reduce residents’
exposure to pollutants, the HLA also raised awareness of the high levels of pollutants
in the area. Based on evidence from both local research and the broader literature, we
anticipate that noise barriers would reduce resident exposure to air and noise pollution
along I-93 in Somerville [36,37]. Together with consideration of aesthetics, barriers could
also significantly improve the quality of the public realm. While overall viable, geographic
and metrological conditions may limit barrier installation and efficacy in certain locations in
Somerville. Wind direction relative to the highway, places where the highway is on a berm
with heavy street traffic at its base, and presence of cross streets, are limiting factors for
one section of the highway through Somerville [36]. We illustrated the way neighborhood
conditions and health outcomes may be impacted by the installation of noise barriers
(Figure 5).
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5.3. Navigating Recommendations to Inform Policy- and Decision-Making

Subsequent to our HLA, State Representatives secured $65,000 in the FY18 budget
to address air and noise pollution locally. In part influenced by our HLA, the funds were
allocated to the Massachusetts Department of Transportation (MassDOT) to conduct its
own noise monitoring study. Our project team members met with MassDOT and their con-
sultants to help inform their sampling protocol, locations, and parameters. Their findings
were published as a monograph in 2020 and were consistent with our noise monitoring
study [38]. Subsequently, STEP (the Somerville Transportation Equity Partnership) has
continued to advocate, beyond conclusion of the HLA, for noise barriers for the Somerville
stretch of I-93. Further, STEP has engaged with the Somerville legislative delegation to
include funding for sound barriers in the statewide transportation bond bill.

At the city level, The Welcome Project (TWP) shared the recommendations from our
charrette with the City of Somerville and was invited to facilitate a community meeting
about redesign of a park next to the highway. This resulted in a coalition submitting a
petition to the City inclusive of HLA recommendations to improve air and noise pollution
quality at the site [39]. Project partners have also worked with City Councilors to ask
the Board of Health (BoH) and Somerville’s Office of Strategic Planning and Community
Development (OSPCD) to explore opportunities to provide guidance around air pollution
mitigation measures, such as a building level [40].

6. Discussion

Our experience is evidence that HLAs can provide an inclusive process in EJ commu-
nities, enabling the voices of marginalized residents to influence developing an agenda
for their community. Interpreters were available at open houses, listening sessions, and
the design charrette and community partners conducted focused, multilingual outreach
to publicize these events. Despite these efforts, attendance from non-English speaking
residents was limited at the events. The project team achieved greater success, bringing
presentations to meetings/spaces where these residents already were, such as English as a
Second Language (ESOL) classes at The Welcome Project, and Mystic Resident Association
meetings.
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The HLA was an effective means to engage a multi-sectoral project team, a diverse
group of stakeholders, and the community in a discussion about the health impacts of
near-roadway exposures. The iterative process allowed the project team to explore fully
the arguments for noise barriers, while building a base that was interested in noise and
air pollution, thus creating a shared language and understanding of the issue. The HLA
methods were flexible enough to allow for creative solutions that could take advantage of
emerging opportunities to influence policy and other planning processes.

Agenda setting was an important outcome of this work. While the HLA is over, the
discussion and advocacy that draws on the HLA has continued. Through this planning
process, project partners have built relationships that have advanced public discussion
of noise barriers (see: MassDOT noise study and State Bond Bill) and drawn attention to
this issue in other planning processes (see: park redesign including air pollution consid-
erations), including re-energizing key stakeholder leadership (see: City Councilors, BoH
and Planning department conversations around how air pollution can be regulated as
well as developing approaches for providing guidance at the local government level). Key
stakeholders continue to address the challenges of reducing exposure to TRAP and noise
pollution for residents living near I-93 through education, advocacy and ongoing research.

The use of HLA in this community project demonstrated the potential for collaboration
between academic, government, and community partners to use this approach to develop
a community agenda about TRAP. Thus, we would argue that this paper presents an
illustrative example of how an HLA was employed in Somerville, MA, and highlights
the benefits of adopting HLA as a tool that can contribute to community planning. Our
experience demonstrates the potential to use HLAs as a strategy that includes residents
and stakeholders in collective decision-making in EJ communities like Somerville.

While HLAs are less well known than HIAs, we found that HLA was a good fit for
our process in several important ways. First, not all communities have the infrastructure
and resources in place for the robust quantitative and qualitative data assessment HIA
requires. Second, unlike the HIA process, the HLA does not require a preexisting proposal
as a guideline.

The constraints of the MassDOT sound barrier program were a substantial challenge to
the CAFEH team, because it does not have a process to consider noise barriers installation
along I-93 in Somerville, nor does it acknowledge the benefits of sound barriers to reduce
pollution exposure. Further, site constraints and environmental conditions are barriers to
making all locations along I-93 equally strong candidates for hosting noise barriers. As
such, the HLA process and outcomes might, instead, influence decision-makers to include
air pollution when making a variety of planning and policy interventions in the area.

In summary, the HLA proved to be a useful tool for encouraging alternative decision-
making related to air pollution. Moreover, the format we used allowed us to engage
diverse community stakeholders and to deepen our engagement with them through each
component of the HLA. This model provides a useful framework for implementing HLA
in a North American context.
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