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Abstract

This thesis explores the relationship between urban soundscapes and gentrification in
Boston, MA. With data gathered frona number ofdiverse sources: the US Census, Analyze
Boston, Brown University's Community Noise Lddpston 311 noise complaint repgrésd a
100-responseommunity surveythis poject employed Convergent Mixed Methadapproach
to conduct a&comprehensive analysisom multiple anglesQuantitatively the studyimpliesthat
most mid to low-income residents rated thegighborhoo& sound volumesvery loud, but only
moderately noisy. Qualitatively, thimdings suggest that thdistinction between sound and noise
is subjective, based on time, place, and occasion. Geospatvedly,able to infethata consistent
but weak correlation exists between average decibel levels and a neighborhood's vulnerability to
gentrification. While not conclusive, this thesis offers valuable insights into exploritngrthe
soundgentrification link, potentially benefiting urban plarers, policymakers, and communities

aiming for sustainable urban development.
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1. Introduction

Sound plays a significant role in shaping our experiences and understanding of the world
around us. From the music we listen to, to the ambient noise of our environment, sound can evoke
emotions, memories, and even shape our perceptions of space anthple@ent years, scholars
and activists have begun to examine the relationship between sound and gentrification, the process
by which urban neighborhoods undergo socioeconomic and cultural transfornaggnfound
thatnoise pollution can help maintagystems of oppression like gentrificatjamhich cancause
low-income people of color to face the risks of losing their home, businesses, and(Balsangaat
2021a) This thesis explores the complex and multifaceted correlation between sound and
gentrification, examining how changes in ambr@sionancean both reflect and contribute to the

displacement and erasure of marginalized communities.
Why This is Important

Understanding the relationship between sound and gentrification is important for several
reasons. Firstly, gheds light on the complex and multifaceted ways in which uréghborhoods
change and evolve over tiniganfagna and Werth 2021By examining thesonic landscapef a
neighborhood, we can gain insighto the cultural, social, and economic forces that shape its
development, as well as the lived experiences of its resideatsing that insighis crucial for
urban planners, policymakers, and community members seeking to promote equitable and

sustainale development practic€Bello et al. 2018)

Secondly researchnto thecorrelation between sound and gentafion isimperativeto
the preseration of cultural identity andthe social fabric of marginalized communities.

Gentrification often leads to the displacement of iinge residents, particularly those from low
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income and minority backgrounds, which casutein the erasure of important cultural traditions,
languages, and practic€8anfagna and Werth 2021By studying the role of sound shaping

cultural identity and community cohesion, we can identify strategies to promote cultural
preservation and social integration in the face of gentrification. In addition, research on the
correlation between sound and gentrification can inform efforggomote environmental justice

and health equity in urban areas. Noise pollution has been linked to a range of negative health
outcomes, including cardiovascular disease, sleep disturbance, andredatess disorders
(Jenkins and Wiebusch 2008y examining how gentrification affects noise levels exjplosure

to noise pollution, we can identify ways to mitigate the harmful health impacts of urban

development and promote more livable and sustainable commyBigks et al. 2018)

Finally, research on the correlation between sound and gentrification has broader
implications for our understanding of the relationship between culture, identity, and space. By
studying how sound shapes our experiences of urban space, we can gain inskgiw miio sense
of self and community is shaped by our physical environrf®&mntnmers 2021)This knowledge
has the potential to inform a range of fields, from architecture and design to cultural studies and
social psychologyT histhesis eplores tlis complex and multifacetaglationship examining how
changes in ambiemesonancecan both reflecindicative ofthe displacement and erasure of

marginalized communities.
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s

Figure0l1. Boston Globéllustration for NoiseScoreanapp developed E)y research scientist Erica Walker
to gather data on noise pollutiqBerdik 2018)

Project Background: Evolution of a Topic

The transformation and evolution of soundscapes within neighborhoods is a captivating
area of study. Howevegthe original intentof this projectwas to explore pragmatiandwhat |
thought werenon-political, measures to prevergreen gentrification, primarily caused by
sustainable infrastructure and urban greening. As a civil engineer with extensive experience in
land use development, construction managementthanbuilt environment, | have observed

firsthand the inadequacies of civil engineering as a discipline in serving the best interests of
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historically disenfranchised communities, particularly in the contéxphysical and cultural
displacementWhether it behousing, transportatiomr resource accessnproved infrastructie
meant tobreathe new life int@ neighborhood cabe found toharm the existing populusore

than it helps.

Displacementakes several forms, with gentrification being one of the most significant
contributors to this issue. Gentrification denotes the process whereby a region, often urban,
experiences an influx of external investments to renovate and rebuild homes anddessine
attracting a wealthier class of people, raising property values, and displacing existing residents
(Finio 2022; Chapple, Thomas, and Zuk 2021; National Geographic Society 2023; Richardson,
Mitchell, and Franco 2019; Next City n.dT)he neglect and, in some cases, perpetuation of social
inequity in the land development industry prompted my enrollmentfis University, where |

sought ways to address gentrification.

My journey began with an interest in environmentally conscious building practices and
their impact on community displacement, also known as green gentrifi¢Anguelovskiet al.
2019; Walker 2021) had a personal connection to this issue, as | come from Oakland, California,
a city experiencing rapid growth and development where-lerrg residents are being priced out
of neighborhoods undergoing renovation or beaatiforn. The problem is especially acute in areas
that have been retrofitted with green infrastructure, such as clean energy redowifde®gys
designed to Leadership in Energy and Environmental Deki§B)) standardsand new parks
and green spaces tombat the urban heat island eff¢&hokry et al. 2021; Gould and Lewis
2018) However, my thesis advisgave me anuchneeded reality chedsy informing me that
there is no such thing as green gentrificaseparatdrom real estate gentrificatiod o identify
this phenomenon, one would need to demonstrate a correlation between the introduction of green

n
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features andhe occurrence of gentrification aacommunity controlling for all other variables,
including other types oinvestments, physical interventions, and policy char{§golon and
Németh 2020; Cole et al. 201 This would neessitate a comparison with an identical community
where green features were not intrody@deaiimpossible taskFurthermoregentrification is a
complex and multifaceted problemith many causes and origire)d its impact varies depending
on thespecific locatiorand makeup of a communitis a result, measuring it is challenging and

often impossible until it has already taken hold.

After letting go ofthe concept of green gentrification, | decided to leverage my experience
as a civil engineer and the knowledge | had acquired at Tufts to research the effectiveness of LEED
for Neighborhood DevelopmentND) projects in providing equitable infrastructurer f
socioeconomically vulnerable communities. My goal was to find pragmatic solutions to
supplement existing LEED ND practices in addressing both environmental and social equity
issues. However, my literature review revealed that there is a dearth oin@atg LEED ND
projects to gentrification. Most of my sourcegenstated that more time was needed to observe
any possible relationship between the {Bance 2009; Benson and Bereitschaft 2020; He 2007)
Yet again bothmy thesisadvisor andreadethad toremind me that planning and engineering are
inherently political and not neutral, despite being grounded in practical sol¢Gech 2013)

They helped me realize that adisplacement practices cannot be viewed in isolation and that

policy considerations must be factored in as well.

| knew | wanted tofocus on gatrification, eitherto explorea morenuanced perspective
on mitigation orsearchfor ways to combaits negative consequences. During a group discussion
in Equitable Engineeringa courseaught by my readef shared my difficulty in pinning down a

thesis topic, and a fellow student recounted a personal experience from her hometown. She
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described how new affluent residents had managed to cancel a youth basketball tournament on
Saturday morning®y complainingto the city that the noise levelwould be too disruptive.
Something about her storgiqued my curiosity The notion that as spaces change with
demographic shifts, the soundscape and what is perceived as noise also sgzakgd my

interest | then readan article fromThe Atlantic A Why Do Rich People Love
Gonzlez, which delveinto the connection between sound and people's perceptions in the context

of gentrification. Intrigued by this idea, | eagerly began exploring the uncharted waters of urban

soundscapeis hopes of satiating my intriguend inadvertentljleshingout my topic.

Upon reviewing the available resources and documentation pertaining to soundscapes and
their relationship to gentrification,discovered that although scholars have extensively studied
noise mitigation in urban areas and sound as cultural identifierene has fully explored the
connection between soundscapes and displacdiBastuiat2021b; Mao et al. 2022; Feiereisen
and Sassin 2021As such, | realized that if | were to pursue this topic as the subject of my thesis,
| would require empirical data to support my research. To this endiwith the Massachusetts
Department of Trasportation and the City of Boston's Air Pollution Commission in the hopes of
obtaining existing data for analysis. Unfortunately, both agencies were unable to assist me.
Undeterred, | expanded my search to ottiBes, such as San Francisco and New Yoityd
reached out tthe Schoobf Engineeringat New York University tacontact the head of ttf&ound
of New York City (SONYC)program in an attempt to gain access to their sonodel data.
However, | was informed that the limitations encountered duheg study rendered the data
unusable for any analysis beyond their confined parameters. Furthermore, access to the raw data

files would take at least six months, which was not feasible given my timeframe.
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FortunatelythroughPublic Health in the BudEnvironment, another courséok during
my tenureat Tufts,| was introduced to Dr. Erica Walker, an associate profegdepidemiology
at Brown University and alum of the Urban and Environmental Policy and Planning (UEP)
program Dr. Walker is the founder of the Community Noise Lab (CNL) at Brown's School of
Public Health and generously provided me with average decibel level measurements for each
census block group the City of Boston. With this data in hand, | had the foundation for my thesis
and the means to conduct my analysis. It was time to begin the hard work of researching and

writing.
Project Goals and Objectives

Theprimary goabf this project is to exple the relationship between soundscapes and the
identities of the communities they affect within Boston. The studysseelnderstand how certain
sounds are perceived by individuals and what factors contribtievtotheycategoriz them
particularly interms of whether they are perceived as noise or not. Furthermore, the project
examina how socioeconomic variables such as income, race, gender, and age may influence the
categorization of sounds as well as their relationship to the gentrification vulityerab

communities.

In addition to exploring the relationships between soundscapes, community identity, and
socioeconomic variabledhe thesis was structured asRapid Health Impact Assessment (HIA)
within the span of one semest&éhe Rapid HIA is a widely used tool for assessing the potential
health impacts of policies, programs, or projd@®C 2017) Over the duration of six to eight
weeks RapidHIA s useexisting data and research to provide broad overviews of possible impacts

determinng if a particulartopic has merior not while also offering recommendations based on
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the findings.This approach is ideal for the current project, as it allows for an initial assessment of
the relationships between soundscapes, public health, and planningnsoridee Rapid HIA
framework guidd the project in identifying the potential headthdsocial equitympacts of sound

and noise mitigationwhile alsoproviding insights into the severity of the issue and whether it
warrants further exploratioriThe ultimate goalis for this assessmento help to inform the
development of policies and practices aimed at promoting equitable development and preserving

community identity, while also improving public health outcomes in Boston.

Objectives

In pursuit of the aba goals, | aim to achieve objectives to build out the study and my
professional skillset, such as gain expertise as a scholar in urban planning, communicate research
effectively to minoritized communities, and advocate through my work in favor of thaggsgro

Through the project; |

1 Gaireda better understanding of the various roles sound plays in an urban environment.

1 Built my statistical analysis toolbox, while also honing qugalitative analysiskills and
comprehension of GeograpHhiformation Systems (GIS).

1 Usal accessibléanguage andraphics to demystify the research process of this study.

1 Createl a thorough deliverable that can beilt on for further reearch, an@éddedto my
portfolio.

1 Helped toshed light on the topic ofglicing sound and provide a practical framework that
plannerspolicy makersengineers, and public health fassionalscan use to better serve
neighborhoods at risk of gentrificatiamd cultural erasure
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Research Questions

Drawing onthegentrificationcharacteristicef Mark Davidson ad Loretta Leesthe following
research questions guided my analyBiavidson and Lees 2005)
1 What can soundscapes and noise profiles tell us about gentrifitation

o Inwhat ways, if any, casound volume andoiselevel be used to identify areas at
risk of physicaland sociatlisplacemerit

o Can soundscapes be used to combat displacement and, if so, how?
1 What sounds are most common in which aggddoston, and why?
1 In what ways is the policing of sound basethealth concerngs socialexpectatiof?

o What isthe relationship, if any, between the number of complaints and level of
noise?

0 Isthere a measurable difference between the volume of a sound and the perception
of noise?
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2. Methods

The aim ofthis thesisis to investigatethe relationshipetweensound andyentrification
vulnerabilities,a topic that requires a nuanced and multidisciplinary apprdaoked three

methodgo achieve the project goadéd answer the research questions

Firstly, | conductedcacomprehensivéterature reviewof theproject'smajor themeswhich
drew onpeerreviewedarticles opinion piecessommunitycasestudies, andhunicipal ordinances
to inform the analysis. The purpose of theview was to establisthe theoretical angractical
framework for the study, identify gaps in the existing literatanglgenerate hypotheses to guide

subsequent data collection and analysis.

Secondly] distributed acommunity surveyocused on the perception of sound and noise
This approach aimed to elicit quantitative and qualitative datadmamdom assortment Boston
residentsrom each neighborhodd gain insights into their experiences and perceptions of sound
and noise in relation to gentrification vulnerabilitiésanalyzed statisticallyhe quantitative
responsefrom the surveyo identify patterns and trendspdused domairrodng to analye the

qualitative data based sentiment and frequendgcilitating interpretation.

Lastly, | conducteda geospatial analysit visualize recorded decib@iBA) levels,the
number ofnoise complaintshrough 311 callsand gentrification vimerability across the City of
Bostonin the form of aGeographic Information SystenG[S) map. This approach aimed to
identify spatial patterns and associations between sound, gentrification, and other relevant factors,

such as land use, demographics, and econioighicators

Overall, themulti-tiered approactemployed in this study allows for a comprehensive and

nuanced exploration of the relationship between sound and gentrification vulnerabilities in the City

M N
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of Boston. Byusing a convergent mixed metlodogy (Figure 02), and drawing on both
guantitative andjualitative data sourceshis approach enables a deeper understanding of the
complex relationships and dynamics at play, and provides a foundation for informed policy and

planning decisions in this important area of inqyeswell et al. 2011arvard, n.d.)

Convergent Parallel Design

Quantitative
Data Collection
and Analysis

Discuss areas of convergence
Interpretation or divergence between the
quantitative & qualitative results

Figure02. Diagram of ConvergerRarallel Design for anixed methods reach approa@Harvard, n.d.)

Qualitative
Data Collection
and Analysis

Literature Review

The literature review examiaseveral themes that focus on understantheglifferences
betweenthe identities, cultural significancandhealth impact®f sound and noiselong with
methods that Bostoresidents and city officials can usertavigate these relationshiphese
themesare:(1) Sound vs Noisg2) What Sounds Mean, aridr Whont? (3) Noise Pollution (4)

CultureSignificance of Sound5) Sound and Gentrificatigrmand(6) Combatting Gentrification

The City of Boston is avastmunicipalitywith many neighborhoods and communities that
make ugts culturalfabric. Not only do residents experiencaturalenvironmentslifferently, but
they alsdive theirbuilt environmentslifferently as well This can be extended to the experiencing
and generation of soundscapes throughout the various commuaitiBestonand how many

auditory factors contribute fwacemakingunification,and alienatiotfior those experiencing them
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The themes mentioned in this literature revexplore tleserelationshig andtry to make sense

of them
Community Survey

Thisstudy involved collecting community survey data to investigate resijertseptions
of sound and noise in their neighborhoddsstributedacross various social media platforms and
community forums (i.el Reddit, Twitter, Nextdoor, and Facebopk)e survey aimed to elicit
residentéfeelings towards sound and noise by conmagtheir perception of both. The survey was
divided into three sections, namely: location and demographic information, quantitative responses
on perceived sound volume and noise levels, and qualitative responses gauging their emotional
responses to thesnds they are regularly exposedttheir respective neighborhooddesurvey
yielded 100complete responseallowing for a thorough exploration of residedexperiences
with sound and noise in their local environment, which is critical to undemstatite impact of

these factors on gentrification vulnerabilities in the CitBoton

The survey asked thquestions belowThe rationale for each fsirther explained in &

Appendix.

Location and Demographic Information

Which Bostomeighborhood are you living/visiting in?

How long have you resided in the area?

Which of the following best defines your racial identity?
Which of the following best describes your ethnic identity?
Which of the following best defines your gender identity?
Do you identify as Trans or Transgender?

Which of the following ranges best describes your age?

© N o g M w D PE

Which of the following ranges best describes your annual household income?
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Quantitative Analysis of Sound and Noise

9. With the ter ms défihedasdvben sound had ajhigh @& kbbw volume
respectively, do you feel that you live in a loud neighborhood?

10. On a scale of -b, what volume level would you rate the following activities in your
neighborhoo@

11. With the term "noise" defined as sound tisatinpleasant, disruptive, or undesired,
do you feel that you live in a noisy neighborhood?

12. On a scale of -b, how noisy would you rate the following activities in your
neighborhood?

Qualitative Sentiment Analysis

13. What are some steps, if any, that yalieve the City of Boston has taken to mitigate
noise in your neighborhood?

14. Do you believe that the steps taken, or lack thereof, by the City of Boston to mitigate
noise have had a positive or a negative impact on your neighborhood?

15. Of the sounds yobear and experience in your neighborhood, list a few that you
associate with positive emotions (i-efeelings of happiness, comfort, belonging,
enjoyment, love, excitement, etc.).

16. Of the sounds you hear and experience in your neighborhood, list a déwoiin
associate with negative emotions (kdeelings of sadness, discomfort, isolation,
fear, anger, irritability, etc.).

The questions for thQuantitative Analysis of Sound and Noiseasked participants to
rate their neighborhodfirst as to how loudr quiet it is and secondls tohow noisy it is, with
noise defined aan unpleasant or undesired sounccomprehensivenatrix of different types of
sounds was included in Questionsatl 12to help participants recall the sounds tlguently

hear. These matrices akown in Tables 01 and 02.
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Table01. Question #0 of survey to gauge participadigerception of sound volume
Commercial Activity
Extremel : Extremel
Identified Sounds Quiet Y Quiet | Neutral | Loud Loud g N.Ot
(1) 2) 3) (4) 5) Applicable
Advertisements
Customer/Patrons
Gyms
Restaurang and Bars
Retail Spaces
Built EnvironmentActivity
Extremel . Extremel
Identified Sounds Quiet Y Quiet | Neutral | Loud Loud g N.Ot
(1) (2) 3 4) 5) Applicable
Emergency Respon&irens
HVAC/Mechanical Operation
Neighbors
Overhead Aircrafts
Pets
Natural Environment Activity
Extremel . Extremel
Identified Sounds Quiet Y Quiet | Neutral | Loud Loud Y N.Ot
(1) 2) 3) (4) 5) Applicable
Animals (not pets)
Flowing Water
Pests
Rustling Foliage
Storms and Weather
Industrial Activity
Extremely Quiet | Neutral | Loud Extremely Not
Identified Sounds Quiet Loud .
(1) (2) 3) (4) 5) Applicable
Construction and Demolition
Factory and Warehouse Wor
HeavyMachinery
Manufacturing and
Fabrication
Shipping and Delivery
Social Activity
Extremel . Extremel
Identified Sounds Quiet ’ Quiet | Neutral | Loud Loud g N.Ot
(1) 2) 3) (4) (5) Applicable

Conversations/Chatter
Music

Public Events and Festivals
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Parties
Farmer's Markets
Street Activity
Extremely . Extremely
Identified Sounds Quiet Quiet | Neutral | Loud Loud N.Ot
(2) 3 4) Applicable
1) )
Horns and Alarms
Motor Accidents
Pedestrian Presence
Public Transportation Service
Street Traffic
Table02 Question #2 of survey to gauge participadiserception ohoise level
Commercial Activity
o Not Noisy Kinq of Noisy Ve_ry Extre_mely Not
Identified Sounds Noisy Noisy Noisy .
(2) e 3) ) 5) Applicable
Advertisements
Customer/Patrons
Gyms
Restaurand and Bars
Retail Spaces
Built Environment Activity
. Not Noisy Kint_j of Noisy Ve.ry Extre.mely Not
Identified Sounds Noisy Noisy Noisy .
D) ) (3) ) 5) Applicable
Emergency Response
Sirens
HVAC/Mechanical
Operations
Neighbors
Overhead Aircrafts
Pets
Natural Environment Activity
- Not Noisy Kim.j of Noisy Ve.ry Extre.mely Not
Identified Sounds Noisy Noisy Noisy .
(2) ) 3) ) 5) Applicable
Animals (not pets)
Flowing Water
Pests
Rustling Foliage
Storms and Weather
Industrial Activity

M p
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o Not Noisy Kint_j of Noisy Ve_ry Extre_mely Not
Identified Sounds Noisy Noisy Noisy .
(2) 2 3) ) ) Applicable
Construction and
Demolition
Factory and
Warehouse Work
Heavy Machinery
Manufacturing and
Fabrication
Shipping and Delivery
Social Activity
o Not Noisy Kinq of Noisy Ve_ry Extre_mely Not
Identified Sounds Noisy Noisy Noisy .
(2) ) (3) ) 5) Applicable
Conversations/Chatte
Music
Public Events and
Festivals
Parties
Farmer's Markets
Street Activity
. Kind of . Very Extremely
Identified Sounds Not Noisy Noisy Noisy Noisy Noisy N.Ot
D) ) (3) ) 5) Applicable
Horns and Alarms
Motor Accidents
Pedestrian Presence
PublicTransportation
Services
Street Traffic

Thequestionabout noiseserves as a valuable supplemerariotherpart of the studythe

geospatial mapping of 311 noise complaints, which is being used as a proxy for areas with high
noise pollutionor where residents perceive more noBeo st on 6 s
call by phone, or send text and pictures through an app, to report a rangeeaigrgency issues
for the city to address, from potholes, graffiti, and dardaygns to noise levels that are too high

From these reportsfiltered out the noise complaints for 208y comparing the frequency and

311

ser vi

ce
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location of complaints against the residents' perceptions of the city's involvement, a more nuanced

understanding ahe city's noise abatement efforts can be obtained.

The questions in th&ualitative Sentiment Analysis asked participants to identify
recurring sounds in their neighborhoods that evoke both positive and negative emotions. These
guestions weredesigned to elicit a more -depth explanation from residents about their
experiences with sound and noise in their communities. Unlike the preceding matrix question,
survey participants were not restricted to a preselected set of sounds establishedolg pre
research{Pijanowski et al. 2020; Mydlarz et al. 2Q1nkins and Wiebusch 2009he resulting
100responses were coded based on overall sentii@eestion 14) or emotion (Questions 15 and
16)and frequency of occurrence, allowing for a focused understanding of each response in relation
to others in & corresponding neighborhood. This coding process provided valuable context for the
precedingyuestions, as well as tf@lowing geospatial analysgandultimately aspirego provide
a comprehensive understanding of the role of sound and noise in stegi@ts' experiences of

their urban environment
Geospatial Analysis

Thefinal stage of my research methodolagyn indepthgeospatial analysighegeospatial
approachl employedaims to provide a comprehensive visualization and calculation of the
correlation between sound, noise, and gentrification in Boston. To achieveudes, three steps:

1) | createcheat maps using US census block groups as the spatial framework, veinéethen
joined withtwo datasets2) recorded decibdevels(Walker 2020)obtainedfrom Erica Walker,
Brown University epidemiology professor and founder of the Community Noise drab3)
reported 311 requests filtered specifically for noise complain f r om t he City of

website.

B «
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Vulnerability Index

With the resulting maps serving as an empirical representation of sound and noise across Boston's
neighborhood, | used the ArcGIS Pro software and Python coding lan¢lasgenc. 2023;
AJupyt er No toddvalop & geospalial oylel designed to analyze the collected data,
and generate a map indicating the static gentrification vulnerability index that fiscus of this

study. This index is built on the following data sources:

1 2020US Census Survey Data (Demographics, Income, Home Value, Gross Rent, etc.)

1 Boston Specific Climate Stressors (Sea Level Rise, Urban Heat Island Effect, and
Stormwater Floodig). (Boston Maps 2021)

MBTA Transit Station&ocation

New Construction Permits that were active or completed during 2020.

The US Census Survey oneof the mosimportantsources of data for thiaulnerability
analysis, asll of the financial and demographicformation functions as thprimary socio
economigpillar of this assessmenthe climate vulnerability da much like the 31teports can
be found on t hopen@a wepsitaDeparBnerg of tnmodation and Technology
2023) With the concept ofi c | i mat e g mereaging inipopality] and wealthier
individuals being abl&o afford to move to more climate resilient locatipistands to reason that
environmental stressoshould be considered in thalnerability assessme(®hokry et al. 2021;
Roy, Vinayak, and Von Stroh 2022jty of Boston 201Y. Access to public transit &lso a huge
draw for new residents and can result new development and a shift in neighborhood
denographic (Cohen and Pettit 2019Gentrification Index2014) Creating buffes and
highlighting areas within walking distance toénsit stationgs high riskareways to build out a
gentrification vulnerabilityool. Thefinal variableis thelocation of new constructigorojectsthat
were either active or completetiring 2020 While not a ondo-one ratio, Bw construction,
specifically residentiabnd mixed useonstruction,often results fromoutside investmenand

My
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attracts ew residents into an existirenvironmen{Cohen and Pettit 2019; Chapple, Thomas, and
Zuk 2021; Sakeéezl.€aifhdpurpoaes df thissesssentdpela@dunder the
assumption thanone of thenew residentialprojects during 2020took into consideratiorantt
displacement practiceghis way, | could get a rough idea of how land use and developweid
affect the vulnerability of each census block groBpg.considering each of these factors in
combination,| developeda more complete and nuanced undeditag of the gentrification

vulnerability of each census block group.
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3. Literature Review

Sound vs Noise

The terms "sound" and "noise" are frequently used interchangeably in everyday language,
leading many to believe that they are synonymeblasvever, despite sharing a common sensory
perception, sound and noise are inherently distinct in both their physical properties and social
implications. A thorough exploration of these differences is essential to gaining a comprehensive

understanding of #role that sound and noise play in our lives.

Sound

Sound is a physical phenomenoia pressure wave generated by vibrating objects that
travels through a medium, such as air, and encompasses all things that can be heard or audibly
measureqTalty 1998) The volume, or loudness, of a sound can be determined by its amplitude,
which reflects the magnitude of changes in the pressure of the medium through which the wave is
traveling(Pijanowski ¢ al. 2020) This means that sound volume is measured based on the amount
of space that the sound waves occupy in a given medium. As a result, the perceived loudness of a
sound increases as the listener gets closer to the source of the sound, ®nesdabgispace for
the waves to occupy. This also means that the further the listener is from the sound source, the
more of the medium material there is for the sound to travel through, leadandjrtarution in
force (Abbott 2023) This basically means that sounds gateter with distancelhe loudness, or
sound pressure, of a sound is typically measured in decibels (dB), vepasent the ratio
between a specific sound amplitude and the ambient sound pressure in a given space. However,
the average human ear has varying sensitivities to sound frequimticeespeedt which sound

pressures change over tiinevhich are typicdy measured in Hertz (H£Pijanowski et al. 2020)
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The average human ear can only perceive sounds within a limited frequency range of 2 to 4 kHz,
with lower and higher frequencies being less audWielO 2011) To account for this difference

in sensitivity to sound frequencies, an adjusted unit of measurement knowmeaghied decibels

(dBA) is usedWalker et al. 2017)The dBA scale is the unit used by the Community Noise Lab
(CNL) to measure sound pressure |l evels in eac
be the unit used throughout this thesis.

Noise

Noise, on the other hand, is a term used to describe sounds that are often unpleasant,
unwanted, or disruptive. It can also refer to sounds that mask, overshadow, or drown out more
important or pleasant sounds in a given sonic environ(Pganhowski et al. 2020)'he amplitude
of noise is typically higher than what a listener considers to be comfortable. However, loudness is
not the only factor that determines whether a sound is considered noise. Several qualifiers are used
to identify noise, with the first being its impact on human health. If a sound triggers a negative
physical, mental, or emotional response, a listener will often identify it as noise. Another qualifier
is time, as sounds that are acceptable during the day ehég tolerated at night. The location of
occurrence also plays a role in determining whether a sound is considered noise. Certain sounds
may be deemed appropriate in certain places, while others may be condPijarexivski et al.

2011) Lastly, the frequency of occurrence is also a factor that determines noisiness. As an
example, in a podcast interview wiltreetsblogUSADr. Walker discussed how consistent noise

from her upstairs neighbors, such as stomping, triggered negative mental and emotional reactions,
despite the dBA measurement being below the harmful or damaging (StedstsblogUSA

2023) This definition, along with thqualifiers mentioned above, will be used to define noise in

this thesis.
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What do Sounds Mean, and for Whom?

While sound and noise can be defined and measured, their significance and meaning to
specific communities and individuals are more subjective. Each person's perception of sound is
unique, and their relationship with the sounds in their environment vas@seviously discussed,

a sound that elicits positive emotions in one person may be considered noise and disliked by
another. This variability is due not only to the sound itself but also to the listener and their context
(Smith and Pijanowski 2014fror instance, residents living nearMBTA transitline in Boston

may have different associations with the sound of the train than thasgomotlive near a line.

Those who grew up in the area may feel a sense of comfort and belonging when hearing the ringing
of the trolly bell, or the hum of the engine as it begins to accelerate. Conversely other residents,
such as newcomers or visitonsay find it disruptive and alienating, potentially triggering feelings

of isolation and helplessneg¢Stansfeld and Matheson 2003)hese factors are critical when
examining the role of soundscapes in placemaking and how they may shift during times of

gentrification and displacement.

My research has identified three categories of audio signalscamdls irterms of public
health and land use soundscape mappilggire B displays these three categories and the sounds

that fall under each in a diagram of sotaxionomy.
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Figure03. Sound Taxonomy Diagm: Plotting thethreemajor categories for soundscape ecol(ijjanowski et al. 2020p. 9)
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Anthrophonic Sound

The first categoy is anthrophony, which refers to the sounds that humans make either
directly or indirectly(Clarke 2022) Subcategories of anthrophony include human voires
activities, music, transportation, social signals, and construgtiRijanowski et al. 2020)
However, it is important to note that many of these sounds overlap and cannot be contained within
a single category. For instance, fireworks Idofall under the subcategory of social signals or
human activity, depending on the time of year and the intent behind thé\Waikeret al. 2022).

Similarly, depending on one's taste in music, certain lyrics could be classified as singing, yelling,
or screaming, blurring the boundary between the subcategories of human voices and music.
Nonetheless, for the purpose of mapping what sounds mean to whom and when, these designations

will suffice.

Determining what sounds mean within the anthrophony category complex and
subjective process. For instance, the sound of laughter, categashetnan voices, may be
associated with happiness, enjoyment, or camaraderie for some, while for others who are not part
of the laughing, it may be disheartening, hurtarnnoying, or disturbing, especially if it keeps
them from focusing on other tasks or auditory sigritis all about perspectiv&imilarly, music,

a universally enjoyable phenomenon, can be a source of controversy when it comes to different
groups with varying exposure tolerancefijanowski et al. 2020) For instance, street
performances, boom boxes, and car radios have been staples of community soundscapes for
decades, but they can be heard as a nuisance or noisy t&ommeers 2021 Furthermore, while

high decibel sounds like ams and sirens may evoke fear, distrust, and insecurBlack and

brown communities, others may find their presence comforting and reassuring, knowing that their
space is being monitored and protected. Ultimately, sound perception is subjectivaesilorar

H



Marquez Vintrel

person to person. However, one can assume that individuals who aneppseed to an urban

environment may find comfort and solace in the melting pot that is its soundscape.

Biophonic Sound

The second category defining soundscapes in urban areas is Biophony, which refers to the
sounds ofwild and domesticatedanimals (Krause 2017) This category is relatively small,
encompassing only the sounds made by wild animals, such as mammals, birds, reptiles, fish, and
so on, as well as domesticated animals di&es, dogs, pet birds, and livestqéjanowski et al.

2020) Similar to Anthrophony, the meanings behind the sounds in this category are highly
subjective and dependent on the listener's perspective and context. For thgse liural areas,

the sound of domestic animals may seem pleasant but can also be associated with work,
responsibility, and care, while the sounds of wild animals could range anywhere from pleasant,
such as bird chirping, to anxieyducing and paninducing, such as the presence of predators

like snakes or coyotes. In an urban environment, the spread of sounds in this category may be more
limited, with most people associating the sounds of wild animals with green spaces and parks that
evoke feelings o$erenity, calm, and renewal. While urban environments do not typically include
livestock, the sounds of pets can either be enjoyable and loving for owners or irritating and
contemptible for bystanders. There is also some overlap between Biophony anghotiyras

sounds of nature can be combined with or circumvented by human activity.

Ultimately, the meaning of Biophony in Boston depends heavily on the time of year and
the environment in which one finds themselV&&ED 2013) For example, the sound of your
barking dog in the dead of winter may mean that you must brave fedening temperatures to
takethe pet for a walk, while the sound of birds chirping early in the morning in May, while ruining

your sleep, could also signal the arrival of spring and a chance to enjoy the outdoors.

Hp
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Environmental sounds tell a story that our conscience may not béoabterpret, but that our
subconscience knows all too we{lGuzy 2017b) It is important to note that all of these
perspectives and meanings are subjective and require further analysis to fully understand their

implications for public health and land usBundscape mapping.

Geophony

The final category that describsoundscapes is geophony, which refers to the sounds of
the natural environment, excludirgnimals (Krause 2017; Pijanowski et al. 2011)nlike
biophony, which primarily focuses on the sounds of both wild and domestic animals, geophony
encompasses a range of sounds, such as weather patterns, natural events like thunderstorms,
eathquakes, icicle crashes, and the wind through trees. The meaning of geophonic sounds varies
depending on who hears them, where, and wAgdnson 2007) Generally, gedponic sounds
signify a sense of natural order and peace. However, there are instances where that is not the case,
especially for individuals who hail from locations where natural disasters, such as tornadoes or
hurricanes, are a common and destructive weage. In such cases, the sound of wind can induce
anxiety or fear(Horowitz 2020) Similarly, for residents living in flooggrone neighborhoods in
Boston, the sound of rain may elicit emotions relatedustfation, responsibility, urgency, and
terror (City of Boston 2022a)This is the category that many peopgie notthink about when
referring to soundscapes in an urban area. It is an interesting prospect to not only consider how we
can shape our environment, but how it shapes us too. The meaning of geophonic sounds-is context
dependent, and as their occurrence angmbade are outside the listener's control, what they

signify depends on when and where they occur.
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Noise Pollution

The definition of noise pollution is an important concept whose implications require both
medical and social perspectives to fully undemdt Noise can be defined as sound that is
considered unpleasant, disruptive, or unwelcome. Therefore, noise pollution can be defined as an
oversaturation of noise within an enclosed space that reaches a level where it becomes unhealthy
for the listenefNational Geographic Society 2022)nlike other pollutants that can be measured
objectively, such as air particulate or contaminated water, there is no definitive way to measure
the amount of noise in a particular space. This raises importantaqsestich as how to determine
if a sound is considered noise, how to determine if that noise is unhealthy, and what levels cause
the most harm. Health organizations and municipalities attempt to answer these questions
scientifically by measuring specific @Blevels and frequencies that can cause physical harm to

listeners.

For instance, the CDC, OSHA, and the World Health Organization have all identified that
any sound over 85 decibels in high concentrations can cause lasting damage to the hearing
capabilites of the listenefCDC 2022; 2020; OSHA 2023; WHO 201The city of Boston has
set lower thresholds and stipulates that an acceptable dBfelzesound is considered noise is
between 50 and 70 dBA, depending on the time of(@&y of Boston 20212023) However,
sound measurements are not just about volume, but exposure to sounds with low amplitude and
fluctuating frequency, which can lead to cardiovascular and circulatory system issues, such as
irregular heart rate and high blood presg\valker et al. 2016)Repetitive sounds caiso
induce mental health issues such as stress, anxiety, and dep{8tansfeld and Matheson

2003; Wagner 2018)
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Despite the complexity of the issue, there are protocols and ordinances designed to address
noise pollution. However, they are not always effective. Authorities wjodisé is to regulate
noise face the challenge of determining what makes a sound noise. The subjective definition of
noise makes it difficult for them to answer this question. This leads to the role that 311 noise
complaints play in the urban soundscafiee 311 Constituent Service Center allows residents to
report asound or a slew of sounds that they feel is noisy. However, in Boston, only concerns
regarding sounds that are deemed noise involving construction, industrial activity, or mechanical
operatiors are addressed by the Air Pollution Control Commission, the underlying authority on all
things noise in Bosto(City of Boston 2021)Other sounds such as car alarms, music, parties, and
neighbor noises are directed to the Boston Police Department to address. This essentially leaves
the distinction of sound and noise up to the discretion of the law enforcement officer responding
to the call which can result in dismissive or discriminatory experieBasquiat 2021b; Ramirez

2020)

Lastly, there are many environmental and -8onial sounds that cannot be addressed
without an overhaubf infrastructure. For instance, residents in East and South Boston are subject
to overhead aircraft activity, but most of them choose not to regmt#use they know that apart
from building ineffective noise barrierandsoundinsulating homes and schools, there is nothing
that can be done to reduce their expog®i@nowski et al. 2020; Waitt, Buchanan, and Duffy
2020; Massport 2020)Noise pollution is a complex issue that no silver bullet can solve.
Nonetheless, this project offers a step in the right direction towdaisning equitable mitigation

of exposure.

HY
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Cultural Significance of Sound

As established in previous sections of this literature review, sound is a highly subjective
medium through which people perceive the world around them. In many cases, sound is the
defining factor in shaping the identity of individuals and the places takyhame. When the
sounds of a community change, it often signifies a shift in the community's comp@&itigel,

Fels, and Pfaffenbach 2020; Rehan 20E8)m the chirping of birds to the hum of a train in the

distance, people relate sounds to their personal and cultural idéfaibyet al. 2022)
Music as Culture

Music is perhaps the most obvious example of how sound plays a role in social activities,
protest movementand storytelling within communitiggeyshon, Matless, and RevilB95) For
instance, hip hop and rap originated as a means of expressing the struggles and adversities of urban
life in New York City. By using the resources available to them, artists created a form of expression
that represented their personal ideesit resulting in a new music genglridge and Stewart
2005) Today, snippets of ambient cityscapes, beatboxing, and aerosol spray cans can be found in
hip hopand rap music, adding depth and character to the genre. In Detroit, techno music emerged
as a sonic manifestation of the struggles and inequalities faced by the black community, similarly
using industrial and mechanical sounds to tell a story and emisterically underrepresented
and disenfranchised grou@Srundy 2011; Deniaud 2014p0ogo music is a significant part of the
Shaw and Anacostia neighborhoods in DC, representing a call to action when social injustice arises
within the city(Summers 2021)Sounds such as broadcasted church music in Harlem and Afro

beats in Broklyn, New York, are signals of cultural phenomena and identity taking shape through

H
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sound and placemakir(@uthrie 2015) Even the occasional sea shanty sung at & losh pub

in Boston signifies the presence and appreciation of a community's culture within a space.
Place and Space to Make Your Own

Culture can also be identified through the way environments are crafted to meet the sonic
needs of individuals or commities(Guzy 2017a)One of the earliest recorded examesound
used in placemaking is the Alhambra palace in Granada, . Jalhin the 14" century under
Muslim rule, the Alhambra was designed with biophprinciples, incorporatinghe sound of
flowing and gurgling water throughout the-2ére compound. This is achieved through the use of
fountains, canalgools, water stairs, and water channels along stairs and paths. The water features
and the sounds they create in successivatyamds directly relate to the Islamic cultural

connection to the historical importance of rivers and océf®hodesly et al. 2018)

Anotherexample is the ringing of belis pre-industrial landscape®Vhetherto signify the
passage of time, to idefytia warning, oin light of a celebration, theultural and religious identity
rooted inthe ringing of village and town bellseld powerful meaning ipeoplés soundscapes
(Lacey 2017h) As bell ringing occurs frequently in older neighborhoods with many churches,
such as in Bosn, it hasremaineda cultural staple for residerasid an identifier of place to this

day.

In addition tothe cultural impctof soundscapes, the perspective offered by the Sense of
Place Theory asserts that our sense of belonging and emotional attachment to a particular space is
intricately tied to our biological perceptions of various sensory inputs, including smell, touch,
cdlor, and sound@Carson et al. 2021Yhis perspective suggests that people's perception of home

and their environmental surroundings can be significantly influenced by how their senses are
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stimulated. One intriguing impation of this theory is that individuals who place a high value on
environmental attachments are more inclined to positively perceive natural sounds, while
perceiving anthropogenic sounds more negativ€lgnversely, individualsvho are strongly
attachedto neighborhoodss sociccultural placs, are less likely to consider anthropogenic
sounds as noisg€arson et al. 2021 his divergence in perspectives regarding what constitutes
pleasant or unpleasant sounds is oftefierred to as the 'Noise Paradox," and it can engender
confusion when attempting to identify the soundscape perception that best represents the identity
of a given communitywhether it be thenelodious chirping of birder the subtle hum of distant

traffic. One waysome have found to bridge those two perspectives is throughcacommunity

based desigfLacey 2017a)

Language and the Sound$Ve Speak

Finally, sound helps shape culture by facilitating communication between individuals and
communities. Language is a fundamental compbokculture because it is the primary means by
which people communicate with one another and transmit their values, beliefs, traditions, and
history to future generatiorfBuranti 2003) Language serves as a tamimedium, and sanctuary
for expressing cultural identity, shaping worldviews, and creating social cohesion within a
community. It allows individuals to understand and intdrfbreir experiences, and to convey their
thoughts, feelings, and desires to one another. Moreover, language provides a framework for
organizing and categorizing knowledge, and shapes the way people perceive and interact with the
world around then{Byram and Kramscl2008) In this sense, language is both a reflection of
culture and a driving force behind its development and evolution over time. Differences in spoken

language and vernacular contribute to the cultural identity of individuals, highlighting theieuniqu
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experiences and perspecti(éngel, Fels, and Pfaffenbach 2020his difference is not superior

to another but rather highlights the interconnectedness between sound and cultural identity.

Sound and Gentrification

This sction of the literature review is pivotal to the core premise of the study. While
previous sections have provided historical context and understanding of sound and noise, this
section focuses on the connection between sound and gentrificétlule gentification is
predominantly recognized for the physical transformations that unfold within a neighborhood,
including redevelopment, new construction, the emergence of businesses, and shifts in the racial
and socioeconomic demographics of residents, whah aémains overlooked is the concurrent
transformation of the neighborhood's soundscape throughout this process. Population changes
associated with gentrification frequently give rise to an upsurge in noise complaints registered with
municipal authoritiegWhite Noise n.d.)This phenomenon stems from a duality of experiences:
on one hand, new inhabitants may perceiventisic and cultural expressions of lesiginding
residents as disruptive and unfamiliar, altering the establishedidentty of the neighborhood.

On the other hand, the implementation of new construction projects generates noise that can

profoundly impat the quality of life for existing residenfé/hite Noise n.d.; Walker 2021)

Enforced Silence

One notable outcome of the gentrification process is the reduction in overall noise levels
within community soundscapes. When new residents relocate to a community and find that the
existing sounds do not align with their expectations, they are moreedcm express their

dissatisfaction. Those who possess a level of municipal legislative literacy may choose to file noise
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complaints in an effort to modify the existing soundscape to meet their preferred standards. In such
instances, gatherings such as$®parties, family barbecues, or any other social events perceived
as too loud by disgruntled neighbors, risk being forcibly shut down. Legislation like the Amplified
Noise Act of 2018n DC, which stipulates that any sound audible from a distance ofefcé@

lead to penalties such as 10 days of imprisonment and a $300 fine, empowersatterfisonic

ruling clas® to enforce their preference for quietu@@onic Insurgency Resear@roup 2022;

Walker 2021) This situation reflects a power differentialherethe enactment and enforcement

of noise regulations give certain segments of the population the ability to assert control over the
sonic environment, potentially suppressintiunal expressions and social activities that were once

integral to the fabric of the communitwalker 2021)

Instances of sonic suppression camtinue to bebserved when examining the case of
Brooklyn, a borough within New York Gitanda textbook example of gentrificatiofiraditionally
known as the city'®udestborough, with parties and social events #hdend into the late hours,
recent studies have shed light on the escalating number of noise complaints per capita in Brooklyn.
A study conducted in 2019 revealed that Brooklyn had a significantly higher rate of noise
complaints compared to the entire @fyNew York, and this number has been steadily increasing
year after year. Furthermore, a separate study in 2018 found thabi3&lcomplaintallswere
rising at a rate twice as fast in gentrifying neighborhoods compared to affluent areas, and 50%
faser than in loweincome neighborhoodgEhrenhalt 2022) The consequences of these
regulatory measures extend beyond naemistic changes, as they can impact the social dynamics,
inclusivity, and vibrancy of the neighborhood, perpetuating a shift towards homogeneity and

potentially eroding the sense of belonging among-&tagding residenid.acey 2017h)
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Unwelcome Sound

Gentrification can also have the counterintuitive effect of increasing the overall loudness
of aneighborhood's soundscape. In areas where noise regulations are enforced due to perceived
high noise levels, neighborhoods that were traditionally regarded as quiet and residential can
undergo a transformation into vibrant nightlife spaces, where indigigoay be less inclined to
prioritize quietness when engaged in social activifgsnic Insurgency Research Group 2022)
As a result, the soundscape becomes characterized by the anthropogenic sounds emanating from
bars, restaurants, and increased pedestrian activity, replacing the previously dominant mechanical

and urban noises.

Social activist Alycia Basquiat asserts that the various amenities introduced to a
community as a result of gentrification generate more noise than the-fammbd businesses and
cultural institutions they displacd&hrenhalt 2022)This argument suggests that the soundscape
is reconfigured as the sounds of social and commercial activities become more prominent in the
acoustic landscape. Furthermore, with the addition of these amenities and the accompanying new
development, the sodecape experiences amcrease in volumealue to increased traffic and
construction activitie$Ehrenhalt 2022Gonzalez 2022)This shift towards a louder soundscape

canresult in a loss gbeace of mindnd disrupt the daily lives of longstanding residents

Combatting Gentrification

Art and Music as Tools

Throughout history, different ethods have been employed dddressgentrification

through sound. One prominent appro&khrough protest. Speeches, marches, and occupations
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serve as the cornerstone of any civic justice movement. The power of this method is further
amplified when comined with the use of music. In her article titled "Reclaiming the Chocolate
City: Soundscapes of Gentrification and Resi s
that sound can be a potent tool for combating gentrification as it holds signifitaahae over

the cultural I dentity of a neighborhood. Sumn
on Twitter brought londime residents together to resist the policing and reshaping of their spaces

through Gego music(Summers 2021; Mock 2019)

Another artistic and politically driven approach to combating gentrification is the act of
Aflipping, 06 which i edwoouhuser spaceefara nep agerda n Detroits ¢ a r
artists have been flipping old warehouses and parks to transform them into art studios, installations,
community spaces, and political expressi(Bisie VV 2021) This act serves as a kind of reverse
gentrification, where community leaders and activistpgatmptivelyahead of real estate agents

and external investors.

Sound Poliagng and Monitoring

Other authors and activists have proposed a more systemic approach to combat sound

based gentrification. One method involtynes exa
policing sound inlown ncome nei ghborhoods of <col or. Il n he
Gentrification and the Policing of Black and

argues that gentrificati omdread atnrdg s fwhremesd dOd
and interests clash in a struggle for space and resqiitaesirez 2020)Ramirez points out that
these borderlands have resultedaic | e ar di vi si on between the fh

leading to increased policing in predominantly Black and L&disgaces. Policing is carried out
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through sound restrictions, zoning ordinances, and police presence, resulting in a sense of
displacenent and erasure of cultural identifRamirez 2020) Restricting the authority that
governing bodies have over social sounds could potentially foster a more equitable neighborhood

environment.

Furthermore, another potétmethod to combat sousrdlated gentrification is through
sound monitoring and sentiment assessment. Municipalities could install sound sensors or noise
cameras within atisk neighborhoods to identify the primary contributors to the overall noise level
(Bello et al. 2018)The aim of this practice is to determine which sounds are genuinely harmful
and contributed t he nei ghborhoodds noise pollution,
constitute the fabric and identity of the communiBanfagna and Werth 2021; Jenkins and
Wiebusch 200). However, it remains to be seen whether this method can be executed equitably
without being susceptible to abuse, which could potentially single out and alienate disenfranchised

communities.

The exploration of these various methods demonstratesfiftetance of sound as a tool
for resistance, community empowerment, and the preservation of cultural identity in the face of
gentrification. Further research and practical implementation are necessary to fully understand

their effectiveness and implicatis in combatting the adverse effects of gentrification.
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4. Analysis

It is important to underscore that my research is timend and does not reflect the
temporal evolution of soundscapes and gentrification vulnerability across Boston. Rather, my
analysigocusesonexaminng soundscape ecology and dBA as tools for idgnty, mapping, and
addressing urban gentrification. While the findings presented here may not offer a comparison
over time of this complex phenomenon, they serve as a starting point for future elaborations and
research. It is my hope that this investigativill prompt further exploration of the intersection
between soundscape ecology, urbanization, and gentrification, and contribute to a growing body
of scholarship aimed at mitigating the harmful effects of urban development and sound policing

on marginaked communities.

Statistical Analysis

The initial step in my statistical analysis involved examining the sua&y Given that
the survey, which receivelD0 completeesponses, consisted of both quantitative and qualitative
guestions that necessitated distinct analytical techniques, | decided to separate the two and later
integrate the results for a more comprehensive understanding. This approach allowed me to gain
deeper insights into the diverse experiences and perspectives of the survey respondents, while also

ensuring that the quantitative data were analyzed using appropriate statistical methods.

The following graphs and pie charts show the distributibrewrvey participants by

location, racial identity, income, age, and length of residence.
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Plotting the Data

Location

Percentage of Participants From Each
Neighborhood
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Brighton
Bay Village | 0%
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Figure04. Distribution of100survey participants based on neighborhood

The distribution of survey respondents was first plotteddighborhoodFigure @f). The
results showed that the neighborhoods with the highest response rates were Dorchester and
Jamaica Plain, with 17% and 16% respectively. The following neighborhoddes$@onse rates
ranging from 11% to 4% each: Brighton (11%), West Roxbury (8%), East Boston (8%), Allston
(7%), the South End (7%)fenwayKenmore (4%), and Beacon Hill (4%). The remaining
neighborhoods had substantially lower response rates, ranging4ferno 1% of the total
participant pool, with the exceptions of the Wharf District, Mddrchester, Mattapan, and Bay

Village, which had no survey responses.

oy
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Racial identity
While the location data collected from the participants ranged widielyrsity in racial identities

left quite a lot to be desirdéigure ().

Percentage of Participants by Race

2% 2%
4% 57 /

4%

79%

White/Caucasian m Black/African American
H Asian B Latino/a/x
Prefer not to say American Indian/Alaska Native

2 Or more races

Figure05. Distribution of racial identity of survey participants

The majority of respondents identified as White/Caucasian, with a staggering 79% of participants
falling into this category 35% hi gher t han BhHispanio Whitss asirdpéttecbii n o n
US Census data. Nemhite participants made up 17% of the remrag respondents, while 4%

chose not to disclose their racial identity. Due to the smaller number of respondents in each non
white category, these groups were combined for the purpose of analysis, excluding those who

preferred not to answer. While this apach may limit the ability to draw detailed conclusions



Marquez Vintrel

and identify specific relationships, it allows for a more straightforward comparison between the
majority demographic and underrepresented minorities.

Income

Percentage of Participants by Income
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>$160,000
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PERCENT OF PARTICIPANTS

Figure06. Household income distributicof survey participants

Income distribution showed an interesting split between top and lower levels (F&ure 0
While 32% of respondents reported a household income exceeding $160,000 per year, an equal

proportion of 33% indicated an annual incoméest than $80,000.

Age
Nearly three quarters of participan?8¢0 were within the age range of 21 to 40 years

old, with 44% falling between the ages of 30 and 40 yadréFigure Q).
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Percent of Participants by Age

1%/ 0%,
2%\ 0%

30-39m 21-29m40-49m 50-59 m 18-20 m 60-65 >65 = <18 = Prefer not to say

FigureQ7. Age distribution of survey participants

Length of residence
The majority of respondents (56%) had been livintpeir neighborhood for less than five

years (Figure 8).
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Percentage of Participants by Length of
Residence

1-3 yearsm 3-5 yearss less than a yeam 5-10 yearsm over 20 years 10-20 years

Figure08. Distribution of survey participants basedlengthof residence

Combining the age daf&igure @) with the length of residence dqtigure08), it is
likely that themajority of survey participants were young, white, stienn residents with either
l ow or high incomes. This phenomenon can be
biotech, and medical hub, with a significant population of students, teclsgimfals, and

resident doctors in training

Perceptions ofSound and Noise

In addition to analyzing demographic data, the study investigated participants' perceptions
of sound volume and noidevel in their neighborhoods, using multipthoice questions and

matrix questions.
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Difference in Loudness vs Noise Perception
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m Is Your Neighborhood Noisy? = Is Your Neighborhood Loud?

Figure09. The percentage of participants who tekir neighborhood was loud vs naisy

A majority of respondent&b3%) did not identify their neighborhood as either loud or
noisy (Figure09). Among those who did perceive their neighborhood as loud or noisy, there was
only a marginal difference of 1% between those who said it was loud and those who said it was
noisy. Furthermore, disregarding the-686 of participants who were unsure aboutirthe
neighborhood's noise level, the data indicate that the average person's differentiation between
sound volume and noise level is negligible. This result is further exemplified by the matrix
guestions, which asked participants to rank specific urban saama scale of 1 to 5 based on
their perceived loudness and noisiness in their neighbort{apse10).

While there is a measurable difference on average between sounds perdeivddersus
those perceived as nojdyere is still a linear relatiship between the two, with the exception of

locationbased sounds such as heavy machinery and manufacturing/fabrication, which are more
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prevalent in certain neighborhoods. In other words, there are no sounds in Boston, as a whole, that
have adrasticallydifferent identity or meaning apart from their volunidese findings suggest

that the perception of noise in Boston is largely determined by sound vellome. Eirther
investigation is needed to fully understand the complexity of this relationship pastitthl

surface level analysis because, as indicated through the literature review, this outcome is not the

full story as volume is only one factor in noise classification.
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Sound Specific Volume vs Noise
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Quantitative Analysis

After establishing the baselia@alysis for the demographic dafahe survey participants,

| delved deeper into the data to explore any meaningful relationships betweesgbnses.

Sound and noise perception by neighborhood

| first examined the perceivesbundlevels in each neighborhootihis was accomplished
by averaging all the sound volume and noise level scores and categorizing them into the three
major soundscape designations: Anthrophony, Biophony, and GeoffPi@anowski et al. 2020)
Unfortunately, thisanalysis did not yield significant results, as the highest ranked category for
sound volume and noise level in every neighborhood was unsurprisingly anthrophony. The
exceptions were Hyde Pdskloudest and Beacon H#l noisiest sounds which came from

biophonic sources.

| then pivoted to a different approach and averaged the perceived sound scores for each
neighborhood across all sound categories, resulting in a soeguwlvolume and noise level that
roughly represents the neighborh&doverall perceived sound. Additidlya | identified
neighborhoods with scores above 2.5, which | deemed to be the threshold for sounds that are above
ambient or tolerable levels. This decision was based on the scale used in the noise and sound matrix
guestions, where participants were aske rank sound levels on a scale of 1 to 5, with values
below 2.5 considered ambient or tolerable, and values above 2.5 deemed to be above ambient or a
nuisance, depending on whether the categoryseasdvolume or noise level. The visual result
aretheMeanSoundVolumePer Neighborhood graph (Figuid) and theMean Noise LevePer
Neighborhood grapliFigure 12) below, where neighborhoods with perceived scores exceeding

2.5 are highlighted in orange, while perceived rankings of 2.5 or lower acatedi by blue bar
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Mean Sound Volume per Neigborhood
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Figure12. The difference in average perceived néiseughall Boston neighborhoods
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The graphof Mean Sound Volumshows that11 of the 20 neighborhoodsll scored a
soundvolume perception ranking of 2ds more with theWest End and Fenway/Kenmdreing
the highest ranked witkcores of 3.5 an8.2,respectivelyln order of decreasingerceived sound
volume, they are th&vestEnd Fenway/KenmoreRoxbury, East BostonSouth EndAllston,
DorchesterRoslindale Back Bay, South Boston, and Jamacia Plaims observation aligns with
the fact that thesaeighborhoods are heavily urbanized ahdt most of themare in close
proximity to major transit lines and highways. However, upon examining the noise perception
graph of Mean Noise Levelit becomes apparent that orfienway/ Kenmore and Roxbury
exceededhe 2.5 thresholdrlhis is particularly interesting as most of the neighborhoods with high
scores in the sound volume graph displayed a decrease in their noise levels. It is notable that even
Fenway/Kenmore and Roxbury, while still above the 2.5 noisshioid, still saw a decrease of
about 7% on averageom their perceived sound volume. What is even more interesting about
these findings is that both Fenway and Roxbury are two of the most impoverished neighborhoods
in Boston(Lima et al. 2014; Department of Innovation and Technology 2@82hlyze Boston
2021J). This adds an extra layer of complexity to the analysis, as it raises the question of why these
neighborhoods are identified as both louder and noiti@an communities with similar
demographics and soeezonomic standg, such as Allston or Dorchester. Fenway hasgaly
active soundscape due to the social atmospifateballparkand the varioususic venuesand
Roxbury has some of thehighest occurrencesof anthrophonic soundghroughout Boston,

consisting ofireworks, gunshots, and daeufflered cars.

Sound and noise perceptibg race
Following my analysis of the neighborhespecific results, | looked more closely into the

breakdown of each spdieid urban sound from the survey's matrix questions, and examined how

they ranked when responses were divided based on racial identity (E3yure
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Average Volume Perception of Sounds
by Racial ldentity

w
o

=
o

N
ul

N
o

=
ol

=
(=}

2
L
P
@)
-
@)
|
@)
I
>
i
O
i
o
a

=
o

SPECIFIC URBAN SOUNDS

White/Caucasian POC/Non-White
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Average Noise Perception of Sounds
by Racial ldentity
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To compare the results, | grouped all nanite responses into one category, excluding
those who preferred not to share their racial identity. The aveoagelvolumeperceptiorgraph
(Figure 13)revealed that participants who identified ra@white perceived higher levels of
loudness overall, with the exception@ferhead agrafts,construction work, heavy machinery,
shipping and delivery, parties, and street traffic, which were ranked either the same or lower that

of white respondents.

Comparing the average soupérception tdhe average noise perception based on racial
identity (Figure14) reveals that nowhite participants gave substantially lower scores to many of
the urban sounds, even though their ratings remained higher tharottlibsir white counterparts.
Notably, while only eight of the sounds fell below the 2.5 threshold score sotivevolume
graph, this number doubled when considering the noise level perception graph. The remaining
sounds that still scored higher thab 2vere primary srens, public transit, and weathelated
noises. In contrast, the noise perception scores of white participants decreased even further, with
only five sounds ranking above 2.5, all of which appeared to be of anthropogeimic In total,
the decrease from sound volume to noise perception was 25% for white participants and 10% for

nonwhite participants.

When | examined other socioeconomic identifiers, such as age and annual income, there
seemed to be no pattern as to wionwhite participants would report higher noise perception
levels. Even when | looked at specific neighborhoods, there was no significant correlation, as all
of the participants who identified as namite resided in 11 different neighborhoods in Boston,
each with its unique temporal and spatial factors to consider. The only explanation I can think of
for this phenomenon is that certain racial identities categorize noise differently than otties, or

their over exposuréo certain sounds magause deswsitizationandaffect their tolerance for and

p ™M



Marquez Vintrel

association with these soun@sjanowski et al. 2020; Smith and Pijanowski 2014; Gonzalez 2022;

Rees 2014)

Sound and noise perception by income

With the relationship betgen sound perception and racial identity explored, | sought to
investigate any other potential patteriitws, | examined how sound volume and noise level
perception varied in relation to average household income. Similar to the neighborhood analysis,
| labeled all resulting rank scores as blue if they were 2.5 and lower and orange if they were above

2.5. Theresults are presented in the graphs below (Figlesd16).

The analysis revealed thagarticipants who selidentified asmid to low income
(<$100K/year)perceived higher levels of sound volume in their neighborhoods, with higher
income residents porting quieter experiences. Further analysis of the results revealed that five of
the 12 neighborhoods wheteesemid- to low-incomeparticipantgeside overlapped directly with
the neighborhoods identified in tipeeviousneighborhoodoudness perceptiomnalysis, namely
Allston, Dorchester, East Boston, Fenway/Kenmore, and Jamaica WRidimthe exception of
participants in the $100,000 to $1@00 annual household income bracket, those intidge to
low-income brackets reported a lower noise perception score compared to their sound volume

perception, with the score dropping from almost 3/5 to an average of 2/5.
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Mean Sound Volume per Income
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Figure15. The averagperceived loudnessf soundvolume based on income bracket.

Mean Noise Level per Income
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Figurel6. The average perceived neigvelbased on income bracket
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Although no direct correlation was found between these results and any other factor, the
shift in perception between soundlume and noise fanid- to low-income participants suggests
that they may assess what constitutes a noisy sound differently from just its loudness. Further
analysis of the results revealed that seven of the 12 neighborhoodssutvergarticipantsvho
selfidentified aslow- to-middle income resided overlapped directly witloseidentified in the
neighborhood analysas being lougdnamely Allston, Dorchester, East Boston, Fenway/Kenmore,

Jamaica Plain, the South End, and the West End.

The neighborhoods of Dorchester, East Boston, Fenway/Kenmore, and the Soatk End
amonghose that are currenthousingconcentrations aharginalized communitieshile Beacon
Hill and the West End are typically seen as more affluent neighborhoodsassdovith quiet
environments, with Jamaica Plain straddling the middi@oeconomic demographiGonzalez

2022; Lima et al. 2014; Department of Innovation and Technology; Zi#dlyze Boston 2021

As demonstrated by the graphs, quiet does not necessarily equate tframisad vice
versa. It could be argudtat low to middleincomeresidents viewthe variable soundscapes as
part of the tradeff or compromise they are willing to make in order to reside in their preferred
location. Conversely, these residents may have a conditioned sense that they sioatefide
and feel fortunate to live there and therefore may not feel entitled to complain about the
soundscape. In contrast, more affluent residents who pay a premium to live in these neighborhoods
may feel a sense of entitlement and privilege to shagie sonic environment to their liking
(Gonzalez 2022)Overall, these findings suggest that the relationship between household income
and perceived sound volume and noise level is complex and not easily explained. Further
investigation is needed to undersdahe nuanced perceptions and attitudes towards soundscapes

among different income brackets in urban neighborhoods

pn
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Sound and noise perception by age
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Figurel?. The average perceived loudness based on age ranges.
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Figurel8. The averagperceived noise level based on age ranges
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Next, | i sol ated the rel at i onradesapd theiepercepteom t he
of soundvolumein their neighborhood (Figur®/). | found that, when looking at reported sound
volume levels, evergge range except for those betw@1 and 29 and 60 to 65 had an average
loudness score above 2.5, with participants between the ages of 18 and 20 having the highest score
of about 3 out of 5. However, there was a significant reduction in the overaépgon of noise
among these same age groups who identified high noise levels in their neighborhoodl@}igure
with only participants who were 20 years of age and younger indicating that their neighborhoods

were noisy

Notably, there were two significashiftsin the scoreswherethosebetween thegesof
40 and49 reported a 28% drop from sound to noise perception, while those between 18 and 20
reported a 6%increase This outcome can be interpreted in multiple ways from various
perspectivesThe perspectivef the sound as loudndnoisy among survey participar® and
youngermay be attributed to tHaghersocial vulnerabilitiegnd sensory overloatatcancome
with youth It is possible that these residents may not appreciate the repetitive and discomforting
anthropogenic sounds, especially if they anederts and they feel as though the sounds are
disruptive andinnecessarfPijanowski et al. 2011 Moreover regardless cimplitude prolonged
exposurgo sounds of varyinfrequencies have bedound to cause anxiegnd physical health
issuesat riskindividuals especiabhdolescents and populatiof&alker et al. 2016; Limet al.

2014).
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Sound and noisperception by length of residence
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Figure B. The average perceived loudness based on length of residence
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Figure20. The average perceived noise level based on length of residence.
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The final part of thejuantitative analysis examined whether the length of time a resident
lived in their neighborhood had any significant impact on their perception of sound (Fl§ures
and 20). Results showed that, with the exception of residents who have lived in the same
neighborhooddr 10 to 20 years, all participants reported their neighborhoods to béllowdver,
across the boardand regardless dength ofresideice, the averagesentimentwas that their
nei ghbor hood.Despite searching for coorelasing trends in the survey respdnses,
found none A possible explanation for this outcome is that newer residents who have recently
moved to their neighborhood may have done so looking for a specific soundscape experience.
Whereas longterm residents may just feel connected to the sound and see it as a familiar feature
of their neighborhood, not a noticeable probléaummers 2021; Zanfagna and Werth 2021;

Feiereisen and Sassin 2021)

Qualitative Analysis

After completing the quantitative analysisheégan to focus my efforts on exploring the
gualitative responses obtained from the survey. Participants were asked to identify sounds that
evoke positive and negative emotions. In reviewing the responses, it became apparent that
participants had more toysabout sounds that evoked negative emottbaathose that evoked

positive emotions.
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Negative Emotion Mapping
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However, this isiot to imply that participants did not identify sounds that elicited positive
emotions. In fact, the majority of participants reported experiencing joy, peace, calm, and
happiness in response to biophonic sounds such as bird chirping and geophonic wduads s
light rain, wind blowing through trees, and flowing water. Unexpectedly, the positively associated
sounds were primarily anthrophonic in nature, including the sounds of casual conversation, live

music, children playing, and the sound of trains.

Corwversely, it is important to note that while the majority of the positively associated
sounds were anthrophonic, the number of negatively associated anthrophonic sounds identified by
participants far exceeded the positive. Specifically, participants redmeteg negatively affected
by sounds such as car honking, heavy construction, delivery trucks, drunk pedestrians, loud parties,
and overhead aircraft. Although there were a few examples of biophonic and geophonic sounds,
such as thunderstorms, pests, aaijhboring pets, that made it onto the negative list, they were
few and far between. Overall, the data suggests that most residents of Boston perceive the sounds
of nature and the environment around them to be generally positive. However, the situation
becomes more complex when it comes to humaude sounds. In fact, all of the negatively
associated sounds identified by participants aligned with the original definition of noise. When
describing sounds that evoked frustration, unease, disturbance, and artjeipants used

adjectives such as "late,” "loud," "constant,” "inconsiderate,” and "inappropriate
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Positive Recurring Sounds
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Figure23. Word cloud of the most oairring positive sounds from survey

The descriptive characteristics of the positively associated soundsxhibited a similar
trend,but in revere: they were described @ e as o mavkell e ,med 6, @entaln fAi nvi
sounds were qualified by their association with warm weather or a particular time of year. Some
respondents even identified specific timdsew they would expect a sound to be pleasurable, while
others noted times when it would not be. These survey results reinforce the idea that noise is not
simply associated with amplitude or loudness. Rather, there is both a temporal and spatial
componentd determining if and when a sound is welcomed in a particular envirorfivaiker
et al. 2017)Moreover, the listener's emotional and mental state must also be compatible with the
soundscape to fully accept it. For instance, one survey respondent expressed that they enjoy the
sound of music being played outside at a moderate volume, but qualiéestatement by
explaining that they only enjoy music during weekends before 5:00HBMever,when speaking
about negatively associated soundle same participant expressed ttating the particular

weekend thatthey have worko dg music may becomedistracting and unwelcome noise.
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Negative Recurring Sounds
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Figure24. Word cloud of the most recurring negative sounds from survey

In an attempt to provide a more quantitative understanding of the qualitative data, | used
the samesoundscape ecology talds beforeput this time | used the providetibcategories, as
opposed to making mgwn (Table03). This allowed me to sort answerdgo the three primary
categories of sound recognition: anthrophony, geophony, and biopRijaryowski et al. 2020)
Anthrophony, for instance, refers tmanufacturedsounds and was further divided into
transportation, social signals, construction, human voices, and human activity. To visualize the
representation of positive and negative emotions invoked by each sound category in the different
Boston neighborhoods, sad a comprehensive coding system in accordance with thigBaller
andGas kel | 2000; 0O 6 C @ynamalyring #éha tlendd afdntifacturdddaiueal)
and environmental sounds in each neighborhood, this method facil#ateore detailed and
nuanced understanding of the specific contributions of each sound type to the residents' overall
soundscape experienceBhe coded responses are represented through the displayed graphs:

Figure24 for positive sounds and Figu?® for negative ones.
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Table03. Soundscape Ecology coding table for qualitative survey data
Positively Associated Sound
Anthrophony Biophony Geophony
bicycle wind through
skateboard mammals trees
walking wind through
car grasses
bus birds wind through
. ruck buildings
Transportation truc | g
motorcycle . Air wind over sand
boat reptiles
sh!p thunder
train _
subway Wild amphibians
planes Animals tornado
sirens .
, hurricane
alarm fish
il Si bel light rain
Social Signals foghorn g
fireworks crustaceans . :
medium rain
gunshots
hamm.enng _ heavy rain
sawing insects
Construction jackhammer Water hai
ai
explosion
drilling dogs _
streams/rivers
laughter
crying waves
coughing cats
Human Voices ST‘OT'”Q waterfall
singing
talking Domestic livestock ice breaki
yelling Animals ice breaking
sneezing ice slidin
typing horses Earth g
cooking
lavi . earthquake
Human Activity playing Sports
recorded music birds ) o
: : Fire wildfire
live music
SourceAut hor 6s adaptation of Sound Z0@kpohomy Diagram, in
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Positively Associated Sound Categories by Neighborhood
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Figure25. Positive sounds categorized by anthrophbigphony, and geophony in Boston neighborhoods.
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Negatively Associated Sound Catagories by Neighborhood
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Figure26. Negative sounds categorized by anthrophony, biophony, and geophony in Boston neighborhoods.
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The graphs demonstrate a significant decrease in biophadygeophony sounds when
comparng the negative and positive emotional associations. Conversely, anthrophony as a whole
exhibited a noticeable increase when associated with negative emotions, with the exception of a
few neighborhoods where there was minimal change. However, this dstioctild be attributed
to the number of responses collected in each neighborhood, rather than the actual importance of
specific sounds. It is important to note that, when analyzing the neighborhoods independently and
comparing their owrsentimentsjt can be argued that areaghere positivdy and negatively
associated soundsave higher overlagould be classified as net neutral in terms of noise

perception
Geospatial Analysis

After completing both the quantitative and qualitative analyses afuihvey, | conducted
a geospatial analysis to examine whether gentrification vulnerability could be mapped using sound.
Furthermore, | aimed to determine if the empirical data | had gathered were consistent with the

results | obtained from the survey
Visualizing and Processing the Data

| began by creating a geospatial model in ArcGIS Pro to streamline my program script and
maximize efficiency. In order to ensure accuracy and clarity, | divided the geospatial processes
among three models, each corresponding distinct phase of analysis. These are caffe@q,

and 3 GIS Models and their process diagrams are found in the Appendix.
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The first task of the model was to plot together two types of information: the data points
provided by Dr. Erica Walker and the filtered 311 report data obtained from the City of Boston's
open data website using the&spective longitude and latitude coordinates. The data points
provided by Dr. Walkeros Community Noise Lab
locations across Boston neighborhoods. I filtered out the noise complaints from the 311 reports for

theyear 2020.

Subsequently, | importeamap from the City of Bostdn spen data site in the form of a
shape file, a file consisting of polygons and images coded with geospatiarl kiatallowed me
to identify all the census block groups in Boston. Once the block groups were identified, | began
to integrate six data indicators: home value, gross rent, household income, population percent non
white, new residential construction permit lboas, and environmental stressors specific to
Boston. Although gentrification is a complex phenomenon that is difficult to quantify, these data
points are among the most common indicators associated with inequity and displd€ahent
and Pettit 2019)These variables provide the most effective means of examining the relationship

between Boston's soundscape angutaerability to gentrification.

As geoprocessing was initiated, | proceeded to configure the model for conducting joins,
which involves combining geospatial data through shared attributes or overlapping shapes, for all
variables, including average dB&uels and the number of noise complaints for each block group.
(Figure 28, the process diagram for th& GIS Model is found in the Appendix.) Subsequently,
the resulting joins were converted into rasters, which are essentially maps and data represented by
pixels rather than shapes. Rasters were preferred because they are easier to manipulate and
combine, andheir base spatial units being pixels obviates the need for value conversion when
dealing with multiple rasters. The two maps below provide a sample of the rasterized
representation of dBA levels (FiguR®) and the number of noise complaints per censorskb
group (Figure30).

c ¢
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Once all the variables had been converted into rasters, | used a function called "Band
Collection Statistics" in ArcGIS Pro. This geoprocessing tool is capable of running multiple rasters
through statistical analysis to determine if they arestated. The resulting product is a correlation
matrix table that indicates the degree of linear relationship between the rasters. Each raster is
gridded with a value ranging frorth to 1, where a value closer to 1 indicates a stronger correlation

betwea the two values.

Table0O4 below presents the outcome of using band collections statistics with sound, noise,
white population (Demphomeowner expensé@sglortgage)cost of rent (Rent), household income
(HHI), sea level rise (SLRjtormwaterflooding (Storm) transitproximity (T-Stop) urban heat
island effect (UHI) home valugHV), and land development dat@ermits)respectively. In the
table, a green highlighted value indicates a positive correlation with its intersecting data sample,

whereas a colorless value indicates either a negative relationship or no relatioaBhip at

Table04. Matrix table highlighting theorrelation between sound, noise, and the various
vulnerability indicators

Correlation Matrix

Sound| Noise| Demo | Mortgage | Rent | HHI | SLR | Storm S-{;)p UHI HV | Permits
Sound 1.000 | 0.213 0030 0.178 | 0.139| 0.003 0219 0130 | 0365 0.119 | 0.137 | 0.168
Noise 0.213 | 1.000| 0.033 | 0.103 | 0.085| 0.004 0.027| 0.003!| 0.039 0.041 0013 0.040
Demo 0.030 0.033| 1.000 | -0.142 | 0.484| 0.565 0.005| 0013 | 0016 0.076 | 0.349 | 0.032
Mortgage | 0.178 | 0.103 0142 1.000 0009 0.154| 0.016! 0.009 | 0.112 0.201 | 0.016 | 0.246
Rent 0.139 | 0.085| 0.484 | -0.009 | 1.000| 0.546 0087! 0029 | 0111 | 0.018 0.321 | -0.003
HHI 0.003 | 0.004 | 0.565| -0.154 | 0.546| 1.000| 0.023 0.019 | 0.022 0.025 | 0.363 | 0.043
SLR 0219 | 0.027| 0.005 -0.016 0.087 0.023| 1.000| 0.407 | 0.385 | 0.049 0.097 0.034
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Storm | 4130 | 0.003| 0.013| 999 | 0029/ 0.019 | 0:407| 1000 0.274 | , o7 | (55| 0044
TSP | 365 0.039] 0.016| 112 | 0111 0.002[0:385| 02741 1000 o0, | o3 | 0027
UHI 0.119 | 0.041| 0.076 | 0.201 0_618 0.025 | 0.049 0_é74 o.éal 1.000 | 0.023 | 0.160
HV 0.137 0.(')13 0.349| 0.016 |0.321|0.363 0.697 o.é43 0.é03 0.023 | 1.000 | -0.050
Permits | 0.168 | 0.040| 0.032| 0.246 0.603 0.043| 0.034 0'644 0.627 0.160 0.650 1

In general, correlation coefficients are typically classified as weak, moderate, strong, or
very strong, dependinon where they fall between 0 and 1. For instance, a correlation coefficient
of 0.7 or higher is typically considered to be a very strong correlation, while anything below 0.3
is considered to be very weak. However, due to the nuanced nature of treifacitved and the
inconsistencies irobserving gentrificationl opted to validate the positive results from the
correlation matrices using the probability, also known-galBes, from their corresponding linear
regressiongBhandari 2021)This approach allowed me to assess the strength of the relationship

while still highlighting its significance (Tablé&5 and06).

This analysis indicates that both recorded sound and reported noise complaints exhibited
positive correlations with nearly all of the analyzed variables, except for sea level rise, stormwater
flooding, and proximity to MBTA TStops. However, the validityf these relationships was called
into question by the linear regression analysis, as the majority of relationships did not have P
values lower than 0.05, at least not in comparison to the positive correlations indicated in the
correlation matrixA P-valueof 0.05indicates é@5% confidencéevel. Nonetheless, in the case
of decibel level recordingglmost all the variableelationshipsexhibited positive correlations
with P-values low enough to denote confidence in the relationshifh the exceptionof

homeowner expensgsercent white populatiomousehold incomeaJHI, and newconstruction
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Table 05. Linear regressiomesults, highlighting which variables may have a relationship with

sound
Linear Regression of the Relationship to Decibel Level (dBA)
. : Variable Coefficients SIEeEle t-Statistic | Probability
Relationship error
311 Noise Complaints 0.076 0.030 2.551 0.011
Complaints | ntercept 60.848 0.187 | 324.861 0.000
Homeowner | Pct_morgage over 30pct 0.013 0.008 1.748 0.081
Expenses
Over 30%of Intercept 60.581 0.281 215.304 0.000
Income
Percent White| Percent_White 0.001 0.006 0.224 0.823
Population Intercept 60.896 0.335 181.680 0.000
Median SE_A14006_001 0.000 0.000 -1.536 0.125
Household 1 0 cept 61.489 0.408 | 150.685 | 0.000
Income
Median Gross| SE_A18009_001 0.001 0.000 3.548 0.000
Rent Intercept 59.363 0.503 118.033 0.000
Median Home| SE_A10036_001 0.000 0.000 3.143 0.002
Value Intercept 59.182 0.470 125.867 0.000
Rent as SE_A18003_001 0.019 0.018 1.073 0.284
Eifg’;mf Intercept 60.559 0589 | 102.749 |  0.000
MEAN 0.000 0.000 -8.623 0.000
Distance from| Intercept 62.332 0.235 264.920 0.000
TransitStops | MEDIAN 0.000 0.000 -8.630 0.000
Intercept 62.336 0.236 264.735 0.000
. MEAN -0.002 0.001 -3.369 0.001
ggi‘r':\:\'gé? Intercept 61.853 0323 | 191576 | 0.000
Flooding MEDIAN -0.002 0.001 -2.990 0.003
Intercept 61.718 0.314 196.731 0.000
MEAN 0.000 0.000 -8.110 0.000
Proximity to | Intercept 62.100 0.224 277.260 0.000
Sea Level Risg¢ MEDIAN 0.000 0.000 -8.093 0.000
Intercept 62.094 0.224 277.547 0.000
Urban Heat | Delta_Temp 0.091 0.175 0.516 0.606
Island Intercept 59.730 2.377 25.125 0.000
New Number_of Permits 0.0055 0.0503 0.1095 0.9129
Construction
Permits Intercept 60.9427 0.2106 | 289.3747
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Table06. Linear regression results, highlighting which variables may haga@onship with
noise
Linear Regression of the Relationship to 311 Noise Complaints
Relationship Variable Coefficients Stsrr:g?rd Statt_istic Probability
dBA Level Pred_A weighted 0.1499 0.0588 2.5507 0.011
Intercept -7.7338 3.5921 -2.153 0.0317
E)‘(’;i‘;‘g’g;er 400 | PCLMOrgage_over_30p¢  0.013 0.0136 | 0.9537 | 0.3407
of Income Intercept 1.2038 0.312 3.8586 0.0001
Percent White Percent_White 0.0049 0.0087 | 0.5597 0.5759
Population Intercept 1.183 0.4653 | 2.5425 | 0.0113
MedianHousehold | SE_A14006 001 0 0 0.2486 0.8038
Income Intercept 1.3575 0.6213 | 2.185 0.0294
: SE_A18009_001 0.0005 0.0004 | 1.1064 0.2691
Median Gross Rent
Intercept 0.6473 0.8609 | 0.7518 0.4525
Median Home Value SE_A10036_001 0 0 -0.4348 0.6639
Intercept 1.8495 0.7521 2.459 0.0143
Rent as Percenif SE_A18003 001 -0.0104 0.028 -0.3702 0.7114
Income Intercept 1.808 0.9273 | 1.9497 | 0.0517
MEAN -0.0001 0.0001 | -1.0422 0.2978
Distance from Intercept 1.6216 0.3436 | 4.7198 0
TransitStops MEDIAN -0.0001 0.0001 | -1.0342 0.3015
Intercept 1.62 0.3437 4.7129 0
. MEAN -0.0002 0.0007 | -0.3361 0.7369
g{g;‘%"\:\'gté? Intercept 15035 | 04491 | 3.3477 | 0.0009
Flooding MEDIAN -0.0003 0.0007 | -0.3653 0.715
Intercept 1.5077 0.4342 | 3.4723 0.0006
MEAN 0 0 -0.9736 0.3307
Proximity to 8&a Intercept 1.5771 0.3244 | 4.8611 0
LevelRse MEDIAN 0 0 -0.9743 0.3303
Intercept 1.5766 0.324 4.8661 0
Urban Heat Island Delta_ Temp 0.1116 0.2434 0.4583 0.6469
Intercept -0.1297 3.3007 | -0.0393 0.9687
New Construction | Number_of Permits 0.089 0.0697 1.2768 0.2022
Permits Intercept 12001 | 02884 | 4.1613 0
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However,the saméevel of confidenceannot be said about the relationship exhibited by
the noise complaints. The correlations between reported noise complaints and the socioeconomic
variables selected for the gentrification vulnerability index did not yield any significant
relationships witha high confidence interval, except for the one it shares with the Community
Noi se Labds dBA | evels readings. 30hwheretheel at i c
trend line can be seen having a positive orientation. This finding implies that3isingoise
complaints as a way to map gentrification may not be reliable. However, the observed positive
linear correlation between noise complaints and decibel levels, although weak, suggests that areas
with higher decibel readings are more likely to hen@e noise complaints. Although this result
may not be groundbreaking on its own, it adds to the understanding of the subjectivity of noise

and how residents in Boston navigate, cope with, and mitigate it in their daily lives

311 Noise Complaints vs Averaged Decibel
Level (dBA)
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Figure31. Scatter plot graph showing the linear relationship between
Boston sound levels and noisemplaints.
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Reclassifying toForm the Vulnerability Index

After the correlated relationships were established and the maps were created, the analysis
moved into the second part of the process. The procedure involved rasterizing all of the joined
maps and data from the index variables to make them more maniputadasily comparable to
the noise and sound maps (Fig@2 the process diagram for th84251S Model is in the
Appendix). For some of the data points that were previously mapped and did not require joining,
such as MBTA TStops and all of the Bostongsided Climate Vulnerability maps indicating sea
level rise, stormwater flooding, and urban heat island risk zones, | used a different method of
converting them into rasters. The process | u:
tiers of area or zones representing the proximity of a specific location to another location. This
method was used to show that areas closer to train stops and further away frahseadstel
rise and stormwater flooding are at a higher risk of gentrificationhes are more desirable

locations in which to livéGentrification IndexX2014; Voorhees 2023)

Once all the layers were rasterized and clipped to the same dimensxriassified the
11 variablesso that their respective values would be sptiérnallyinto five categorieshat could
be moreesasilybedesignatedbased on vulnerability severitgeveritywasrankedon a scale of-1

5 where 1 is leastulnerableto gentification and 5 is mostulnerable.

As previously mentionedndused in Correlatio and Regressiotablesthe 11 variables
are: Median Household Income, Gross Median Rent, Median Home Value, Rent as Percent of
Income, HomeowneExpenseOver 30% ofIncome, Percent White Populatiddistancefrom
MBTA Transit Stops Distancefrom Areaswith High Vulnerability to Sea Level Rise and
Stormwater FloodingUrban Heat Island, and Construction Permiteke description ofthe

reclassifcation process @dach ofthevariablesis in the Appendix.
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The final step in this model involved combining all the newly classified vulnerability
variables using a weighted overlay, a geoprocessing tool that integrates multiple raster data sets
and assigs them weights to produce a composite map. The objective is to create a map that
displays the spatial distribution and intensity of gentrification vulnerability in Boston. This map
would be used to compare with the plotted noise complaints and dBA meastg@man attempt

to identify any potential correlations.
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The first weighted overlay generated through the model was designed to have an even
distribution across all of the gentrification indicators (Fig88. Each of the 11 variables |
established was weighted equally at 9.09%. This was done to provideiadesfelrence for the
future overlays and to observe the index in a vacuum without any prior context. The second
weighted overlay, on the other hand (Figd4® did not treat each variable equally. Instead, it was
weighted based on the variables that weuad to have a positive correlation with the sound and
noise complaint maps. These variables were all economic in nature, such as median gross rent,
median home value, percenttafusing expenseasser 30% of income, median household income,
and rent as percent of income. Together, these variables had an accumulative weight of 40%.
The climatebased variables were each given a weight of 5%, whiteal demographic data
received a 10% weight, and transit data received a weight of 30%. Although egréssiens
showed a negative correlation between transit and sound or noise, it remains a significant factor in
guantifying gentrification vulnerability and therefore accounts for 1/3 of the overall weight

(Padeiro, Louro, anda Costa 2019)

The third and final weighted overlay in this study was informed by a comprehensive
literature review on gentrification risk factors (Figuse). The review found that resident
characteristics, housirapndmarket conditions, economic adty and investments, neighborhood
conditions, and climate resilience are the consistent indicators and data sources used to measure
gentrification risk(Cohen and Pettit 2019; Voorhees 2023; Roy, Vinayak, and Von Stroh. 2022)

To represent resident characteristics, | used racial and income data, which were both weighted at
10%.For the housingndmarket conditions, | incorporated all four financial data related to rent,
mortgages, and home value, each of which was weighte¥.at ® represent economic activity

and investment within neighborhoods, | weighed new residential construction projects at 20%.

Y H
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Similarly, as my only indicator of neighborhood conditions, proximity to transit was also given
20%. The remaining 20% was alloed among the climate risk factors, with 6% assigned to both

stormwater and sea level risglated flooding, and 8% assigned to the urban heat island index.
This final overlay represents the most current understanding of gentrification vulnerabilities

amory the three indexes created, given the data and limitations used to generate them.

Visual Interpretation of Map Results

Even withthe gaps in the \Inerability maps, caused laynumber of block groupsissing
valuesfrom the index variablesye can starto see gattern take shamamongseach ovday. All
three of thendex mag show thaimostof areas in Boston ardentified as beingn the middle of
the road whent comes to gentrification vulnerabilityhis would suggest thathe majority of
Bostordb s r e s i daecurrendlylin thegoroeeassf beinggentrified. This trend makes sense
when looking at theeighborhoods AllstgrdamaicaPlain South Boston, and Hyde Padand the

census block groups that reside in them.

However, things bag to differ amongst the vulnerability maps wecompare thdeast
vulnerabldor each.Theunweighted maphows West Roxbury and Roslindaksemivulnerable,
whereadoththe weighted and adjusted maps find boftthose neighborhoods amotige areas
that are the least vulnerablehis could be attributed tthe significant weight placed on transit
proximity andracial demographifor both the weighted and adjusted map$fiaih West Roxbury
and Roslindale areather far from any major MBTA statioasd have relatively loyopulatiors
of nonwhite residentsConversely, the unweightedap showsthat Chalestown Beacon Hill
Back Bay, Bay Village, and Chinatown are qllite low on the vulnerability indexvhile the

weightedmap shows the neighbdarodsas semivulnerable, and the adjustethpshows each to
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be split evenly betwixt the twaulnerability classesThis couldsimilarly be attributed to the
weight placed on pyximity MBTA stations as all of the neighborhoods in question have ample
access to public transidditionally, both the unweighted and adjusted meygsgh climate risk
variable higher than the weightedap. So, sinc&harlestown Beacon Hill, Back Bay, Bay
Village, and Chinatown are aixtremely vulnerable to sea level rise and stormwater flooding, it

makes sense that the maps would differ the way tlo.

As for the areaswith the highestvulnerability, all of the mapsshow East Boston,
Fenway/KenmorgRoxbury, Mid Dorchester, Dorchestand Mattg@anto bethe most vulnerable
However,while highlighting the same neighborhoadsboth the weighted and unweightedps
the adjustedndex indicates afewer number of census block groupisat hold the highest
vulnerability classificationl anticipate thathis outcome is a result of the adjusted nafipcating
less importance orhé financialvariables, when compared to the other two indeYéth these
neighborhoods along with their respective block groupbeing those with the highest
concentration of mido low-income households Boston, it makes sense thiae adjusted map

w o u | fihd them as vulnerable.

Thissolidifies the idea thdhe effectiveness ofailnerability index islependent on which
variables matter the most in any particular area and how they are weidlatellof the ones |
generated have their strengths and weaknesses, but none of them tell the complete story. As such,
moving forward,l decided tdook at them all to sekow they compare to one another andryo

and decipher the story that they each can tell.
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Correlation and Linear Regression Analysis

The vulnerability indexes having been creaaedvisually interpretedthe next step was
to test for measurable statistical significance between them asolthe and noise data previously
processed. However, before proceeding, it was necessary to clip both the dBA level and noise
complaint frequency maps so that they were of the same dimensions as the gentrification risk maps.
Following this,| reclassifiedboth maps to partition their respective values into five levels of
severity, aligning with the vulnerability indexes (Fig®® the process diagram for th& &IS

Model, is in the Appendix)

To reclassify the sound pressure map, which records the dBA levels for each of Boston's
census block groups, | first determined the sound threshold for each level of severity. According
to the City of Boston's definition of "Unreasonable Noise," any staurdker than 50 dBA during
the hours of 11:00 PM to 7:00 AM or any sound louder than 70 dBA during all other hours of the
day, except for permanent construction, is considered unreas@Gillef Boston 2023; 2021)
However, other municipalitietypically set the sound level threshold at 60 dBA for residé
zoning, as found in the review of noise standards and defin{imkéco, Thill, and Rodkin 2004,

City of Oakland2005) In addition, the Centers for Disease Control and Prevention (CDC)
identifies sounds below 70 dBA as generally harmless, those between 70 and 80 dBA as causing
mild discomfort and annoyance, and those above 80 dBA as potentially causing lastiG@barm

2022) According to the CDC, the average conversation typically registensn@60 dBA. Based

on this range of sound level designations and the distribution of sound data, the lowest level of
severity was set at S8BA, betweerBoston's and the CDC's identified thresholds. The highest

level of severity was set to any sound regisig over 70 dBA, which appears to be widely
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accepted as the threshold for when sound becomes noise. The severity breakdown of the sound

pressure |l evels for Bostonds census bl ock gro

1 Average Decibe{dBA) Level Per Block Group

0 Lessthan 55 dBA
55 dBAT 60 dBA
60 dBAT 65 dBA
65 dBAT 70 dBA
Greater than 70 dBA

0
0
o
o

The reclassification of the noise complaint data was a nuanced process, as it was not

informed by existing literature. Since the perception of noise is subjective among, pleepdas

no established research on what the number of noise complaints indicates about the neighborhoods

in which they are reported. Therefore, | classified the noise complaints based on the frequency of

their occurrence and the number of data pointslave. Most census block groups had noise

complaint numbers ranging from 0 to 10, so | distributed these values among the first three levels

of severity, with the last two levels reserved for the less frequent but higher magnitude outliers.

The classifiation 0f311 noise complain occurrences can ba& setow.

1 311 Nase Complaint Reports Per Csuas Block Group

None

175

51 10

107 35

Greater than 35

O O O 0O O

After reclassifying the sound mapping and noise complaint data, | processed them along
with the three vulnerability indexes using the geospatial tool "band collection statistics” and a
linear regression to determine the correlation between each varidils agspective confidence

level (Table€D7 and08).
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Table07. Correlation matrix showing the linear relationship between sound, noise, and the
vulnerability indexes

Correlation Matrix

CNL Average
Decibel Per
Block Group
(dBA)

# of Noise
Complaints
Per Block
Group

Gentrification
Vulnerability
Index (Un
Weighted)

Gentrification
Vulnerability
Index
(Weighed)

Gentrification
Vulnerability
Index
(Adjusted)

CNL Average

Decibel Per

Block Group
(dBA)

-0.01198

# of Noise
Complaints
Per Block
Group

Gentrification
Vulnerability
Index (Un
Weighted)

-0.01198

Gentrification
Vulnerability
Index
(Weighed)

Gentrification
Vulnerability
Index
(Adjusted)

With the exception of the unweighted gentrification vulnerability index and decibel level,

all relationshipsobservedshowed a positive correlatipalbeit a weak oneThe significance of

this correlation waseinforced by a ®alue of 0.001.
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Table08. Tables with the linear regression relationship to the gentrification vulnerability

indexes
Linear Regression of the Relationship to Decibel Level (dBA)
. : Variable Coefficients SIEUeEe t-Statistic Probability
Relationship error
MEAN -0.088 0.326 -0.272 0.786
Unweighted | Intercept 61.050 1.027 59.423 0.000
Vulnerability | MEDIAN -0.043 0.304 -0.142 0.887
Intercept 60.910 0.963 63.251 0.000
MEAN 1.017 0.314 3.245 0.001
Weighted Intercept 57.546 1.012 56.875 0.000
Vulnerability | MEDIAN 0.958 0.291 3.297 0.001
Intercept 57.724 0.944 61.179 0.000
MEAN 1.180 0.362 3.256 0.001
Adjusted Intercept 57.281 1.089 52.618 0.000
Vulnerability | MEDIAN 1.057 0.326 3.237 0.001
Intercept 57.651 0.983 58.675 0.000
LinearRegression of the Relationship to 311 Noise Complaints
. - Standard _ .
. : Variable Coefficients t-Statistic Probability
Relationship error
MEAN -0.027 0.517 -0.053 0.958
Unweighted | Intercept 1.557 1.630 0.956 0.340
Vulnerability | MEDIAN 0.163 0.482 0.337 0.736
Intercept 0.969 1.522 0.637 0.525
MEAN -0.156 0.502 -0.311 0.756
Weighted Intercept 1.968 1.618 1.217 0.224
Vulnerability | MEDIAN -0.087 0.465 -0.187 0.852
Intercept 1.749 1.507 1.161 0.246
MEAN 0.161 0.582 0.277 0.782
Adjusted Intercept 0.995 1.747 0.570 0.569
Vulnerability | MEDIAN 0.031 0.523 0.060 0.952
Intercept 1.381 1.572 0.878 0.380

ntrel

Regrettably, although all indexes exhibited a positive correlation with noise complaints

across Boston's census block groups, norteesf corresponding-Ralues were equal to or less

than 0.05. This signifies that, apart from the correlation previously analyzed using decibel levels,

none of the relationships concerning noise complaints were statistically significant. This does not

imply that no relationship exists, but rather that one cannot be discerned presently.
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5.  Summary of Findings

So far, this study has presented a diverse array of data pointseaarious complex
analytical methodologie&iven the breadth of the analyses conducted, it is conceivable that some
concepts and processes may have been obscured. Consequently, in this section of the thesis, |
provide a summary of the established findimgsl highlight any noteworthy insights or results

gleaned from the analyses
Quantitative Findings

The soundscape survey, distributed through social media, aimed to engage with residents
from across Bostonbés 24 quesiiogshwitl 12 being guantitaived ¢ o m
The results showed that when asked if their neighborhoods were loud or noisy, roughly 50% of
the100participants responded positively to both questions. This finding was further corroborated
by the sound volumkevel scores, where approximately half of the neighborhoods scored higher
than 2.5 on a scale of 1 to 5, with the West End and Fenway/Kenmore being the two loudest. These
neighborhoods haveigh soundlevelsdue to their proximity tdahe Storrow Driveparkway. The
WestEnd is also close tthterstate 493 and theTD Gardensports venueand Fenway/Kenmore
includes the Fenway Park sports venlmecontrast, when participants were asked to score the
noisiness ofheir neighborhood, the majority scored under 2.5, except for Fenway/Kenmore and
Roxbury. This finding is intriguing, aboth of these neighborhoodsave historicdy been
occupied by laver-income residentandarein the early stages of gentrificatiflnma et al. 2014;
Department of Innovation and Technology 202halyze Boston 2021 Fenway/Kenmord&asa

lively environment with high pedestridraffic and aot of socialactivity andRoxburyis known

y ®
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for its recurring social signals, such as sirens, fireworks, and gunshots. These phecmuttena

help to explain why the perceived noisiness is so high.

In addition to these results, | compared the perceived sound and noise levels of white
participants to those of nemhite participants. On average, while residents of color reported sound
levelssimilar to those ofheir white counterparts, they reportadtter levels of perceived noise.

Both demographics reported lower noise perception compared to kweisl but norwhite
participants reported 10% less noise than sound, while white responses showed a 25% difference.
Further, there was a significant @ifence in the sound and noise perception of various income
brackets. Participants who identified as {ot@ midincome gave their neighborhood a high

loudness score but a significantly lowerisinesscore

When comparing sound and noise perception basedge, there was no observable
relationship between the two, except fioe fact thatesidents aged 18 to 2@ere the onlyones
who hada higher noise perception scaitgan sound volumescore Similarly, the length of
residence seemed to have littleno effect on the perception of sound and noise. On average,
regardless of how long they had lived in their place of residence, participants indicated that their

neighborhoods were loud but not noisy
Qualitative Findings

In the qualitative portion adhe survey, participants were asked to identify the sounds they
encounter in their daily environments that elicit positive and negative emotions. Employing
soundscape ecology and sentiment coding, | divided the sounds into positive and negative

relationshps and categorized them into three types: anthrophony, biophony, and geophony



Marquez Vintrel

The results indicated that most participants associated positive emotions, such as serenity,
calmness, happiness, security, balance, and peace, with biophonic and geopimoisicssmi as
the rustling of leaves, chirping birds, and light to moderate rainfall. The neighborhoods with the
highest frequency of positive biophonic and geophonic sounds, as reported by the participants,

were Jamaica Plain, Fenway/Kenmore, Dorchestiéstolh, and Beacon Hill.

Regarding anthrophonic sounds, the participants reported responding positively to sounds
such as pleasant conversations, children playing, church bells, andlionve music. These
sounds were associated with community, excitememiness, and a sense of belonging. The
neighborhoods with the highest occurrence of positively associated anthrophonic sounds were the

South End, Jamaica Plain, Dorchester, Brighton, and Allston.

In terms of negative associations, some participagported finding biophonic and
geophonic sounds, typically associated with unwanted pests, overactive neighborhoaddpets,
heavy weathetto be bothersomeor irritating. These sounds were said to elicit feelings of
annoyanceand sadness. However, no neighimod had a significantly higher number of

negatively associated natural and environmental sounds when compared to the overall population.

In contrast, all neighborhoods, except for South Boston, the North End, Mission Hill, Hyde
Park, and Back Bay, haal greater number of negatively associated anthrophonic sounds than
positive ones. Participants identified car horns, sirens, heavy trucks, aircraft activity, screeching
trains, construction work, and people yelling as sounds that elicited negative ematicmas
irritation, anger, frustration, fear, discomfort, and isolation. The neighborhoods with the most
occurrences of negatively associated anthropogenic sounds per response were Allston and

Dorchester, with Brighton, Fenway/Kenmore, and Roxbury deténd

™
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One of the most intriguing aspects of this analysis is the subjectivity of sound perception.
While some differences existed among the participants' responses, there was considerable overlap
between sounds associated with positiveragmhtive emotions. What typically differentiated the
sounds' associations were the adjectives used to describe them and the context in which the sounds
were heard. Positive sounds were often characterized as fun, pleasant, vibrant, and nice, and
typically occurred during the day. In contrast, negative sounds were described as loud, irritating,
repetitive, and heavy, and typically occurred during the evening or other undesirable times. This

dichotomy demonstrates that noise categorization is cedépdnden rather than systematic
Geospatial Findings

To develop a static gentrification vulnerability index, various data on resident
characteristics, housing market, economic investment, neighborhood amenities, and climate
resilience were collected for each saesa block group across Boston. A geospatial model was
created to filter, process, and reclassify the data into five levels of severity to identify their
relationship to gentrification vulnerability. The gentrification indicators were then combined into
three different vulnerability indexes, each weighted differeridyobserve the contribution of

different variables to the overall vulnerability of Boston.

The first generated overlay combined all variables wembqually at 9.09% eachto
create a basele index comparable to if these indicators were measured in aesmziomic
vacuum The second generated ovenagighedthe contribution of each indicator variable based
on a preestablished correlation analysis between them and the recorded decibel levels for each
Boston census block group. This weighted distribution placed more importance on the economic

standing of Bogin residents, such as median gross rent and median home value, while still placing

doH
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1/3 of the cumulative sum on proximity to public transit. The third and final generated overlay was
weighted based on this study's comprehensive literature review andcheggauping the
variables irfive categoriedased on socieconomic functiorand impactEach category was then

allotteda weight 0f20%to bedivided evenly amongst thakespectie variables

Finally, | performeda linear regression between each efthinerability indexes with both
mapped sound levels and noise complaint reports. The resulting analysidHattheé average
dBA levels across Boston's census block grobpd a weak, but statistically significant
correlationwith noise complaint reportas well aghe second and third weighted gentrification

vulnerability indexes.

Results

The process of arriving at a shared conclusion from the complex analyses proved
challenging, with each analysis akin to a puzzle piece thatfihugo the larger picture. To this
end, | present the findings of the quantitative analysis, which revealed that, overall, residents who
rated their neighborhoods as having high levels of sound volume also tended to report significantly
lower levels ofnoisiness. However, participants from wealthier neighborhoods showed little
difference between their sound and noise scores-vidute survey respondents tended to report
aboveambient sound levels in their neighborhoods and rated the noise levels as2ab@n
average. In contrast, participants in thedtovmid-income bracket reported high sound levels, but
low noise levels. While not conclusive, this quantitative analysis suggests that residents of color
are more exposed to loud sounds and that doelldeemed as noise pollution. The findings also
suggest that wealthier residents have a lower threshold for what they consider noise compared to

mid- to low-income residents. This outcome raises the possibility that historically lower income

do
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neighborhoodsvith sound volume level scores above 2.5 are more at risk of gentrification than
quieter neighborhoods. Whether or not the neighborhood is deemed noisy qualifies the severity of

the risk

The qualitative findings indicate that residents tenddsociate positive emotions with
sounds generated from natural sources in their environment and negative emotions with human
generated noises that they perceive as out of place. In contrast, some survey participants identified
certain humammade sounds gmositive if they met their personal definition of "reasonable,” which
varied based on time, frequency, and expectation. The main takeaway is that neighborhoods with
a high concentration of positive biophonic and geoponic sounds are desirable for afitseside
regardless of socioeconomic status. However, neighborhoods with measurable amounts of both
positively and negatively associated anthrophonic sounds that rely on context to be differentiated

can be hypothesized to have a higher vulnerability to geatidn

The geospatial findings may appear straightforward due to their numerical presentation,
but the methodological approach used was intricate and subtle, warranting further elaboration. The
study collected data from 14ociceconomic relatedsourcesrecordel throughout2020 to
construct a gentrification vulnerability index, which allowed for the exploration of the relationship
between the number of 311 noise complaint reports and the average measured sound levels for
each census block group in Bostodlthough the vulnerability indexes generated did not
demonstrate a correlation with the number of noise complaints per block group, they exhibited a

notable correlation when compared to sound level.

The strength of each of these methods lies in theiityabil complement and enrich each

other's findings. While their individual results may seem disparate, togetherathaiynost tell a
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story. Based on the statistical analysis of the quantitative questions, the neighborhoods in Boston
where residents repd lower than ambient sound levels and lower than average perceived noise
were Beacon Hill, Brighton, Charlestown, Chinatown, Downtown, Hyde Park, Mission Hill, and
West Roxbury. This trend suggests that these neighborhattisthe exception of Chinataw

are socieeconomically stable and already consideestther exclusive or less vulnerable to
gentrification(Chapple, Thomas, and Zuk 2021; Rehan 20t6¢ontrast, neighborhoods with

higher sound volume scores may be more susceptible to noise pollution from sources such as street
traffic, aircraft, sirens, and horns. With the exception of Back Bay and the West End, these
neighborhoods are typically low&rcome communities with higher populations of fwanite
residents. One could argue that the degree of gentrification vulnerability in these neighborhoods is
partly related to how residents perceive noise and whether they equate it with sound volume
(Zanfagna and Werth 2021; Gonzalez 202Z2)rough a qualitative lensiowever,high sound

volume neighborhoods showed overwhelmingbsitive sentiment towards sounds occurring in

the natural environment, but mixed emotions towards hemeamerated sounds, with most
anthropogenic sounds requiring contextual information to be qualified. This suggests that residents
in these areas havenaanced relationship with humamade sounds, and only consider them to be
noise when they are unwanted or unexpected. This was particularly true in neighborhoods such as
Allston, Dorchester, Fenway/Kenmore, and Roxbury, which not only were identifieddasomi
high-risk areas for gentrificationyt he vul nerabi |l ity index but al s
sound pressure levaté 60to 65 dBA on averagevith Allston and Fenway/Kenmore having the

lowest number of noise complaints among the {Quty of Boston 2021; 2023)
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6. Discussion

Sa what does this all mean and why does it matfdre issue of noise pollution and its
impact on the mental, physical, and emotional lelhg of urban residents with higher exposure
ratings is a significant concern in many cities, includdagton Noise pollutioncanhavea huge
harmful effecton stresslevels, sleep patterns, and ewuie longterm healthissues ofBoston
residents if noproperlyaddressedHowever, the classification of noise is subjective, and what
some may perceive as noisy, others may consider a preexisting part of thersartioment
(Gonzalez 2022; Ramirez 2020; Atkinson 2007; Basquiat 20Zhig dis@rity in perspectives
can lead to increased social vulnerabilities, such as gentrification, tokenization, and discriminatory
sound policing, further compounding existing socioeconomic inequities. It also poses a challenge
for planners, policymakers, andhgic health professionals to accurately assess the auditory well
being of a communityDumyahn and Pijanowski 2011; Walket al. 202%; WHO 2011) The
results of this study, along with the answers to the research questions, can aid in distinguishing
harmful noise recognition frordiscriminatory sound policing and help address these complex

issues.
Answering Research Questions

The overarchingresearch question for this stuglya s\Whatftan soundscapes and noise
profiles tell us about gentrificatioaMoweverwhat | was not expecting was how mubkre was
to say about the mattevly research showethat as with most topics related to gentrification,
empirical analysis can only go so far when dealing with the subjective nature of sound.
Nonetheless, the study identified a minor correlation between the recorded sound pressures of

census block groups 2020 and a vulnerability index that remained staticime. To further
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explore this relationship, the studygedboth statistical and qualitative analysis to answer the

following questions:

T

In what ways, if any, can sound volume and noise level be used ttifgeareas at risk
of physical and social displacement?

As mentioned previously, the gentrification vulnerability indexes developed in this study,
based on 11 socioeconomic indicators and variables, identified areas in Boston with the
highest risk of diglacement. A linear regression analysis between these indexes and a map
of average sound levels across Boston revealed a minor but significant correlation,
suggesting that some areas with higher sound volume may be more vulnerable to
gentrification. This orrelation is further supported by the fact that neighborhoods with the
highest risk of displacement in the wvulnerability indeRllston, Dorchester,
Fenway/Kenmore, and Roxbugre either in the process of or on the brink of gentrification
(Osei 2021; Harvard Univeity 2016) Additionally, residents in these neighborhoods
generally perceive their neighborhoods as loud but have varying levels of noise tolerance.
Whether the reclassification of sound as noisy or not can increase a neighborhood's
susceptibility to gntrification warrants further investigation and a deeper exploration of
residents' sound sentiment.

Is there a measurable difference between the volume of a sound and the perception of
noise?

Yes! But it depends on howve define measurablén this study,l aimed to answethis
guestion through geospatial and statistical analyses, which yielded different results.
Geospatially)] mapped the average sound levels and number of noise complaints for each

census block group afidund a positive correlation of approximately (P2/alue = 0.011)
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between sound volume and noise. This suggests that when one variable increases, the other
may also increase to some extent. Statistichtpnducted a survey in which participants
ratedthe soundvolume and noisiness of common sounds in their urban environment on a
scale of 1to 5. On average, participants rated the perceived noise level of their
neighborhood about 20% lower than its overall loudness. However, this percentage differed
baed on race, with white participants rating noise levels 25% lower andvhios
participants rating them 10% lowéfoise is subjective and the ability to measure it relies

heavily on the methods and parameters used to do so.

Are the areas with théaighest number of noise complaints the loudest?

No, not necessarily. As previously stated, there is evidence of a correlation between volume
level and repodd noise complaints, suggesting that as one increases, the other may also
increase. However, spdtabservations indicate that neighborhoods with the highest dBA
readings do not necessarily have the highest number oépaftednoise complaints. The

only area that has both high sound levels and the most noise complaints reported is the
center of dowtown Boston. Nonetheless, it is important to note that a single example is

insufficient to draw definitive conclusions.

What sounds are most common in which areas in Boston, and why?

Based on my qualitative research, it appears that hun@ale sounds, alsknown as
anthrophonic sounds, are ubiquitous in Boston. Neighborhoods such as Jamaica Plain show
the highest occurrence of positively associated sounds, such as pedestrian activity, ambient
conversation, church bells, and children playing. Converseighberhoods such as
Allston and Dorchester tend to have a higher incidence of negatively associated

anthrophonic sounds, such as street traffic, loud music, sirens, alarms, and people talking
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or yelling late into the night. Although most neighborhoods abdabit biophonic and
geophonic sounds, Jamaica Plain and Dorchester have the highest occofrpositisely
associatedoundsn these categories, rangifrgm light rainto wind througttrees, tahe
chirping of birds during the day. | did not delve deeply into the reasons behind these
associationshowever, suspecit is plausible that theegatively associateghthrophonic
sounds are the result of pegisting systemic conditionsuch agproximity to highways,

and an increasddw enforcement presence

Can soundscapes be used to combat displacement and, if so, how?

Sound can indeed hesedto combat displacement and gentrification, but the effectiveness
of such efforts remains uncertain. The literature review identified several methods that
could potentially be valuable in addressing gentrification in marginalized neighborhoods.
However, wih the exception of musendartbased protests, these methods have yet to be
widely implemented or proven successful. Analyzing the survey results suggests that
resident input could inform improved policies and planning practices centered around noise
mitigation by identifying and highlighting communiggpecific and culturally significant
sounds within a given neighborhood. Nevertheless, it is crucial to ensure that this
information be effectively used to generate meaningful outcomes beyond mere
performaive actions. Moreover, the spatial analysis conducted in this study has revealed
the theoretical capacity to amplify vulnerability through sound. However, the correlation
between sound argkntrificationis contingent upon the specific values and indicatbat

are most relevant and useful for a particular municipality to consider. It is essential to
recognize that what may work effectively in one location does not guarantee the same

outcome elsewhere. While these tools and information can serve as eaksthlrces and
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steppingstones for future efforts, their ability to address the issue of gentrification on their
own remains unclear. Comprehensive and multifaceted approaches arstilkedguired

to tackle the complexities of gentrification succelgfu

1 Inwhat ways is the policing of sound based health risk concerns or discrimination?
The monitoring and measurement of sound, primarily through decibel levels, are
predominantly focused on the health and seeling of listeners. Many municipalities and
public health organizations establish a threshold of 70 decibels, considering sowsds abo
this level as noise. According to the CDC, hearing problems can arise at this level.
However, it is important to note that not all sounds causing physical, mental, and emotional
distress are encompassed by trstardardsThe underlying rationale isoted in the belief
that no anthropogenic sound should be capable of causing significant harm, except for
authorized construction activities. Nevertheless, for sounds below 70 decibels, the
determination of what constitutes noise becomes purely subjecglyeng on the
perceptions of individuals. In theory, this places the responsibility of noise mitigation in
the hands of the public. However, due to the jurisdictional limitations of Boston's air quality
control commission, most reports are directed tocttyes police department, potentially

introducing biases and discrimination into the process.

Recommendations

Given the nature of my study, which focused on examining the relationship between sound
and gentrification rather than providing a policy bridfave limitedtherecommendation® those
directly stemming from the findings of my analysis. As my results primarily exist within a specific

time and placel cannot confidently propose suggestions that would be universally applicable
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beyond this partidar case. Nevertheless, the insights obtained from my literature review, coupled
with the responses gathered from the sound engagement survey, have yielded several potential
recommendations pertaining to noise mitigation, soundscape managemehg asdof sound

as a tool to address displacement.

Noise Mitigation

Severalmitigating approaches can be employed to reduce resident exposhiaemful
noise levels One of the key methods is the implementation of seestient construction
practices for buildings and infrastructure. Based on the qualitative survey conducted in this study,
a significant number of participants expressed the opinion that soundproof construction should be

prioritized by the city of Boston for noise pollution rgétion.

Therefore, it is recommended that all new construction projects be subject to a city
mandated requirement to incorporate soundproof insulation with an STC (Sound Transmission
Class) rating of 50 or higher for walls, along with the use of soungkbgtass for windows. This
measure aims to effectively reduce auditory stregspopseventingexcessive noise exposuead

hasthe addedenefit ofincreasing energy efficiency in buildings.

In the case of existing neighborhoods anddings, collaborative efforts between the city
and state, which overseroise mitigation, could involve providing financial incentives such as
reduced permit fees and project grantgésidentdiving in areas with elevated sound levels. This
supportwould facilitate the retrofitting of homes and businesses with soundproofing materials.
Furthermore, the installation of sound barriers could be considered, particularly in neighborhoods
nearhighwaysand transit lines. Survey participants often regatcsd and street activity sounds

as noisy, thus implementing sound barriers would assist in mitigating these noise sources.
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Another recommendation stemming from the qualitative survey results is the reevaluation
of road access and lane distributions farton vehicles. Many participants expressed concerns
about the frequency of heavy traffic passing through residential areas, as well as disturbances
caused by emergency response sirens and large trucks. To address these issues, a suggestion is to
restructue roads and allocate specific lanes exclusively for emergency vehicles. Although this
measure may not entirely solve the problem, it would provide unobstructed pathways for
emergency vehicles to bypass traffic, resulting in reduced noise exposure fantsesid
Additionally, it is recommended to establish designated truck routes that avoid densely populated
residential areas. By strategically planning these routes, historically marginalized and underserved

communities can be spared from excessive noiseeddysheavy truck traffic.

While I only considerectliminating soundghatwould beidentified amoise based on dBA
level measurement truly believe thatmplementing these measuesild contribute to reducing
negativeeffects caused by harmfabundexposure and enhancing the acoustic environment in

urban neighborhoods.
How to Best Manage Soundscapes

When it comes to managing soundscapes, the approach differs slightly from noise
mitigation. While reducing noise exposure focuses on eliminating\yroihme and potentially
harmful sounds, preserving soundscapes aims to retain sounds that hold culfiifichsog and
contribute to the identity of a neighborhootihese recommendatio; may be deemed
controversial, but | beliewsould ultimately contribute to the preservation of community sound. |
propose the implementation of sound sensors and noise cameras in neighborhoods identified as

having high noise levels.
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Sound sensors can bsedto capture and analyze the unique soundsciie @ommunity
in which they are deployed, supplemented by the input of local residents. The purpose of this
device is to create an auditory representation of each neighborhood's distinctive sounds and their
significance Additionally, the materials needéobuild and maintain a sound sensanejust under
$100, making itvery accessible faridespreadlistribution(Bello et al. 2018; Mydlarz et al029).
On the other hand, the implementation of noise cameras would require more careful consideration.
These cameras, triggered directionally, would need to be positioned directly above traffic lanes to
effectively capture relevant data. Unlikeund sensors, they would only be activated by sounds
surpassing a specific threshold, typically set at 85 or 90 decibels, directly beneath them
(StreetsblogUSA 2023)The cameras would record the time of the sound occurrence and the
source responsible for triggeg the activation. The objective is to quantify the extent of vehicular
noise and compare it to the ambient soundscape, with the aim of preventing the dominance of
vehicular noise. Ideally, this approach would help identify heavy trucks, sirens, an@setittl
modified sound systenisy license plate and could issue warningshicular inspections, or even
a fine (StreetsblogUSA 2023)By combining this information with residents' supplementary
experiences, it may be possible to preserve community soundscapaghtui Boston.
Importantly, as these cameras operate directly above traffic lanes and are triggered only by sounds
exceeding 90 decibels, there is no risk of falsely measuring residential activigticuting
unwanted surveillance. If these measuresveraneffective in safeguarding neighborhood

soundscapes, further strategial need to be explored

Suggestions to Combat Displacement Through Sound

Considered "further strategies," combating gentrification and displacement through sound

is a challenging task that can be accomplished with careful handling. One prominent approach is

Mo
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the use of protest and the occupation of sonic environments to cgentefication. Music and
performance are commonly employed in this context, particularly if they hold great cultural and
identity value for the atisk area(Summers 2021)Jsingart and music as means to symbolize and
express the significance and identity of a neighborhood's cultuoeigh opposition and
unapobgetic conflict can be an effective tookerning as a metaphorical vinegar solutitime
problem that is gentrificationn contrastshowcasing the community's uniqueness and making it
more accessible and understandable to outsicknsbe sen as dess abrasivemeasure to
community conservation the equivalent of honeyBlue V 2021) While the former is a reactive
approachstandirg your ground against tee who dare invade your spatiee latter can be more
proactive by occupyingnderutilizedspace with sounffectivelyrepurposing community spaces
before outside inestors have a change to claim thérhis could take the fornof hostinga

neighborhood concert in a vacant leark, or warehouse.

The otherecommendation entails an institutional change, specifically suggesting that law
enforcement agencies, such as the Police Department, shoulddseugthority otimited control
in determining what sounds constitute ndiSenzalez 2022; Zanfagna and Werth 2021; Ramirez
2020) This recommendatioms controversial, as a significant number of survey participants
expressed appreciation fitre policepresence when addressing noise complaints. However, some
participants reported unnecessary police activity in their area or, worse, being ignored by law
enforcement when reporting noise complaints. The inconsistent approach of law enforcement
warrants further evaluation of their role in this particular context and the extent of their authority

within it.
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Limitations

In this section, Hiscusghe limitations of this thesisndidentify areas for further study. It
is recommended that any future projects built upon or related to this study thoroughly address these
areas. The current project was designed as a preliminary step and a foundatoeabfik for a
more comprehensive anddepth investigation. However, in order to achieve that, future projects
must acknowledge the limitations of the present study and proceed in a productive manner towards

their objectives.

Despite the thorough methddgy employed in this thesis to explore the relationship
between sound and gentrification in Boston neighborhoods, the research has inherent limitations.
While the framework of a Health Impact Assessnfkihf) enabled a comprehensive anglgpth
analysisof the impact soundscapean haveon themental, physical, and emotional wekingof

Boston residentsts short timeframeurtailedobservational research
Structure of the Study

While this study provided a comprehensive analysis ofela¢gionship between sound and
gentrification in Boston neighborhoods, it is important to acknowledge the [ragjece
constraints. The initial stages of the project involved various iterations and pivots, which ultimately
delayed the research proceBBe studywasconducted using a structure similar to that of a rapid
Health Impact Assessment (HIA). Rapid HIAs are designed to be completed within a condensed
timeframe of six to eight weeks, and their aim is to determine whether a particular publiohealth
social issue requires further investigation. Although the methodology employed in this study was

thorough and weléxecuted, additional time would have allowed for further exploration and

M p
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analysis of the topic, including the collection of additionaladsources and more extensive

fieldwork.

Survey Creation, Distribution, and Analysis

One area of limitation for my thesis was the survey, which had several shortcomings.
Firstly, the method of distributing and engaging with Boston residents across tbeasvari
neighborhoods was constrained by the timeline of my analysis, which prevented me from properly
printing flyers and posters to distribute the QR code of the survey across Boston proper. As a
result, the survey responses were limited to social mediagengmt and wordf-mouth
interception. While usedsocial media sites such as Reddit, Nextdoor, Twitter, and Facebook to
engage a wide variety of participants from diverse socioeconomic backgrounds, it became evident
that limiting thepoolto online forums marginalized residents who lack access to thefams,
do not have accounts for those sites, or do not find community and engagement through technology
(Wu and Marek 2018; Mosconi et al. 201Additionally, many individuals who saw tlseirvey
posted online may have perceived it as spam or solicitation, rather than a call for community
engagement on a social equity and public health issue. Moreover, many of the locations where |
posted the survey digitally were community forums or infational hubs where neighborhood
residents could share thoughts, information, and experiences in their built environment. However,
as an outsider coming into their spaces unprompted and uninvited, the survey may have been
perceived as hostile rather thamgfiel. Some residents who chose not to complete the survey may
have felt that their stories and narratives would be exploited, rather than appreciated and properly
documented. If the survey were to be reconducted, | would recommend employing strategies to
engage community members in person. This could involve intercept surveys or more targeted
postings of the survey, intentionally placed across the cityscape of Boston and on social media.

Mnac
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Additionally, reaching out to established commugitgus to distritute the survey® members

could help to gain more genuine and flesbetiresponses.

Another limitation of my survey process is the lack of diversity in the resulting sample of
respondents. Although the survey was distributed to all 24 neighborhoodssionBsome
neighborhoods, such as Bay Village, Mattapan, and the Wharf District, dictlttdny responses.
Consequently, these areas and their residents are not represented or proportionately represented in
this study. Moreover, nearly 80% of surveytpapants identified as White or Caucasian, which
does not reflect Boston's diverse racial demographics. The disproportionate racial distribution may
be attributed to a historical trend of white residents feeling more entitled and comfortable sharing
theiropinions on neighborhood experiences and issues, while people of color are often ignored or
exploited for political and social gain, leading them to be more cautious about participating in such
studies(TheeBrenan 2014; Wallace 2018; Levine 201%imilarly, most survey respondents
identified themselves as earning above $80,000 a year per household. This may indicate that
wealthier residents have more time and feel more comfortable participating in the suhegy a
leisure, while those who atewer incomemay place a higher value on their time or believe that

it could be better spent on other responsibili{g®nton, Bowen, and Elliott 2019; Graf 2017)

The third major probém with the survey, in addition to its distributi@md pool of
participantswasthestructure othe questiondn order to produce a quantifiable metric that could
be analyzed and compared to my geospatial analysis, the first half of the surveyd emsistty
of closed questions whose responses could be measured and counted. This approach, however,
limited the types of responses that participants could provide and may have deterred some
individuals from completing the survey. This issue was furtberpounded by the inclusion of
not one but two long matrix questions. Studies have shown that matrix questions already deter

MAT
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potential survey participants, but because | needed to compare sound volume and noise perception,
| included two matrix questions thithe same options. Although each question was specified and
defined to be different, the lack of variety in the response format may have made participants feel
as though they were filling out the same response twice in a row. As a result, my faibnsiderc

these issues may have contributed to a decrease in survey completion rates and overall
participation. Although I received 100 completed surveys, there were @pagially completed

surveys where the majority of participants did not make it {h@s65% mark. This is precisely

where the second matrix question appeared on the survey, suggesting that more-thiadstwb

potential participants left the survey due to its length and complicated nature.

The final limitation of my survey was the kaof emphasis on qualitative questions toward
the end. Although qualitative data and personal experiences from the survey respondents were not
neglected, they were not the primary focus of the study's analysis. These questions were intended
to complementrd inform the numerical results from previous sections of the survey, as well as
provide context for each neighborhood under review. However, because the study did not prioritize
these questions, | am concerned that their responses do not hold as mech trakiempirical
study. Additionally, due to time constraints, | was only able to code the most recurring sounds and
themes from each respondent and their respective neighborhoods, which were themnpdotted
table for graphical analysis. While this method of analysis was thorough, it runs the risk of focusing
solely on the numbers rather than the narratives behind the qualitative responses, which may ignore
the nuances of each response in terms of both aemh@and spatial context. If given the
opportunity, | would have allotted more time and resources to include a greater number of open
ended, qualitative questions, with a focus on allowing participants to share their stories in greater

detail.

My
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Geospatial Data Collection, Manipulation, and Analysis

The main limitation of my spatial analysis was the use of static data without any temporal
variance. This means that the data | collected and analyzed only reflected a particular value or
range of values for thesar 2020, without any change over time. While this approach is common
in GIS mapping, it posed a challenge for my research, which aimed to compare sound levels and
noise perception with a comprehensive gentrification vulnerability layemoBincludingtime as
a factor, | overlooked a crucial determinant of vulnerability. Without the ability to track changes
over time, it was difficult to capture shifts in demographics, displacement of residents, and cultural
erasures that are key components of genttiinaThis limitation made it challenging to evaluate
the factors that contribute to the classification of gentrification vulnerability. In addition, because
my data collection included a range of variables such as US census survey results, environmental
stressors, new residential construction pernhitgsnevalues, median householthcomes, and 311
noise complaint reports, | hadrestrictthese variables specifically for 2020 to match the averaged
sound measurements for each census block group provided ®ymmunityNoiseLab. Despite
this challenge, the insights gained from this research still contribute to our understanding of the

complex relationship between sound and gentrification.
Future Work and Areas for Further Study

Additional Data

With the correlation between sound levels and gentrification now established, additional
analysis is warranted, and such analysis necessitates a broader dataset. It should be noted that this

project was limited to a fixed data set, representing only theage readings for a single year. To
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progress further, a minimum of five years' worth of data would be essential to extract meaningful

and substantive results beyond the current scope.

i More Time

T

This projectwas conducted using the framework of a rapidalkhe Impact
Assessment (HIA), which limited the analysis to a timeframe of six weeks. This deliberate
confinement was aimed at assessing the validity of the concept and its potential for further
exploration. With the results affirming its merit, a morec@sive timeframe is required to
thoroughly investigate any potential novel findings.

More In-Depth Qualitative Analysis

One significant limitation of this study was the inadequate depth of qualitative
analysis Further exploringhe topic by conductingtercept interviews and focus groups,
would achieve more informed and nuanced results, providing a clearer understanding of
the perceived relationship between sound, noise, and gentrification. Expanding the
gualitative analysis tlough these methods would enrich the study and contribute to a more
comprehensive depiction of the topic at hand.

Wider Survey Pool

When advancing research in this fielditure projectsshould considerusing
alternative methods of engagement beyond relying solely on social media platforms. In this
particular study, due to resource constraints, survey responses were primarily collected
through social media channels and wofemouth, resulting in a limited suey pool. This
limitation has the potential to introduce biases and distort the obtained answers. Therefore,
diversifying the recruitment strategies for survey participants would enhance the

inclusivity and representativeness of the data collected.
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1 CollectFresh Sound Data
Due to limitations of time and resources, this project relied on average sound data
from census block groups in Boston. | am sincerely appreciative of Dr. Walker and the
Community Noise Lab for granting me access to this valuaiid¢éa set However, it is
important for future studies to consider the inclusion of updated and more frequent sound
measurements, potentially on a smaller scale, to ensure greater accuracy and consistency.
1 Sentiment Analysis
While | conducted a preliminary sentimeanalysis and emotion graphing for the
gualitative results obtained from the survey, a more detailed examination of nuanced and
contextual responses could be of significant value to enhance and complement future

studies.
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7. Conclusion

| embarked on this project with the primary objective of investigating potential correlations
between sound and gentrification to determine whether a relationship existed and, if so, how to
effectively leverage the knowledge acquired in this study. | aaaspd to assert that | have
accomplished this goal. Although these findings are not definitive, they contribute a modicum of
clarity to the exceedingly intricate issue of gentrification. If further explored, this topic has the
potential to not only shapeitiire policy decisions but also provide insights for urban planning
endeavors iower incomeneighborhoods. It can serve as a foundation for assessing noise
exposure in relation teoundvolume levels and informlanning andengineering practices and

codes by considering the isolation of specific sourttiere are many possibilities.

As with any novekxploration there is inherent potential for misuse or abuse, and | am
fully cognizant of the implications that these findings carry if not handled appropriately. Setting
aside malicious intent, if individuals were to interpret these results at face value without
comprehending the contextual nuances and limitations of the research, more harm than good could
ensue. It could lead to an increase in noise pollution, misrepresentation of minority populations,
and an overreliance on sound as a singular indicator, obs¢heimpmprehensive understanding
of gentrification. It is crucial to recognize that this study rests on various assumptions driven by
data availability and time constraints, which is a significeasorthe results lack definitiveness.
Failure to considethis factor would be a disservice to both future researchers who continue this

work and the integrity of the study itself.

In essence, | have developadd useda tool to demonstrate a concepty tool was

designed with a singular purpose, suited onhysfmcific conditions. My aspiration now lies in the
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hands of future researchers who can take hold of my tool and concept, further develop them, and
enhance the methodology surrounding its application, thereby expanding its relevance across a
broader rangefaconditions. The achievement of this outcome would serve to validate that my
findings were not merely fortuitous but hold genuine marthe planning, policy, public health,

and engineering spaces

In conclusion, this thesis project, albeit unconveration approach, has successfully
unveiled a minor yet significant correlation between sound and gentrificati®oston. By
delving into thee seemingly unrelated phenomena, a deeper understanding of the reciprocal
influence between sound and the gerdaifion process has been attained. The initial hypothesis
posited that affluent individuals prefer quiet environments, leading to the expectation that
gentrified neighborhoods would exhibit lower sound levels compared t@emnfied areas.

While this asamption holds some truth, it fails to encapsulate the entirety of the findings. The
study reveals that, on average, the overall sound levels across the city remain relatively consistent,
except for a few neighborhoods. Consequently, it becomes apparenheheulnerability of
neighborhoods to gentrification is not solely determined by their sound characteristics, as
perceived noisiness does not necessarily align with physical loudness. Further exploration is
warranted to deepen our understanding of tlisimex relationship. Nonetheless, this thesis
project celebrates the achievement of uncovering and establishing a noteworthy correlation,

marking a significant step forward in the field of sowg@htrification dynamics.
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Appendix

A. Community Survey Questions and Explanations

Location and Demographic Information

The first section of the survey consisted of e

place of residence, personal identi#tgcioeconomic class. The questions were as follows:
1. Which Boston neighborhood are you living/visiting in?

To contextualize the participantsd responses t
understand the location in whithey experience their relationship with sound. Therefore, the first
question asked participants to indicate the neighborhood in which they reside. This information
enables the examination of the relationships between specific geographic locations, sound
perceptions, and demographic factors. Participants were presented with a list of 24 neighborhoods
designated by the City of Bostondés Planning an:i
they could select their locatidi€City of Boston 2016)This standardized approach ensures that the

data collectedre consistent and allows for meaningful comparisons across different neighborhoods

in the city. The choices were:

1 Allston 9 Jamaica Plain
1 Back Bay 1 Mattapan

1 Bay Village 1 Mid-Dorchester
1 Beacon Hill 1 Mission-Hill

1 Brighton 1 North End

1 Charlestown 1 Roslindale

f ChinatownLeather District 1 Roxbury

91 Dorchester 1 South Boston
1 Downtown 1 South End

1 East Boston 1 West End

1 FenwayKenmore 1 West Roxbury
1 HydePark 1 Wharf District

Selecting the neighborhood as the geographic unit of analysis allowed the survey to provide insights
into soundscape perceptions across the City of Boston without requiring participants to disclose more

granular locations.
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2. How long have you resided in trerea?

To better understand the role sound plays in shaping the perception of community residents, | asked
participants how long they have resided in their respective neighborhoods. This information is
important because it can provide insights into theee@f investment participants have in their
communities, as well as help to indicate if their experiences with sound and noise is a consistent
occurrence or a recent development. The length of residency was categorized into six ranges:

1 Lessthanayear
1-3 years

3-5 years

5-10 years

10-20 years
Over 20 years

=A =4 =4 4 =4

3. Which of the following best defines your racial identity?

4. Which of the following best describes your ethnic identity?
5. Which of the following best defines your gender identity?
6. Do you identify aslTrans or Transgender?

In order to obtain demographic information about the survey participants, | included the above four
questions pertaining to their racial, ethnic, and gender identity One of the reasons for including these
questions was to achieve riésuhat are comparable to the demograptita collected by the US
Census. With the goal being to be able to compare the survey findings directly to that of the geospatial
analysis, | was aiming to get as close to atorene structural comparison as pite. However, the
US Census has been criticized for its lack of inclusivity in its demographic data collection, which has
resulted in the misidentification or underrepresentation of certain groups in the pop(Wigomk
etal. 202)To address this issue, my s ulatn@aho i amd uded
fiMiddle Eastern/North Africam  t o t he r aci al identity question.
included the option td d e n t NdnBinag/&enderqueer/Genderfldd and a separate
for participants identifying as Trans. The inclusion of these identities aimed to increase representation
and participation among often overlooked groups within the survey.

In addition to providing demographic data that equitably modifies the US Census structure,
the inclusion of questions about racial, ethnic, and gender identity in the survey served a crucial
purpose in contextualizing the responses. Research has shown that peogi&drent backgrounds

and social groups experience sound and noise differg@ulyymers 2021; Ramirez 2020; Galez
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2022; Smith and Pijanowski 2014)isregarding these identities as a factor in the survey analysis
could have led to biased data and overlooked narratives. By considering the diverse perspectives and
experiences of the survey participants, thisdgtiaims to provide a more comprehensive

understanding of the relationship between sound and gentrification vulnerabilities in Boston.

. Which of the following ranges best describes your age?

This question seeks t o addasmdvwduaksgfdiffetentage taregesp ar t i
have unique experiences with sound and noise that may influence their opinions on the differences
between the two. By asking participants about their age, | hoped to capture the differences in how
various age grouppavigate and perceive their auditory environments. For example, a younger
college student who commutes daily may not be as likely to notice the sound of a delivery truck
rumbling down their street during the day, whereas an older retired individual nagreeattuned

to such noises. Overall, this question is crucial in accounting for potentiatlated variables that

may affect participants6é responses to the surve

. Which of the following ranges best describes your annual household income?

The questiorregarding household income is a crucial element in evaluating theesmmiomic
vulnerability of a survey respondent. In addition to the other demographic identifiers, household
income can indicate whether a participant has the financial means to atroobange their
environmental experience. The financial ranges highlighted in the question are as follows:

<$60,000
$60,000$80,000
$80,000$100,000
$100,006$120,000
$120,006$140,000
$140,006$160,000
>$160,000

=A =4 =4 4 -4 -8 4

These rangef®r household income were intentionally selected to align with establisheiddome
thresholds for Boston. Specifically, the lower values were set to reflect the 2023 HUD income limits:
$51,950 for a singkperson household and $74,200 for a fparsonrhousehold are considered very
low-income at 50% of Area Median Income (AMI) in Suffolk County, which includes B@stoD

2023; City of Boston 2022b)By understanding the distribution of income levels of survey
respondents, it is possible to assess the extent to which economic factors may impact their experience

with sound and noise. s important to consider the role of so@oonomic status in shaping

n
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perceptions of sound, as individuals from different income brackets may experience varying levels

of exposure to noise pollution and other environmental stressors.
Quantitative Ranking of Sound and Noise

In this second section of the survey, participants were asked about their perceptions of sound in
their neighborhoods. To minimize confusion between sound and noise, the section was divided into two
parts, with questions asking participato identify sound volume and noise level separately. The questions
in this section of the survey are as follows:

9. With the terms Al oudod and Aquieto defined as wk
do you feel that you live in a loud neighboolod?

While only requiring a simple yes or no in response, this question asked participants to define what
they considered Al oudod within the context of tt
Al oud, 06 it all owed fdoand naise,dvhichtisiimpartant forrhe tes of this e n s «
study. Furthermore, this question established a baseline for the perception of sound levels in the

neighborhood, which can be compared against all question responses that follow.

10. On a scale of 15, what volume level would you rate the following activities in your neighborhood?

This question involved a matrix of 30 sounds that are commonly encountered in residential areas,
including both urban and suburban settifgganowski et al. 2020; Jenkins and Wiebusch 2009;

Mydlarz et & 2019) The sounds were divided into six activity categories: Commercial, Built
Environment, Natural Environment, Industrial, Social, and Street, while participants were asked to

rate the perceived loudness of each sound on a scalg,ofith 1repe sent i ng AEXtr emel

and 5 indicating AExtremely Loudo. Here is the

Table0O1. Question #0 of survey to gauge participants perception of sound volume
Commercial Activity

Extremely . Extremely
Identified Sounds Quiet Quiet | Neutral | Loud Loud N.Ot
(2) 3) 4) Applicable
1) (5)
Advertisements
Customer/Patrons
Gyms

Restaurand and Bars
Retail Spaces

Built Environment Activity
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Extremely . Extremely
Identified Sounds Quiet Quiet | Neutral | Loud Loud N.Ot
(2) 3 4) Applicable
1) )
Emergency Respon&irens
HVAC/Mechanical Operation
Neighbors
Overhead Aircrafts
Pets
Natural Environment Activity
Extremely : Extremely
Identified Sounds Quiet Quiet | Neutral | Loud Loud N.Ot
2) 3) (4) Applicable
1) (5)
Animals (not pets)
Flowing Water
Pests
Rustling Foliage
Storms andNVeather
Industrial Activity
Extremely Quiet | Neutral | Loud Extremely Not
Identified Sounds Quiet Loud .
2) 3) (4) Applicable
1) (5)
Construction and Demolition
Factory and Warehouse Wor
Heavy Machinery
Manufacturing and
Fabrication
Shipping and Delivery
Social Activity
Extremely : Extremely
Identified Sounds Quiet Quiet | Neutral | Loud Loud N.Ot
(2) 3) 4) Applicable
1) ()
Conversations/Chatter
Music
Public Events and Festivals
Parties
Farmer's Markets
Street Activity
Extremely . Extremely
Identified Sounds Quiet Quiet | Neutral | Loud Loud N.Ot
(1) (2) 3) 4) 5) Applicable

Horns and Alarms
Motor Accidents
Pedestrian Presence

Public Transportation Service

Street Traffic
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This matrix question allowed me to gather information on participants' perceptions of the volume
level of various sounds their residential environments and provided a tool for comparison with the

results of the following question.

11. With the term "noise" defined as sound that is unpleasant, disruptive, or undesired, do you feel
that you live in a noisy neighborhood?

12. On ascale of 15, how noisy would you rate the following activities in your neighborhood?

This section of the survey seeks to gather information on participants' perceptions of noise in their
neighborhoods. The questions are structured similarly to thoseimggabout perceived sound
volume levels, but with a focus on noise specifically. The first question defines noise as an unpleasant
or undesired sound, setting it apart from the previous questions and allowing for distinct responses.
The second questiorsks participants to rank the perceived noise level of their neighborhood on a
scale of 1 to 5, following the same order as question #10, with 1 being "Not Noisy" and 5 being
"Extremely Noisy". Here is the second matrix at Question 12:

Table02. Question #2 of survey to gauge participadserception ohoise level

Commercial Activity
. Kind of . Very Extremely
Identified Sounds Not Noisy Noisy Noisy Noisy Noisy N.Ot
(2) ) 3) ) 5) Applicable
Advertisements
Customer/Patrons
Gyms
Restaurand and Bars
Retail Spaces
Built Environment Activity
. Kind of . Very Extremely
Identified Sounds Not Noisy Noisy Noisy Noisy Noisy N.Ot
(2) ) 3) ) 5) Applicable
Emergency Response
Sirens
HVAC/Mechanical
Operations
Neighbors
Overhead Aircrafts
Pets
Natural Environment Activity
: Kind of . Very Extremely
Identified Sounds Not Noisy Noisy Noisy Noisy Noisy N.Ot
D ) 3) ) 5) Applicable
Animals (not pets)
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Flowing Water
Pests

Rustling Foliage
Storms and Weather

Industrial Activity
Kind of . Very Extremely
Noisy Ng;sy Noisy Noisy
(2) 4) ®)

Not
Applicable

Not Noisy
1)

Identified Sounds

Construction and
Demolition
Factory and
Warehouse Work
Heavy Machinery
Manufacturing and
Fabrication
Shipping and Delivery

Social Activity
Kind of . Very Extremely
Noisy N(%')Sy Noisy Noisy
(2) 4) (5)

Not
Applicable

Not Noisy
1)

Identified Sounds

Conversations/Chatte

Music

Public Events and
Festivals

Parties

Farmer's Markets

Street Activity
Kind of . Very Extremely
Noisy N(%')Sy Noisy Noisy
(2) 4) (5)

Not
Applicable

Not Noisy

Identified Sounds
1)

Horns and Alarms
Motor Accidents
Pedestrian Presence
PublicTransportation
Services

Street Traffic

While some of the participants inevitably used the terms interchangeably, these responses aim to
provide a quantitative measure of noise levels in the participagighborhoods and allow for

comparison with the perceived sound volume levels gathered in the previous question.
Qualitative Sentiment Analysis

This last section of the survey contained epaded questions and one multipleoice question.

While the preceding sections of the survey provided structured, guided responses to facilitate comparative

y
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analysis, this section afforded participants theoojymity to freely express themselves and supplement
their earlier responses. All of the qualitative questions are marked as optional. However, when they chose
to answer them, participants provided additional context and insights, while filling in anyhgapsay

have been left by the preceding sections of the survey. The qualitative questions are as follows

13. What are some steps, if any, that you believe the City of Boston has taken to mitigate noise in your
neighborhood?
This survey question serves aofald purpose in evaluating the so@avironmental landscape of
Boston neighborhoods. Firstly, it seeks to ca

initiatives in mitigating noise and improving the auditory environment of their neighborhoods.

Secondly, this question serves as a valuable supplement to another part of the study, the geospatial
mapping of 311 noise complaints, which is being used as a proxy for areas with high noise pollution.
By comparing the frequency and location of complaaginst the residents' perceptions of the city's
involvement, a more nuanced understanding of the city's noise abatement efforts can be obtained.
Ultimately, this analysis can help identify gaps in the city's approach to noise mitigation, and inform

future policy decisions aimed at creating more sustainable and equitable auditory environments.

14. Do you believe that the steps taken, or lack thereof, by the City of Boston to mitigate noise have

had a positive or a negative impact on your neighborhood?

This question builds on the preceding response by obtaining the participant's sentiments towards the
citybébs actions in mitigating noise and shaping
asks them to indicate the outcome of these actions as:

1 ExtremelyPositive

T Somewhat Positive

1 Neither Positive nor Negative
1 Somewhat Negative

1 Extremely Negative

Such insights can aid in the development of more effective and targeted interventions aimed at

improving the acoustic quality of Boston's neighborhoods for ersivpopulation of residents.

15. Of the sounds you hear and experience in your neighborhood, list a few that you associate with
positive emotions (i.e- feelings of happiness, comfort, belonging, enjoyment, love, excitement,
etc.).

16. Of the sounds younear and experience in your neighborhood, list a few that you associate with
negative emotions (i.e.feelings of sadness, discomfort, isolation, fear, anger, irritability, etc.).

¢
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In these final questi@of the survey, participants were asked to idgn#curring sounds in their
neighborhoods that evoke both positive and negative emotions. These questions were designed to
elicit a more indepth explanation from residents about their experiences with sound and noise in
their communities. Unlike the pretiag matrix question, survey participants were not restricted to a
preselected set of sounds established by previous req@aarowski et al. 2020; Mydlarz et al.

2019; Jenkins and Wiebusch 200%he resulting responses were coded based on overall sentiment
(Question 14) or emotion (Questiotfs and 16) and frequency of occurrence, allowing for a focused
understanding of each response in relation to others in its corresponding neighborhood. This coding
process provided valuable context for the preceding questions, as well as the followjratigkos
analyses, and ultimately aspires to provide a comprehensive understanding of the role of sound and

noise in shaping residents' experiences of their urban environment.

B. Reclassificationof Variables to Create the Vulnerability Index

Below is the explanation of howreclassifiedthe previously identifiedlL1 variables to creathe
Vulnerability Indexmaps.The variables areéMedian Household Income, Gross Median Rent, Median
Home Value, Rent as Percent of IncofAercent oHomeowner ExpesesOver 30%of Income, Percent
White Population, Distancek'om MBTA Transit Stops, Distandeom Areaswith High Vulnerability to

Sea Level Rise and Stormwater Flooding, Urban Heat Island, and Construction.Permits

For median household income | split t&egory as such:
 Median Household Income

0 <$60,000

o $60,000%$80,000

o $80,000$120,000

o $120,000$160,000

o >$160,000

This income distribution was deliberately made to match the categories of the income question on

the survey, in order to facilitate better viewing and comparison of results. In keeping with the survey
question, | chose $60,000 as the lower limit for thst fier, as it is within the range of what is considered
low-incomeforasingp er son household in Boston at 60% of 't he

$80,000 was selected as the cap for the second tier, as within the income range fpeadaurousehold
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in Bostonat60% of AM{ ifAér dabl e Housing i n Bost oTfhéredahihg7r; HUD

income values were determined based on the distribution of the provided data.

Using the same income brackets, the residential expenditures were classified accordingly. The
gross media rent was categorized so that each of the five categories would represent no more than 30% of
the annual income of residents within specific census block gi&gxfin 2023; Zillow 2023; Beckner
2020) Conversely, the home value designation was divided based on a collection of data proSalgdiby
Explorer (SE) a tool used to pull previously collected/researched data from across multiple sources, and
the distribution of home listing prices acrdsston versus sold prigg&ealtor 2023) This methodology is

explained through the following equations:

1 Gross Median Rent [(Median Annual Household Income) / (12 months)] x (0.3)

0 The resulting reclassified value ranges were adjustéétter suit the pool of census rent
data, and are displayed as followed, where areas with low rent thresholds are presumed to
be more vulnerable to gentrificatigkim, Woosnam, and Kim 2022; Cohen and Pettit
2019)

Less than $1,500/month
$1,500- $2,000/month
$2,000- $2,500/month
$2,500- $3000/month
Greater than $3,000/month

p N5 S SN SN

f Median Home Value= ( Aver age of ALiIi stedoOSE¥aluds. iSol do Pri
o Similar to gross rent, the resulting reclassified vahreyes for home value were adjusted
to better suit the pool of census data, and are displayed so that areas with low home value
thresholds are presumed to be more vulnerable to gentrifi¢ition \Woosnam, and Kim
2022; Cohen and Pettit 2019)

A Less than $540,000

A $540,000- $720,000

A $720,000' $1,080,000

A $1,080,000 $1,440,000

A Greater than $1,440,000

The next set of indicators considered in the analysis are "Rent as Percent of Income" and "Percent

of Homeowner Expenses Equal to or Greater Than 30% of Income". At first glance, these variables may
appear to yield similar results to gross median rennagdian home value, but when mapped, they reveal
different levels of vulnerability across block groups, and are thus added to the index independently. And

unlike the previously measured indicators, vulnerability increases linearly as these values inhie#se.
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based on the rationale that when rent and property values exceed the financial means of current residents in
a neighborhood, they are more likely to be displaced or forced to relocate to a more affordable area
(Chapple, Thomas, and Zuk 2021; Kim, Woosham, and Kim 2@2)arding "rent as a percentage of
income", a value over 30% (cdstirdened) is considered to indicate houshwgjuities, and a value over

50% (severely codturdened) signifies an unsustainable housing market for existing residents. As for
"percentage of mortgage payments over 30% of income", the data obtained from US Census were
distributed equally into five cagories, with each category divided into 20% intervals. The breakdown of

the reclassification of these variables is as follows:

T Rent as Percent of Income
0 Lessthan 30%
o 30%-35%
0 35%-40%
0 40%- 45%
o Greater than 45%

1 Percent of Homeowner WhoseHousing Expensesare Over 30% otheir Income

0 Lessthan 20%
0 20%-40%
0 40%-60%
0 60%-80%
0 80%-100%

The next major indicator in the gentrification vulnerability index was racial percentages. To
simplify and streamline comparative analysis, | combined the populations of alhi@nidentifying
groups. As a result, the population of each census bloakpgn@as divided into white and navhite
identifying residents, with a low diversity, or a high white population, indicating gentrificé@ioapple,
Thomas, and Zuk 2021 developing the vulnerability index, | assigned an inverse relationship between
the percentage of white residents aedtgfication vulnerability because of this, as well as the statistical
likelihood that ethnically diverse neighborhoods are more susceptible to gentrification and changes in
population demographic€Cohen and Pettit 201%5entrification Index2014) The reclassification of

Boston's demograjghpopulation percentages is as follows:

1 Percent White Population Per Block Group
0 Lessthan 15%

15%- 30%

30%- 50%

50%- 75%

o}
o}
o}
o Greater than 75%
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The segmented nature of the percentage ranges for racial/ethnic populations is reflective of the data
distribution provided by the US Census. Each value increasing its range by an additional 5%, allows this
metric to measure differences in demographic population from a wider array and places greater importance
on higher white population percentages. Furthermoregigtmction between the 50% and 75% range of
this analysis is comparable to the difference obseamezhgsthe 44%white population of Bostoper the
US Census53% from Social Explar, and the 79% of survey participants in this study who identified as
white. This was intentional, as | wanted to be as representative of both datasets as possible, without skewing
the data provided.

In order to reclassify transit access, | employed the methods derived from the urban planning
concept of the Ininute city, whch posits that all basic human needs should be accessible within a 15
minute walking distance from one's residefdereno 2020; Winkless 2022Jo accomplistthis, | divided
the distance accumulation from MBTA train stops into five specific walking distances, each corresponding
to a different level of gentrification vulnerability. The closer a location is tostop, the higher its
vulnerability to gentrificion (Gentrification Index2014; Cohen and Pettit 2019; Nelson and Hibberd 2023;

Bereitsch& 2023) The five arranged distances are calculated as:

9 Distance From MBTA Transit Stops

o Within a 5minute walk (Y4 mile)
Within a 18minute walk (2 mile)
Within a 15minute walk (% mile)
Within a 28minute walk (1 mile)
More than a 20ninute walk(>1 mile)

0
0
0
0
I employed a similar methodology in the reclassification of distances associated with areas in
Boston that are susceptible to sea level rise and stormwater flooding. Based on specifications and
recommendations from the city of Boston's environtakedepartment and the FEMA flood mitigation
protocols, an inverse relationship between proximity to these vulnerable areas and gentrification was
establishedCity of Boston 2022a; FEMA 2021This phenomenon, known as climate gentrification, has
been linked to displacement and disinvestment of-tenm residents, due to the proximity to various
climate risk factorgFlorida 2018; Nguyen 2021; Hu 2020; Douglas et al. 2QliRg green gentrification,
climate gentrification is an example of correlation rather than causation. However, in this static analysis,
proximity from climate risk zones can be used as an indicator of areas at risk of experiencing population
increases as residents who can afford to relocate from such areas do. Equipped with this knowledge, |

created the following reclassifications:
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9 DistanceFrom Areaswith High Vulnerability to Sea Level Rise and Stormwater Flooding
0 <125ft
0 <250 ft
o <500 ft
o <1000 ft
o >1000 ft

FEMA guidelines suggest that residential areas should be developed at lea26 @@t away
from flood-prone zones, with every additial 100 feet serving as a safety buffer against potential flooding
risks (FEMA 2021) To ensure preparedness for warase scenarios, | considered the 1% {tawg risk
zones for both sea level rise and stormwater flooding in Boston. As a result, areas located further away
from theseflood risk zones may be more vulnerable to gentrification, as they are more likely to remain
flood-resilient until at least the year 20{@ity of Boston 2022a)

In addition to flood risks, residents of Boston are also exposed to the urbastameb{UHI) effect,
a phenomenon in which urban areas experience higher temperatures due to the absorption and retention of
excess heat energy by concrete buildings and asphalt streets, parking lots, and roofs during the day, which
is not adequately redsed at night. To quantify the effects of UHI, | used the heat index map from Boston's
open data website and calculated the change in temperature between 7:00 PM and 6:00 AM. | then
reclassified these values, so that areas with a higher decrease in terapesee considered more desirable
and therefore more vulnerable to gentrification. The rationale behind this analysis was that areas with a
greater cooling in temperature from dusk to dawn are less affected by UHI and therefore more attractive to

new resdents seeking climate resilience. The representing values are as shown below:

1 Change in Temperature From 7PM to 6AM (Fahrenheit):

o 10°-11°
o 11°-12°
o 12°-13°
o 13°-14°
o 14°-15°

Because the variance of temperatures across Boston only bahgeen 10 and 15 degrees
Fahrenheit, each one of the classified values for UHI only increases by 1 degree.

The last variable that required reclassification was the number of new residential construction
projects that were active or completed in 2020. Téygr serves to provide insights into the economic
investment within the real estate market of each census blockgr&uphen and Pettit 201
and Lees 2020)Furthermore, an increasa residential development suggests that there are vacant,

obsolete, or just newly acquired spaces being filled, and that there is demand from developers and new
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residents to occupy the(im, Woosnham, and Kim 2022; Currie and Sorensen 200)s, this analysis

treats the rise in new construction projects as an indicator of gentrificatiomahilite. The breakdown of

each classification was based on the distribution of data points as well as the weight of development in each
block group, having each rank double in represented value to indicate significant changes. While there may
not be a majr difference between 1 and 5 projects within the given time frame, there is one between 5 and

10, or 10 and 20. This reclassification is can be seen below:

1 Number of New Residential Construction Projects Per Block Group

0 None

o 115

o 57110

o 107 20

0 Greaterhan 20

M p



C. GIS Maps - Visualizing Index Variables
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