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Abstract 

This thesis explores the relationship between urban soundscapes and gentrification in 

Boston, MA. With data gathered from a number of diverse sources: the US Census, Analyze 

Boston, Brown University's Community Noise Lab, Boston 311 noise complaint reports, and a 

100-response community survey, this project employed a Convergent Mixed Methods approach 

to conduct a comprehensive analysis from multiple angles. Quantitatively, the study implies that 

most mid- to low-income residents rated their neighborhoodôs sound volume as very loud, but only 

moderately noisy. Qualitatively, the findings suggest that the distinction between sound and noise 

is subjective, based on time, place, and occasion. Geospatially, I was able to infer that a 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 exploring further the 

sound-gentrification link, potentially benefiting urban planners, 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 and place. In recent years, scholars 

and activists have begun to examine the relationship between sound and gentrification, the process 

by which urban neighborhoods undergo socioeconomic and cultural transformation. They found 

that noise pollution can help maintain systems of oppression like gentrification, which can cause 

low-income people of color to face the risks of losing their home, businesses, and culture (Basquiat 

2021a). This thesis explores the complex and multifaceted correlation between sound and 

gentrification, examining how changes in ambient resonance can 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, it sheds light on the complex and multifaceted ways in which urban neighborhoods 

change and evolve over time (Zanfagna and Werth 2021). By examining the sonic landscape of a 

neighborhood, we can gain insight into the cultural, social, and economic forces that shape its 

development, as well as the lived experiences of its residents. Gaining that insight is crucial for 

urban planners, policymakers, and community members seeking to promote equitable and 

sustainable development practices (Bello et al. 2018).  

Secondly, research into the correlation between sound and gentrification is imperative to 

the preservation of cultural identity and the social fabric of marginalized communities. 

Gentrification often leads to the displacement of long-time residents, particularly those from low-
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income and minority backgrounds, which can result in the erasure of important cultural traditions, 

languages, and practices (Zanfagna and Werth 2021). By studying the role of sound in 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 efforts to promote 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, and stress-related disorders 

(Jenkins and Wiebusch 2009). By examining how gentrification affects noise levels and exposure 

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

development and promote more livable and sustainable communities (Bello 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 insight into how our sense 

of self and community is shaped by our physical environment (Summers 2021). This knowledge 

has the potential to inform a range of fields, from architecture and design to cultural studies and 

social psychology. This thesis explores this complex and multifaceted relationship, examining how 

changes in ambient resonance can both reflect indicative of the displacement and erasure of 

marginalized communities. 
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Figure 01. Boston Globe illustration for NoiseScore, an app developed by research scientist Erica Walker 

to gather data on noise pollution. (Berdik 2018) 

 

Project Background: Evolution of a Topic   

The transformation and evolution of soundscapes within neighborhoods is a captivating 

area of study. However, the original intent of this project was to explore pragmatic, and what I 

thought were non-political, measures to prevent green gentrification, primarily caused by 

sustainable infrastructure and urban greening. As a civil engineer with extensive experience in 

land use development, construction management, and the built environment, I 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 context of physical and cultural 

displacement. Whether it be housing, transportation, or resource access, improved infrastructure 

meant to breathe new life into a neighborhood can be found to harm the existing populus more 

than it helps. 

Displacement takes 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 and businesses, 

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.d.). The neglect and, in some cases, perpetuation of social 

inequity in the land development industry prompted my enrollment at Tufts University, where I 

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 gentrification (Anguelovski et al. 

2019; Walker 2021). I had a personal connection to this issue, as I come from Oakland, California, 

a city experiencing rapid growth and development where long-term residents are being priced out 

of neighborhoods undergoing renovation or beautification. The problem is especially acute in areas 

that have been retrofitted with green infrastructure, such as clean energy resources, buildings 

designed to Leadership in Energy and Environmental Design (LEED) standards, and new parks 

and green spaces to combat the urban heat island effect (Shokry et al. 2021; Gould and Lewis 

2018). However, my thesis advisor gave me a much-needed reality check by informing me that 

there is no such thing as green gentrification separate from real estate gentrification. To identify 

this phenomenon, one would need to demonstrate a correlation between the introduction of green 
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features and the occurrence of gentrification in a community, controlling for all other variables, 

including other types of investments, physical interventions, and policy changes (Rigolon and 

Németh 2020; Cole et al. 2017). This would necessitate a comparison with an identical community 

where green features were not introduced, a near-impossible task. Furthermore, gentrification is a 

complex and multifaceted problem, with many causes and origins, and its impact varies depending 

on the specific location and makeup of a community. As a result, measuring it is challenging and 

often impossible until it has already taken hold. 

After letting go of the concept of green gentrification, I decided to leverage my experience 

as a civil engineer and the knowledge I had acquired at Tufts to research the effectiveness of LEED 

for Neighborhood Development (ND) projects in providing equitable infrastructure for 

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 of data linking LEED ND 

projects to gentrification. Most of my sources even stated that more time was needed to observe 

any possible relationship between the two (Bunce 2009; Benson and Bereitschaft 2020; He 2007). 

Yet again, both my thesis advisor and reader had to remind me that planning and engineering are 

inherently political and not neutral, despite being grounded in practical solutions (Cech 2013). 

They helped me realize that anti-displacement practices cannot be viewed in isolation and that 

policy considerations must be factored in as well. 

I knew I wanted to focus on gentrification, either to explore a more nuanced perspective 

on mitigation or search for ways to combat its negative consequences. During a group discussion 

in Equitable Engineering, a course taught by my reader, I 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 mornings by complaining to the city that the noise level would be too disruptive. 

Something about her story piqued my curiosity. The notion that as spaces change with 

demographic shifts, the soundscape and what is perceived as noise also change sparked my 

interest. I then read an article from The Atlantic, ñWhy Do Rich People Love Quiet?ò by Xochitl 

González, which delves into the connection between sound and people's perceptions in the context 

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

soundscapes in hopes of satiating my intrigue and inadvertently fleshing out my topic. 

Upon reviewing the available resources and documentation pertaining to soundscapes and 

their relationship to gentrification, I discovered that although scholars have extensively studied 

noise mitigation in urban areas and sound as cultural identifiers, no one has fully explored the 

connection between soundscapes and displacement (Basquiat 2021b; Mao et al. 2022; Feiereisen 

and Sassin 2021). As such, I realized that if I were to pursue this topic as the subject of my thesis, 

I would require empirical data to support my research. To this end, I met with the Massachusetts 

Department of Transportation 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, I expanded my search to other cities, such as San Francisco and New York City. I 

reached out to the School of Engineering at New York University to contact the head of the Sound 

of New York City (SONYC) program in an attempt to gain access to their sound model data. 

However, I was informed that the limitations encountered during their 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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Fortunately, through Public Health in the Built-Environment, another course I took during 

my tenure at Tufts, I was introduced to Dr. Erica Walker, an associate professor of Epidemiology 

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 in the City of Boston. With this data in hand, I 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 

The primary goal of this project is to explore the relationship between soundscapes and the 

identities of the communities they affect within Boston. The study seeks to understand how certain 

sounds are perceived by individuals and what factors contribute to how they categorize them, 

particularly in terms of whether they are perceived as noise or not. Furthermore, the project 

examines how socioeconomic variables such as income, race, gender, and age may influence the 

categorization of sounds as well as their relationship to the gentrification vulnerability of 

communities.  

In addition to exploring the relationships between soundscapes, community identity, and 

socioeconomic variables, the thesis was structured as a Rapid Health Impact Assessment (HIA) 

within the span of one semester. The Rapid HIA is a widely used tool for assessing the potential 

health impacts of policies, programs, or projects (CDC 2017). Over the duration of six to eight 

weeks, Rapid HIAs use existing data and research to provide broad overviews of possible impacts 

determining if a particular topic has merit or 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 planning concerns. The Rapid HIA 

framework guided the project in identifying the potential health and social equity impacts of sound 

and noise mitigation, while also providing insights into the severity of the issue and whether it 

warrants further exploration. The ultimate goal is for this assessment to 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 above goals, I 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 these groups. 

Through the project, I: 

¶ Gained a better understanding of the various roles sound plays in an urban environment. 
 

¶ Built my statistical analysis toolbox, while also honing my qualitative analysis skills and 

comprehension of Geographic Information Systems (GIS). 
 

¶ Used accessible language and graphics to demystify the research process of this study. 
 

¶ Created a thorough deliverable that can be built on for further research, and added to my 

portfolio. 
 

¶ Helped to shed light on the topic of policing sound and provide a practical framework that 

planners, policy makers, engineers, and public health professionals can use to better serve 

neighborhoods at risk of gentrification and cultural erasure.  
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Research Questions 

Drawing on the gentrification characteristics of Mark Davidson and Loretta Lees, the following 

research questions guided my analysis (Davidson and Lees 2005): 

¶ What can soundscapes and noise profiles tell us about gentrification? 

 

o In what ways, if any, can sound volume and noise level be used to identify areas at 

risk of physical and social displacement? 

 

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

 

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

 

¶ In what ways is the policing of sound based on health concerns vs social expectation? 

 

o What is the relationship, if any, between the number of complaints and level of 

noise? 

 

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

of noise? 
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2. Methods 

The aim of this thesis is to investigate the relationship between sound and gentrification 

vulnerabilities, a topic that requires a nuanced and multidisciplinary approach. I used three 

methods to achieve the project goals and answer the research questions.  

  Firstly, I conducted a comprehensive literature review of the project's major themes, which 

drew on peer-reviewed articles, opinion pieces, community case studies, and municipal ordinances 

to inform the analysis. The purpose of this review was to establish the theoretical and practical 

framework for the study, identify gaps in the existing literature, and generate hypotheses to guide 

subsequent data collection and analysis.  

Secondly, I distributed a community survey focused on the perception of sound and noise. 

This approach aimed to elicit quantitative and qualitative data from a random assortment of Boston 

residents from each neighborhood to gain insights into their experiences and perceptions of sound 

and noise in relation to gentrification vulnerabilities. I analyzed statistically the quantitative 

responses from the survey to identify patterns and trends, and used domain coding to analyze the 

qualitative data based on sentiment and frequency, facilitating interpretation.  

Lastly, I conducted a geospatial analysis to visualize recorded decibel (dBA) levels, the 

number of noise complaints through 311 calls, and gentrification vulnerability across the City of 

Boston in the form of a Geographic Information System (GIS) map. This approach aimed to 

identify spatial patterns and associations between sound, gentrification, and other relevant factors, 

such as land use, demographics, and economic indicators.  

Overall, the multi-tiered approach employed in this study allows for a comprehensive and 

nuanced exploration of the relationship between sound and gentrification vulnerabilities in the City 
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of Boston. By using a convergent mixed methodology (Figure 02), and drawing on both 

quantitative and qualitative data sources, this 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 inquiry (Creswell et al. 2011; Harvard, n.d.). 

 
Figure 02. Diagram of Convergent Parallel Design for a mixed methods reach approach. (Harvard, n.d.) 

Literature Review 

The literature review examines several themes that focus on understanding the differences 

between the identities, cultural significance, and health impacts of sound and noise, along with 

methods that Boston residents and city officials can use to navigate these relationships. These 

themes are: (1) Sound vs Noise, (2) What Sounds Mean, and for Whom? (3) Noise Pollution, (4) 

Culture Significance of Sound, (5) Sound and Gentrification, and (6) Combatting Gentrification. 

The City of Boston is a vast municipality with many neighborhoods and communities that 

make up its cultural fabric. Not only do residents experience natural environments differently, but 

they also live their built environments differently as well. This can be extended to the experiencing 

and generation of soundscapes throughout the various communities of Boston and how many 

auditory factors contribute to placemaking, unification, and alienation for those experiencing them. 
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The themes mentioned in this literature review explore these relationships and try to make sense 

of them. 

Community Survey  

This study involved collecting community survey data to investigate residentsô perceptions 

of sound and noise in their neighborhoods. Distributed across various social media platforms and 

community forums (i.e. ï Reddit, Twitter, Nextdoor, and Facebook), the survey aimed to elicit 

residentsô feelings towards sound and noise by comparing their 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 the sounds they are regularly exposed to in their respective neighborhoods. The survey 

yielded 100 complete responses, allowing for a thorough exploration of residentsô experiences 

with sound and noise in their local environment, which is critical to understanding the impact of 

these factors on gentrification vulnerabilities in the City of Boston. 

The survey asked the questions below. The rationale for each is further explained in the 

Appendix. 

Location and Demographic Information 

1. Which Boston neighborhood are you living/visiting in? 

2. How long have you resided in the area? 

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 as Trans or Transgender? 

7. Which of the following ranges best describes your age? 

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

9. With the terms ñloudò and ñquietò defined as when sound has a high or low volume 

respectively, do you feel that you live in a loud neighborhood? 
 

10. On a scale of 1-5, what volume level would you rate the following activities in your 

neighborhood? 
 

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 a scale of 1-5, how noisy would you rate the following activities in your 

neighborhood? 
 

Qualitative Sentiment Analysis 

13. What are some steps, if any, that you believe 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 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 you hear 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.). 

 

 

The questions for the Quantitative Analysis of Sound and Noise asked participants to 

rate their neighborhood first as to how loud or quiet it is and secondly as to how noisy it is, with 

noise defined as an unpleasant or undesired sound. A comprehensive matrix of different types of 

sounds was included in Questions 10 and 12, to help participants recall the sounds they frequently 

hear. These matrices are shown in Tables 01 and 02. 
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Table 01. Question #10 of survey to gauge participantsô perception of sound volume 

Commercial Activity 

Identified Sounds 
Extremely 

Quiet 
(1) 

Quiet 
(2) 

Neutral 
(3) 

Loud 
(4) 

Extremely 
Loud 
(5) 

Not 
Applicable 

Advertisements             

Customer/Patrons             

Gyms             
Restaurants and Bars             
Retail Spaces             

Built Environment Activity 

Identified Sounds 
Extremely 

Quiet 
(1) 

Quiet 
(2) 

Neutral 
(3) 

Loud 
(4) 

Extremely 
Loud 
(5) 

Not 
Applicable 

Emergency Response Sirens             

HVAC/Mechanical Operations             

Neighbors             
Overhead Aircrafts             
Pets             

Natural Environment Activity 

Identified Sounds 
Extremely 

Quiet 
(1) 

Quiet 
(2) 

Neutral 
(3) 

Loud 
(4) 

Extremely 
Loud 
(5) 

Not 
Applicable 

Animals (not pets)             
Flowing Water             
Pests             
Rustling Foliage             

Storms and Weather             

Industrial Activity 

Identified Sounds 
Extremely 

Quiet 
(1) 

Quiet 
(2) 

Neutral 
(3) 

Loud 
(4) 

Extremely 
Loud 
(5) 

Not 
Applicable 

Construction and Demolition             

Factory and Warehouse Work             

Heavy Machinery             
Manufacturing and 

Fabrication 
            

Shipping and Delivery             

Social Activity 

Identified Sounds 
Extremely 

Quiet 
(1) 

Quiet 
(2) 

Neutral 
(3) 

Loud 
(4) 

Extremely 
Loud 
(5) 

Not 
Applicable 

Conversations/Chatter             
Music             

Public Events and Festivals             
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Parties             
Farmer's Markets             

Street Activity 

Identified Sounds 
Extremely 

Quiet 
(1) 

Quiet 
(2) 

Neutral 
(3) 

Loud 
(4) 

Extremely 
Loud 
(5) 

Not 
Applicable 

Horns and Alarms             
Motor Accidents             
Pedestrian Presence             

Public Transportation Services             

Street Traffic             

 

Table 02. Question #12 of survey to gauge participantsô perception of noise level 

Commercial Activity 

Identified Sounds 
Not Noisy 

(1) 

Kind of 
Noisy 

(2) 

Noisy 
(3) 

Very 
Noisy 

(4) 

Extremely 
Noisy 

(5) 

Not 
Applicable 

Advertisements             

Customer/Patrons             

Gyms             
Restaurants and Bars             
Retail Spaces             

Built Environment Activity 

Identified Sounds 
Not Noisy 

(1) 

Kind of 
Noisy 

(2) 

Noisy 
(3) 

Very 
Noisy 

(4) 

Extremely 
Noisy 

(5) 

Not 
Applicable 

Emergency Response 
Sirens 

            

HVAC/Mechanical 
Operations 

            

Neighbors             
Overhead Aircrafts             
Pets             

Natural Environment Activity 

Identified Sounds 
Not Noisy 

(1) 

Kind of 
Noisy 

(2) 

Noisy 
(3) 

Very 
Noisy 

(4) 

Extremely 
Noisy 

(5) 

Not 
Applicable 

Animals (not pets)             
Flowing Water             
Pests             
Rustling Foliage             

Storms and Weather             

Industrial Activity 
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Identified Sounds 
Not Noisy 

(1) 

Kind of 
Noisy 

(2) 

Noisy 
(3) 

Very 
Noisy 

(4) 

Extremely 
Noisy 

(5) 

Not 
Applicable 

Construction and 
Demolition 

            

Factory and 
Warehouse Work 

            

Heavy Machinery             
Manufacturing and 

Fabrication 
            

Shipping and Delivery             

Social Activity 

Identified Sounds 
Not Noisy 

(1) 

Kind of 
Noisy 

(2) 

Noisy 
(3) 

Very 
Noisy 

(4) 

Extremely 
Noisy 

(5) 

Not 
Applicable 

Conversations/Chatter             
Music             
Public Events and 

Festivals 
            

Parties             
Farmer's Markets             

Street Activity 

Identified Sounds 
Not Noisy 

(1) 

Kind of 
Noisy 

(2) 

Noisy 
(3) 

Very 
Noisy 

(4) 

Extremely 
Noisy 

(5) 

Not 
Applicable 

Horns and Alarms             
Motor Accidents             
Pedestrian Presence             
Public Transportation 
Services 

            

Street Traffic             

 

The question about noise 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 or where residents perceive more noise. Bostonôs 311 service allows residents to 

call by phone, or send text and pictures through an app, to report a range of non-emergency issues 

for the city to address, from potholes, graffiti, and damaged signs to noise levels that are too high. 

From these reports, I filtered out the noise complaints for 2020. By comparing the frequency and 
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location of complaints against the residents' perceptions of the city's involvement, a more nuanced 

understanding of the city's noise abatement efforts can be obtained.  

The questions in the Qualitative Sentiment Analysis asked participants to identify 

recurring sounds in their neighborhoods that evoke both positive and negative emotions. These 

questions were designed to elicit a more in-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 established by previous 

research (Pijanowski et al. 2020; Mydlarz et al. 2019; Jenkins and Wiebusch 2009). The resulting 

100 responses were coded based on overall sentiment (Question 14) or emotion (Questions 15 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 following geospatial analyses, and ultimately aspires to provide 

a comprehensive understanding of the role of sound and noise in shaping residents' experiences of 

their urban environment. 

Geospatial Analysis 

The final stage of my research methodology is an in-depth geospatial analysis. The geospatial 

approach I employed aims to provide a comprehensive visualization and calculation of the 

correlation between sound, noise, and gentrification in Boston. To achieve this, I used three steps: 

1) I created heat maps using US census block groups as the spatial framework, which were then 

joined with two datasets: 2) recorded decibel levels (Walker 2020) obtained from Erica Walker, 

Brown University epidemiology professor and founder of the Community Noise Lab, and 3) 

reported 311 requests filtered specifically for noise complaints from the City of Bostonôs open data 

website.  
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Vulnerability Index  

With the resulting maps serving as an empirical representation of sound and noise across Boston's 

neighborhood, I used the ArcGIS Pro software and Python coding language (Esri Inc. 2023; 

ñJupyter Notebookò 2023) to develop a geospatial model designed to analyze the collected data, 

and generate a map indicating the static gentrification vulnerability index that is the focus of this 

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

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

¶ Boston Specific Climate Stressors (Sea Level Rise, Urban Heat Island Effect, and 

Stormwater Flooding). (Boston Maps 2021) 
 

¶ MBTA Transit Stations Location 

¶ New Construction Permits that were active or completed during 2020. 

The US Census Survey is one of the most important sources of data for this vulnerability 

analysis, as all of the financial and demographic information functions as the primary socio-

economic pillar of this assessment. The climate vulnerability data, much like the 311 reports, can 

be found on the City of Bostonôs open data website (Department of Innovation and Technology 

2023). With the concept of ñclimate gentrificationò increasing in popularity, and wealthier 

individuals being able to afford to move to more climate resilient locations, it stands to reason that 

environmental stressors should be considered in the vulnerability assessment (Shokry et al. 2021; 

Roy, Vinayak, and Von Stroh 2022; City of Boston 2017). Access to public transit is also a huge 

draw for new residents and can result in new development and a shift in neighborhood 

demographics (Cohen and Pettit 2019; Gentrification Index 2014).  Creating buffers and 

highlighting areas within walking distance of transit stations as high risk are ways to build out a 

gentrification vulnerability tool. The final variable is the location of new construction projects that 

were either active or completed during 2020. While not a one-to-one ratio, new construction, 

specifically residential and mixed use construction, often results from outside investment and 
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attracts new residents into an existing environment (Cohen and Pettit 2019; Chapple, Thomas, and 

Zuk 2021; Sakēzlēoĵlu and Lees 2020). For the purposes of this assessment, I operated under the 

assumption that none of the new residential projects during 2020 took into consideration anti-

displacement practices. This way, I could get a rough idea of how land use and development would 

affect the vulnerability of each census block group. By considering each of these factors in 

combination, I developed a more complete and nuanced understanding 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 synonymous. However, 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 the role that sound and noise play in our lives. 

Sound 

Sound is a physical phenomenon of a pressure wave generated by vibrating objects that 

travels through a medium, such as air, and encompasses all things that can be heard or audibly 

measured (Talty 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 et 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, since there is less space 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, leading to a diminution in 

force (Abbott 2023). This basically means that sounds get quieter with distance. The loudness, or 

sound pressure, of a sound is typically measured in decibels (dB), which represent 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 frequencies ï the speed at which sound 

pressures change over time ï which are typically measured in Hertz (Hz) (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 audible (WHO 2011). To account for this difference 

in sensitivity to sound frequencies, an adjusted unit of measurement known as A-weighted decibels 

(dBA) is used (Walker et al. 2017). The dBA scale is the unit used by the Community Noise Lab 

(CNL) to measure sound pressure levels in each one of Bostonô census block groups, and it will 

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 environment (Pijanowski et al. 2020). The 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 may not be 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 condemned (Pijanowski et al. 

2011). Lastly, the frequency of occurrence is also a factor that determines noisiness. As an 

example, in a podcast interview with StreetsblogUSA, Dr. 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 levels (StreetsblogUSA 

2023). This definition, along with the qualifiers 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 varies. As previously 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 2014). For instance, residents living near an MBTA transit line in Boston 

may have different associations with the sound of the train than those who do not live 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 visitors, may find it disruptive and alienating, potentially triggering feelings 

of isolation and helplessness (Stansfeld and Matheson 2003). These 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 signals and sounds in terms of public 

health and land use soundscape mapping. Figure 03 displays these three categories and the sounds 

that fall under each in a diagram of sound taxonomy. 
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Figure 03. Sound Taxonomy Diagram: Plotting the three major categories for soundscape ecology (Pijanowski et al. 2020 - p. 9) 
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Anthrophonic Sound 

The first category is anthrophony, which refers to the sounds that humans make either 

directly or indirectly (Clarke 2022). Subcategories of anthrophony include human voices and 

activities, music, transportation, social signals, and construction (Pijanowski 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 could fall under the subcategory of social signals or 

human activity, depending on the time of year and the intent behind the noise (Walker et al. 2022a). 

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 is a complex and 

subjective process. For instance, the sound of laughter, categorized as human 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, hurtful, annoying, or disturbing, especially if it keeps 

them from focusing on other tasks or auditory signals; it is all about perspective. Similarly, music, 

a universally enjoyable phenomenon, can be a source of controversy when it comes to different 

groups with varying exposure tolerances (Pijanowski 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 to some (Summers 2021). Furthermore, while 

high decibel sounds like alarms and sirens may evoke fear, distrust, and insecurity in Black and 

brown communities, others may find their presence comforting and reassuring, knowing that their 

space is being monitored and protected. Ultimately, sound perception is subjective and varies from 
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person to person. However, one can assume that individuals who are pre-exposed 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 of wild and domesticated animals (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 like cats, dogs, pet birds, and livestock (Pijanowski 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 those living in rural 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 anxiety-inducing and panic-inducing, 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 of serenity, 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 and Anthrophony, as 

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 themselves (TED 2013). For example, the sound of your 

barking dog in the dead of winter may mean that you must brave below-freezing temperatures to 

take the 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. 
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Environmental sounds tell a story that our conscience may not be able to interpret, but that our 

sub-conscience knows all too well (Guzy 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 use soundscape mapping. 

Geophony 

The final category that describes soundscapes is geophony, which refers to the sounds of 

the natural environment, excluding animals (Krause 2017; Pijanowski et al. 2011). Unlike 

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, 

earthquakes, icicle crashes, and the wind through trees. The meaning of geophonic sounds varies 

depending on who hears them, where, and when (Atkinson 2007). Generally, geophonic 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 occurrence. In such cases, the sound of wind can induce 

anxiety or fear (Horowitz 2020). Similarly, for residents living in flood-prone neighborhoods in 

Boston, the sound of rain may elicit emotions related to frustration, responsibility, urgency, and 

terror (City of Boston 2022a). This is the category that many people do not think 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 and magnitude 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 understand. 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 listener (National Geographic Society 2022). Unlike 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 important questions such 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 dBA levels 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 

capabilities of the listener (CDC 2022; 2020; OSHA 2023; WHO 2011). The city of Boston has 

set lower thresholds and stipulates that an acceptable dBA before a sound is considered noise is 

between 50 and 70 dBA, depending on the time of day (City of Boston 2021; 2023). 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 pressure (Walker et al. 2016). Repetitive sounds can also 

induce mental health issues such as stress, anxiety, and depression (Stansfeld 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 whose job it 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 soundscape. The 311 Constituent Service Center allows residents to 

report a sound 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 

operations are addressed by the Air Pollution Control Commission, the underlying authority on all 

things noise in Boston (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 experiences (Basquiat 2021b; Ramírez 

2020).  

Lastly, there are many environmental and non-social sounds that cannot be addressed 

without an overhaul of infrastructure. For instance, residents in East and South Boston are subject 

to overhead aircraft activity, but most of them choose not to report it because they know that apart 

from building ineffective noise barriers and sound-insulating homes and schools, there is nothing 

that can be done to reduce their exposure (Pijanowski 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 towards informing equitable mitigation 

of exposure. 
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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 they call home. When the 

sounds of a community change, it often signifies a shift in the community's composition (Engel, 

Fels, and Pfaffenbach 2020; Rehan 2016). From the chirping of birds to the hum of a train in the 

distance, people relate sounds to their personal and cultural identity (Mao et al. 2022).  

Music as Culture 

Music is perhaps the most obvious example of how sound plays a role in social activities, 

protest movements, and storytelling within communities (Leyshon, Matless, and Revill 1995). 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 identities, resulting in a new music genre (Alridge and Stewart 

2005). Today, snippets of ambient cityscapes, beatboxing, and aerosol spray cans can be found in 

hip hop and 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 empower historically underrepresented 

and disenfranchised groups (Grundy 2011; Deniaud 2014). Gogo 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 Brooklyn, New York, are signals of cultural phenomena and identity taking shape through 
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sound and placemaking (Guthrie 2015). Even the occasional sea shanty sung at a local Irish 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 communities (Guzy 2017a). One of the earliest recorded examples of sound 

used in placemaking is the Alhambra palace in Granada, Spain. Built in the 14th century under 

Muslim rule, the Alhambra was designed with biophilic principles, incorporating the sound of 

flowing and gurgling water throughout the 26-acre compound. This is achieved through the use of 

fountains, canals, pools, water stairs, and water channels along stairs and paths. The water features 

and the sounds they create in successive courtyards directly relate to the Islamic cultural 

connection to the historical importance of rivers and oceans (al-Rhodesly et al. 2018).  

Another example is the ringing of bells in pre-industrial landscapes. Whether to signify the 

passage of time, to identify a warning, or in light of a celebration, the cultural and religious identity 

rooted in the ringing of village and town bells held powerful meaning in peopleôs soundscapes 

(Lacey 2017b). As bell ringing occurs frequently in older neighborhoods with many churches, 

such as in Boston, it has remained a cultural staple for residents and an identifier of place to this 

day.  

In addition to the cultural impact of 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, 

color, and sound (Carson et al. 2021). This 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 implication 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 negatively. Conversely, individuals who are strongly 

attached to neighborhoods as socio-cultural places, are less likely to consider anthropogenic 

sounds as noise (Carson et al. 2021). This divergence in perspectives regarding what constitutes 

pleasant or unpleasant sounds is often referred 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 community, whether it be the melodious chirping of birds or the subtle hum of distant 

traffic. One way some have found to bridge those two perspectives is through art and community-

based design (Lacey 2017a).  

Language and the Sounds We Speak 

Finally, sound helps shape culture by facilitating communication between individuals and 

communities. Language is a fundamental component of culture because it is the primary means by 

which people communicate with one another and transmit their values, beliefs, traditions, and 

history to future generations (Duranti 2003). Language serves as a tool, a medium, and a sanctuary 

for expressing cultural identity, shaping worldviews, and creating social cohesion within a 

community. It allows individuals to understand and interpret their 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 them (Byram and Kramsch 2008). 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 their unique 
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experiences and perspectives (Engel, Fels, and Pfaffenbach 2020). This difference is not superior 

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

 

Sound and Gentrification 

This section 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 gentrification. While gentrification 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, what often remains 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 authorities (White Noise n.d.). This phenomenon stems from a duality of experiences: 

on one hand, new inhabitants may perceive the music and cultural expressions of long-standing 

residents as disruptive and unfamiliar, altering the established sonic identity of the neighborhood. 

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

profoundly impact the quality of life for existing residents (White 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 more inclined to 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 house 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 2018 in DC, which stipulates that any sound audible from a distance of 75 feet can 

lead to penalties such as 10 days of imprisonment and a $300 fine, empowers the so-called ñsonic 

ruling classò to enforce their preference for quietude (Sonic Insurgency Research Group 2022; 

Walker 2021). This situation reflects a power differential, where the enactment and enforcement 

of noise regulations give certain segments of the population the ability to assert control over the 

sonic environment, potentially suppressing cultural expressions and social activities that were once 

integral to the fabric of the community (Walker 2021).  

Instances of sonic suppression can continue to be observed when examining the case of 

Brooklyn, a borough within New York City and a textbook example of gentrification. Traditionally 

known as the city's loudest borough, with parties and social events that extend 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 city of New York, and this number has been steadily increasing 

year after year. Furthermore, a separate study in 2018 found that 311 noise complaint calls were 

rising at a rate twice as fast in gentrifying neighborhoods compared to affluent areas, and 50% 

faster than in lower-income neighborhoods (Ehrenhalt 2022). The consequences of these 

regulatory measures extend beyond mere acoustic 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 long-standing residents (Lacey 2017b). 
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Unwelcome Sound 

 Gentrification can also have the counterintuitive effect of increasing the overall loudness 

of a neighborhood'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 individuals may be less inclined to 

prioritize quietness when engaged in social activities (Sonic 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 family-owned businesses and 

cultural institutions they displaced (Ehrenhalt 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 soundscape experiences an increase in volume due to increased traffic and 

construction activities (Ehrenhalt 2022; Gonzalez 2022). This shift towards a louder soundscape 

can result in a loss of peace of mind and disrupt the daily lives of longstanding residents. 

 

Combatting Gentrification  

Art and Music as Tools 

 Throughout history, different methods have been employed to address gentrification 

through sound. One prominent approach is through 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 combined with the use of music. In her article titled "Reclaiming the Chocolate 

City: Soundscapes of Gentrification and Resistance in Washington, DC,ò Brandi Summers argues 

that sound can be a potent tool for combating gentrification as it holds significant influence over 

the cultural identity of a neighborhood. Summers explains how the ñ#DontMuteDCò movement 

on Twitter brought long-time residents together to resist the policing and reshaping of their spaces 

through Go-go music (Summers 2021; Mock 2019).  

Another artistic and politically driven approach to combating gentrification is the act of 

ñflipping,ò which involves repurposing discarded or unused spaces for a new agenda. In Detroit, 

artists have been flipping old warehouses and parks to transform them into art studios, installations, 

community spaces, and political expressions (Blue V 2021). This act serves as a kind of reverse 

gentrification, where community leaders and activists get preemptively ahead of real estate agents 

and external investors. 

Sound Policing and Monitoring 

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

based gentrification. One method involves examining and limiting law enforcementôs authority in 

policing sound in low-income neighborhoods of color. In her article titled ñCity as Borderland: 

Gentrification and the Policing of Black and Latinx Geographies in Oakland,ò Margaret Ramirez 

argues that gentrification has transformed Oakland into a ñborderland,ò where different cultures 

and interests clash in a struggle for space and resources (Ramírez 2020). Ramirez points out that 

these borderlands have resulted in a clear division between the ñhavesò and the ñhave nots,ò 

leading to increased policing in predominantly Black and Latinx/é spaces. Policing is carried out 
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through sound restrictions, zoning ordinances, and police presence, resulting in a sense of 

displacement and erasure of cultural identity (Ramírez 2020). Restricting the authority that 

governing bodies have over social sounds could potentially foster a more equitable neighborhood 

environment.  

Furthermore, another potential method to combat sound-related gentrification is through 

sound monitoring and sentiment assessment. Municipalities could install sound sensors or noise 

cameras within at-risk 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 contribute to the neighborhoodôs noise pollution, while also recognizing the sounds that 

constitute the fabric and identity of the community (Zanfagna and Werth 2021; Jenkins and 

Wiebusch 2009). 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 demonstrates the importance 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 implications in combatting the adverse effects of gentrification. 
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4. Analysis 

 It is important to underscore that my research is time-bound and does not reflect the 

temporal evolution of soundscapes and gentrification vulnerability across Boston. Rather, my 

analysis focuses on examining soundscape ecology and dBA as tools for identifying, 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 investigation will 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 marginalized communities. 

Statistical Analysis 

The initial step in my statistical analysis involved examining the survey data. Given that 

the survey, which received 100 complete responses, consisted of both quantitative and qualitative 

questions that necessitated distinct analytical techniques, I 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 distribution of survey participants by 

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

 

Location 

 
Figure 04. Distribution of 100 survey participants based on neighborhood. 

 

The distribution of survey respondents was first plotted by neighborhood (Figure 04). The 

results showed that the neighborhoods with the highest response rates were Dorchester and 

Jamaica Plain, with 17% and 16% respectively. The following neighborhoods had response rates 

ranging from 11% to 4% each: Brighton (11%), West Roxbury (8%), East Boston (8%), Allston 

(7%), the South End (7%), Fenway/Kenmore (4%), and Beacon Hill (4%). The remaining 

neighborhoods had substantially lower response rates, ranging from 4% to 1% of the total 

participant pool, with the exceptions of the Wharf District, Mid-Dorchester, Mattapan, and Bay 

Village, which had no survey responses. 
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Racial identity  

While the location data collected from the participants ranged widely, diversity in racial identities 

left quite a lot to be desired (Figure 05). 

 
Figure 05. 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 ï 35% higher than Bostonôs 44% of non-Hispanic Whites as reported in 

US Census data. Non-white participants made up 17% of the remaining 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 approach may limit the ability to draw detailed conclusions 
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and identify specific relationships, it allows for a more straightforward comparison between the 

majority demographic and underrepresented minorities. 

Income 

 
Figure 06. Household income distribution of survey participants. 

 

Income distribution showed an interesting split between top and lower levels (Figure 06). 

While 32% of respondents reported a household income exceeding $160,000 per year, an equal 

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

 

Age 

Nearly three quarters of participants (73%) were within the age range of 21 to 40 years 

old, with 44% falling between the ages of 30 and 40 years old (Figure 07).  
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Figure 07. Age distribution of survey participants. 

 

Length of residence 

The majority of respondents (56%) had been living in their neighborhood for less than five 

years (Figure 08).  
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Figure 08. Distribution of survey participants based on length of residence. 

 

Combining the age data (Figure 07) with the length of residence data (Figure 08), it is 

likely that the majority of survey participants were young, white, short-term residents with either 

low or high incomes. This phenomenon can be explained by Bostonôs reputation as an academic, 

biotech, and medical hub, with a significant population of students, tech professionals, and 

resident doctors in training. 

 

Perceptions of Sound and Noise 

In addition to analyzing demographic data, the study investigated participants' perceptions 

of sound volume and noise level in their neighborhoods, using multiple-choice questions and 

matrix questions.  
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Figure 09. The percentage of participants who felt their neighborhood was loud vs noisy. 

 

 

  A majority of respondents (53%) did not identify their neighborhood as either loud or 

noisy (Figure 09). 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 5-6% of participants who were unsure about their 

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 

questions, which asked participants to rank specific urban sounds on a scale of 1 to 5 based on 

their perceived loudness and noisiness in their neighborhoods (Figure 10).  

While there is a measurable difference on average between sounds perceived as loud versus 

those perceived as noisy, there is still a linear relationship between the two, with the exception of 
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prevalent in certain neighborhoods. In other words, there are no sounds in Boston, as a whole, that 

have a drastically different identity or meaning apart from their volume. These findings suggest 

that the perception of noise in Boston is largely determined by sound volume alone. Further 

investigation is needed to fully understand the complexity of this relationship past the initial 

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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Figure 10. The difference in perceived loudness (mean volume) and noisiness (mean noise) by type of urban sound. 
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Quantitative Analysis 

After establishing the baseline analysis for the demographic data of the survey participants, 

I delved deeper into the data to explore any meaningful relationships between the responses. 

Sound and noise perception by neighborhood 

I first examined the perceived sound levels in each neighborhood. This was accomplished 

by averaging all the sound volume and noise level scores and categorizing them into the three 

major soundscape designations: Anthrophony, Biophony, and Geophony (Pijanowski et al. 2020). 

Unfortunately, this analysis 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 Parkôs loudest and Beacon Hillôs noisiest sounds which came from 

biophonic sources. 

I then pivoted to a different approach and averaged the perceived sound scores for each 

neighborhood across all sound categories, resulting in a mean sound volume and noise level that 

roughly represents the neighborhoodôs overall perceived sound. Additionally, I identified 

neighborhoods with scores above 2.5, which I 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 

questions, where participants were asked to 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 category was sound volume or noise level. The visual results 

are the Mean Sound Volume Per Neighborhood graph (Figure 11) and the Mean Noise Level Per 

Neighborhood graph (Figure 12) below, where neighborhoods with perceived scores exceeding 

2.5 are highlighted in orange, while perceived rankings of 2.5 or lower are indicated by blue bar. 
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Figure 11. The difference in average perceived loudness through all Boston neighborhoods. 

 
Figure 12. The difference in average perceived noise through all Boston neighborhoods. 
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The graph of Mean Sound Volume shows that 11 of the 20 neighborhoods all scored a 

sound volume perception ranking of 2.5 or more, with the West End and Fenway/Kenmore being 

the highest ranked with scores of 3.5 and 3.2, respectively. In order of decreasing perceived sound 

volume, they are the West End, Fenway/Kenmore, Roxbury, East Boston, South End, Allston, 

Dorchester, Roslindale, Back Bay, South Boston, and Jamacia Plain. This observation aligns with 

the fact that these neighborhoods are heavily urbanized and that most of them are in close 

proximity to major transit lines and highways. However, upon examining the noise perception 

graph of Mean Noise Level, it becomes apparent that only Fenway/ Kenmore and Roxbury 

exceeded the 2.5 threshold. This 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 noise threshold, still saw a decrease of 

about 7% on average from 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 2021, Analyze Boston 

2021). 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 noisier than communities with similar 

demographics and socio-economic standing, such as Allston or Dorchester. Fenway has a highly 

active soundscape due to the social atmosphere of the ballpark and the various music venues, and 

Roxbury has some of the highest occurrences of anthrophonic sounds throughout Boston, 

consisting of fireworks, gunshots, and de-mufflered cars. 

Sound and noise perception by race 

Following my analysis of the neighborhood-specific results, I looked more closely into the 

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

they ranked when responses were divided based on racial identity (Figure 13).
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Figure 13. The difference in average perceived loudness based on racial identity. 
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Figure 14. The difference in average perceived noise based on racial identity. 
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To compare the results, I grouped all non-white responses into one category, excluding 

those who preferred not to share their racial identity. The average sound volume perception graph 

(Figure 13) revealed that participants who identified as non-white perceived higher levels of 

loudness overall, with the exception of overhead aircrafts, 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 sound perception to the average noise perception based on racial 

identity (Figure 14) reveals that non-white participants gave substantially lower scores to many of 

the urban sounds, even though their ratings remained higher than those of their white counterparts. 

Notably, while only eight of the sounds fell below the 2.5 threshold score in the sound volume 

graph, this number doubled when considering the noise level perception graph. The remaining 

sounds that still scored higher than 2.5 were primarily sirens, public transit, and weather-related 

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 anthropogenic origin. In total, 

the decrease from sound volume to noise perception was 25% for white participants and 10% for 

non-white participants. 

When I examined other socioeconomic identifiers, such as age and annual income, there 

seemed to be no pattern as to why non-white participants would report higher noise perception 

levels. Even when I looked at specific neighborhoods, there was no significant correlation, as all 

of the participants who identified as non-white 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 others, or that  

their over exposure to certain sounds may cause desensitization and affect their tolerance for and 
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association with these sounds (Pijanowski et al. 2020; Smith and Pijanowski 2014; Gonzalez 2022; 

Rees 2014). 

Sound and noise perception by income 

With the relationship between sound perception and racial identity explored, I sought to 

investigate any other potential patterns. Thus, I examined how sound volume and noise level 

perception varied in relation to average household income. Similar to the neighborhood analysis, 

I labeled all resulting rank scores as blue if they were 2.5 and lower and orange if they were above 

2.5. The results are presented in the graphs below (Figures 15 and 16).  

 The analysis revealed that participants who self-identified as mid to low income 

(<$100K/year) perceived higher levels of sound volume in their neighborhoods, with higher 

income residents reporting quieter experiences. Further analysis of the results revealed that five of 

the 12 neighborhoods where these mid- to low-income participants reside overlapped directly with 

the neighborhoods identified in the previous neighborhood loudness perception analysis, namely 

Allston, Dorchester, East Boston, Fenway/Kenmore, and Jamaica Plain. With the exception of 

participants in the $100,000 to $120,000 annual household income bracket, those in the mid- 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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Figure 15. The average perceived loudness of sound volume based on income bracket. 

 

 
Figure 16. The average perceived noise level based 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 sound volume and noise for mid- 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 neighborhoods where survey participants who 

self-identified as low- to-middle income resided overlapped directly with those identified in the 

neighborhood analysis as being loud, namely 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 South End are 

among those that are currently housing  concentrations of marginalized communities while Beacon 

Hill and the West End are typically seen as more affluent neighborhoods associated with quiet 

environments, with Jamaica Plain straddling the middle socioeconomic demographic (Gonzalez 

2022; Lima et al. 2014; Department of Innovation and Technology 2021; Analyze Boston 2021). 

As demonstrated by the graphs, quiet does not necessarily equate to noise-free, and vice 

versa. It could be argued that low- to middle-income residents view the variable soundscapes as 

part of the trade-off 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 should be grateful 

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 shape their 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 understand the nuanced perceptions and attitudes towards soundscapes 

among different income brackets in urban neighborhoods. 
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Sound and noise perception by age 

 

 
Figure 17. The average perceived loudness based on age ranges. 

 

 
Figure 18. The average perceived noise level based on age ranges. 
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Next, I isolated the relationship between the participantsô age ranges and their perception 

of sound volume in their neighborhood (Figure 17). I found that, when looking at reported sound 

volume levels, every age range except for those between 21 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 3.5 out of 5. However, there was a significant reduction in the overall perception of noise 

among these same age groups who identified high noise levels in their neighborhood (Figure 18), 

with only participants who were 20 years of age and younger indicating that their neighborhoods 

were noisy.  

Notably, there were two significant shifts in the scores, where those between the ages of 

40 and 49 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 

perspectives. The perspective of the sound as loud and noisy among survey participants 20 and 

younger may be attributed to the higher social vulnerabilities and sensory overload that can come 

with youth. It is possible that these residents may not appreciate the repetitive and discomforting 

anthropogenic sounds, especially if they are students and they feel as though the sounds are 

disruptive and unnecessary (Pijanowski et al. 2011). Moreover, regardless of amplitude, prolonged 

exposure to sounds of varying frequencies have been found to cause anxiety and physical health 

issues at risk individuals, especial adolescents and populations (Walker et al. 2016; Lima et al. 

2014). 
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Sound and noise perception by length of residence 

 
Figure 19. The average perceived loudness based on length of residence. 

 
Figure 20. The average perceived noise level based on length of residence. 
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The final part of the quantitative analysis examined whether the length of time a resident 

lived in their neighborhood had any significant impact on their perception of sound (Figures 19 

and 20). Results showed that, with the exception of residents who have lived in the same 

neighborhood for 10 to 20 years, all participants reported their neighborhoods to be loud. However, 

across the board, and regardless of length of residence, the average sentiment was that their 

neighborhoods werenôt noisy. Despite searching for correlating trends in the survey responses, I 

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 long-term residents may just feel connected to the sound and see it as a familiar feature 

of their neighborhood, not a noticeable problem (Summers 2021; Zanfagna and Werth 2021; 

Feiereisen and Sassin 2021). 

Qualitative Analysis 

After completing the quantitative analysis, I began to focus my efforts on exploring the 

qualitative 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 to say about sounds that evoked negative emotions than those that evoked 

positive emotions.  
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Figure 21. Positively associated sounds from survey ï graphed. 
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Figure 22. Negatively associated sounds from survey ï graphed.
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However, this is not 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 sounds such as 

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.  

Conversely, 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 reported being 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, and neighboring 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 human-made 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 anger, participants used 

adjectives such as "late," "loud," "constant," "inconsiderate," and "inappropriate." 
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Figure 23. Word cloud of the most recurring positive sounds from survey. 

The descriptive characteristics of the positively associated sounds also exhibited a similar 

trend, but in reverse: they were described as ñreasonableò, ñwelcomedò, and ñinvitingò. Certain 

sounds were qualified by their association with warm weather or a particular time of year. Some 

respondents even identified specific times when 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 

component to determining if and when a sound is welcomed in a particular environment (Walker 

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 qualified the statement by 

explaining that they only enjoy music during weekends before 5:00 PM. However, when speaking 

about negatively associated sounds, the same participant expressed that during the particular 

weekends that they have work to do, music may become a distracting and unwelcome noise. 
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Figure 24. Word cloud of the most recurring negative sounds from survey. 

In an attempt to provide a more quantitative understanding of the qualitative data, I used 

the same soundscape ecology table as before, but this time I used the provided subcategories, as 

opposed to making my own (Table 03). This allowed me to sort answers into the three primary 

categories of sound recognition: anthrophony, geophony, and biophony (Pijanowski et al. 2020). 

Anthrophony, for instance, refers to manufactured sounds 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, I used a comprehensive coding system in accordance with this table (Bauer 

and Gaskell 2000; OôConnor and Joffe 2020). By analyzing the trends of manufactured, natural, 

and environmental sounds in each neighborhood, this method facilitated a more detailed and 

nuanced understanding of the specific contributions of each sound type to the residents' overall 

soundscape experiences. The coded responses are represented through the displayed graphs: 

Figure 24 for positive sounds and Figure 25 for negative ones.  
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Table 03. Soundscape Ecology coding table for qualitative survey data. 

Positively Associated Sound 

Anthrophony Biophony Geophony 

Transportation 

bicycle 

Wild 
Animals 

mammals 

Air 

wind through 
trees skateboard 

walking wind through 
grasses car 

birds bus wind through 
buildings truck 

motorcycle 

reptiles 
wind over sand 

boat 

ship 
thunder 

train 

amphibians subway 
tornado 

planes 

Social Signals 

sirens 

fish 
hurricane 

alarm 

bell 

Water 

light rain 
foghorn 

crustaceans fireworks 
medium rain 

gunshots 

Construction 

hammering 

insects 
heavy rain 

sawing 

jackhammer 
hail 

explosion 

Domestic 
Animals 

dogs drilling 
streams/rivers 

Human Voices 

laughter 

crying 

cats 
waves 

coughing 

snoring 
waterfall 

singing 

livestock talking 

Earth 

ice breaking 
yelling 

sneezing 

horses 
ice sliding 

Human Activity 

typing 

cooking 
earthquake 

playing sports 

birds recorded music 
Fire wildfire 

live music 

Source: Authorôs adaptation of Sound Taxonomy Diagram, in Pijanowski et al. 2020, p. 9. 



Marquez Vintrel Monroe 

 

 

ср 
 

 
Figure 25. Positive sounds categorized by anthrophony, biophony, and geophony in Boston neighborhoods. 
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Figure 26. Negative sounds categorized by anthrophony, biophony, and geophony in Boston neighborhoods.
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The graphs demonstrate a significant decrease in biophony, and geophony sounds when 

comparing 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 distinction could 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 own sentiments, it can be argued that areas where positively and negatively 

associated sounds have higher overlap could be classified as net neutral in terms of noise 

perception. 

Geospatial Analysis 

After completing both the quantitative and qualitative analyses of the survey, I conducted 

a geospatial analysis to examine whether gentrification vulnerability could be mapped using sound. 

Furthermore, I aimed to determine if the empirical data I had gathered were consistent with the 

results I obtained from the survey.  

Visualizing and Processing the Data 

I began by creating a geospatial model in ArcGIS Pro to streamline my program script and 

maximize efficiency. In order to ensure accuracy and clarity, I divided the geospatial processes 

among three models, each corresponding to a distinct phase of analysis. These are called 1st, 2nd, 

and 3rd GIS Models and their process diagrams are found in the Appendix. 
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Figure 27. Map of Boston with the location of 2020 311 noise complaints 

and Community Noise Lab (CNL) measurement locations. 
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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 their respective longitude and latitude coordinates. The data points 

provided by Dr. Walkerôs Community Noise Lab (CNL) are decibel levels recorded in 2020 at 

locations across Boston neighborhoods. I filtered out the noise complaints from the 311 reports for 

the year 2020. 

Subsequently, I imported a map from the City of Bostonôs open data site in the form of a 

shape file, a file consisting of polygons and images coded with geospatial data. This allowed me 

to identify all the census block groups in Boston. Once the block groups were identified, I began 

to integrate six data indicators: home value, gross rent, household income, population percent non-

white, new residential construction permit locations, 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 displacement (Cohen 

and Pettit 2019). These variables provide the most effective means of examining the relationship 

between Boston's soundscape and its vulnerability to gentrification.   

As geoprocessing was initiated, I proceeded to configure the model for conducting joins, 

which involves combining geospatial data through shared attributes or overlapping shapes, for all 

variables, including average dBA levels and the number of noise complaints for each block group. 

(Figure 28, the process diagram for the 1st 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, and their 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 (Figure 29) and the number of noise complaints per census block 

group (Figure 30). 
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Figure 29. Map of Boston displaying the average 

decibel levels for each census block group in 2020. 
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Figure 30. Map of Boston displaying the number of noise 

complaints for each census block group during 2020. 
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Once all the variables had been converted into rasters, I 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 are correlated. 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 from -1 to 1, where a value closer to 1 indicates a stronger correlation 

between the two values.  

Table 04 below presents the outcome of using band collections statistics with sound, noise, 

white population (Demo), homeowner expenses (Mortgage), cost of rent (Rent), household income 

(HHI), sea level rise (SLR), stormwater flooding (Storm), transit proximity (T-Stop), urban heat 

island effect (UHI), home value (HV), and land development data (Permits) 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 relationship at all. 

Table 04. Matrix table highlighting the correlation between sound, noise, and the various 

vulnerability indicators. 

Correlation Matrix 

  Sound Noise Demo Mortgage Rent HHI SLR Storm 
T-

Stop 
UHI HV Permits 

Sound 1.000 0.213 
-

0.030 
0.178 0.139 0.003 

-
0.219 

-
0.130 

-
0.365 

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 

-
0.013 

0.040 

Demo 
-

0.030 
0.033 1.000 -0.142 0.484 0.565 

-
0.005 

-
0.013 

-
0.016 

0.076 0.349 0.032 

Mortgage 0.178 0.103 
-

0.142 
1.000 

-
0.009 

-
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 
-

0.087 
-

0.029 
-

0.111 
-

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 
-

0.219 
-

0.027 
-

0.005 
-0.016 

-
0.087 

0.023 1.000 0.407 0.385 0.049 
-

0.097 
0.034 



Marquez Vintrel Monroe 

 

 

то 
 

Storm 
-

0.130 
-

0.003 
-

0.013 
-0.009 

-
0.029 

-
0.019 

0.407 1.000 0.274 
-

0.374 
-

0.243 
-0.044 

T-Stop 
-

0.365 
-

0.039 
-

0.016 
-0.112 

-
0.111 

-
0.022 

0.385 0.274 1.000 
-

0.281 
-

0.203 
-0.027 

UHI 0.119 0.041 0.076 0.201 
-

0.018 
0.025 0.049 

-
0.374 

-
0.281 

1.000 0.023 0.160 

HV 0.137 
-

0.013 
0.349 0.016 0.321 0.363 

-
0.097 

-
0.243 

-
0.203 

0.023 1.000 -0.050 

Permits 0.168 0.040 0.032 0.246 
-

0.003 
0.043 0.034 

-
0.044 

-
0.027 

0.160 
-

0.050 
1 

 

In general, correlation coefficients are typically classified as weak, moderate, strong, or 

very strong, depending on 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 the factors involved and the 

inconsistencies in observing gentrification, I opted to validate the positive results from the 

correlation matrices using the probability, also known as P-values, from their corresponding linear 

regressions (Bhandari 2021). This approach allowed me to assess the strength of the relationship 

while still highlighting its significance (Tables 05 and 06). 

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 T-Stops. However, the validity of 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 matrix. A P-value of 0.05 indicates a 95% confidence level. Nonetheless, in the case 

of decibel level recordings, almost all the variable relationships exhibited positive correlations 

with P-values low enough to denote confidence in the relationship, with the exception of 

homeowner expenses, percent white population, household income, UHI, and new construction.
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Table 05. Linear regression results, highlighting which variables may have a relationship with 

sound. 

Linear Regression of the Relationship to Decibel Level (dBA)  

Relationship 
Variable Coefficients 

Standard 
error 

t-Statistic Probability 

311 Noise 
Complaints 

Complaints 0.076 0.030 2.551 0.011 

Intercept 60.848 0.187 324.861 0.000 

Homeowner 
Expenses 
Over 30% of 
Income  

Pct_morgage_over_30pct 0.013 0.008 1.748 0.081 

Intercept 60.581 0.281 215.304 0.000 

Percent White 
Population 

Percent_White 0.001 0.006 0.224 0.823 

Intercept 60.896 0.335 181.680 0.000 

Median 
Household 
Income 

SE_A14006_001 0.000 0.000 -1.536 0.125 

Intercept 61.489 0.408 150.685 0.000 

Median Gross 
Rent 

SE_A18009_001 0.001 0.000 3.548 0.000 

Intercept 59.363 0.503 118.033 0.000 

Median Home 
Value 

SE_A10036_001 0.000 0.000 3.143 0.002 

Intercept 59.182 0.470 125.867 0.000 

Rent as 
Percent of 
Income 

SE_A18003_001 0.019 0.018 1.073 0.284 

Intercept 60.559 0.589 102.749 0.000 

Distance from 
Transit Stops 

MEAN 0.000 0.000 -8.623 0.000 

Intercept 62.332 0.235 264.920 0.000 

MEDIAN 0.000 0.000 -8.630 0.000 

Intercept 62.336 0.236 264.735 0.000 

Proximity to 
Stormwater 
Flooding 

MEAN -0.002 0.001 -3.369 0.001 

Intercept 61.853 0.323 191.576 0.000 

MEDIAN -0.002 0.001 -2.990 0.003 

Intercept 61.718 0.314 196.731 0.000 

Proximity to 
Sea Level Rise 

MEAN 0.000 0.000 -8.110 0.000 
Intercept 62.100 0.224 277.260 0.000 

MEDIAN 0.000 0.000 -8.093 0.000 
Intercept 62.094 0.224 277.547 0.000 

Urban Heat 
Island 

Delta_Temp 0.091 0.175 0.516 0.606 

Intercept 59.730 2.377 25.125 0.000 

New 
Construction 
Permits 

Number_of_Permits 0.0055 0.0503 0.1095 0.9129 

Intercept 60.9427 0.2106 289.3747 0 
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Table 06. Linear regression results, highlighting which variables may have a relationship with 

noise. 

Linear Regression of the Relationship to 311 Noise Complaints 

Relationship 
Variable Coefficients 

Standard 
error 

t-
Statistic 

Probability 

dBA Level 
Pred_A_weighted 0.1499 0.0588 2.5507 0.011 

Intercept -7.7338 3.5921 -2.153 0.0317 

Homeowner 
Expenses Over 30% 
of Income 

Pct_morgage_over_30pct 0.013 0.0136 0.9537 0.3407 

Intercept 1.2038 0.312 3.8586 0.0001 

Percent White 
Population 

Percent_White 0.0049 0.0087 0.5597 0.5759 

Intercept 1.183 0.4653 2.5425 0.0113 

Median Household 
Income 

SE_A14006_001 0 0 0.2486 0.8038 

Intercept 1.3575 0.6213 2.185 0.0294 

Median Gross Rent 
SE_A18009_001 0.0005 0.0004 1.1064 0.2691 

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 Percent of 
Income 

SE_A18003_001 -0.0104 0.028 -0.3702 0.7114 

Intercept 1.808 0.9273 1.9497 0.0517 

Distance from 
Transit Stops 

MEAN -0.0001 0.0001 -1.0422 0.2978 

Intercept 1.6216 0.3436 4.7198 0 

MEDIAN -0.0001 0.0001 -1.0342 0.3015 

Intercept 1.62 0.3437 4.7129 0 

Proximity to 
Stormwater 
Flooding 

MEAN -0.0002 0.0007 -0.3361 0.7369 

Intercept 1.5035 0.4491 3.3477 0.0009 

MEDIAN -0.0003 0.0007 -0.3653 0.715 

Intercept 1.5077 0.4342 3.4723 0.0006 

Proximity to Sea 
Level Rise 

MEAN 0 0 -0.9736 0.3307 

Intercept 1.5771 0.3244 4.8611 0 

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 
Permits 

Number_of_Permits 0.089 0.0697 1.2768 0.2022 

Intercept 1.2001 0.2884 4.1613 0 
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However, the same level of confidence cannot 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 with a high confidence interval, except for the one it shares with the Community 

Noise Labôs dBA levels readings. This relationship can be seen below in Figure 30, where the 

trend line can be seen having a positive orientation. This finding implies that using 311 noise 

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 have more 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.  

 
Figure 31. Scatter plot graph showing the linear relationship between  

Boston sound levels and noise complaints. 
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Reclassifying to Form 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 manipulable and easily comparable to 

the noise and sound maps (Figure 32, the process diagram for the 2nd GIS Model is in the 

Appendix). For some of the data points that were previously mapped and did not require joining, 

such as MBTA T-Stops and all of the Boston provided Climate Vulnerability maps indicating sea 

level rise, stormwater flooding, and urban heat island risk zones, I used a different method of 

converting them into rasters. The process I used is called ñDistance Accumulationò, which creates 

tiers of areas 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 from coastal sea level 

rise and stormwater flooding are at a higher risk of gentrification, as they are more desirable 

locations in which to live (Gentrification Index 2014; Voorhees 2023). 

Once all the layers were rasterized and clipped to the same dimensions, I reclassified the 

11 variables so that their respective values would be split internally into five categories that could 

be more easily be designated based on vulnerability severity. Severity was ranked on a scale of 1-

5 where 1 is least vulnerable to gentrification and 5 is most vulnerable.  

As previously mentioned, and used in Correlation and Regression tables, the 11 variables 

are: Median Household Income, Gross Median Rent, Median Home Value, Rent as Percent of 

Income, Homeowner Expenses Over 30% of Income, Percent White Population, Distance from 

MBTA Transit Stops, Distance from Areas with High Vulnerability to Sea Level Rise and 

Stormwater Flooding, Urban Heat Island, and Construction Permits. The description of the 

reclassification process of each of the variables is 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 assigns 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 measurements in an attempt 

to identify any potential correlations. 
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Figure 33. Mapped Gentrification Vulnerability Index, 

where all variables are weighted the same. 
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Figure 34. Gentrification Vulnerability Index, where 

variables are weighted in accordance with regression 

results. 
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Figure 35. Mapped Gentrification Vulnerability Index, 

where variables are adjusted based on literature review. 
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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 (Figure 33). Each of the 11 variables I 

established was weighted equally at 9.09%. This was done to provide a baseline reference for the 

future overlays and to observe the index in a vacuum without any prior context. The second 

weighted overlay, on the other hand (Figure 34), did not treat each variable equally. Instead, it was 

weighted based on the variables that were found 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, percent of housing expenses over 30% of income, median household income, 

and rent as a percent of income. Together, these variables had an accumulative weight of 40%. 

The climate-based variables were each given a weight of 5%, while racial demographic data 

received a 10% weight, and transit data received a weight of 30%. Although earlier regressions 

showed a negative correlation between transit and sound or noise, it remains a significant factor in 

quantifying gentrification vulnerability and therefore accounts for 1/3 of the overall weight 

(Padeiro, Louro, and da Costa 2019). 

The third and final weighted overlay in this study was informed by a comprehensive 

literature review on gentrification risk factors (Figure 35). The review found that resident 

characteristics, housing and market conditions, economic activity 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, I used racial and income data, which were both weighted at 

10%. For the housing and market conditions, I incorporated all four financial data related to rent, 

mortgages, and home value, each of which was weighted at 5%. To represent economic activity 

and investment within neighborhoods, I weighed new residential construction projects at 20%. 
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Similarly, as my only indicator of neighborhood conditions, proximity to transit was also given 

20%. The remaining 20% was allocated among the climate risk factors, with 6% assigned to both 

stormwater and sea level rise-related flooding, and 8% assigned to the urban heat island index. 

This final overlay represents the most current understanding of gentrification vulnerabilities 

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

Visual Interpretation  of Map Results 

Even with the gaps in the vulnerability maps, caused by a number of block groups missing 

values from the index variables, we can start to see a pattern take shape amongst each overlay. All 

three of the index maps show that most of areas in Boston are identified as being in the middle of 

the road when it comes to gentrification vulnerability. This would suggest that the majority of 

Bostonôs residential areas are currently in the process of being gentrified. This trend makes sense 

when looking at the neighborhoods Allston, Jamaica Plain, South Boston, and Hyde Park, and the 

census block groups that reside in them.  

However, things begin to differ amongst the vulnerability maps as we compare the least 

vulnerable for each. The unweighted map shows West Roxbury and Roslindale as semi-vulnerable, 

whereas both the weighted and adjusted maps find both of those neighborhoods among the areas 

that are the least vulnerable. This could be attributed to the significant weight placed on transit 

proximity and racial demographic for both the weighted and adjusted maps, as both West Roxbury 

and Roslindale are rather far from any major MBTA stations and have relatively low populations 

of non-white residents. Conversely, the unweighted map shows that Charlestown, Beacon Hill, 

Back Bay, Bay Village, and Chinatown are all quite low on the vulnerability index, while the 

weighted map shows the neighborhoods as semi-vulnerable, and the adjusted map shows each to 



Marquez Vintrel Monroe 

 

 

уп 
 

be split evenly betwixt the two vulnerability classes. This could similarly be attributed to the 

weight placed on proximity MBTA stations, as all of the neighborhoods in question have ample 

access to public transit. Additionally, both the unweighted and adjusted maps weigh climate risk 

variable higher than the weighted map. So, since Charlestown, Beacon Hill, Back Bay, Bay 

Village, and Chinatown are all extremely vulnerable to sea level rise and stormwater flooding, it 

makes sense that the maps would differ the way they do. 

As for the areas with the highest vulnerability, all of the maps show East Boston, 

Fenway/Kenmore, Roxbury, Mid Dorchester, Dorchester, and Mattapan to be the most vulnerable. 

However, while highlighting the same neighborhoods as both the weighted and unweighted maps, 

the adjusted index indicates a fewer number of census block groups that hold the highest 

vulnerability classification. I anticipate that this outcome is a result of the adjusted map allocating 

less importance on the financial variables, when compared to the other two indexes. With these 

neighborhoods, along with their respective block groups, being those with the highest 

concentration of mid-to low-income households in Boston, it makes sense that the adjusted map 

wouldnôt find them as vulnerable.  

This solidifies the idea that the effectiveness of a vulnerability index is dependent on which 

variables matter the most in any particular area and how they are weighted. Each of the ones I 

generated have their strengths and weaknesses, but none of them tell the complete story. As such, 

moving forward, I decided to look at them all to see how they compare to one another and to try 

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

The vulnerability indexes having been created and visually interpreted, the next step was 

to test for measurable statistical significance between them and the sound 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, I reclassified both maps to partition their respective values into five levels of 

severity, aligning with the vulnerability indexes (Figure 35, the process diagram for the 3rd GIS 

Model, is in the Appendix). 

To reclassify the sound pressure map, which records the dBA levels for each of Boston's 

census block groups, I first determined the sound threshold for each level of severity. According 

to the City of Boston's definition of "Unreasonable Noise," any sound louder 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 unreasonable (City of Boston 2023; 2021). 

However, other municipalities typically set the sound level threshold at 60 dBA for residential 

zoning, as found in the review of noise standards and definitions (Lodico, Thill, and Rodkin 2004;  

City of Oakland 2005). 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 lasting harm (CDC 

2022). According to the CDC, the average conversation typically registers around 60 dBA. Based 

on this range of sound level designations and the distribution of sound data, the lowest level of 

severity was set at 55 dBA, between Boston's and the CDC's identified thresholds. The highest 

level of severity was set to any sound registering over 70 dBA, which appears to be widely 



Marquez Vintrel Monroe 

 

 

ус 
 

accepted as the threshold for when sound becomes noise. The severity breakdown of the sound 

pressure levels for Bostonôs census block groups are as follows: 

¶ Average Decibel (dBA) Level Per Block Group 

o Less than 55 dBA 

o 55 dBA ï 60 dBA 

o 60 dBA ï 65 dBA 

o 65 dBA ï 70 dBA 

o Greater than 70 dBA 

 

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 people, there is 

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

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

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

complaint numbers ranging from 0 to 10, so I 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 classification of 311 noise complain occurrences can be seen below. 

¶ 311 Noise Complaint Reports Per Census Block Group 

o None 

o 1 ï 5 

o 5 ï 10 

o 10 ï 35 

o Greater than 35 

After reclassifying the sound mapping and noise complaint data, I 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 variable and its respective confidence 

level (Tables 07 and 08). 
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Table 07. 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) 

1 0.18451 -0.01198 0.10132 0.10146 

# of Noise 
Complaints 
Per Block 
Group 

0.18451 1 0.05298 0.05298 0.08085 

Gentrification 
Vulnerability 
Index (Un-
Weighted) 

-0.01198 0.05298 1 0.50414 0.60176 

Gentrification 
Vulnerability 
Index 
(Weighed) 

0.10132 0.09496 0.50414 1 0.74974 

Gentrification 
Vulnerability 
Index 
(Adjusted) 

0.10146 0.08085 0.60176 0.74974 1 

 

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

all relationships observed showed a positive correlation, albeit a weak one. The significance of 

this correlation was reinforced by a P-value of 0.001. 
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Table 08. Tables with the linear regression relationship to the gentrification vulnerability 

indexes.  

Linear Regression of the Relationship to Decibel Level (dBA)  

Relationship 
Variable Coefficients 

Standard 
error 

t-Statistic Probability 

Unweighted 
Vulnerability 

MEAN -0.088 0.326 -0.272 0.786 

Intercept 61.050 1.027 59.423 0.000 

MEDIAN -0.043 0.304 -0.142 0.887 

Intercept 60.910 0.963 63.251 0.000 

Weighted 
Vulnerability 

MEAN 1.017 0.314 3.245 0.001 

Intercept 57.546 1.012 56.875 0.000 

MEDIAN 0.958 0.291 3.297 0.001 

Intercept 57.724 0.944 61.179 0.000 

Adjusted 
Vulnerability 

MEAN 1.180 0.362 3.256 0.001 

Intercept 57.281 1.089 52.618 0.000 

MEDIAN 1.057 0.326 3.237 0.001 

Intercept 57.651 0.983 58.675 0.000 

Linear Regression of the Relationship to 311 Noise Complaints 

Relationship 
Variable Coefficients 

Standard 
error 

t-Statistic Probability 

Unweighted 
Vulnerability 

MEAN -0.027 0.517 -0.053 0.958 

Intercept 1.557 1.630 0.956 0.340 

MEDIAN 0.163 0.482 0.337 0.736 

Intercept 0.969 1.522 0.637 0.525 

Weighted 
Vulnerability 

MEAN -0.156 0.502 -0.311 0.756 

Intercept 1.968 1.618 1.217 0.224 

MEDIAN -0.087 0.465 -0.187 0.852 

Intercept 1.749 1.507 1.161 0.246 

Adjusted 
Vulnerability 

MEAN 0.161 0.582 0.277 0.782 

Intercept 0.995 1.747 0.570 0.569 

MEDIAN 0.031 0.523 0.060 0.952 

Intercept 1.381 1.572 0.878 0.380 

 

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

across Boston's census block groups, none of their corresponding P-values 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 points and used various complex 

analytical methodologies. Given 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, I 

provide a summary of the established findings and 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 Bostonôs 24 neighborhoods and comprised 16 questions, with 12 being quantitative. 

The results showed that when asked if their neighborhoods were loud or noisy, roughly 50% of 

the 100 participants responded positively to both questions. This finding was further corroborated 

by the sound volume level 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 have high sound levels due to their proximity to the Storrow Drive parkway. The 

West End is also close to Interstate I-93 and the TD Garden sports venue, and Fenway/Kenmore 

includes the Fenway Park sports venue. In contrast, when participants were asked to score the 

noisiness of their neighborhood, the majority scored under 2.5, except for Fenway/Kenmore and 

Roxbury. This finding is intriguing, as both of these neighborhoods have historically been 

occupied by lower-income residents, and are in the early stages of gentrification (Lima et al. 2014; 

Department of Innovation and Technology 2021; Analyze Boston 2021). Fenway/Kenmore has a 

lively environment with high pedestrian traffic and a lot of social activity and Roxbury is known 
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for its recurring social signals, such as sirens, fireworks, and gunshots. These phenomena could 

help to explain why the perceived noisiness is so high. 

In addition to these results, I compared the perceived sound and noise levels of white 

participants to those of non-white participants. On average, while residents of color reported sound 

levels similar to those of their white counterparts, they reported higher levels of perceived noise. 

Both demographics reported lower noise perception compared to sound levels, but non-white 

participants reported 10% less noise than sound, while white responses showed a 25% difference. 

Further, there was a significant difference in the sound and noise perception of various income 

brackets. Participants who identified as low- to mid-income gave their neighborhood a high 

loudness score but a significantly lower noisiness score.  

When comparing sound and noise perception based on age, there was no observable 

relationship between the two, except for the fact that residents aged 18 to 20 were the only ones 

who had a higher noise perception score than sound volume score. Similarly, the length of 

residence seemed to have little to no 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 of the 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, I divided the sounds into positive and negative 

relationships and categorized them into three types: anthrophony, biophony, and geophony.  
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The results indicated that most participants associated positive emotions, such as serenity, 

calmness, happiness, security, balance, and peace, with biophonic and geophonic sounds, such 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, Dorchester, Allston, and Beacon Hill.  

Regarding anthrophonic sounds, the participants reported responding positively to sounds 

such as pleasant conversations, children playing, church bells, and low-volume music. These 

sounds were associated with community, excitement, liveliness, 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 participants reported finding biophonic and 

geophonic sounds, typically associated with unwanted pests, overactive neighborhood pets, and 

heavy weather to be bothersome or irritating. These sounds were said to elicit feelings of 

annoyance and sadness. However, no neighborhood 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, had a 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 emotions, such as 

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 close behind.  
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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 positive and negative 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 context-dependent, 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 census 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 differently, to observe the contribution of 

different variables to the overall vulnerability of Boston.  

The first generated overlay combined all variables weighted equally at 9.09% each, to 

create a baseline index comparable to if these indicators were measured in a socio-economic 

vacuum. The second generated overlay weighed the contribution of each indicator variable based 

on a pre-established 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 Boston residents, such as median gross rent and median home value, while still placing 
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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 and research, grouping the 

variables in five categories based on socio-economic function and impact. Each category was then 

allotted a weight of 20% to be divided evenly amongst their respective variables.  

Finally, I performed a linear regression between each of the vulnerability indexes with both 

mapped sound levels and noise complaint reports. The resulting analysis found that the average 

dBA levels across Boston's census block groups had a weak, but statistically significant, 

correlation with noise complaint reports, as well as the 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 that must fit into the larger picture. To this 

end, I 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 of noisiness. However, participants from wealthier neighborhoods showed little 

difference between their sound and noise scores. Non-white survey respondents tended to report 

above-ambient sound levels in their neighborhoods and rated the noise levels as above 2.5 on 

average. In contrast, participants in the low- to mid-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 could be deemed 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 
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neighborhoods with 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 tend to associate 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 human-made sounds as positive 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 all residents, 

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 gentrification. 

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 11 socio-economic related sources recorded throughout 2020 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 Boston. Although 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 their ability to complement and enrich each 

other's findings. While their individual results may seem disparate, together they can almost tell a 
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story. Based on the statistical analysis of the quantitative questions, the neighborhoods in Boston 

where residents reported 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 neighborhoods, with the exception of Chinatown, 

are socio-economically stable and already considered either exclusive or less vulnerable to 

gentrification (Chapple, Thomas, and Zuk 2021; Rehan 2016). In contrast, 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 lower-income communities with higher populations of non-white 

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 2022). Through a qualitative lens, however, high sound 

volume neighborhoods showed overwhelmingly positive sentiment towards sounds occurring in 

the natural environment, but mixed emotions towards human-generated sounds, with most 

anthropogenic sounds requiring contextual information to be qualified. This suggests that residents 

in these areas have a nuanced relationship with human-made 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 identified as mid- to 

high-risk areas for gentrification by the vulnerability index but also had higher than ñreasonableò 

sound pressure levels of 60 to 65 dBA on average, with Allston and Fenway/Kenmore having the 

lowest number of noise complaints among the four (City of Boston 2021; 2023). 
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6. Discussion 

So, what does this all mean and why does it matter? The issue of noise pollution and its 

impact on the mental, physical, and emotional well-being of urban residents with higher exposure 

ratings is a significant concern in many cities, including Boston. Noise pollution can have a huge 

harmful effect on stress levels, sleep patterns, and even the long-term health issues of Boston 

residents if not properly addressed. However, the classification of noise is subjective, and what 

some may perceive as noisy, others may consider a preexisting part of the sonic environment 

(Gonzalez 2022; Ramírez 2020; Atkinson 2007; Basquiat 2021b). This disparity 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, and public health professionals to accurately assess the auditory well-

being of a community (Dumyahn and Pijanowski 2011; Walker et al. 2022b; WHO 2011). The 

results of this study, along with the answers to the research questions, can aid in distinguishing 

harmful noise recognition from discriminatory sound policing and help address these complex 

issues. 

Answering Research Questions 

The overarching research question for this study was, ñWhat can soundscapes and noise 

profiles tell us about gentrification?ò However, what I was not expecting was how much there was 

to say about the matter. My research showed that, 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 in 2020 and a vulnerability index that remained static in time. To further 
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explore this relationship, the study used both statistical and qualitative analysis to answer the 

following questions: 

¶ In what ways, if any, can sound volume and noise level be used to identify areas 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 displacement. 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 correlation is further supported by the fact that neighborhoods with the 

highest risk of displacement in the vulnerability index: Allston, Dorchester, 

Fenway/Kenmore, and Roxbury, are either in the process of or on the brink of gentrification 

(Osei 2021; Harvard University 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 gentrification 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 how we define measurable. In this study, I aimed to answer this 

question through geospatial and statistical analyses, which yielded different results. 

Geospatially, I mapped the average sound levels and number of noise complaints for each 

census block group and found a positive correlation of approximately 0.2 (P-value = 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. Statistically, I conducted a survey in which participants 

rated the sound volume and noisiness of common sounds in their urban environment on a 

scale of 1 to 5. On average, participants rated the perceived noise level of their 

neighborhood about 20% lower than its overall loudness. However, this percentage differed 

based on race, with white participants rating noise levels 25% lower and non-white 

participants rating them 10% lower. Noise is subjective and the ability to measure it relies 

heavily on the methods and parameters used to do so.  

 

¶ Are the areas with the highest number of noise complaints the loudest? 

No, not necessarily. As previously stated, there is evidence of a correlation between volume 

level and reported noise complaints, suggesting that as one increases, the other may also 

increase. However, spatial observations indicate that neighborhoods with the highest dBA 

readings do not necessarily have the highest number of 311 reported noise complaints. The 

only area that has both high sound levels and the most noise complaints reported is the 

center of downtown 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 human-made sounds, also known 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. Conversely, neighborhoods 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 also exhibit biophonic and 

geophonic sounds, Jamaica Plain and Dorchester have the highest occurrences of positively 

associated sounds in these categories, ranging from light rain to wind through trees, to the 

chirping of birds during the day. I did not delve deeply into the reasons behind these 

associations; however, I suspect it is plausible that the negatively associated anthrophonic 

sounds are the result of pre-existing systemic conditions, such as proximity to highways, 

and an increased law enforcement presence. 

 

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

Sound can indeed be used to 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, with the exception of music and art-based 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 community-specific 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 

performative actions. Moreover, the spatial analysis conducted in this study has revealed 

the theoretical capacity to amplify vulnerability through sound. However, the correlation 

between sound and gentrification is contingent upon the specific values and indicators that 

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 valuable resources 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 are likely still required 

to tackle the complexities of gentrification successfully. 

 

¶ In what ways is the policing of sound based on health risk concerns or discrimination? 

The monitoring and measurement of sound, primarily through decibel levels, are 

predominantly focused on the health and well-being of listeners. Many municipalities and 

public health organizations establish a threshold of 70 decibels, considering sounds above 

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 these standards. The underlying rationale is rooted 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 subjective, relying 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 to the city's 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 brief, I have limited the recommendations to those 

directly stemming from the findings of my analysis. As my results primarily exist within a specific 

time and place, I cannot confidently propose suggestions that would be universally applicable 



Marquez Vintrel Monroe 

 

 

млм 
 

beyond this particular 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 management, and the use of sound 

as a tool to address displacement. 

Noise Mitigation 

Several mitigating approaches can be employed to reduce resident exposure to harmful 

noise levels. One of the key methods is the implementation of sound-resilient 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 mitigation. 

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 sound barrier glass for windows. This 

measure aims to effectively reduce auditory stressors by preventing excessive noise exposure, and 

has the added benefit of increasing energy efficiency in buildings. 

In the case of existing neighborhoods and buildings, collaborative efforts between the city 

and state, which oversees noise mitigation, could involve providing financial incentives such as 

reduced permit fees and project grants for residents living in areas with elevated sound levels. This 

support would facilitate the retrofitting of homes and businesses with soundproofing materials. 

Furthermore, the installation of sound barriers could be considered, particularly in neighborhoods 

near highways and transit lines. Survey participants often regarded train 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 for motor 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 

restructure 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 for residents. 

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 noise caused by heavy truck traffic.  

While I only considered eliminating sounds that would be identified as noise based on dBA 

level measurement, I truly believe that implementing these measures could contribute to reducing 

negative effects caused by harmful sound exposure 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 high-volume and potentially 

harmful sounds, preserving soundscapes aims to retain sounds that hold cultural significance and 

contribute to the identity of a neighborhood. These recommendations may be deemed 

controversial, but I believe would ultimately contribute to the preservation of community sound. I 

propose the implementation of sound sensors and noise cameras in neighborhoods identified as 

having high noise levels. 
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Sound sensors can be used to capture and analyze the unique soundscape of the community 

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 needed to build and maintain a sound sensor are just under 

$100, making it very accessible for widespread distribution (Bello et al. 2018; Mydlarz et al. 2019). 

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. Unlike sound 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 triggering 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, and vehicles with 

modified sound systems by license plate and could issue warnings, vehicular inspections, or even 

a fine (StreetsblogUSA 2023). By combining this information with residents' supplementary 

experiences, it may be possible to preserve community soundscapes throughout 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 activity or instituting 

unwanted surveillance. If these measures prove ineffective in safeguarding neighborhood 

soundscapes, further strategies will  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 
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the use of protest and the occupation of sonic environments to counter gentrification. Music and 

performance are commonly employed in this context, particularly if they hold great cultural and 

identity value for the at-risk area (Summers 2021). Using art and music as means to symbolize and 

express the significance and identity of a neighborhood's culture through opposition and 

unapologetic conflict can be an effective tool, serving as a metaphorical vinegar solution the 

problem that is gentrification. In contrast, showcasing the community's uniqueness and making it 

more accessible and understandable to outsiders can be seen as a less abrasive measure to 

community conservation ï the equivalent of honey (Blue V 2021). While the former is a reactive 

approach, standing your ground against those who dare invade your space, the latter can be more 

proactive by occupying underutilized space with sound, effectively repurposing community spaces 

before outside investors have a change to claim them. This could take the form of hosting a 

neighborhood concert in a vacant lot, park, or warehouse. 

The other recommendation entails an institutional change, specifically suggesting that law 

enforcement agencies, such as the Police Department, should have less authority or limited control 

in determining what sounds constitute noise (Gonzalez 2022; Zanfagna and Werth 2021; Ramírez 

2020). This recommendation is controversial, as a significant number of survey participants 

expressed appreciation for the police presence 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, I discuss the limitations of this thesis and identify 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 foundational framework for a 

more comprehensive and in-depth 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 methodology 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 Assessment (HIA)  enabled a comprehensive and in-depth 

analysis of the impact soundscapes can have on the mental, physical, and emotional well-being of 

Boston residents, its short timeframe curtailed observational research.  

Structure of the Study 

While this study provided a comprehensive analysis of the relationship between sound and 

gentrification in Boston neighborhoods, it is important to acknowledge the projectôs time 

constraints. The initial stages of the project involved various iterations and pivots, which ultimately 

delayed the research process. The study was conducted 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 public health or 

social issue requires further investigation. Although the methodology employed in this study was 

thorough and well-executed, additional time would have allowed for further exploration and 
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analysis of the topic, including the collection of additional data sources 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 the various 

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 media engagement and word-of-mouth 

interception. While I used social 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 the pool to online forums marginalized residents who lack access to these platforms, 

do not have accounts for those sites, or do not find community and engagement through technology 

(Wu and Marek 2018; Mosconi et al. 2017). Additionally, many individuals who saw the survey 

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 I 

posted the survey digitally were community forums or informational 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 than helpful. 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, I 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. 
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Additionally, reaching out to established community groups to distribute the surveys to members 

could help to gain more genuine and fleshed-out responses. 

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 neighborhoods in Boston, some 

neighborhoods, such as Bay Village, Mattapan, and the Wharf District, did not yield any responses. 

Consequently, these areas and their residents are not represented or proportionately represented in 

this study. Moreover, nearly 80% of survey participants 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 

their opinions 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 (Thee-Brenan 2014; Wallace 2018; Levine 2019). Similarly, 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 survey at their 

leisure, while those who are lower income may place a higher value on their time or believe that 

it could be better spent on other responsibilities (Brenton, Bowen, and Elliott 2019; Graf 2017).  

The third major problem with the survey, in addition to its distribution and pool of 

participants, was the structure of the questions. In order to produce a quantifiable metric that could 

be analyzed and compared to my geospatial analysis, the first half of the survey consisted entirely 

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 further compounded by the inclusion of 

not one but two long matrix questions. Studies have shown that matrix questions already deter 
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potential survey participants, but because I needed to compare sound volume and noise perception, 

I included two matrix questions with the 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 failure to consider 

these issues may have contributed to a decrease in survey completion rates and overall 

participation. Although I received 100 completed surveys, there were over 260 partially completed 

surveys where the majority of participants did not make it past the 65% mark. This is precisely 

where the second matrix question appeared on the survey, suggesting that more than two-thirds of 

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

The final limitation of my survey was the lack of 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 complement and 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, I am concerned that their responses do not hold as much value in this empirical 

study. Additionally, due to time constraints, I was only able to code the most recurring sounds and 

themes from each respondent and their respective neighborhoods, which were then plotted in a 

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 temporal and spatial context. If given the 

opportunity, I 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. 
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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 I collected and analyzed only reflected a particular value or 

range of values for the year 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 layer. By not including time as 

a factor, I 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 gentrification. This 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 permits, home values, median household incomes, and 311 

noise complaint reports, I had to restrict these variables specifically for 2020 to match the averaged 

sound measurements for each census block group provided by the Community Noise Lab. 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 the average 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. 

¶ More Time 

 This project was conducted using the framework of a rapid Health 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 more extensive 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 exploring the topic by conducting intercept 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 

qualitative analysis through 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 field, future projects should consider using 

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 word-of-mouth, resulting in a limited survey 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. 



Marquez Vintrel Monroe 

 

 

ммм 
 

¶ Collect Fresh Sound Data 

Due to limitations of time and resources, this project relied on average sound data 

from census block groups in Boston. I am sincerely appreciative of Dr. Walker and the 

Community Noise Lab for granting me access to this valuable data 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. 

¶ Sentiment Analysis 

While I conducted a preliminary sentiment analysis and emotion graphing for the 

qualitative 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 

I 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. I am pleased to assert that I 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 shape future policy decisions but also provide insights for urban planning 

endeavors in lower income neighborhoods. It can serve as a foundation for assessing noise 

exposure in relation to sound volume levels and inform planning and engineering practices and 

codes by considering the isolation of specific sounds; there are many possibilities. 

As with any novel exploration, there is inherent potential for misuse or abuse, and I 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, obscuring the comprehensive 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 significant reason the results lack definitiveness. 

Failure to consider this factor would be a disservice to both future researchers who continue this 

work and the integrity of the study itself. 

In essence, I have developed and used a tool to demonstrate a concept. My tool was 

designed with a singular purpose, suited only for specific 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 range of conditions. The achievement of this outcome would serve to validate that my 

findings were not merely fortuitous but hold genuine merit in the planning, policy, public health, 

and engineering spaces. 

In conclusion, this thesis project, albeit unconventional in approach, has successfully 

unveiled a minor yet significant correlation between sound and gentrification in Boston. By 

delving into these seemingly unrelated phenomena, a deeper understanding of the reciprocal 

influence between sound and the gentrification 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 to non-gentrified areas. 

While this assumption 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 apparent that the vulnerability 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 this complex relationship. Nonetheless, this thesis 

project celebrates the achievement of uncovering and establishing a noteworthy correlation, 

marking a significant step forward in the field of sound-gentrification dynamics. 
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Appendix 

A. Community Survey Questions and Explanations 

Location and Demographic Information 

The first section of the survey consisted of eight demographic questions related to the participantôs 

place of residence, personal identity, socio-economic class. The questions were as follows: 

1. Which Boston neighborhood are you living/visiting in?  

To contextualize the participantsô responses to the subsequent survey questions, it is important to 

understand the location in which they 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 Bostonôs Planning and Neighborhood Services Departments, from which 

they could select their location (City of Boston 2016). This standardized approach ensures that the 

data collected are consistent and allows for meaningful comparisons across different neighborhoods 

in the city. The choices were:

¶ Allston 

¶ Back Bay 

¶ Bay Village 

¶ Beacon Hill 

¶ Brighton  

¶ Charlestown 

¶ Chinatown-Leather District 

¶ Dorchester 

¶ Downtown 

¶ East Boston 

¶ Fenway-Kenmore 

¶ Hyde Park 

¶ Jamaica Plain 

¶ Mattapan 

¶ Mid-Dorchester 

¶ Mission-Hill  

¶ North End 

¶ Roslindale 

¶ Roxbury 

¶ South Boston 

¶ South End 

¶ West End 

¶ West Roxbury 

¶ 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 the area? 

To better understand the role sound plays in shaping the perception of community residents, I asked 

participants how long they have resided in their respective neighborhoods. This information is 

important because it can provide insights into the degree of 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: 

¶ Less than a year 

¶ 1-3 years 

¶ 3-5 years 

¶ 5-10 years 

¶ 10-20 years 

¶ Over 20 years 

 
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 as Trans or Transgender? 

In order to obtain demographic information about the survey participants, I included the above four 

questions pertaining to their racial, ethnic, and gender identity One of the reasons for including these 

questions was to achieve results that are comparable to the demographic data collected by the US 

Census. With the goal being to be able to compare the survey findings directly to that of the geospatial 

analysis, I was aiming to get as close to a one-to-one structural comparison as possible. 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 population (Wiernik 

et al. 2021). To address this issue, my survey included the additional option of ñLatino/a/xò and 

ñMiddle Eastern/North Africanò to the racial identity question. The gender identity question also 

included the option to identify as ñNon-Binary/Genderqueer/Genderfluidò and a separate question 

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 people from different backgrounds 

and social groups experience sound and noise differently (Summers 2021; Ramírez 2020; Gonzalez 
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2022; Smith and Pijanowski 2014). Disregarding 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, this study aims to provide a more comprehensive 

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

 

7. Which of the following ranges best describes your age? 

This question seeks to add context to the participantsô responses, as individuals of different age ranges 

have unique experiences with sound and noise that may influence their opinions on the differences 

between the two. By asking participants about their age, I hoped to capture the differences in how 

various age groups navigate 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 may be more attuned 

to such noises. Overall, this question is crucial in accounting for potential age-related variables that 

may affect participantsô responses to the survey. 

 

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

The question regarding household income is a crucial element in evaluating the socio-economic 

vulnerability of a survey respondent. In addition to the other demographic identifiers, household 

income can indicate whether a participant has the financial means to choose or change their 

environmental experience. The financial ranges highlighted in the question are as follows: 

¶ <$60,000 

¶ $60,000-$80,000 

¶ $80,000-$100,000 

¶ $100,000-$120,000 

¶ $120,000-$140,000 

¶ $140,000-$160,000 

¶ >$160,000 
 

These ranges for household income were intentionally selected to align with established low-income 

thresholds for Boston. Specifically, the lower values were set to reflect the 2023 HUD income limits:  

$51,950 for a single-person household and $74,200 for a four-person household are considered very 

low-income  at 50% of Area Median Income (AMI) in Suffolk County, which includes Boston (HUD 

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. It is important to consider the role of socio-economic status in shaping 
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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 participants to identify sound volume and noise level separately. The questions 

in this section of the survey are as follows: 

9. With the terms ñloudò and ñquietò defined as when sound has a high or low volume respectively, 

do you feel that you live in a loud neighborhood? 

 

While only requiring a simple yes or no in response, this question asked participants to define what 

they considered ñloudò within the context of their neighborhood. By providing a clear definition of 

ñloud,ò it allowed for a distinction between sound and noise, which is important for the rest of this 

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 1-5, 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 settings (Pijanowski et al. 2020; Jenkins and Wiebusch 2009; 

Mydlarz et al. 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 scale of 1-5, with 1 representing ñExtremely Quietò 

and 5 indicating ñExtremely Loudò. Here is the matrix table at Question 10: 

 

Table 01. Question #10 of survey to gauge participants perception of sound volume 

Commercial Activity 

Identified Sounds 
Extremely 

Quiet 
(1) 

Quiet 
(2) 

Neutral 
(3) 

Loud 
(4) 

Extremely 
Loud 
(5) 

Not 
Applicable 

Advertisements             

Customer/Patrons             

Gyms             
Restaurants and Bars             
Retail Spaces             

Built Environment Activity 
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Identified Sounds 
Extremely 

Quiet 
(1) 

Quiet 
(2) 

Neutral 
(3) 

Loud 
(4) 

Extremely 
Loud 
(5) 

Not 
Applicable 

Emergency Response Sirens             

HVAC/Mechanical Operations             

Neighbors             
Overhead Aircrafts             
Pets             

Natural Environment Activity 

Identified Sounds 
Extremely 

Quiet 
(1) 

Quiet 
(2) 

Neutral 
(3) 

Loud 
(4) 

Extremely 
Loud 
(5) 

Not 
Applicable 

Animals (not pets)             
Flowing Water             
Pests             
Rustling Foliage             

Storms and Weather             

Industrial Activity 

Identified Sounds 
Extremely 

Quiet 
(1) 

Quiet 
(2) 

Neutral 
(3) 

Loud 
(4) 

Extremely 
Loud 
(5) 

Not 
Applicable 

Construction and Demolition             

Factory and Warehouse Work             

Heavy Machinery             
Manufacturing and 

Fabrication 
            

Shipping and Delivery             

Social Activity 

Identified Sounds 
Extremely 

Quiet 
(1) 

Quiet 
(2) 

Neutral 
(3) 

Loud 
(4) 

Extremely 
Loud 
(5) 

Not 
Applicable 

Conversations/Chatter             
Music             

Public Events and Festivals             

Parties             
Farmer's Markets             

Street Activity 

Identified Sounds 
Extremely 

Quiet 
(1) 

Quiet 
(2) 

Neutral 
(3) 

Loud 
(4) 

Extremely 
Loud 
(5) 

Not 
Applicable 

Horns and Alarms             
Motor Accidents             
Pedestrian Presence             

Public Transportation Services             

Street Traffic             
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This matrix question allowed me to gather information on participants' perceptions of the volume 

level of various sounds in 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 a scale of 1-5, 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 those inquiring about 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 question asks 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: 

 

Table 02. Question #12 of survey to gauge participantsô perception of noise level 

Commercial Activity 

Identified Sounds 
Not Noisy 

(1) 

Kind of 
Noisy 

(2) 

Noisy 
(3) 

Very 
Noisy 

(4) 

Extremely 
Noisy 

(5) 

Not 
Applicable 

Advertisements             

Customer/Patrons             

Gyms             
Restaurants and Bars             
Retail Spaces             

Built Environment Activity 

Identified Sounds 
Not Noisy 

(1) 

Kind of 
Noisy 

(2) 

Noisy 
(3) 

Very 
Noisy 

(4) 

Extremely 
Noisy 

(5) 

Not 
Applicable 

Emergency Response 
Sirens 

            

HVAC/Mechanical 
Operations 

            

Neighbors             
Overhead Aircrafts             
Pets             

Natural Environment Activity 

Identified Sounds 
Not Noisy 

(1) 

Kind of 
Noisy 

(2) 

Noisy 
(3) 

Very 
Noisy 

(4) 

Extremely 
Noisy 

(5) 

Not 
Applicable 

Animals (not pets)             
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Flowing Water             
Pests             
Rustling Foliage             

Storms and Weather             

Industrial Activity 

Identified Sounds 
Not Noisy 

(1) 

Kind of 
Noisy 

(2) 

Noisy 
(3) 

Very 
Noisy 

(4) 

Extremely 
Noisy 

(5) 

Not 
Applicable 

Construction and 
Demolition 

            

Factory and 
Warehouse Work 

            

Heavy Machinery             
Manufacturing and 

Fabrication 
            

Shipping and Delivery             

Social Activity 

Identified Sounds 
Not Noisy 

(1) 

Kind of 
Noisy 

(2) 

Noisy 
(3) 

Very 
Noisy 

(4) 

Extremely 
Noisy 

(5) 

Not 
Applicable 

Conversations/Chatter             
Music             
Public Events and 

Festivals 
            

Parties             
Farmer's Markets             

Street Activity 

Identified Sounds 
Not Noisy 

(1) 

Kind of 
Noisy 

(2) 

Noisy 
(3) 

Very 
Noisy 

(4) 

Extremely 
Noisy 

(5) 

Not 
Applicable 

Horns and Alarms             
Motor Accidents             
Pedestrian Presence             
Public Transportation 
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 participants' neighborhoods 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 open-ended questions and one multiple-choice question. 

While the preceding sections of the survey provided structured, guided responses to facilitate comparative 
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analysis, this section afforded participants the opportunity 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 any gaps that may 

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 a twofold purpose in evaluating the socio-environmental landscape of 

Boston neighborhoods. Firstly, it seeks to capture Boston residentsô perceptions of the cityôs 

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 complaints against 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 

cityôs actions in mitigating noise and shaping the soundscapes of their respective communities. It 

asks them to indicate the outcome of these actions as: 

¶ Extremely Positive 

¶ Somewhat Positive 

¶ Neither Positive nor Negative 

¶ Somewhat Negative 

¶ 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 a diverse population 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 you hear 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 questions of the survey, participants were asked to identify recurring sounds in their 

neighborhoods that evoke both positive and negative emotions. These questions were designed to 

elicit a more in-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 established by previous research (Pijanowski et al. 2020; Mydlarz et al. 

2019; Jenkins and Wiebusch 2009). The resulting responses were coded based on overall sentiment 

(Question 14) or emotion (Questions 15 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 following geospatial 

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. Reclassification of Variables to Create the Vulnerability Index 

Below is the explanation of how I reclassified the previously identified 11 variables to create the 

Vulnerability Index maps. The variables are: Median Household Income, Gross Median Rent, Median 

Home Value, Rent as Percent of Income, Percent of Homeowner Expenses Over 30% of Income, Percent 

White Population, Distance from MBTA Transit Stops, Distance from Areas with High Vulnerability to 

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

 

For median household income I split the category as such: 

¶ Median Household Income 

o <$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, I chose $60,000 as the lower limit for the first tier, as it is within the range of what is considered 

low-income for a single-person household in Boston at 60% of the areaôs median income (AMI). Similarly, 

$80,000 was selected as the cap for the second tier, as within the income range for a four-person household 
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in Boston at 60% of AMI (ñAffordable Housing in Bostonò 2017; HUD 2023; BPDA 2023). The remaining 

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 median 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 groups (Redfin 2023; Zillow 2023; Beckner 

2020). Conversely, the home value designation was divided based on a collection of data provided by Social 

Explorer (SE), a tool used to pull previously collected/researched data from across multiple sources, and 

the distribution of home listing prices across Boston versus sold prices(Realtor 2023). This methodology is 

explained through the following equations: 

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

o The resulting reclassified value ranges were adjusted to better 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 gentrification (Kim, Woosnam, and Kim 2022; Cohen and Pettit 

2019): 

Á Less than $1,500/month  

Á $1,500 - $2,000/month 

Á $2,000 - $2,500/month 

Á $2,500 - $3000/month 

Á Greater than $3,000/month 
 

¶ Median Home Value = (Average of ñListedò and ñSoldò Prices Rounded to SE Values. 

o Similar to gross rent, the resulting reclassified value ranges 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 gentrification (Kim, Woosnam, and Kim 

2022; Cohen and Pettit 2019): 

Á Less than $540,000 

Á $540,000 - $720,000 

Á $720,000 ï $1,080,000 

Á $1,080,000 - $1,440,000 

Á 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 rent and median 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 increase. This is 
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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, Woosnam, and Kim 2022). Regarding "rent as a percentage of 

income", a value over 30% (cost-burdened) is considered to indicate housing inequities, and a value over 

50% (severely cost-burdened) 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 categories, with each category divided into 20% intervals. The breakdown of 

the reclassification of these variables is as follows: 

 

¶ Rent as Percent of Income 

o Less than 30% 

o 30% - 35% 

o 35% - 40% 

o 40% - 45% 

o Greater than 45% 
 

¶ Percent of Homeowners Whose Housing Expenses are Over 30% of their Income 

o Less than 20% 

o 20% - 40% 

o 40% - 60% 

o 60% - 80% 

o 80% - 100% 

The next major indicator in the gentrification vulnerability index was racial percentages. To 

simplify and streamline comparative analysis, I combined the populations of all non-white identifying 

groups. As a result, the population of each census block group was divided into white and non-white 

identifying residents, with a low diversity, or a high white population, indicating gentrification (Chapple, 

Thomas, and Zuk 2021). In developing the vulnerability index, I assigned an inverse relationship between 

the percentage of white residents and gentrification vulnerability because of this, as well as the statistical 

likelihood that ethnically diverse neighborhoods are more susceptible to gentrification and changes in 

population demographics (Cohen and Pettit 2019; Gentrification Index 2014). The reclassification of 

Boston's demographic population percentages is as follows: 

¶ Percent White Population Per Block Group 

o Less than 15% 

o 15% - 30% 

o 30% - 50% 

o 50% - 75% 

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. Furthermore, the distinction between the 50% and 75% range of 

this analysis is comparable to the difference observed amongst the 44% white population of Boston per the 

US Census, 53% from Social Explorer, and the 79% of survey participants in this study who identified as 

white. This was intentional, as I wanted to be as representative of both datasets as possible, without skewing 

the data provided. 

In order to reclassify transit access, I employed the methods derived from the urban planning 

concept of the 15-minute city, which posits that all basic human needs should be accessible within a 15-

minute walking distance from one's residence (Moreno 2020; Winkless 2022). To accomplish this, I 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 to a T-stop, the higher its 

vulnerability to gentrification (Gentrification Index 2014; Cohen and Pettit 2019; Nelson and Hibberd 2023; 

Bereitschaft 2023). The five arranged distances are calculated as: 

¶ Distance From MBTA Transit Stops 

o Within a 5-minute walk (¼ mile) 

o Within a 10-minute walk (½ mile) 

o Within a 15-minute walk (¾ mile) 

o Within a 20-minute walk (1 mile) 

o More than a 20-minute walk (>1 mile) 
 

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 environmental department and the FEMA flood mitigation 

protocols, an inverse relationship between proximity to these vulnerable areas and gentrification was 

established (City of Boston 2022a; FEMA 2021). This phenomenon, known as climate gentrification, has 

been linked to displacement and disinvestment of long-term residents, due to the proximity to various 

climate risk factors (Florida 2018; Nguyen 2021; Hu 2020; Douglas et al. 2012). Like 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, I 

created the following reclassifications: 
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¶ Distance From Areas with High Vulnerability to Sea Level Rise and Stormwater Flooding 

o <125 ft 

o <250 ft 

o <500 ft 

o <1000 ft 

o >1000 ft 

 

FEMA guidelines suggest that residential areas should be developed at least 100-125 feet away 

from flood-prone zones, with every additional 100 feet serving as a safety buffer against potential flooding 

risks (FEMA 2021). To ensure preparedness for worst-case scenarios, I considered the 1% long-term risk 

zones for both sea level rise and stormwater flooding in Boston. As a result, areas located further away 

from these flood risk zones may be more vulnerable to gentrification, as they are more likely to remain 

flood-resilient until at least the year 2070 (City of Boston 2022a). 

In addition to flood risks, residents of Boston are also exposed to the urban heat island (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 released at night. To quantify the effects of UHI, I 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. I then 

reclassified these values, so that areas with a higher decrease in temperature were 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 residents seeking climate resilience. The representing values are as shown below: 

¶ 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 range between 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. This layer serves to provide insights into the economic 

investment within the real estate market of each census block group (Cohen and Pettit 2019; Sakēzlēoĵlu 

and Lees 2020). Furthermore, an increase in 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 them (Kim, Woosnam, and Kim 2022; Currie and Sorensen 2019). Thus, this analysis 

treats the rise in new construction projects as an indicator of gentrification vulnerability. 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 major 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: 

¶ Number of New Residential Construction Projects Per Block Group 

o None 

o 1 ï 5 

o 5 ï 10 

o 10 ï 20 

o Greater than 20 
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C. GIS Maps - Visualizing Index Variables 

 

Figure 37. Median Household Income per Census 

Block Group. 
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Figure 38. Median Home Value per Census 

Block Group. 


