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Abstract

:

Walkable and transit-accessible neighborhoods that may offer residents numerous health, social, and economic benefits are, in many places, becoming increasingly exclusive. This equity-mapping analysis sought to determine whether socially vulnerable (SV) populations within America’s largest (pop. ≥ 500 k) metropolitan areas have equitable access to walkable and transit-accessible neighborhoods. The results suggest an equitable overlap between high-SV and highly walkable neighborhoods in many cities, yet there was significant variability in both the availability and equity in accessibility of these neighborhoods to SV populations. Concerningly, high-SV populations living in more walkable neighborhoods are also likely to contend with higher levels of personal crime (i.e., homicide, rape, robbery, assault), poorer-performing schools, and lower transit accessibility. While the primary challenge in some cities, including many in the South and Southeast, is a general lack of walkable and transit-accessible neighborhoods, in others a dearth of affordable housing is likely the main barrier to ensuring broad and equitable accessibility.
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1. Introduction


The environmental justice (EJ) literature suggests that strong spatial inequities exist within urban environments, with low-income and marginalized populations often unfairly burdened with disamenities and hazards such as environmental pollution [1,2,3], traffic and aviation noise [4,5], and flooding [6], while having reduced access to beneficial amenities such as high-quality parks and greenery [7,8,9], specialized medical facilities and care [10,11], grocery stores [12,13], and high-performing schools [14]. As the EJ literature has evolved and expanded over the past two decades [15], increased attention has been paid to potential inequities in the quality and structure of the built environment (e.g., [16,17,18,19]).



Given that transportation and mobility affects nearly every facet of one’s life, from physical health to educational and employment opportunities [20,21,22], the equitable distribution of high-quality pedestrian and transit infrastructure is often cited as particularly crucial to meeting environmental/social justice and other sustainability goals [23,24]. Residents that live in walkable urban environments are more likely to engage in “purposive” walking; i.e., walking to reach a particular destination [25,26,27], and therefore have a better chance of accessing amenities such as retail destinations, employment centers, schools, and entertainment venues without the need of an automobile [26,28,29,30]. Reduced automobile dependency and greater reliance on active (i.e., walking and cycling) and public transportation is associated with numerous economic, social, and environmental benefits to both individuals and society, such as lower medical costs as a result of more active lifestyles and improved air quality due to lower tailpipe emissions [31,32,33,34,35]. Safe, walkable, and economically vibrant urban environments are also expected to enhance social interaction and civic participation by providing the spaces and conditions for both planned and chance encounters [36,37].



With these benefits in mind, it is worth considering whether disadvantaged groups have equal access to walkable and transit-accessible urban neighborhoods. Access to multi-modal environments (i.e., those conducive to walking, cycling, and transit in addition to private transportation) may be particularly important for disadvantaged groups, including low-wage workers, immigrants, and certain ethno-racial minorities, whose rates of car ownership are lower than average [38]. Although the evidence thus far is mixed, inequities may be common and widespread. Koshinksy and Talen [39], for example, found that accessibility to walkable neighborhoods was disproportionally compromised for public housing tenants in U.S. urban areas, while Riggs [40] observed that black residents were more likely to live in less walkable neighborhoods in the San Francisco Bay area. In a walking audit of 76 census tracts in New York City, Neckerman et al. [41] observed that higher-income areas had significantly more street trees, sidewalk cafés, cleaner streets, and lower rates of crime and vehicular crashes. Bereitschaft [17] noted similar differences in the quality of the pedestrian environment in Pittsburgh, PA, with higher SV neighborhoods scoring lower in terms of streetscape enclosure, transparency (i.e., presence of windows), complexity, and tidiness. More recently, Ermagun and Tilahun [42] documented that minorities, low-wage workers, the elderly, and the less educated in Chicago live in areas with lower transit accessibility. Low-income workers appeared to be particularly disadvantaged, with limited access to crucial amenities such as jobs, parks, grocery stores, hospitals, and libraries. These inequities are especially problematic given that low-income groups often experience longer commute times [43] and are likely to benefit the most from improvements in transit accessibility [44].



Though concerning, there appears to be some inter-urban variability in access to transit-accessible and walkable neighborhoods, with some studies finding non-significant or even positive associations between disadvantaged groups and walkability or transit accessibility. Cutts et al. [45], for example, were surprised to find significant positive associations between accessibility to both parks and walkable neighborhoods in Phoenix, AZ, and minority populations while controlling for traffic fatalities, crime rates, and park size. However, they also found a significant negative relationship between the proportion of younger residents (age < 18 years) and walkability, and noted that crime rates were highest among walkable neighborhoods with large Latino and African-American populations. Duncan et al. [46] did not find any significant correlations between neighborhood-level sociodemographic variables (i.e., minority composition, poverty rate) and walkability in Boston, MA. Additionally, they observed significant spatial clustering for sociodemographic variables but not walkable neighborhood amenities. In a comparative analysis of three large U.S. cities, Bereitschaft [18] found that the quickly growing “Sun Belt” city of Charlotte, NC had the most “walk vulnerable” neighborhoods; i.e., those with a high proportion of socially vulnerable residents but low walkability. Portland, OR, by contrast, had relatively few “walk vulnerable” neighborhoods.



While most studies have taken a primarily case study approach to investigating potential inequities in neighborhood walkability, King and Clarke [47] gathered data on neighborhood walkability and demographics for some 65,000 census tracts across 48 states in the United States. They found that neighborhoods with more disadvantaged, as well as more educated, residents tend to be more walkable. Importantly, however, they also found that children and older adults tend to live in less walkable neighborhoods, suggesting that at least some populations that could benefit the most from walkable urban environments may be among the least likely to live in them.



Similar to King and Clarke [47], this study takes a primarily extensive approach to examining whether socially vulnerable groups have equal access to walkable and transit-accessible neighborhoods across a large number (106) of U.S. metropolitan statistical areas (MSAs). In addition to examining the statistical relationship between neighborhood walkability and social vulnerability (SV), this investigation is the first to identify the proportion of high-SV neighborhoods that overlap with highly walkable and transit-accessible neighborhoods by MSA, as well as examine the equity of this overlap; i.e., whether someone residing in a high-SV census tract is as likely to live in a highly walkable/transit accessible tract as a resident chosen at random from within the same MSA. The statistical analysis will focus on urban census tracts (i.e., those within U.S. Census Bureau-defined “urbanized areas”), and include additional variables not included in the regression models developed by King and Clarke [47] such as distance from the city center, crime, and grade school quality. Finally, the geography of equity in neighborhood walkability and transit accessibility, particularly regional variations and their potential causes, are considered as well.




2. Background


In the United States, urban development in the last half of the 20th century was largely dominated by low-density, automotive-dependent patterns often described as urban or suburban sprawl [48,49]. Over the past few decades, however, demand has grown for more walkable, transit-oriented development common to traditional urban typologies prior to the mass adoption of the automobile. There are likely several intertwined economic, demographic, and cultural reasons for this shift including declining family sizes, rising education, falling crime rates, economic restructuring, and neoliberal policies that support gentrification (e.g., formation of development corporations, property-based tax incentives, place branding and marketing, etc.), and changing preferences among younger generations [50,51,52,53,54,55].



Compared with their suburban counterparts, more traditional urban neighborhoods typically include a mix of residential and commercial land uses, which provides better accessibility to employment, retail, entertainment, and other amenities. Though housing costs are often higher in more walkable and transit-accessible urban neighborhoods [56,57,58] transportation savings resulting from fewer and shorter trips by car, and more by foot, bicycle, or public transit, are expected to offset some of the additional cost [59,60]. There are also likely to be health-related savings as well, with residents of more walkable neighborhoods found to suffer from fewer obesity and cardiopulmonary related disorders such as diabetes, heart disease, and cancer [61,62,63]. Walkable environments may even have psychological benefits. Greater land-use mix and street-network accessibility, for example, have been associated with reduced psychological distress and depression in men [64,65], while older Chinese adults who perceived their neighborhood to be more walkable reported less loneliness and higher life satisfaction and happiness [66].



Although we know more about the benefits of walkability today than ever before, the many social and economic advantages offered by dense, mixed-use development patterns were readily apparent decades ago. In The Death and Life of Great American Cities [67], the urban theorist and activist Jane Jacobs argued eloquently in favor of using short blocks, mixed residential and commercial land use, moderate density, and diversity of building ages to stimulate liveliness and diversity in urban neighborhoods. Much of this vitality, she argued, would arise out of a fine-grained mix of mutually supportive land uses that spread pedestrian activity throughout the day and into the night. Though frequently praised for her influence on contemporary urban planning, including serving as inspiration for the New Urbanism and Smart Growth urban planning and design movements [68], Jacobs has been criticized for not addressing the darker side of urban revitalization; the tendency of successful urban neighborhoods to become increasingly exclusive, potentially to the detriment of existing residents [69,70].



With demand for walkable, transit-accessible neighborhoods on the rise, thousands of urban neighborhoods have experienced some degree of gentrification, which the U.S. Department of Housing and Urban Development (HUD) defines as “a form of neighborhood change that occurs when higher-income groups move into low-income areas, potentially altering the cultural and financial landscape of the original neighborhood” [71]. In addition to raising housing costs, gentrification can result in a dramatically altered retail landscape, with corner grocery stores, for example, replaced with upscale cafés and boutiques that may be of little interest or utility to lower-income groups [72]. These changes may lead to the displacement of long-time residents and businesses, disrupting communities and potentially subjecting the displaced to less desirable conditions elsewhere [73,74].



Several studies and reports over the past two decades have chronicled an increase in poverty and share of minority households within suburban areas e.g., [75,76,77]. Although the extent to which this change may be attributable to gentrification and displacement remains unclear [78], the suburbanization of poverty and disadvantage is likely to exacerbate long-standing inequities in mobility. McLafferty and Preston [79], for example, found that Blacks, Asians, and Hispanics in the New York region were more likely than Whites to have relatively low-paying jobs with long commute times. Additionally, the overrepresentation of Blacks and Hispanics among workers with low pay and long commutes grew between 2000 and 2010. Antipova [80] similarly observed that disadvantaged workers in the Memphis area were more likely than high-earning workers to commute extreme distances of 50 miles or more. Among high-cost coastal cities, such as Los Angeles, CA, a mismatch between the availability of affordable housing and low-wage jobs is also likely to result in longer commute distances for disadvantaged groups [81]. Potentially more concerning than a long commute is that some disadvantaged households are unable to afford a single vehicle, while others must share a vehicle between two or more working adults [82]. When combined with a dearth of high-quality public transit systems in suburban areas, this can make it challenging to access employment opportunities, social events, medical care, and other critical amenities and resources [83,84]. “Forced” car ownership may also place considerable financial strain on low-income households who may then not be able to spend adequate resources on housing, food, and other needs [85]).



Given that less auto-dependent, walkable, and transit-accessible areas may carry with them housing cost premiums as well as amenity trade-offs [39,56,86], it is worth considering in detail how accessible and affordable walkable and transit-accessible neighborhoods are, particularly for disadvantaged or socially vulnerable groups. This study aims to build upon and extend previous analyses including those of Bereitschaft [18] and King and Clarke [47] by (1) examining the relationship between SV and both neighborhood walkability and transit accessibility across nearly 37,000 urban census tracts in the United States while controlling for additional variables of concern including crime rates and grade school quality, (2) determining whether SV populations have equitable access to neighborhoods with high walkability/transit accessibility by comparing census tracts to the encompassing urbanized area, and (3) identifying specific MSAs and regions where socially vulnerable populations may have particularly low access to walkable and transit-oriented neighborhoods and could thus benefit most from targeted policy interventions.




3. Methods


The geographic scope of this study included the 106 most populous U.S. MSAs with estimated populations of 500,000 or more as of 2018. This population threshold was chosen because larger metros are typically home to a variety of neighborhood typologies (including those with high and low walkability), and are also more likely to have extensive public transit systems, including fixed rail lines. Many metropolitan areas also have substantial quantities of rural land within their boundaries. Therefore, only “urban” census tracts, located within U.S. census-defined urbanized areas (UAs), were included in the analysis. Nearly all tracts outside these boundaries are characterized by walkability scores of zero. Although census tracts vary in size, urban tracts are generally considered good proxies for neighborhood-scale spatial units [87]. With an average area of 5 km2, census tracts in urbanized areas also align well with the Walk Score® walkability metric used in this study, which considers features within a distance of 1.5 miles (2.4 km) of a given location [88].



Data on neighborhood walkability were obtained from Walk Score®, transit data were collected from both Walk Score® and the Homeland Infrastructure Foundation-Level Data (HIFLD) database, and social vulnerability was assessed using the Social Vulnerability Index (SVI) developed by the U.S. Centers for Disease Control and Prevention (CDC). All data were available at, or were aggregated to, U.S. census tracts, which approximate the size and population of urban neighborhoods [89].



The spatial association between neighborhood walkability, transit accessibility, and social vulnerability (SV) was evaluated for each MSA by addressing three questions. First, what proportion of residents living in neighborhoods classified as “high-SV” (i.e., those with an SVI at or above the 80th percentile) also live in neighborhoods designated as having “high” walkability (i.e., those with walk scores of 70 out of 100 or higher; Walk Score® [88]) or “high” transit accessibility (i.e., those with a transit score of 50 out of 100 or higher, or located in close proximity to a fixed rail station)? Second, how do these percentages compare with the metropolitan areas as a whole; that is, what are the odds that someone living in a high-SV census tract will also live in a high-walkability or high-transit accessibility tract relative to a resident chosen at random from within the same urban area? Third, what is the statistical correlation between SV and both walkability and transit accessibility when controlling for distance from the city center, grade school proficiency, and neighborhood crime rates? The first question seeks to determine whether residents of census tracts characterized by high levels of social vulnerability have access to walkable and transit-accessible environments, while the second question addresses whether these locational amenities are equitably distributed. The third question recognizes that not all walkable or transit accessible neighborhoods are equal, and that high-SV/disadvantaged populations clustered in relatively walkable inner-city areas may also experience higher crime rates and low-performing schools [39]. In such a case, the benefits of neighborhood walkability and transit accessibility may be offset by these disamenities, which tend to amplify economic and health inequities [90,91].



Below we consider in more detail how the social vulnerability index, Walk Score® metric, and transit accessibility were calculated for use in this study. The section then concludes with an overview of the modeling procedure used to address question three.



3.1. Social Vulnerability


SV at the neighborhood level was determined using the CDC’s Social Vulnerability Index (SVI), which estimates the relative vulnerability of U.S. census tracts and counties by ranking 15 variables that represent four related themes: “socioeconomic status”, “household composition and disability”, “minority status and language”, and “housing and transportation” [92]. “Socioeconomic status” includes the variables percentage below poverty, percentage unemployed, per capita income, and percentage with no high school diploma. The “household composition and disability” theme includes the variables percentage aged 65 and older, percentage aged 17 or younger, percentage of civilians with a disability, and percentage single-parent households. The “minority status and language” theme includes percentage minority and percentage of residents that speak English “less than well”. Lastly, the “housing and transportation” theme includes the variables percentage multi-unit structures, percentage mobile homes, percentage crowding, percentage no vehicle access, and percentage group quarters. These data were collected as part of the U.S. Census Bureau’s annual American Community Survey (ACS), collected and averaged over the 2014–2018 five-year period.



The CDC’s SVI was calculated by ordering all tracts with a non-zero population from highest to lowest (except per capita income, which was ordered from high to low) for each variable, and then calculating an overall percentile ranking by summing individual variable rankings. This was also done for each of the four themes by summing the percentiles of the associated variables. Percentile ranking values were expressed on a scale from 0 to 1, with higher values indicating higher overall levels of social vulnerability. For the present analysis, census tracts are considered to have “high” SV if they fall within the top 20% (i.e., SVI ≥ 0.8) of values nationwide.




3.2. Walkability


Neighborhood walkability was assessed using the popular online Walk Score® metric (http://www.walkscore.com (accessed on 15 February 2022)). Walk scores range from 0 to 100, with higher values indicative of more walkable environments [88]. The metric is based primarily on the density of local destinations and amenities such as coffee shops, restaurants, grocery stores, drug stores, parks, schools, and bars, though it also considers other local features such as population density, block length, and intersection density. Based on these elements, Walk Score® recognizes four “levels” of walkability: “car-dependent” (walk scores 0–49), “somewhat walkable” (walk scores 50–69), “very walkable” (walk scores 70–89), and “walker’s paradise” (walk scores 90–100). Walk scores may be calculated for any given address; amenities within a five-minute walk, or 0.25 miles, receive full weight in the calculation, while those further away receive less weight, out to a maximum of 1.5 miles. Walk scores were obtained in 2018 for all census tracts located within U.S. metropolitan areas using Walk Score’s® API. In alignment with Walk Score’s® rating system, census tracts were classified as having “high walkability” if the walk score at their centroid was greater or equal to 70.



Walk Score® has been used as a quantitative measure of walkability in numerous studies over the past decade (e.g., [40,93,94,95,96]). The metric does have limitations, however. Most notably, Walk Score® does not account for micro-scale elements of the built environment that may impact walking behavior such as the condition of the sidewalks, building setbacks, presence of trees and planters, lighting, benches, and crosswalks [97,98,99,100,101]. It also does not consider neighborhood crime rates or local traffic conditions, which can have a significant impact on pedestrians’ sense of safety and willingness to walk [102,103]. Locations with similar walk scores may vary widely in terms of the quality of the pedestrian environment, with lower-income areas often having more street litter, broken windows, vacant properties, and absent or outdated crosswalk infrastructure relative to higher-income neighborhoods [17]. Though not a limitation of Walk Score® specifically, endogenous characteristics (e.g., gender, race, income, education, age) of individuals, households, and groups may influence walking behavior even among areas with similar infrastructure, safety, and other qualities of the urban environment expected to affect walkability [97,104,105,106,107].



Despite these limitations, Walk Score® has been broadly recognized as an efficacious standardized measure of walkability [108,109,110,111] that aligns well overall with residents’ perceptions [112]. While other walkability indices and methodologies exist (e.g., [113,114,115]) Walk Score® is well suited to the present analysis in which a standardized and current assessment of walkability at the neighborhood level is needed for several thousand census tracts spread across 106 U.S. metropolitan areas. While detailed micro-scale analyses of the built environment are also helpful in identifying inequities, detailed walking audits of streetscape features and quality across a large sample of MSAs is simply impractical at this time. Machine learning algorithms in combination with Google Street View imagery, however, hold promise as a means of assessing these micro-scale elements of the built environment efficiently over a large area [116,117].




3.3. Transit Accessibility


Transit accessibility was assessed in part using Walk Score’s® Transit Score. Transit Score® is said to describe the “usefulness” of nearby transit routes, which is based on three measures: the distance to the nearest stop on the route, the weekly frequency of the route, and the type of route [118]. Relative to bus stops, rail stops are weighted twice (2×) as much, while “ferry/cable car/other” are weighted 1.5×. Transit Score® also uses the same distance decay function as Walk Score® to give additional weight to closer transit stops. Like walk scores, transit scores range from 0 to 100 with 100 indicating high levels of transit accessibility. Due to substantial differences in transit availability between large and small U.S. cities, transit score was normalized to a logarithmic scale in which the highest value of 100 represents the averaged transit scores of downtown San Francisco, Chicago, Boston, Portland, OR, and Washington, D.C. About the same proportion (~15%) of census tracts that had walk scores of 70 or higher also had transit scores of 50 or higher (described by Walk Score® as having “good transit” or better). These census tracts were therefore classified in this study as “high-transit” tracts. After a close inspection of transit scores and rail stops across several U.S. cities, it was observed that some 2000 urban census tracts that contained, or were in close proximity to, a rail station did not quite meet the threshold set for high-transit accessibility. This may be due to a number of reasons such as a limited number of transit options (e.g., rail but not bus, etc.) or less frequent transit service. A decision was made to add to the “high-transit” list those tracts with a rail transit stop within 1 km of their center. Given the roughly neighborhood-scale size of urban census tracts, most residents within these tracts would be within walking distance of a rail station [119]. Although the frequency of service may not be as high as at some other locations, the close proximity of a light or heavy rail station should link the neighborhood to a wider transit network, providing access to a variety of destinations.





4. Modeling


A series of linear regression models were developed to further examine the potential relationships between the degree of SV and neighborhood walkability and transit accessibility, while controlling for confounding factors. Also considered was whether these relationships might vary across the four SV themes (i.e., “socioeconomic status”, “household composition and disability”, “minority status and language”, and “housing type and transportation”). Control variables included the distance from the city center, crime levels, the quality of local grade schools, MSA population, and U.S. Census region. Each of these variables is considered in more detail below.



The distance from the city center was calculated using the Euclidean distance between the centroid of each census tract and the city hall of the encompassing UA’s most populous city. This variable was included to control for the fact that more walkable and transit-accessible neighborhoods tend to be clustered in the denser, more central areas of cities. Euclidean (i.e., straight-line) distance was deemed sufficiently accurate for this analysis since the estimate applied to the entire census tract rather any specific location within.



All other factors being equal, higher crime rates are expected to reduce neighborhood desirability and discourage walking and other outdoor activities [90,120,121]. Additionally, disadvantaged groups may be subjected to higher crime rates than their more advantaged counterparts when residing in neighborhoods with similarly high levels of walkability [41]. Given this disparity, it is perhaps not unexpected that Black residents in particular may be migrating to less walkable neighborhoods with lower crime rates [122]. Data on crime rates were obtained from Applied Geographic Solutions (AGS) (http://www.appliedgeographic.com (accessed on 4 March 2022)), which gathers data from the FBI’s Uniform Crime Report (UCR) and from individual cities, counties, and metropolitan areas where available. These data are combined and standardized into a nationwide index with a mean score of 100 (indicating average crime), available for all crime, property crime (i.e., burglaries, motor vehicle theft, larceny) alone, and personal crime (i.e., murder, rape, robbery, assault) alone. A recent study comparing the AGS crime index to crime rates obtained from the Los Angeles Police Department suggests that the personal crime index is the more accurate proxy for urban crime [123], and is therefore the measure used in this analysis. The crime index for 2018 was used to best align with the SV and Walk Score® data.



In addition to potentially being exposed to higher crime rates, socially vulnerable groups living in more walkable or transit-accessible areas may also contend with lower-performing schools [39,124]. Ellen et al. [124], for example, concluded that poor and minority residents living in federally subsidized Low-Income Housing Tax Credit (LIHTC) developments had better access to public transit, but were also more likely to live in more polluted neighborhoods with weak labor markets and lower-performing schools. Grade school quality was therefore assessed using the School Proficiency Index developed by HUD. The index “is a function of the percentage of 4th grade students proficient in reading and math on state test scores for up to three schools within 1.5 miles of the block-group centroid” [125]. Data were obtained by HUD from a number of sources for the 2013–2014 school year. Index values were ranked and standardized to a 0–100 scale, with higher values indicating higher proficiency. To align spatially with the other data used in this study, these block group level data were averaged and aggregated to census tracts. Grade school proficiency data were not available for the state of Kansas, necessitating that the 271 census tracts within the state (all located within either the Wichita or Kansas City metropolitan area) be eliminated from the regression analysis.



Lastly, four additional variables were added to the models to account for variations in SV and urban development patterns across metropolitan areas and regions: MSA population (2016) and three dummy variables representing the U.S. Census Bureau-defined regions Northeast, Midwest, and South. The fourth major U.S. region, the West, was used as the base of comparison as it exhibited the highest average SV.



Prior to running each model, all independent variables were examined for outliers and tested for pairwise correlations that might introduce collinearity. Extreme outliers (i.e., ≥3.0 times the interquartile range) were identified among the personal crime and distance to city center variables. Census tracts with crime indices ≥600 or distance to the city center of ≥76.5 km were removed from the dataset, reducing the number of tracts from 38,008 to 36,829. Pairwise correlations between independent variables were deemed sufficiently low at r2 ≤ 0.6.




5. Results


5.1. Overall Accessibility


Among large U.S. metropolitan areas, the proportion of all urban residents (i.e., those within census-defined UAs) living in census tracts with high walkability (walk score ≥ 70) ranged from zero in Augusta, GA and Cape Coral-Fort Myers, FL, to 51% in New York City (Appendix A, Figure 1). Other metros with particularly high proportions included San Francisco at 38%, Los Angeles at 34%, and Boston at 28%. The average across all metros was 7.3% with a standard deviation of 8.3%. Geographically, metros with a relatively high proportion of urban residents living in high-walkability tracts were found mainly in the Northeast, Upper Midwest, and West Coast, while those with relatively few were concentrated in the Midwest and Southeast (Figure 1). Several cities in the Southeast, such as Charlotte, NC, Atlanta, GA, and Baton Rouge, LA, have relatively high levels of low-density urban sprawl [126] and proportionally few highly walkable neighborhoods. A similar geographic pattern was observed for the proportion of urban residents living in census tracts with high-transit accessibility (Figure 2). Larger, denser metros in the Northeast corridor from Washington D.C. to Boston, MA had particularly high transit accessibility, while smaller metros in the Midwest and Southeast had some of the lowest. On average, 5.7% of metro residents lived in “high-transit” census tracts, with a maximum of 54% in New York City and a minimum of zero in 33 metros (Appendix B).




5.2. SV and Accessibility


The proportion of metro residents classified as high-SV (i.e., those residing in high-SV census tracts) living in an urban census tract with high walkability ranged from a low of zero in 21 metros concentrated mainly in the Southeast (e.g., Baton Rouge, LA, Charlotte, NC, Little Rock, AR), to a high of 85% in New York, NY (Appendix A; Figure 3). Metros with the highest proportion of SV residents living in high-walkability tracts were again concentrated in the Northeast, Upper Midwest, and West Coast. Eight of the top ten metros were located in the Northeast and include some of the largest cities in the country with particularly dense urban cores such as New York City, Philadelphia (Figure 4A), and Boston, as well as more modestly sized “Rust Belt” metros such as Lancaster, PA (Figure 4B), Allentown, PA, and Syracuse, NY. Metros with relatively low proportions of SV residents in highly walkable neighborhoods were found clustered to a similar degree, with eight of the bottom ten metros located in the Southeast. As mentioned, these “Sun Belt” cities, including the rapidly growing but predominately low-density Charlotte, NC-SC metro area (Figure 4C), tend to have higher levels of urban sprawl. A simple correlation analysis confirmed that MSAs with higher levels of urban sprawl [126] had lower proportions of SV residents in highly walkable neighborhoods (r2 = 0.469, p < 0.001).



The average proportion of residents by MSA living in high-SV tracts also living in high-transit tracts was 10.8%; nearly twice the average proportion of all residents living in high-transit tracts (Appendix B, Figure 5). New York, Philadelphia, and Boston again had the highest proportions of residents living in high-SV/high-transit census tracts at 87, 82, and 69%, respectively. These metros have extensive rail systems that include subway lines and dense, historical urban centers that support walking and frequent transit service. Though many, including Boston (Figure 6A), contain concentrated areas with high-SV, these areas tend to be well served by transit. Outside the Northeast corridor, Milwaukee and Chicago had relatively high proportions as well at 61 and 59%, respectively. In Chicago there is a clear intra-urban spatial pattern to the SV-transit accessibility nexus, with much of the southeastern portion of the metro (including Gary, IN) designated high-SV but not high-transit (Figure 6B). A large proportion of the MSAs in the study, 43 in total, did not have any census tracts classified as both high-SV and high-transit. Thirty-three of these metros did not contain a single high-transit census tract.




5.3. Equity in Accessibility


Across all metropolitan areas in the study, urban residents living in high-SV neighborhoods were, on average, twice as likely as all urban residents combined to also live in a census tract with high walkability (Appendix A; Figure 7), and about 1.2 times as likely to live in a census tract with high-transit accessibility (Appendix B; Figure 8). Overall this suggests that SV populations have equitable access to walkable and transit accessible neighborhoods, though again there were variations across MSAs and regions. The correlation between the proportion of SV population versus total population living in highly walkable census tracts by MSA was strong for both walkability (r2 = 0.646, p < 0.001) and transit accessibility (r2 = 0.858, p < 0.001). Lancaster, PA had a particularly high equity ratio with 79% of high-SV residents but only 9% of all residents living in highly walkable census tracts (a “walk equity ratio” of nearly 9:1). Youngtown, OH had the same ratio but much lower accessibility overall with 4.3% of high-SV residents, and only 0.5% of all residents, living in highly walkable tracts. All ten metros with the highest ratios of high-SV population in highly walkable tracts to total population in highly walkable tracts can be found in the Northeast or adjacent Ohio River Valley region (i.e., the “Rust Belt”). They also tend to be smaller metros such as Harrisburg, PA, and Portland, ME, rather than the larger metros in the region such as New York or Boston.



Metropolitan areas with equity ratios less than one indicate that urban residents living in high-SV neighborhoods were, on average, less likely (or equally likely if there were no walkable neighborhoods; the case for Augusta, GA, and Cape Coral, FL, only) than the average urban resident to live in a census tract with high walkability or high-transit accessibility. For walkability this included 32 metros, mostly clustered in the South and Southeast. Many of these metros had few highly walkable or high-transit neighborhoods (e.g., Greensboro, NC, Knoxville, TN, Orlando, FL; Figure 6C), resulting in few residents—either high-SV or low—having access to these amenities. Other metros, including Washington, D.C., New Orleans, LA, Austin, TX, Madison, WI, and Portland, OR (Figure 4D), are particularly notable because they have equity ratios of less than one for walkability yet contain several highly walkable neighborhoods and have near or above the average proportion (~7%) of all urban residents living in highly walkable census tracts. Thus, we can discern two categories of “low equity” metros in regard to walkability: (1) those with few highly walkable neighborhoods available to low- and high-SV households alike, and (2) those with several highly walkable neighborhoods but SV populations are underrepresented and thus may have difficulty affording, or otherwise accessing, these areas. Although less common, high-transit-accessible neighborhoods appear to be more equitably distributed than highly walkable neighborhoods; only four metros with at least one high-transit-accessible neighborhood had equity ratios less than one: Jacksonville, FL, Ogden, UT, Riverside-San Bernardino, CA, and Sacramento, CA (Figure 6D).




5.4. Model Results


The first regression model, with the combined SVI index as the dependent variable, had good predictive capability; the nine independent variables accounted for approximately 48% of the variability in the dependent variable (Table 1). There was some variability in the predictive capability of the models when breaking the SVI into its four constituent themes, however, with 27 to 52% of the variability accounted for (Table 2). Each model met the assumptions of homoscedasticity and low multicollinearity (CI < 15, VIF < 2).



In agreement with the results presented above, the regression models confirm a statistically significant positive relationship between neighborhood walkability and overall SV (Table 1). This positive association held across three of the four individual SV themes; all except the second SV theme, “household composition and disability” (Table 2). The binary variable representing high-transit accessibility was significant and negatively associated with the combined SVI index and SV themes one (e.g., “socioeconomic status”) and two, but positively associated with SV themes three (e.g., “minority status and language”) and four (e.g., “housing type and transportation”).



The relationship between SV and most of the control variables was largely consistent across models. There was a significant positive association between SV and the personal crime index, and a significant negative association between SV and the school proficiency index, across all five models (Table 1 and Table 2). SV was positively associated with distance from the city center with the exception of the third SV theme, “minority status and language”, which decreased significantly with increasing distance. Similarly, SV was positively associated with MSA population with the exception of the second theme, “household composition and disability”, which exhibited a significant negative relationship. The second SV theme was also the only one of the four positively associated with the three U.S. Census regions, indicating that most measures of SV, and including overall SV, was higher in the West relative to the other regions.





6. Discussion


This investigation sought to determine whether socially vulnerable populations within America’s largest cities have equitable access to walkable and transit-accessible neighborhoods. In agreement with King and Clarke [47], the regression models suggest a statistically significant positive relationship between social vulnerability, broadly defined, and neighborhood walkability. The results of this analysis, however, identified at least two crucial caveats to this encouraging association. First, the models suggest that high-SV areas may be more walkable, but they are also associated with higher levels of crime, lower grade school performance, and—potentially—less transit accessibility. Each of these conditions may further disadvantage high-SV populations as well as undermine the potential benefits of living in a walkable community. Bereitschaft [122] recently observed that Blacks were increasingly underrepresented in walkable and transit-accessible urban neighborhoods in the U.S., while at the same time gaining ground in neighborhoods with more affordable housing and lower crime rates, but poorer-performing schools. Some disadvantaged groups may therefore be forced to make trade-offs between neighborhood walkability and/or transit accessibility and other crucial quality of life amenities.



Second, the relationship between SV and both neighborhood walkability and transit accessibility varied by type of social vulnerability. Neighborhood walkability was positively associated with three of the four SVI themes; the only negative association was with the second theme, “household composition and disability”. High-transit accessibility was also negatively associated with this theme, as well as the first, “socioeconomic status”. The “household composition and disability” theme includes the percentage of older (age ≥ 65) and younger (age ≤ 17) residents, as well the proportion of those with disabilities and single-parent households. Given that older and younger residents, and those with disabilities, are less able and likely to drive, these results raise concern about equity in mobility. They also echo the results of King and Clarke [47] while adding that younger and older populations may be further disadvantaged due to a lack of transit accessibility. Recent research on the inter-urban mobility and migration of older adults suggests a distinct preference for less, rather than more, walkable communities [127,128,129]. The result may be less physical activity and poorer health outcomes for older adults [130,131].



While the results indicate significant overlap and correlation between high overall SV and highly walkable neighborhoods, the significant inter-metropolitan variation in access to walkable spaces suggested by Bereitschaft [18] was also apparent. In particular, the more sprawling “Sun Belt” cities in the U.S. South and Southeast stand out for having walk equity ratios less than one, indicating that high-SV urban neighborhoods were less likely than all urban neighborhoods combined to have walk scores ≥ 70. Many cities in the Southeast and Midwest underwent a period of suburban growth and expansion in the mid-to-late 20th century following mass adoption of the automobile, resulting in a predominately low-density suburban landscape [132,133]. Although cities like Atlanta, GA and Charlotte, NC have added light rail lines and densified their urban core with new residential and mixed-use development in recent years [134,135], they are still among the least dense and most auto-centric of large U.S. cities [126]. Thus, in many U.S. cities, the primary cause of poor accessibility to both walkable and transit-accessible areas is likely a lack of walkability and/or transit [122,136]. This is especially true for transit, with nearly a third of all metros in this study lacking fixed-rail service. Other metros, such as Kansas City, MO, offer intra-urban rail service but only along a single line confined mainly to the urban center.



In addition to a dearth of walkable areas and transit service/infrastructure, low overall accessibility and equity in accessibility to walkable and transit-accessible neighborhoods among SV groups may be attributable to economic exclusion due to rising land values and neoliberal policies that promote gentrification, particularly within central city areas [58,74,137]. The supply and affordability of walkable and transit-accessible neighborhoods must be considered jointly to advance equitable access. Form-based zoning codes and tax-increment financing (TIFs), for example, can be used to promote and fund mixed-use development and improve walkability, while the expansion of light rail and bus rapid transit (BRT) systems can broaden and increase transit ridership [138,139]. Yet, new mixed-use and transit-oriented developments (TODs) are often built and marketed toward high-wealth businesses and households [140]. Affordable, below-market rate housing is seldom a component of these developments, which can also catalyze gentrification and potentially lead to the displacement of lower-income groups in surrounding neighborhoods [141,142,143]). It is crucial then that local governments take steps to ensure affordable housing (through requirements or incentives) while taking steps to enhance walkability and transit accessibility [144,145].



Among the primary strengths of this study was the ability to compare a large number of MSAs and identify cohorts with shared challenges and potential solutions. In regard to SV access to walkable and transit-accessible areas, perhaps the most obvious grouping of metros includes those already discussed; sprawling, “Sun Belt” cities with few walkable/transit-accessible neighborhoods that are likely to benefit significantly from urban planning, design, and development strategies such as new urbanism, brownfield/infill, complete streets, and TOD. Another cohort includes those metros with above average walkability or transit accessibility but SV equity ratios <1, such as Portland, OR, Seattle, WA, and Washington, D.C. In these cities, the primary challenge is to ensure affordable housing in walkable neighborhoods, and more generally [144,146]. Although Bereitschaft [18] reported that Portland, OR had the fewest “walk vulnerable” neighborhoods (i.e., neighborhoods with low walkability but high-SV) when compared to Charlotte, NC and Pittsburgh, PA, the author notes that the most significant cluster of highly walkable neighborhoods, located around the urban center, had relatively low SV, while several high-SV neighborhoods in the eastern portion of the city were more than one kilometer from a rail station. The same pattern was observed here. With an urban growth boundary (UGB) focusing development inward around an increasingly desirable urban core, low-income households are finding it difficult to afford “location efficient” and accessible neighborhoods in Portland even with housing vouchers [147]. Among other strategies, local governments should consider implementing inclusionary housing programs that require developers to incorporate affordable housing in market-rate projects [148,149].



Ranking all metros by their walk equity ratio reveals additional potential groupings, but also showcases the diversity among metros, including some located within the same geographic region. Youngstown, OH, and Lancaster, PA, for example, both have walk equity ratios of 8.7, but in Youngstown only 4.3% of the population living in high-SV tracts also lives in highly walkable tracts; in Lancaster it is 79%. Lancaster has a much larger share of the population in highly walkable tracts at 9.1% compared to just 0.5% in Youngstown. Walk Score® indicates that Lancaster is much more walkable overall than Youngtown, with walk scores of 81 and 37, respectively. Both Lancaster and Youngstown are smaller (<1 million) metros located within the U.S. “Rust Belt”, a region of the Midwest and Northeast that has experienced periods of significant economic hardship since the 1960s, primarily as a result of deindustrialization [150]. Lancaster, however, is one of a number of cities in the region that has experienced economic and population growth in recent years. The urban core, in particular, has benefited from strong public–private partnerships that have worked to restore historic architecture, reduce poverty, and promote tourism [151,152].



Youngstown, along with Toledo, OH, Las Vegas, NV, Deltona-Daytona Beach, FL, St. Louis, MO, Omaha, NE, and Cleveland, OH, may benefit from similar revitalization efforts centered on enhanced walkability. Although these metros have relatively high walk equity ratios (≥3) the proportion of all residents living within highly walkable neighborhoods is below average. There is therefore a need within these metros to extend walkability more broadly throughout the urban fabric, which, when combined with affordable housing measures, should give high-SV and low-SV populations alike more choice and more opportunities to benefit from walkable and transit-accessible environments. Enhancing walkability and transit accessibility may also reduce “brain drain” by attracting and retaining young, college-educated residents, which in turn can help drive economic growth and expand employment opportunities [153,154].



While this study does not address the effects of the COVID-19 pandemic directly, the results highlight the spatial inequity in neighborhood walkability and transit accessibility among and within U.S. metropolitan areas that recent research suggests has contributed to socially vulnerable groups facing additional mobility-related challenges. Particularly during the early stages of the pandemic when many businesses, schools, and social services closed or dramatically reduced their hours of operation, poor and other disadvantaged groups experienced high levels of social isolation, deprivation, loneliness, and depression [155,156]. These effects may have been exacerbated in a number of ways including the heightened reliance of high-SV groups on public transit systems that subsequently reduced service during the pandemic [157], a more limited capability and/or capacity to engage in professional and social activities remotely via the internet [158,159], and lower access to, and/or familiarity with, smartphone apps and other digital tools used by transit networks to inform riders of shifting schedules, occupancy restrictions, station closures, and real-time network conditions [160]. The effects of these transit equities—particularly social isolation—appear to have been mitigated to some extent for residents of more walkable neighborhoods, who could still visit friends and access services and amenities that remained open and within walking distance during the pandemic [161]. Thus, metros identified in this study with a low proportion of SV residents in highly walkable neighborhoods, or those with walk-equity ratios less than one, should consider prioritizing the expansion of pedestrian spaces and infrastructure to enhance resiliency in anticipation of future pandemics.



There is much opportunity for future work to expand upon the present analysis. The spatial scope of the study could be extended to include, or focus specifically on, smaller metropolitan or micropolitan areas in the United States or elsewhere, particularly in regard to the accessibility and equity in accessibility to walkable neighborhoods. Additionally, the concepts walkability and social vulnerability can be measured in a variety of ways; future research could consider using alternative measures or indices of walkability and SV to determine how sensitive these results may be to the way in which these concepts are operationalized. It would also be worthwhile to consider how the accessibility of SV populations (beyond the ethno-racial change explored by Bereitschaft [122]) to walkable and transit-accessible neighborhoods has changed over time, and whether various strategies to improve walkability, enhance transit access, and ensure affordable housing have been effective. Such an analysis may require an alternative assessment of neighborhood walkability and transit accessibility given that the Walk Score® and Transit Score® metrics have evolved over time and in ways that are not entirely transparent [161]. Walkability could be assessed using a variety of alternative methodologies that utilize the latest deep-learning and GIS technologies [162], some of which may be efficiently deployed at a national scale using readily available open-source datasets like OpenStreetMap [163]. Furthermore, the individual elements of the Walk Score® metric, including intersection density, block length, and the density of local amenities, could be considered independently as well as jointly in future analyses. Additional quantifiable features of the urban streetscape environment expected to influence walking behavior, yet which are not currently included in the Walk Score® metric, such as building setbacks, continuity of building frontage, adjacent street traffic volume, and presence of pedestrian infrastructure including sidewalks and crosswalks [164,165], should also be considered when possible.




7. Conclusions


Do U.S. urban neighborhoods with high-SV have an equal or better chance than average of being a walkable neighborhood? The results of this study suggest that in most metropolitan areas this is currently the case. However, there are numerous exceptions, and those with access to walkable neighborhoods may have to contend with lower transit accessibility, higher crime rates, and poorer-performing schools. Particularly those cities identified here to have either walk or transit equity ratios less than one should consider prioritizing improvements in the availability and accessibility of these amenities to better serve disadvantaged groups. Crucially, a large proportion of metros, particularly in the U.S. South, appear to have few or no highly walkable and/or transit-accessible census tracts, making it difficult for both SV and non-SV populations to access resources without an automobile. In other cities, especially larger metros with competitive housing markets such as Seattle, Portland, and Washington, D.C., the primary challenge is likely the paucity of affordable housing in areas that are both walkable and transit-accessible. Cities and metropolitan jurisdictions should consider implementing a two-pronged strategy to maximize the accessibility of SV populations to walkable and transit-accessible neighborhoods: First, increase the number and proportion of walkable and transit-accessible neighborhoods using infill development, progressive zoning regulations, and investments in intra-urban transit systems (particularly fixed-rail and BRT systems). Second, ensure that both new and existing walkable/transit accessible neighborhoods are affordable by utilizing mandatory inclusionary zoning, particularly in “location efficient”, high-demand areas. These measures are likely to not only result in a more equitable city, but a more competitive and prosperous one as well.
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Table A1. Metropolitan areas ranked by proportion of urban population in high-SV census tracts also living in highly walkable (walk score ≥ 70) tracts.
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	Metropolitan Area
	% SV in High Walk Tracts
	% Total in High Walk Tracts
	Ratio





	New York, NY
	85.3
	50.8
	1.7



	Lancaster, PA
	79.4
	9.1
	8.7



	Philadelphia, PA
	73.1
	25.3
	2.9



	Boston, MA
	71.0
	28.2
	2.5



	Providence, RI
	68.6
	21.7
	3.2



	Bridgeport, CT
	61.7
	19.9
	3.1



	Allentown, PA
	56.6
	14.1
	4.0



	Springfield, MA
	49.2
	13.4
	3.7



	Los Angeles, CA
	48.2
	33.6
	1.4



	Syracuse, NY
	47.7
	7.9
	6.0



	Portland, ME
	47.2
	5.9
	8.0



	Harrisburg, PA
	46.3
	7.5
	6.2



	Milwaukee, WI
	44.4
	19.5
	2.3



	Chicago, IL
	43.5
	25.3
	1.7



	Scranton, PA
	39.5
	9.5
	4.1



	New Haven, CT
	38.9
	12.7
	3.1



	Hartford, CT
	37.6
	7.6
	5.0



	Albany, NY
	37.5
	10.4
	3.6



	Rochester, NY
	37.5
	9.1
	4.1



	Urban Honolulu, HI
	37.0
	19.6
	1.9



	Baltimore, MD
	36.2
	9.5
	3.8



	Minneapolis-St. Paul, MN
	33.4
	10.9
	3.1



	Buffalo, NY
	32.1
	10.1
	3.2



	Worcester, MA
	30.9
	8.1
	3.8



	Grand Rapids, MI
	29.1
	8.6
	3.4



	San Diego, CA
	28.4
	15.3
	1.9



	San Jose, CA
	23.3
	15.3
	1.5



	Miami, FL
	22.9
	13.1
	1.7



	Pittsburgh, PA
	20.5
	8.9
	2.3



	Stockton, CA
	20.0
	9.6
	2.1



	Cleveland, OH
	19.4
	6.2
	3.1



	Oxnard, CA
	18.7
	6.9
	2.7



	Seattle, WA
	17.2
	16.8
	1.0



	St. Louis, MO
	16.9
	5.3
	3.2



	Spokane, WA
	16.1
	6.2
	2.6



	Salt Lake City, UT
	15.9
	8.2
	1.9



	Omaha, NE
	15.2
	4.9
	3.1



	Toledo, OH
	14.8
	2.4
	6.2



	Denver, CO
	14.7
	9.8
	1.5



	Cincinnati, OH
	13.8
	5.2
	2.6



	Louisville, KY
	13.5
	4.8
	2.8



	Portland, OR
	11.8
	15.4
	0.8



	New Orleans, LA
	11.6
	14.3
	0.8



	Detroit, MI
	11.6
	4.6
	2.5



	Boise City, ID
	11.5
	5.6
	2.1



	Washington, DC
	11.4
	13.3
	0.9



	Des Moines, IA
	10.1
	4.4
	2.3



	Santa Rosa, CA
	9.9
	4.9
	2.0



	Las Vegas, NV
	9.5
	2.8
	3.4



	Columbus, OH
	8.2
	5.6
	1.5



	Riverside-San Bernardino, CA
	8.1
	3.6
	2.2



	Tucson, AZ
	7.8
	5.1
	1.5



	Charleston, SC
	6.8
	3.1
	2.2



	Sacramento, CA
	6.8
	4.9
	1.4



	Dallas-Fort Worth, TX
	6.5
	4.0
	1.6



	Albuquerque, NM
	6.5
	4.9
	1.3



	Virginia Beach-Norfolk, VA
	6.5
	3.3
	1.9



	Tampa-St. Petersburg, FL
	6.2
	3.5
	1.8



	Fresno, CA
	6.1
	4.4
	1.4



	Deltona-Daytona Beach, FL
	6.0
	1.8
	3.3



	El Paso, TX
	5.4
	3.6
	1.5



	Lexington, KY
	5.2
	5.2
	1.0



	Ogden, UT
	5.1
	3.1
	1.7



	Durham-Chapel Hill, NC
	4.4
	2.2
	2.0



	Youngstown, OH
	4.3
	0.5
	8.7



	Kansas City, MO
	4.2
	3.6
	1.2



	Houston, TX
	4.0
	4.1
	1.0



	San Antonio, TX
	3.9
	2.4
	1.6



	Richmond, VA
	3.6
	5.0
	0.7



	Phoenix, AZ
	3.5
	1.8
	2.0



	Bakersfield, CA
	3.2
	1.8
	1.8



	Oklahoma City, OK
	3.0
	2.2
	1.3



	McAllen, TX
	3.0
	2.6
	1.2



	Fayetteville, AR
	2.5
	2.0
	1.2



	Tulsa, OK
	2.4
	1.6
	1.5



	Austin, TX
	2.2
	6.2
	0.4



	Lakeland-Winter Haven, FL
	2.0
	0.8
	2.5



	Nashville, TN
	2.0
	2.8
	0.7



	Birmingham, AL
	1.9
	1.2
	1.6



	Jacksonville, FL
	1.8
	2.4
	0.8



	Modesto, CA
	1.7
	2.7
	0.6



	Memphis, TN
	1.5
	1.4
	1.1



	Columbia, SC
	1.4
	1.5
	0.9



	Indianapolis, IN
	1.1
	1.5
	0.7



	Atlanta, GA
	0.7
	2.3
	0.3



	Orlando, FL
	0.2
	1.5
	0.1



	Madison, WI
	0.0
	10.0
	0.0



	Provo-Orem, UT
	0.0
	5.2
	0.0



	Dayton, OH
	0.0
	2.6
	0.0



	Knoxville, TN
	0.0
	1.9
	0.0



	Akron, OH
	0.0
	1.6
	0.0



	Chattanooga, TN-GA
	0.0
	1.6
	0.0



	Raleigh, NC
	0.0
	1.5
	0.0



	Greensboro, NC
	0.0
	1.2
	0.0



	North Port-Sarasota, FL
	0.0
	1.2
	0.0



	Greenville, SC
	0.0
	1.1
	0.0



	Little Rock, AR
	0.0
	1.1
	0.0



	Wichita, KS
	0.0
	1.0
	0.0



	Palm Bay, FL
	0.0
	0.9
	0.0



	Colorado Springs, CO
	0.0
	0.8
	0.0



	Winston-Salem, NC
	0.0
	0.7
	0.0



	Baton Rouge, LA
	0.0
	0.7
	0.0



	Jackson, MS
	0.0
	0.7
	0.0



	Charlotte, NC
	0.0
	0.6
	0.0



	Augusta, GA
	0.0
	0.0
	--



	Cape Coral-Fort Myers, FL
	0.0
	0.0
	--
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Table A2. Metropolitan areas ranked by proportion of urban population in high-SV census tracts also living in high-transit-accessible tracts.
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	Metropolitan Area
	% SV in High-Transit Tracts
	% Total in High-Transit Tracts
	Ratio





	New York, NY
	86.8
	54.4
	1.5



	Philadelphia, PA
	82.1
	34.7
	2.4



	Milwaukee, WI
	68.6
	31.1
	2.2



	San Jose, CA
	61.4
	18.4
	3.3



	San Diego, CA
	60.9
	16.5
	3.7



	Boston, MA
	58.6
	34.5
	1.7



	Urban Honolulu, HI
	50.0
	24.2
	2.1



	Baltimore, MD
	47.3
	30.4
	1.6



	Washington, DC
	40.9
	25.6
	1.6



	Buffalo, NY
	40.3
	17.8
	2.3



	Chicago, IL
	39.6
	25.6
	1.5



	Portland, OR
	39.4
	11.5
	3.4



	Miami, FL
	34.7
	10.1
	3.5



	Salt Lake City, UT
	34.2
	18.6
	1.8



	Louisville, KY
	24.8
	5.3
	4.7



	Albany, NY
	24.3
	15.6
	1.6



	Worcester, MA
	24.0
	8.1
	3.0



	Los Angeles, CA
	22.4
	19.4
	1.2



	Minneapolis-St. Paul, MN
	19.5
	18.1
	1.1



	Seattle, WA
	18.0
	10.4
	1.7



	Denver, CO
	17.9
	13.1
	1.4



	Durham-Chapel Hill, NC
	15.3
	3.1
	5.0



	Pittsburgh, PA
	14.4
	7.8
	1.8



	Virginia Beach-Norfolk, VA
	14.1
	3.4
	4.1



	Bridgeport, CT
	13.7
	9.8
	1.4



	Spokane, WA
	12.4
	2.5
	4.9



	Springfield, MA
	11.8
	5.5
	2.1



	Charlotte, NC
	10.8
	2.4
	4.4



	St. Louis, MO
	10.0
	5.0
	2.0



	New Orleans, LA
	9.6
	2.2
	4.3



	Raleigh, NC
	9.4
	4.3
	2.2



	Cincinnati, OH
	8.6
	5.0
	1.7



	Oxnard, CA
	8.2
	2.8
	2.9



	Phoenix, AZ
	7.9
	5.4
	1.5



	Houston, TX
	7.0
	3.6
	2.0



	Rochester, NY
	6.5
	6.0
	1.1



	Providence, RI
	6.3
	5.2
	1.2



	Atlanta, GA
	6.2
	2.2
	2.9



	Austin, TX
	5.9
	3.1
	1.9



	El Paso, TX
	5.8
	2.1
	2.8



	San Antonio, TX
	5.6
	5.6
	1.0



	Sacramento, CA
	5.5
	8.9
	0.6



	Las Vegas, NV
	5.2
	2.4
	2.1



	Dallas-Fort Worth, TX
	4.8
	4.5
	1.1



	Albuquerque, NM
	4.7
	3.1
	1.5



	Tampa-St. Petersburg, FL
	4.7
	2.0
	2.3



	Tucson, AZ
	4.4
	2.7
	1.6



	Ogden, UT
	4.4
	9.7
	0.5



	New Haven, CT
	4.3
	4.0
	1.1



	Memphis, TN
	2.8
	1.7
	1.6



	Kansas City, MO
	2.6
	1.9
	1.4



	Modesto, CA
	2.5
	1.5
	1.7



	Columbus, OH
	2.2
	1.6
	1.4



	Provo-Orem, UT
	1.9
	0.8
	2.4



	Riverside-San Bernardino, CA
	1.8
	3.4
	0.5



	Lexington, KY
	1.8
	0.7
	2.4



	Madison, WI
	1.8
	0.8
	2.2



	Fresno, CA
	1.7
	0.9
	1.9



	Bakersfield, CA
	1.7
	0.8
	2.1



	Nashville, TN
	1.5
	1.2
	1.2



	Jacksonville, FL
	1.0
	1.6
	0.6



	North Port-Sarasota, FL
	0.6
	0.4
	1.6



	Little Rock, AR
	0.4
	0.2
	1.8



	Cleveland, OH
	0.0
	12.0
	0.0



	Birmingham, AL
	0.0
	1.7
	0.0



	Stockton, CA
	0.0
	1.6
	0.0



	Detroit, MI
	0.0
	1.3
	0.0



	Orlando, FL
	0.0
	1.0
	0.0



	Portland, ME
	0.0
	0.7
	0.0



	Indianapolis, IN
	0.0
	0.6
	0.0



	Oklahoma City, OK
	0.0
	0.6
	0.0



	Allentown, PA
	0.0
	0.4
	0.0



	Hartford, CT
	0.0
	0.2
	0.0



	Akron, OH
	0.0
	0.0
	--



	Augusta, GA
	0.0
	0.0
	--



	Baton Rouge, LA
	0.0
	0.0
	--



	Boise City, ID
	0.0
	0.0
	--



	Cape Coral-Fort Myers, FL
	0.0
	0.0
	--



	Charleston, SC
	0.0
	0.0
	--



	Chattanooga, TN-GA
	0.0
	0.0
	--



	Colorado Springs, CO
	0.0
	0.0
	--



	Columbia, SC
	0.0
	0.0
	--



	Dayton, OH
	0.0
	0.0
	--



	Deltona-Daytona Beach, FL
	0.0
	0.0
	--



	Des Moines, IA
	0.0
	0.0
	--



	Fayetteville, AR
	0.0
	0.0
	--



	Grand Rapids, MI
	0.0
	0.0
	--



	Greensboro, NC
	0.0
	0.0
	--



	Greenville, SC
	0.0
	0.0
	--



	Harrisburg, PA
	0.0
	0.0
	--



	Jackson, MS
	0.0
	0.0
	--



	Knoxville, TN
	0.0
	0.0
	--



	Lakeland-Winter Haven, FL
	0.0
	0.0
	--



	Lancaster, PA
	0.0
	0.0
	--



	McAllen, TX
	0.0
	0.0
	--



	Omaha, NE
	0.0
	0.0
	--



	Palm Bay, FL
	0.0
	0.0
	--



	Richmond, VA
	0.0
	0.0
	--



	Santa Rosa, CA
	0.0
	0.0
	--



	Scranton, PA
	0.0
	0.0
	--



	Syracuse, NY
	0.0
	0.0
	--



	Toledo, OH
	0.0
	0.0
	--



	Tulsa, OK
	0.0
	0.0
	--



	Wichita, KS
	0.0
	0.0
	--



	Winston-Salem, NC
	0.0
	0.0
	--



	Youngstown, OH
	0.0
	0.0
	--
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Figure 1. Percentage of urban population residing within highly walkable (walk score ≥ 70) census tracts by metropolitan area. Note the four U.S. Census regions used in the regression analysis. 
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Figure 2. Percentage of urban population residing within high-transit (transit score ≥ 50 or within 1 km of a rail stop) census tracts by metropolitan area. 
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Figure 3. Percentage of urban population residing in high (80th percentile) socially vulnerable (SV) census tracts also residing within highly walkable (walk score ≥ 70) census tracts by metropolitan area. 
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Figure 4. Spatial distribution and overlap of high-SV and highly walkable (walk score ≥ 70) census tracts in (A) Philadelphia, PA, (B) Lancaster, PA, (C) Charlotte, NC, and (D) Portland, OR. 
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Figure 5. Percentage of urban population residing in high (80th percentile)-socially vulnerable (SV) census tracts also residing within high-transit (transit score ≥ 50 or within 1 km of a rail stop) census tracts by metropolitan area. 
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Figure 6. Spatial distribution and overlap of high-SV and high-transit (transit score ≥ 50 or within 1 km of a rail stop) census tracts in (A) Boston, MA, (B) Chicago, IL, (C) Orlando, FL, and (D) Sacramento, CA. 
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Figure 7. Ratio of the percentage of urban population residing in high (80th percentile)-socially vulnerable (SV) census tracts also residing within highly walkable (walk score ≥ 70) census tracts to the percentage of all urban population living in highly walkable tracts (i.e., “walk equity”) by metropolitan area. 
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Figure 8. Ratio of the percentage of urban population residing in high (80th percentile)-socially vulnerable (SV) census tracts also residing within high-transit (transit score ≥ 50 or within 1 km of a rail stop) census tracts to the percentage of all urban population living in high-transit tracts (i.e., “transit equity”) by metropolitan area. 
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Table 1. Regression results with the social vulnerability (SV) index as the dependent variable.
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	MSA Pop.
	B Coeff.
	Std. B Coeff.
	Std. Error
	p-Value





	Intercept
	55.59
	
	0.488
	<0.001



	Dist. City Hall
	0.061
	0.029
	0.010
	<0.001



	Crime Index
	0.086
	0.345
	0.001
	<0.001



	School Proficiency
	−0.432
	−0.405
	0.005
	<0.001



	Walk Score
	0.148
	0.139
	0.005
	<0.001



	High-Transit
	−3.221
	−0.048
	0.329
	<0.001



	MSA Pop.
	0.583
	0.112
	0.027
	<0.001



	Northeast Region
	−9.145
	−0.129
	0.343
	<0.001



	Midwest Region
	−10.13
	−0.131
	0.345
	<0.001



	South Region
	−3.486
	−0.053
	0.311
	<0.001



	Model Adj. r2
	0.483
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Table 2. Regression results with the four constituent social vulnerability (SV) themes as dependent variables.
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	SV Theme
	1
	2
	3
	4





	Intercept
	54.75 **
	51.73 **
	69.14 **
	42.87 **



	Dist. City Hall
	0.060 (0.029) **
	0.168 (0.086) **
	−0.083 (−0.047) **
	0.018 (0.009)



	Crime Index
	0.093 (0.371) **
	0.075 (0.322) **
	0.030 (0.143) **
	0.048 (0.195) **



	School Proficiency
	−0.469 (−0.438) **
	−0.283 (−0.284) **
	−0.269 (0.297) **
	−0.180 (−0.173) **



	Walk Score
	0.124 (0.115) **
	−0.122 (−0.121) **
	0.087 (0.096) **
	0.315 (0.300) **



	High-Transit
	−5.321 (−0.079) **
	−5.161 (−0.082) **
	0.764 (0.013) *
	2.041 (0.031) **



	MSA Pop.
	0.430 (0.082) **
	−0.590 (−0.121) **
	1.738 (0.392) **
	0.160 (0.031) **



	Northeast Region
	−6.113 (−0.086) **
	6.476 (0.098) **
	−20.88 (−0.347) **
	−7.497 (−0.108) **



	Midwest Region
	−4.716 (−0.061) **
	4.721 (0.065) **
	−20.37 (−0.309) **
	−11.99 (−0.157) **



	South Region
	−1.171 (−0.018) **
	0.107 (0.002)
	−4.203 (−0.075) **
	−5.035 (−0.078) **



	Model Adj. r2
	0.521
	0.272
	0.390
	0.281







* Sig. at p < 0.05, ** Sig. at p < 0.01. Standardized B coefficients in parentheses.
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