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Abstract: With support and demand for walkable urban spaces on the rise, there has been growing
concern among academics and practitioners of increasing exclusivity, particularly in amenity-rich
areas. This study examines equity in neighborhood walkability from the perspective of housing
affordability, asking whether more walkable urban neighborhoods have less affordable housing from
the viewpoint of both neighborhood residents and households within the encompassing metropolitan
region. While considering additional factors that may affect housing affordability, including coastal
proximity, crime, rail access, housing age, housing size, and employment accessibility, the results
indicate lower housing affordability primarily for renter households already living in walkable
neighborhoods, but not for those looking to move to a more walkable neighborhood from within the
same metropolitan area. Case studies of three large U.S. urban areas, Charlotte, NC, Pittsburgh, PA,
and Portland, OR, highlight local variations in the walkability–housing affordability nexus.

Keywords: walkability; housing affordability; urban housing; equity; housing stress;
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1. Introduction

Following a significant decline in inner city population and economic dynamism in the U.S. during
the mid-20th century, there has been a marked influx of middle and upper income households into
central urban neighborhoods since the 1980s [1,2]. Gentrification, the process by which higher income
groups displace lower income groups through the physical upgrading of housing and infrastructure,
as well as a reconfiguring of the retail landscape, has been well-documented in cities across the U.S.
and throughout the urban hierarchy [3–5]. Falling crime rates and the maturation of knowledge-based
industries in the late 20th and early 21st centuries have brought considerable economic renewal to
dense urban cores, which have proven particularly attractive to young, well-educated professionals and
entrepreneurs, i.e. the “creative class” [6–9]. Vibrant, pedestrian-oriented urban neighborhoods with
ample social, employment, and entertainment opportunities and amenities are increasingly in demand.
They are also often touted as critical components of smart growth and urban livability/sustainability
strategies [10–12].

Pedestrian-oriented urban environments that support active transportation, i.e., walking and
cycling, are expected to offer numerous benefits relative to less-walkable areas. Residents of
more-walkable neighborhoods, generally defined as those with mixed land uses (particularly
residential and commercial), moderate to high densities, well-connected street networks, access
to transit, and pedestrian infrastructure, such as sidewalks and street trees, have been shown to
have lower rates of obesity and other medical conditions [13–15], as well as more social connections
and enhanced social capital [16–18]. A decrease in automotive dependence is expected to have
environmental benefits as well, with fewer vehicle miles traveled (VMT) resulting in reduced carbon
emissions and air pollution [19,20].
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Given the many benefits of walkability, and the growing demand for urban spaces and lifestyles
within American cities [8,21–23], there is mounting concern that lower income and disadvantaged
groups are being systematically excluded from walkable neighborhoods. The potential displacement of
these groups, seen as a key part of the gentrification process, may be giving rise to a substantial spatial
inequity, in which those who could benefit the most from walkable and transit-oriented environments
may be increasingly unable to afford them [24–27]. Koshinksy and Talen [25], for example, investigated
the degree of walkability around publicly-assisted affordable housing developments in the U.S.
and found that accessibility was compromised for all tenants, especially those in more urbanized
neighborhoods. Similarly, Riggs [26] determined that black residents living in the San Francisco Bay
area are more likely to live in less walkable areas due to a variety of economic and social/cultural
dynamics, as well as personal preferences. Most recently, Bereitschaft [27] observed variations in
accessibility to walkable neighborhoods among three U.S. cities, with socially vulnerable populations
often clustered in less walkable neighborhoods according to the popular quantitative walkability
metric Walk Score®(Walk Score, Seattle, WA, USA). The spatial relationship between walkability and
social vulnerability, however, varied among cities.

Lower, and even moderate, income groups may be excluded from walkable urban neighborhoods
in part due to rising property values and other costs of living. Studies have shown that more
walkable neighborhoods command a higher price when controlling for confounding factors [28–30].
Neighborhoods with rail stations have become particularly vulnerable to gentrification and rising land
values, as higher income groups seek out shorter commutes and better access to urban amenities [31,32].
Although lower transportation costs are expected to result from reduced automotive dependency in
denser urban neighborhoods, the savings are not likely to entirely offset the increase in housing costs
in employment- and amenity-rich areas [33,34]. Furthermore, Americans on average spend nearly
twice as much on housing as transportation, and housing costs are typically the most visible cost when
households consider residential affordability [35,36].

While previous studies have established that walkable neighborhoods are generally associated
with higher property values, it remains undetermined whether they suffer disproportionately from
“housing stress,” the condition in which the ratio of housing cost to household income is relatively
high (generally above 30%). The aim of the current study is to assess the potential relationship between
neighborhood walkability, as a positive amenity, and housing affordability while controlling for a
number of confounding factors. A significant and positive relationship between the two variables
would signify potential inequity in access to walkable urban places through elevated housing stress.
Analyses will be carried out at a national level using a randomly selected sample of urbanized census
tracts, and at a more local level using three urban areas as case studies: Charlotte, NC, Pittsburgh,
PA, and Portland, OR. Additionally, housing affordability will be calculated at both the neighborhood
scale and at the metropolitan/micropolitan scale (referred to herein as simply “metropolitan scale”).
The former calculation is intended to capture how affordable housing is for a household that already
resides within a given neighborhood (i.e., census tract), while the latter indicates how affordable
a neighborhood’s housing is for a household earning the median income for the encompassing
metropolitan statistical area (MSA) who considers moving into a given neighborhood.

2. Methodology

2.1. Study Area

The national level analysis utilized 2300 randomly selected census tracts located within the United
States’ 383 MSAs. Given the financial resources needed to acquire the walk score data, this sample
served as a reasonable and cost-effective means of representing (with a 2 percent margin of error
at the 95 percent confidence level) much of the variability within the nation’s approximately 35,000
urban census tracts. The local level analysis included the urbanized areas of Charlotte, NC, Pittsburgh,
PA, and Portland, OR, with Charlotte representing a fast-growing and predominately low-density
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“Sunbelt” city, Pittsburgh a shrinking “Rustbelt” city, and Portland a progressive west coast city with
a focus on densification. These three cities were chosen for this comparative case study analysis
because they are each of similar population size (≈2 million at the metropolitan level), yet have
markedly different development patterns and histories. The tight control over land development and
the institution of an urban growth boundary (UGB) in Portland, for example, is expected to increase
walkability but also decrease housing affordability. In Charlotte, the opposite may be expected: lax
land use regulations giving rise to sprawling, low-density development, but relatively affordable
housing throughout. Pittsburgh’s morphology is expected to lie somewhere between that of Portland
and Charlotte. It represents a city with a variety of historical neighborhoods and several “islands”
of walkability, but also a struggling economy and high unemployment rate following decades of
deindustrialization [37].

2.2. Housing Affordability

This study utilizes a comprehensive housing affordability index (CHAI) that considers
affordability for both owners and renters. Affordability for owners was determined using the ratio
of median income to qualifying income (the income needed to purchase a home of median value
within a geographic area) according to the housing affordability index (HAI) published by the National
Association of Realtors®(NAR, Chicago, IL, USA) [38]:

HAI = (Median Income/Qualifying Income) × 100 (1)

NAR states that the HAI “measures the degree to which a typical family can afford the monthly
mortgage payments on a typical home.” In the calculation of qualifying income, a down payment of
20 percent of the home price is assumed, as well as a qualifying ratio of 25 percent and an interest
rate of 4.23 percent (the 2012–2016 average). The qualifying ratio is the maximum proportion of a
household’s income devoted to mortgage principle and interest payments. A complete overview of
the methodology, including the calculation of qualifying income, is available on NAR’s website.

The rental affordability index (RAI) was calculated as the ratio of median income to four times
the annual gross rent, again using 25 percent of household income as the threshold for affordability:

RAI = ((Median Income/ (4 × Annual Gross Rent)) × 100 (2)

The affordability index for both homeowners and renters equals 100 if the household is expected to
have sufficient income to afford the housing within a particular area; values below 100 indicate potential
for housing stress, while values above 100 indicate increasing levels of affordability. To combine the
HAI and RAI into a single comprehensive index, the two were summed and weighted according to the
proportion of owners and renters within each census tract:

CHAI = (HAI(w1) + RAI(w2)) × 100 (3)

Where w1 is the proportion of home owners within a census tract, and w2 is the proportion of
home renters within a census tract. Census tracts for which only the HAI or RAI could be computed
used the one index value available, but only if that value represented 90 percent or more of the housing
within the tract (i.e., the tract was 90+ percent rental or owned housing). All income and housing data
were five-year (2012–2016) averages obtained from the U.S. Census Bureau’s American Community
Survey (ACS) [39]. The three affordability indices were calculated for each census tract using, first,
the neighborhood median household income (i.e. “neighborhood scale”), and second, using the
median household income of the encompassing metropolitan area (i.e. “metropolitan scale”).

While there are many different measures and indices available, it was decided that the HAI and
RAI used by NAR and the U.S. Department of Housing and Urban Development (HUD), respectively,
offer a relatively simple, widely-utilized, and directly comparative means of assessing housing
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affordability. With that said, these indices do have limitations. Most notably, the assumptions about
down payment, qualifying income, and interest rate will introduce error since each of these values may
fluctuate over time and vary among households. Both the HAI and RAI also assume that the median
household income for a census tract or metropolitan area is representative of that population, when the
variation within these geographic areas may be significant. Additionally, less wealthy households are
likely to experience more housing stress than households earning the median income or above. The
difference in the percent of income spent on housing between the lowest and highest income quintiles
in the U.S., however, may be as low as one percent [40], and fixed interest rates are more common than
variable interest rates, providing some confidence in the average value.

2.3. Walkability

To assess walkability, this study utilizes a quantitative, neighborhood-scale measure provided by
Walk Score®(www.walkscore.com). Walk Score’s metrics are based on the route distance to common
daily destinations, such as coffee shops, restaurants, grocery stores, drug stores, schools, and bars,
as well local population density, block length, and intersection density [41]. Walk scores range from
0 to 100 with higher values indicative of more walkable environments. Four tiers of walkability are
recognized by Walk Score®: “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). Despite
overlooking certain micro-scale attributes of walkability, such as road and sidewalk condition, Walk
Score®has been used effectively to assess walkability in wide variety of applications [26,42,43], and will
serve as a viable standardized means of exploring the potential connections between neighborhood
walkability and housing affordability in U.S. urbanized areas. Walk scores were acquired in 2016, and
given that they are updated on a frequent, rolling basis, should be in reasonable temporal alignment
with the housing affordability data (2012–2016) and control variables. Furthermore, walk scores
consider features within a radius of 1.5 miles (2.4 km) using a distance decay function (closer features
are weighted more heavily), and therefore are of appropriate geographic scale to describe the average
walkability of census tracts.

2.4. Modeling

A series of ordinary least squares (OLS) regression models were developed to assess the association
between walkability and housing affordability at both the neighborhood and metropolitan scale,
and for the nation as a whole (using the sample of census tracts described above), and for each of
three individual case study metropolitan areas. To clarify, the “neighborhood scale” refers to the
housing affordability of a neighborhood from the perspective of a current resident earning the median
income of that neighborhood (i.e., census tract), while “metropolitan scale” refers to the affordability of a
neighborhood from the perspective of a household earning the median income for the encompassing
metropolitan area. The median household income of individual neighborhoods may vary substantially
from that of the metropolitan average. The two perspectives thus address distinct questions with
the former concerned with the immediate affordability of housing for those who currently live in
more walkable neighborhoods (i.e., their degree of housing stress), and the perceived affordability of
walkable neighborhoods for a household looking to move in from elsewhere within the same metro.
If a household perceives more walkable neighborhoods to be less affordable from the outside they
may be less able and less inclined to move there, suggesting lower accessibility and equity. The three
housing affordability indices (CHAI, HAI, and RAI) served as the dependent variables, and walkability,
measured using Walk Score®, as the independent variable of interest. A number of control variables,
discussed below, were also added to each model. The stepwise procedure was used to eliminate
redundant and non-significant (p > 0.05) independent variables. Several variables were log-transformed
to improve normality and ensure reliable results. Special attention was paid to collinearity since several
independent variables were found to be significantly correlated. Each predictor variable in the final
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models exhibited variable inflation factors (VIFs) less than 3, and model condition indices (CIs) were
maintained at 30 or less to minimize collinearity.

2.5. Modeling: Control Variables

In addition to walk score, five or six control variables expected to influence housing affordability
were added to the regression models: proximity to fixed rail transit stations, percent of housing built
after 1980 (representing the approximate average age of housing in the U.S.), the average number of
bedrooms per housing unit, a standardized crime score, an employment accessibility index, and a
binary variable indicating whether the census tract is located within 100 km of a coastline (national
analysis only). Crime and negative perceptions of safety can deter walking, even in areas deemed
“walkable” in terms of amenities, density, and road network connectivity [44–46]. To control for the
potential impact of crime on walkability, relative crime rates at the census tract level were obtained from
Applied Geographic Solutions (AGS) (http://www.appliedgeographic.com). AGS collects crime data
from the FBI’s Uniform Crime Report (UCR) and from individual cities, counties, and metropolitan
areas where available. Crimes are divided into four personal crime categories (murder, rape, robbery,
assault), and two property crime categories (burglary, larceny, motor theft). Currently available indexes
include crime estimates from 2008–2012 that have been weighted by population and aggregated to the
national total. This study utilized the total aggregate crime index to represent the relative “overall”
crime rate by census tract.

Given the enhanced accessibility and mobility an urban rail line can provide, housing closer
to fixed rail stations is expected to carry a cost premium, as well as potentially exhibit lower
affordability [47,48]. Forms of fixed rail transportation may induce development and gentrification
within central urban neighborhoods as they are generally viewed by developers and riders alike as
a more permanent and higher quality mode of transportation than a standard bus service [49–51].
Since many smaller urban areas have no intra-urban rail system, in the national-scale analysis a
binary yes/no variable was used to denote whether any rail station was within 2 km of a census tract.
Charlotte, Pittsburgh, and Portland, however, all have light rail systems, and thus rail proximity was
assessed for the three metropolitan case studies as the Euclidian distance from the center of each census
tract to the location of the nearest intra-urban rail station. Euclidian, rather than network, distance was
deemed adequate given that the estimation applied to the entire area of the census tract rather than
any specific address within.

The age of the housing stock is generally expected to reduce affordability, all other factors being
equal, as “newness” and the anticipated savings in initial home maintenance may be viewed as an
amenity much like floor space or lot size [52]. Unfortunately, census data do not include the median
age of housing stock at the census tract level; thus the percentage of housing built since 1980 (the
approximate median age of housing stock in the U.S. [53]) will be used as a proxy. Although larger
housing units are expected to command higher prices, the impact on dwelling size on affordability is
less clear. Lacking data on exact dwelling sizes by census tract, the average number of bedrooms per
residential unit will be serve as an estimate. Housing closer to employment centers are also expected
to carry a cost premium. Close proximity to employment reduces travel time and transportation costs,
which is often counter-balanced with an increase in housing cost and a reduction in affordability, all
other factors equal [34,54]. This study utilizes an employment access index (EAI) developed by HUD as
part of their of location affordability index [55]. The EAI “is calculated by summing the total number of
jobs divided by the square of the distance to those jobs.” In doing so, the index takes into consideration
“both the quantity of and distance to all employment destinations.” A more complete description of
the index and methodology is available through HUD’s report [55] and website. Finally, with less
land available and generally higher taxes and stricter zoning and land-use controls hampering new
construction [56,57], cities and communities located near the coast are expected to exhibit reduced
housing affordability. In line with Saiz [57], a 100 km buffer was used to denote whether a census tract
is “coastal” or “non-coastal” for the purpose of this study.

http://www.appliedgeographic.com
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All independent variables were calculated for each census tract as detailed above, while the
dependent variables (the three affordability indices) were calculated twice for each census tract: once
using the neighborhood median household income (i.e., “neighborhood scale”) and once using the
metropolitan median household income (i.e., “metropolitan scale”).

3. Results

3.1. National Analysis

Among the nationwide sample of census tracts, neighborhoods with higher walkability exhibited
significantly lower affordability for households residing in those neighborhoods, but were not
significantly less affordable for those households residing elsewhere in the metro (Table 1). This appears
to be the case for renters more so than home owners. The results suggest that housing is less affordable
for (mainly renter) households living in more walkable neighborhoods primarily due to lower
household incomes rather than increased housing costs (i.e., median earning households, on average,
do not “see” more walkable neighborhoods as carrying a housing cost premium). An examination of
household incomes across the nationwide sample of census tracts supports this theory; households in
more walkable census tracts (walk score ≥70) had significantly lower average incomes (x = 52,826)
than those in less walkable (walk score ≤50) census tracts (x = 63,177).

Importantly, walk score and employment accessibility never appear together in the same
regression model, yet one is present in all but one model at the national level. Statistically, this is
due to a high degree of correlation between the two variables (r2 = 0.644, p < 0.001). As primarily a
measure of amenity density, walk score may be expected to be higher in more central locations
where employment density and accessibility is also elevated. The two variables thus measure
complimentary features of the urban landscape, since retail, commercial, and civic/public spaces
tend to cluster together. Both walkability and employment accessibility are expected to be high near
central and suburban business districts, and other nodes of heightened activity within the increasingly
polycentric metropolis.

In addition to employment density, several other control variables were statistically significant
nationwide at the neighborhood and/or metropolitan scale (Table 1). Census tracts with higher crime
scores were more affordable at the metropolitan scale for both home owners and renters combined,
and for home owners only. This was anticipated given that safer neighborhoods are expected to
garner a cost premium. Interestingly, however, the crime score was negatively associated with housing
affordability for renters at both the neighborhood and metropolitan scales (i.e., higher crime rates were
associated with higher housing stress for renters already living in a particular neighborhood, as well
as renters looking to move into a neighborhood from elsewhere within the metropolitan boundary).
The higher crime rates in less affordable areas, as experienced by renters, may reflect the tendency of
city centers to have a relatively high proportion of renters as well as elevated crime rates (compared
with the national average). Housing within city centers with good employment accessibility are
becoming more desirable and increasingly unaffordable, perhaps faster than crime rates are declining.
Home owners, who are expected to make a more substantial and longer-term investment in their
property, may be more risk-averse and sensitive to crime rates and other indicators of neighborhood
quality (e.g., litter, graffiti) [58].

Where significant in the regression models, percent of housing built since 1980 and proximity to
the coast (within 100 km) were negatively associated with housing affordability, while the number of
bedrooms was positively associated. Newer housing closer to the coast may be expected to reduce
housing affordability for home owners in particular. No such association was observed for renters;
however, the number of bedrooms was positively related to affordability at both the neighborhood
and metropolitan scale. The positive association between the number of bedrooms and housing
affordability appears to be a consequence of suburban areas, which generally feature larger detached
homes, exhibiting higher average housing affordability than inner city areas as measured using the
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income-to-housing expense ratios employed in this study. A closer examination of the correlation
between the average number of bedrooms per dwelling and CHAI reveals maximum affordability
around 2.5–3 bedrooms, with affordability declining below two or above four.

All models developed for the national level analysis were statistically significant (p < 0.001),
with independent variables accounting for approximately 40 and 27 percent of the variability in
combined housing affordability for households who live within (i.e., “neighborhood scale”) and
outside (i.e., “metropolitan scale”) the neighborhood, respectively.

Table 1. Results of the OLS regression analysis (stepwise procedure) of randomly selected census tracts
(N = 2300) within U.S. urbanized areas, with the log (10) of the combined renter and owner (CHAI),
owner only (HAI), and renter only (RAI) housing affordability indices as the dependent variables.

Neighborhood Scale Metropolitan Scale

B S.E. Sig. B S.E. Sig.

Renter + Owner
Constant 2.040 0.018 <0.001 2.880 0.043 <0.001
Walk Score −0.002 <0.001 <0.001 – – –
‡ Crime Index – – – 0.040 0.005 <0.001
Rail Within 2 km – – – – – –
Coast Within 100 km −0.088 0.006 <0.001 −0.085 0.007 <0.001
‡ Employment Access – – – −0.069 0.004 <0.001
‡ % Housing Post-1980 – – – −0.036 0.004 <0.001
No. Bedrooms 0.044 0.003 <0.001 – – –

Model r2 0.398 0.267

Owner Only
Constant 3.018 0.051 <0.001 2.89 0.087 <0.001
Walk Score – – – – – –
‡ Crime Index – – – 0.125 0.007 <0.001
Rail Within 2 km – – – – – –
Coast Within 100 km −0.159 0.008 <0.001 −0.125 0.010 <0.001
‡ Employment Access −0.094 0.004 <0.001 −0.093 0.005 <0.001
‡ % Housing Post-1980 – – – −0.038 0.005 <0.001
No. Bedrooms 0.042 0.003 <0.001 – – –

Model r2 0.428 0.352

Renter Only
Constant 2.215 0.030 <0.001 1.956 0.039 <0.001
Walk Score −0.001 <0.001 <0.001 – – –
‡ Crime Index −0.035 0.004 <0.001 −0.056 0.003 <0.001
Rail Within 2 km – – – – – –
Coast Within 100 km – – – – – –
‡ Employment Access – – – 0.021 0.003 <0.001
‡ % Housing Post-1980 – – – – – –
No. Bedrooms 0.011 0.003 <0.001 0.026 0.002 <0.001

Model r2 0.116 0.204
‡ log-transformed.

3.2. Case Studies

Across the three case study cities (Tables 2–4), walk score was a significant predictor of housing
affordability in only two models: in Pittsburg at the neighborhood scale and in Portland at the
metropolitan scale (renters only). Interestingly, walk score was not a significant predictor of housing
affordability for either home owners or renters separately in Pittsburgh, but was significant when
considering both owners and renters together using the combined housing affordability index (Table 3).
As observed at the national level, housing affordability was negatively associated with walk score at
the neighborhood level in Pittsburgh, and the metropolitan level in Portland. That is, median earning
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households of more walkable neighborhoods in Pittsburgh may experience a modest price premium
when controlling for home size and age, while renter households in Portland “saw” more walkable
neighborhoods within the metro as less affordable when controlling for crime and housing age. In both
Charlotte and Pittsburgh, employment access was significantly and negatively associated with housing
affordability, for owners in particular. Similar to the national scale analysis, employment access
appeared to overshadow any impact walk score might have on housing affordability for homeowners.
This may be especially true for Charlotte, which had few highly walkable neighborhoods, all clustered
around the central business district (Figure 1).

Focusing on each of the three case study areas individually, Figures 1–3 highlight distinct patterns
of walkability and combined owner/renter housing affordability (CHAI) by census tract. Census
tracts with high walkability but low affordability are of particular concern because these represent
neighborhoods where walkability, viewed as a positive amenity, may be difficult to afford for the
average neighborhood or metropolitan household. In Charlotte, there were relatively few census
tracts, mainly clustered around the urban core, with walk scores ≥ 50. Only three of these tracts
exhibited relatively low housing affordability (and the potential for housing stress; CHAI < 100),
yet this accounted for about 15 percent of Charlotte’s more walkable tracts. Additionally, all three
tracts are considered less affordable at the metropolitan scale, suggesting that these neighborhoods
(centered around Dilworth and the South End; Figure 4) are potentially unaffordable for median income
households residing within the region (and almost certainly unaffordable for lower income, renter
households). This area of the city offers enhanced access to the downtown central business district
(CBD) and other employment/retail centers along Charlotte’s LYNX light rail system, potentially
off-setting some of the housing premium with reduced transportation costs. Note that Charlotte has a
relatively affordable housing market overall; the three less-affordable tracts are all located within the
more walkable and accessible urban core.

Similar to Charlotte, Pittsburgh exhibited relatively high housing affordability overall, with only
six census tracts with CHAI values less than 100 (Figure 2). These “less-affordable” census tracts
were also all centrally located, with four of the six having a walk score greater than 50. Nearest
downtown, this included two census tracts with low housing affordability for both neighborhood and
metro residents. Located within the Hill District of central Pittsburgh, these tracts are home to new
infill/redevelopment projects including the Skyline Terrace mixed-income row house development
(Figure 5), recently completed in 2016, and the Bedford Hill Apartment townhomes. Importantly,
over 90 percent of households within these two tracts are renters, and the annual income disparity
between renter and owner households in Pittsburgh is substantial ($30k vs. $67k). Thus, while these
areas remain an affordable option for the average owner household, they may represent sites of
housing stress for the average Pittsburgh renter household, especially those lacking housing subsidies.
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Table 2. Results of the OLS regression analyses (stepwise procedure) for the Charlotte, NC urbanized
area, with the log (10) of the combined renter and owner (CHAI), owner only (HAI), and renter only
(RAI) housing affordability indices as the dependent variables.

Neighborhood Scale Metropolitan Scale

B S.E. Sig. B S.E. Sig.

Renter + Owner
Constant 2.991 0.101 <0.001 3.363 0.146 <0.001
Walk Score – – – – – –
‡ Crime Index – – – 0.135 0.017 <0.001
‡ Distance to Rail – – – – – –
‡ Employment Access −0.075 0.010 <0.001 −0.175 0.018 <0.001
‡ % Housing Post-1980 – – – – – –
No. Bedrooms – – – – – –

Model r2 0.230 0.345

Owner Only
Constant 2.143 0.058 <0.001 3.456 0.233 <0.001
Walk Score – – – – – –
‡ Crime Index 0.101 0.014 <0.001 0.327 0.027 <0.001
‡ Distance to Rail – – – – – –
‡ Employment Access −0.094 0.015 <0.001 -0.261 0.028 <0.001
‡ % Housing Post-1980 – – – – – –
No. Bedrooms – – – – – –

Model r2 0.230 0.443

Renter Only
Constant 1.782 0.065 <0.001 2.530 0.050 <0.001
Walk Score – – – – – –
‡ Crime Index 0.045 0.013 <0.001 −0.111 0.010 <0.001
‡ Distance to Rail – – – – – –
‡ Employment Access – – – – – –
‡ % Housing Post-1980 – – – −0.29 0.008 <0.001
No. Bedrooms – – – – – –

Model r2 0.056 0.372
‡ log-transformed.
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Table 3. Results of the OLS regression analyses (stepwise procedure) for the Pittsburgh, PA urbanized
area, with the log(10) of the combined renter and owner (CHAI), owner only (HAI), and renter only
(RAI) housing affordability indices as the dependent variables.

Neighborhood Scale Metropolitan Scale

B S.E. Sig. B S.E. Sig.

Renter + Owner
Constant 2.280 0.052 <0.001 2.473 0.021 <0.001
Walk Score −0.001 <0.001 <0.001 – – –
‡ Crime Index – – – – – –
‡ Distance to Rail – – – – – –
‡ Employment Access – – – – – –
‡ % Housing Post-1980 −0.032 0.008 <0.001 −0.066 0.012 <0.001
No. Bedrooms 0.033 0.007 <0.001 – – –

Model r2 0.233 0.084

Owner Only
Constant 2.446 0.041 <0.001 1.986 0.071 <0.001
Walk Score – – – – – –
‡ Crime Index 0.028 0.008 0.001 0.124 0.016 <0.001
‡ Distance to Rail – – – – – –
‡ Employment Access – – – – – –
‡ % Housing Post-1980 −0.043 0.008 <0.001 – – –
No. Bedrooms – – – – – –

Model r2 0.140 0.155

Renter Only
Constant 1.816 <0.001 <0.001 1.074 0.170 <0.001
Walk Score – – – – – –
‡ Crime Index 0.046 0.011 <0.001 – – –
‡ Distance to Rail – – – – – –
‡ Employment Access – – – – – –
‡ % Housing Post-1980 – – – – – –
No. Bedrooms – – – 0.050 0.008 <0.001

Model r2 0.054 0.111
‡ log-transformed.
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Table 4. Results of the OLS regression analyses (stepwise procedure) for the Portland, OR urbanized
area, with the log(10) of the combined renter and owner (CHAI), owner only (HAI), and renter only
(RAI) housing affordability indices as the dependent variables.

Neighborhood Scale Metropolitan Scale

B S.E. Sig. B S.E. Sig.

Renter + Owner
Constant 2.773 0.060 <0.001 3.147 0.078 <0.001
Walk Score – – – – – –
‡ Crime Index – – – – – –
‡ Distance to Rail – – – – – –
‡ % Housing Post-1980 – – – – – –
‡ Employment Access −0.060 0.006 <0.001 -0.097 0.007 <0.001
No. Bedrooms – – – – – –

Model r2 0.238 0.306

Owner Only
Constant 2.941 0.064 <0.001 3.428 0.133 <0.001
Walk Score – – – – – –
‡ Crime Index – – – – – –
‡ Distance to Rail – – – – – –
‡ % Housing Post-1980 – – – – – –
‡ Employment Access −0.071 0.006 <0.001 -0.117 0.013 <0.001
No. Bedrooms – – – – – –

Model r2 0.279 0.197

Renter Only
Constant 2.146 0.026 <0.001 2.382 0.031 <0.001
Walk Score – – – −0.001 <0.001 0.002
‡ Crime Index – – – −0.051 0.007 <0.001
‡ Distance to Rail – – – – – –
‡ % Housing Post-1980 – – – −0.028 0.005 <0.001
‡ Employment Access – – – – – –
No. Bedrooms −0.022 0.005 0.001 – – –

0.059 0.288
‡ log-transformed.
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Figure 1. The spatial relationship between (A) walkability and housing affordability calculated at the
(B) neighborhood and (C) metropolitan scale for census tracts within the urbanized area of Charlotte,
NC. Of particular interest is where (D) relatively high walkability and low housing affordability overlap.
The comprehensive housing affordability index (CHAI) was calculated by summing the standardized
housing affordability for home owners and renters, and weighing each based on their proportion
within each census tract.

Among the three case study cities, Portland, Oregon exhibited by far the largest number and
proportion of “walkable” census tracts, as well as the greatest potential for housing stress among
the three case study cities (Figure 3). About half of Portland’s census tracts with less affordable
housing—those with a neighborhood or metropolitan CHAI < 100—exhibited walk scores of 50 or
above, and 45 percent had walk scores of ≥ 70, indicating “very walkable” conditions. The enhanced
walkability and reduced housing affordability may be due in part to Portland’s urban containment
policies, most notably the use of an urban growth boundary (UGB), as well as local gains in employment
and income [59,60]. The majority of more walkable census tracts with relatively low housing
affordability were located within 5 km of downtown (Figure 3E) and included the CBD as well as parts
of the popular Northwest District (Figure 6), Irvington/Alameda, and East Portland neighborhoods.
Portland also has several auto-dependent neighborhoods with low housing affordability relative to
the average Portland household, mainly spread across the forested hills west and south of downtown.
Lastly, there appeared to be some housing stress for residents of Portland’s mostly auto-dependent
northwestern suburbs, where incomes are moderate but housing costs are relatively high, particularly
for home owners. As these three case studies demonstrate, the degree of overlap between high
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walkability and low affordability census tracts, and their spatial patterns, varied among urban areas,
but tended to cluster around the urban core.Urban Sci. 2018, 2, x FOR PEER REVIEW  13 of 21 
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Figure 2. The spatial relationship between (A) walkability and housing affordability calculated at the
(B) neighborhood and (C) metropolitan scale for census tracts within the urbanized area of Pittsburgh,
PA. Of particular interest is where (D) relatively high walkability and low housing affordability overlap.
The comprehensive housing affordability index (CHAI) was calculated by summing the standardized
housing affordability for home owners and renters, and weighing each based on their proportion
within each census tract.
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Figure 3. The spatial relationship between (A) walkability and housing affordability calculated at the
(B) neighborhood and (C) metropolitan scale for census tracts within the urbanized area of Portland,
OR. Of particular interest is where (D) relatively high walkability and low housing affordability overlap,
most notably prominently around (E) the city center. The comprehensive housing affordability index
(CHAI) was calculated by summing the standardized housing affordability for home owners and
renters, and weighing each based on their proportion within each census tract.
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4. Discussion and Conclusions

With the exception of the Portland case study, no statistically significant relationship was observed
between housing affordability and walkability at the metropolitan scale, suggesting that median
income households in many areas of the country currently have adequate access to affordable housing
in walkable neighborhoods located within their own metropolitan area. While this may sound
encouraging, it is important to emphasize that half of households earn less than the median income,
and thus for a significant portion of the population, walkable areas, many of which carry a cost
premium [28,30,31,61,62], may be increasingly difficult to afford. It is recommended that future
investigations consider housing affordability for households earning perhaps 50 or 30 percent of
the median.

For renters and households earning less than the median income already living in walkable
neighborhoods, housing stress may be acute; walkability was negatively related to housing affordability
at the neighborhood scale across the national sample of census tracts, as well as in Pittsburgh. In
Portland, where a statistically significant relationship was observed between housing affordability and
walkability at the metropolitan scale, several walkable, inner-city census tracts exhibited relatively
low housing affordability for either those living in the neighborhood or for the average metropolitan
household. Additionally, all census tracts in Charlotte with particularly low housing affordability were
located in a walkable region of the city in close proximity to downtown and the LYNX light rail line.
Together, these case studies imply the potential for inequitable access to affordable housing within more
centralized, walkable urban communities, echoing concerns raised in previous research [24–27,63].
Even in those models in which walkability was not a significant predictor of housing affordability,
employment accessibility frequently was, with more central and accessible locations most often
associated with higher housing stress.

Though new insights have been gained regarding the potential relationships between housing
affordability and neighborhood walkability among U.S. urban areas, the present study has important
limitations that could be addressed by future research. First, this investigation focused on housing
affordability specifically and did not consider additional location-specific household costs such as
transportation. Thus, while households may spend more on housing in denser, more walkable
neighborhoods, this extra expense could be partially offset with reductions in costs related to
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automobile ownership and use [34,64]. Transportation costs, however, are highly variable and may be
challenging to estimate accurately for the purpose of policy prescription given differences related to
household size, geographic location, transportation choices and accessibility, individual preferences
and behaviors, among other factors [56]. Nevertheless, the use of a comprehensive location affordability
index could provide a more complete view of walkability’s impact on affordability.

Second, the scope of the study could be widened by examining the affordability–walkability
nexus in cities higher and lower in the urban hierarchy, as well as cities in other countries. Cities with
particularly acute housing shortages, such as San Francisco, San Jose, and New York City, may provide
instructive case studies. It may also be fruitful to compare differences in the spatial relationships
between affordability and walkability in larger versus smaller metropolitan areas (the three case study
metros presented here were of approximately the same size class). Finally, changes in affordability in
relation to neighborhood walkability over time would provide a clearer picture of walkability as an
equity concern, with forces, such as financialization, neoliberalization, globalization, and gentrification,
seemingly placing ever-greater pressure on urban housing markets [65–67].

Third, the relationship between housing affordability and walkability is likely to change over time,
with gentrification of inner-city neighborhoods being an on-going, dynamic process. To fully gauge
whether lower income groups are becoming increasingly excluded from more central and walkable
neighborhoods, a time series will be needed to compare changes in affordability with changes in
walkability, employment accessibility, and other place-based amenities. Future research should thus
attempt to assess and track these variables over time.

Fourth and finally, geographically-weighted regression (GWR) was not utilized in this study
due to the non-contiguous nature of the census tracts at the national level, and the relatively limited
number (≈200) of census tracts available for each of the three individual case study cities, particularly
Charlotte. It may be possible, however, to use GWR to compare more extensive metropolitan areas or
to investigate smaller metropolitan areas in which data has been aggregated at a finer areal unit size
such as census block groups. GWR may enable a more precise analysis by taking into account local
variations in the relationship between dependent (housing affordability) and independent (walkability,
etc.) variables [68].

While the results of this investigation demonstrate place-specific variations in the
walkability-housing affordability interface, overall there is reason for concern that households earning
the median income or below may have more limited access to safe, walkable neighborhoods proximal
to job centers. Currently, there appears to be a stronger connection between employment accessibility
and housing affordability than between walkability and affordability, suggesting that a more pressing
concern may be inadequate affordable housing in employment-rich locations. Policy focused on
providing affordable housing in walkable areas with ample transit and employment accessibility
should be a priority for city leaders and administrators. The availability of efficient, safe transit
systems can reduce household transportation costs and further reduce the financial burden of housing
in central, amenity-rich areas with higher land values. As frequently the most visible and significant
household expenditure, improving the actual and perceived affordability of housing in walkable urban
neighborhoods is paramount to the development of cities that are equitable, sustainable, and inclusive.
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