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Gentrification, Mobility, and Exposure to Contextual
Determinants of Health
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ABSTRACT
This study examines exposure to four contextual Determinants of Health
(cDOH): healthcare access (Medically Underserved Areas), socioeconomic
condition (Area Deprivation Index), air pollution (Nitrogen Dioxide (NO2),
Particulate Matter 2.5 (PM 2.5) and Particulate Matter 10 (PM 10)), and
walkability (National Walkability Index) among residents of gentrifying
and not gentrifying lower income neighborhoods in central cities for
the 100 largest metropolitan regions in the US using their location in
2006 and 2019 based on individual level consumer trace data.
Individuals who lived in gentrifying neighborhoods as of 2006 had
more favorable cDOH in terms of MUA, ADI and Walkability Index and
similar levels of pollution. Between 2006 and 2019, they experienced
worse changes in MUAs, ADI, and Walkability Index but a greater
improvement in exposure to air pollutants. The negative changes are
driven by movers, while stayers actually experience a relative improve-
ment in MUAs and ADI and larger improvements in exposure to air pol-
lutants. The findings indicate that gentrification may contribute to
health disparities through changes in exposure to cDOH through mobil-
ity to communities with worse cDOH among residents of gentrifying
neighborhoods although results in terms of exposure to health pollu-
tants are mixed.
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The health and well-being of residents of gentrifying areas is an area of growing research and
policy attention (Gibbons et al., 2018; Schnake-Mahl et al., 2020; Smith et al., 2020). Gentrification
can be defined as the process through which communities with relatively low- and moderate-
income residents experience a rapid rise in their relative socioeconomic position. Gentrification
affects housing affordability for both owners and renters, leading to potential constrained out-
migration. There is evidence both of endogenous changes in factors such as improved green
spaces that may affect health in gentrifying neighborhoods differently for residents with varying
socioeconomic status (Cole et al., 2019; Pearsall & Eller, 2020) and of changes in neighborhood
environment for residents who move out of gentrifying neighborhoods (Brummet & Reed, 2019).
There is also strong evidence of disparities in terms of health outcomes and contextual (i.e.,
area-level) determinants of health (cDOH) across communities (Braveman et al., 2011; Braveman
& Gottlieb, 2014; Diez Roux & Mair, 2010). The main contribution of the present study is to pro-
vide evidence of the contribution of mobility to changes in contextual exposures using informa-
tion about origins and destinations for a large sample of movers.
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This study analyzes cDOH for residents of gentrifiable neighborhoods, defined as low- and
moderate-income tracts with household median income below 80% of the metropolitan region
median income, as of 2000. It uses their location in 2006 and 2019 in consumer trace data to
examine how residing in neighborhoods categorized as gentrifying between 2000 and 2019 and
the resulting different mobility patterns of residents led to changes in exposure to selected
cDOH for residents of gentrifying tracts relative to residents of tracts that are not gentrifying, in
the principal cities of the 100 largest metropolitan regions. We focus on the following four key
types of cDOH that have been shown to contribute to disparities in health outcomes (Diez Roux
& Mair, 2010; Schnake-Mahl et al., 2020; Smith et al., 2020) and for which measures are available
nationwide: healthcare access, socioeconomic condition, air pollution, and walkability.

The findings show that residents of gentrifying neighborhoods tend to have cDOH that are
more favorable than those of other low- and moderate-income households; however, mobility
patterns in gentrifying neighborhoods lead to worsening cDOH exposure. These findings indicate
that changes in exposure to cDOH may be a pathway through which gentrification can affect
health disparities.

The first section reviews the evidence on the connection between gentrification and changes
in exposure to social determinants of health. The second section presents the consumer trace
data used in this paper, along with the measures of cDOH and the analytic model. The third sec-
tion reports the findings of worse changes in terms of healthcare access, socioeconomic condi-
tion, and walkability for residents of gentrifying neighborhoods, and mixed findings in terms of
exposure to air pollution. The fourth section discusses the implications for research on the link
between gentrification and health.

Background: Relationship of Gentrification to Social Determinants of Health
Through Residential Mobility and Changes to the Built and Social Environment

Place and Health: The Importance of Contextual Social Determinants of Health

The impact of neighborhoods on health is well established, along with the effect of differences
in residential environments on social and racial/ethnic inequities in health (Braveman et al., 2011;
Braveman & Gottlieb, 2014; Diez Roux & Mair, 2010), including specifically in the context of gen-
trification (Gibbons et al., 2018; Schnake-Mahl et al., 2020; Smith et al., 2020). Analysis from the
National Center for Health Statistics for the 2010–2015 period shows that life expectancy can
vary greatly across small areas (Arias et al., 2018). In Philadelphia, for example, life expectancy at
birth varies from 70 in the lower income and not gentrifying neighborhood of Greys Ferry, to 76
in gentrifying Point Breeze, to 84 in the higher income neighborhood of Fitler Square (Robert
Wood Johnson Foundation, 2021). This represents a 14-year range in life expectancy in neighbor-
hoods that are located within less than 1.5 miles of each other.

There is extensive research on how differences in the neighborhood environment impact
health outcomes (Braveman et al., 2011; Diez Roux & Mair, 2010). The natural, built and social
environment in which individuals reside impacts their health outcomes both directly through
increased exposure to pollutants, or more costly (financially and in terms of time) access to
health services or physical activity and indirectly by affecting behaviors in health-promoting or
-deleterious ways. We adopt the term of contextual determinants of health (cDOH) to refer to
these place-based determinants of heath that operate through the residential environment to
which individuals are exposed.

Key cDOH that have been identified and analyzed in the literature include pollution, access to
green spaces, neighborhood deprivation, crime, smoking and drinking behaviors, and access to
healthcare, with evidence of negative impact on a range of health outcomes including chronic
diseases (specifically obesity and related risk factors and outcomes like heart diseases and dia-
betes) and mental health (specifically depression) (Braveman et al., 2011; Brown et al., 2016; Diez
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Roux & Mair, 2010; Duncan et al., 2012; Gentili et al., 2015; Schnake-Mahl et al., 2020; Schnake-
Mahl & Sommers, 2017; Scribner et al., 2017; Shi et al., 2005; Wen et al., 2013). These place-based
factors are often correlated with each other, with the same neighborhoods having high levels of
deprivation as captured through an area deprivation index (ADI) also having high levels of crime
and limited access to healthy food. Given the lack of data available at the neighborhood level
for some of these indicators, the ADI can serve as a proxy for overall neighborhood condition,
but direct measures of crime or health-deleterious behaviors at small geographies deserve fur-
ther study.

The impact of other cDOH, such as social capital or availability of healthy food options, also
has conceptual grounding (Carpiano, 2006) and suggestive but still uncertain empirical evidence
of impact on health outcomes (Ahnquist et al., 2012; Braveman et al., 2011; Braveman & Gottlieb,
2014; Carlson & Chamberlain, 2003; Diez Roux & Mair, 2010) despite a potential important rela-
tionship with gentrification. In particular, with regards to social capital, measures of social cohe-
sion based on willingness, belonging and trust developed through survey responses (Gibbons &
Barton, 2016) have been shown to be associated with positive reported health outcomes. Such
measures would be helpful given that gentrification has been linked to changes in social cohe-
sion (Gibbons & Barton, 2016; Schnake-Mahl et al., 2020) but are not available at the neighbor-
hood level nationwide.

There is well-established evidence of inequality in exposure to cDOH based on individual soci-
odemographic characteristics, with lower income individuals experiencing substantially worse
cDOH, and minority households more likely to experience worse cDOH as well (Braveman et al.,
2011; Diez Roux & Mair 2010; Gentili et al., 2015; Schnake-Mahl & Sommers, 2017). In particular,
there is evidence of worse access to healthcare (Streeter et al., 2020), worse exposure to air pol-
lution (Kravitz-Wirtz et al., 2016; Kravitz-Wirtz et al., 2018; Liu et al., 2021), and lower walkability
(Duncan et al., 2012) in low- and moderate-income neighborhoods. In addition, there is evidence
that migration patterns can exacerbate environmental inequality when examining exposure to
industrial hazard (Crowder & Downey, 2010; Pais et al., 2014).

In this study, we focus on key cDOH that have been shown to directly affect mental and
physical health outcomes and contribute to socioeconomic and racial/ethnic health disparities
(Diez Roux & Mair, 2010; Schnake-Mahl et al., 2020; Smith et al., 2020). Based on recent reviews
of the literature on the relationship between gentrification and health (Cole 2020; Firth et al.,
2020; Gibbons et al., 2018; Schnake-Mahl et al., 2020; Smith et al., 2020), we selected cDOH that
operate based on place of residence and for which adequate proxy measures can be
obtained nationwide.

Gentrification and Health

Empirical evidence has linked gentrification to increased health disparities. Within the wider lit-
erature on cDOH, the role of gentrification is an area of recent attention (Cole, 2020; Firth et al.,
2020; Gibbons et al., 2018; Schnake-Mahl et al., 2020; Smith et al., 2020). The increased attention
to the relationship between gentrification and health has coincided with a rise in the share of
low- and moderate-income neighborhoods that experienced gentrification in the 2000s and
2010s (Martin, 2017). It also marks the increasing recognition that social forces like structural
racism that result in residential segregation and are reinforced by spatial separation shape
household access to neighborhoods in ways that exacerbate health disparities associated with
individual characteristics (Acevedo-Garcia et al., 2003; Williams & Collins, 2016).

Gentrification may contribute to health disparities through increased housing instability, with
displaced residents at higher risk of losing social connections and being exposed to more dele-
terious neighborhood environments (Bhavsar et al., 2020; Cole, 2020; Firth et al., 2020; Gibbons
et al., 2018; Schnake-Mahl et al., 2020, Smith et al., 2020). Gentrification has potentially beneficial
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impacts on the health outcomes of long-term residents who remain in their neighborhood,
through increased public and private investments that lead to improvements in neighborhood
physical and social environments. There is evidence in the literature of increased green space
quantity and quality, health-promoting retail environments and services, and reductions in crime
in gentrifying neighborhoods (Smith et al., 2020). On the other hand, gentrification may nega-
tively impact the well-being and health of the original residents—more likely to be people of
color—sthrough increases in housing cost burden (resulting in trade-offs on expenditures for
basic goods and services such as food and healthcare) and changes to the physical and social
environment leading to loss of community (Hwang & Lin, 2016; Smith et al., 2020). Renters on
fixed incomes (elderly or disabled) are particularly at risk of displacement (Hwang & Lin, 2016).
Smith et al., (2020) find that people of color in gentrifying neighborhoods are more likely to
experience negative residential and health outcomes. The same processes of structural racism
that maintain health disparities may also lead people of color to experience greater worsening in
cDOH, in response to gentrification. An analysis of individual data for California finds that Black
residents of gentrifying neighborhoods experienced increased levels of fair/poor self-rated health,
but the same difference was not found for other racial/ethnic groups (Izenberg et al., 2018).
Using national data from the Centers for Disease Control and Prevention (CDC)’s 500 Cities pro-
ject, another study finds a positive association between levels of recent gentrification and self-
rated health of neighborhood residents but significantly higher rates of poor self-rated health in
gentrified tracts with larger Black and Hispanic populations (Gibbons et al., 2018). These studies
are limited by the fact that they focus on residents remaining in, or moving to, gentrifying
neighborhoods, and their inability to explore health outcomes for former residents of gentrified
neighborhoods. To date, we have limited evidence about whether the destination neighbor-
hoods of individuals who leave gentrifying neighborhoods have different characteristics in terms
of cDOH that could result in greater exposure to health-enhancing or -deleterious environments.

Measuring Gentrification and Its Impact on Residential Trajectories

A challenge of the literature on the impact of gentrification has been to agree on definitions of
gentrification. The extant research has developed different definitions of gentrification that can
be derived from available census data at the neighborhood level (using census tracts), such as
changes in resident socioeconomic characteristics (proxied by income and educational attain-
ment) and local housing costs (generally rent) relative to costs in the broader metropolitan
region (Bhavsar et al., 2020; Brummet & Reed, 2019; Dragan et al., 2020; Firth et al., 2020;
Johnson et al., 2022; Preis et al., 2021). Alternative measures have been proposed that rely on
the participation of local communities, attempting to incorporate dimensions such as loss of cul-
tural anchors, and displacement risk (Bhavsar et al., 2020; Firth et al., 2020). Given the national
scale of this study we rely on definitions that can be produced based on census data. We follow
the existing literature and rely on existing definitions that have been implemented for large
national samples of metropolitan areas based on changes in educational attainment, income and
rent at the tract level (Brummet & Reed, 2019; Dragan et al., 2020), acknowledging how various
definitions lead to different sets of neighborhoods being categorized as gentrifiable, gentrifying
or gentrified, sometimes with limited overlap (Preis et al., 2021). The variation in which neighbor-
hoods are classified as gentrifying is not only a measurement issue but has implications for
agreeing on the magnitude of the phenomenon of gentrification and what neighborhoods
are affected.

Recent research has shown that although most low- and moderate-income tracts are not gen-
trifying, the pace of gentrification has accelerated over the last few decades in cities across the
U.S., increasing the relevance of its potential impacts on health (Brummet & Reed, 2019; Ding
et al., 2016; Dragan et al., 2020; Maciag, 2015; Martin, 2017). Martin (2017) finds that the share of
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neighborhoods classified as gentrifying increased from 3.5% between 1980 and 1990 to 7.1%
between 2000 and 2010 under a strict definition of gentrification.

The increased prevalence of gentrification in urban centers reflects the increased demand for
central locations by higher income households with higher levels of education (Brummet & Reed,
2019; Couture & Handbury, 2020). In some regions, the increased demand for centrally located
neighborhoods that have good access to employment and consumption amenities results in
increased housing costs that lead to mobility out of those neighborhoods by long-term residents
who cannot afford the new rents or the increased property taxes (Hwang and Lin, 2016). In
many other cities, disinvestment in central neighborhoods continues to be the main challenge,
particularly in legacy cities (Brophy, 2016).

Some progress has recently been made in establishing mobility patterns for gentrifying neigh-
borhoods, but important debates remain about the prevalence and magnitude of displacement,
defined as forced move out of gentrifying neighborhoods. Existing quantitative research on gen-
trification has focused on estimating whether gentrification leads to higher levels of mobility
(Brummet & Reed, 2019; Ding et al., 2016; Dragan et al., 2020) and how gentrification affects
household welfare (Couture et al., 2019; Su, 2018) with a particular focus on outcomes for chil-
dren (Brummet & Reed, 2019; Dragan et al., 2019).

The link between gentrification and displacement, defined as constrained moves that force
residents out of their original community into other neighborhoods, is a source of major concern
for community organizations and policymakers as well as researchers (Brummet & Reed, 2019;
Gibbons & Barton, 2016). The hypothesized link between gentrification and displacement is sup-
ported by the fact that a defining feature of gentrification is an increase in housing costs that
would lead households who cannot afford these costs to move to more affordable neighbor-
hoods. However, empirical evidence has failed to produce estimates of high levels of increased
mobility, including outmigration as a result of gentrification (Brummet & Reed, 2019; Ding et al.,
2016). The evidence to date suggests that gentrification has a moderate to nonexistent impact
on overall mobility, including mobility out of gentrifying neighborhoods (Brummet & Reed, 2019;
Ding et al., 2016; Dragan et al., 2020). However, when residents of gentrifying neighborhoods do
move, they tend to migrate longer distances than similar residents in nongentrifying neighbor-
hoods do, a process that may be indicative of displacement (Brummet & Reed, 2019).

Whether gentrification causes substantially higher levels of residential mobility is still an
unsettled question but might reflect the overall high level of residential mobility (or instability)
among low- and moderate-income households and the high level of neighborhood migration,
with gentrification forces only marginally worsening levels of mobility but resulting in different
forms of mobility as a result of the displacement nature of the moves. Displacement and the
strains associated with the fear of displacement have been tied to negative mental and physical
health outcomes (Fullilove, 1996, 2016; Gibbons & Barton, 2017; Manzo, 2003). Even if gentrifica-
tion does not cause higher mobility beyond the already high level of mobility experienced by
residents of low- and moderate-income neighborhoods, original residents of gentrifying neigh-
borhoods might still experience worse outcomes in terms of cDOH when they move if their des-
tination neighborhood has less desirable characteristics than their neighborhood of origin did.
The issues of (a) whether gentrification results in higher levels of mobility and (b) whether dis-
placement through gentrification results in changes in exposure to cDOH are both unsettled.

In terms of changes in environment, there is evidence that adults and children who are able
to stay in gentrifying neighborhoods experience some improvements in terms of economic
opportunity (Brummet & Reed, 2019) and health outcomes (Dragan et al., 2019) but that those
who move experience negative outcomes such as longer commutes and negative health out-
comes (Dragan et al., 2019; Lim et al., 2017). Dragan et al., (2019) look at health outcomes of
children enrolled in Medicaid in New York City and do not find an overall effect of experiencing
gentrification on health system use or diagnoses of asthma and obesity but do find a moderate
increase in diagnoses of anxiety and depression. Lim et al., (2017), also in New York City, look at
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emergency visits and hospitalization and find higher likelihood among movers relative to those
who remained, mainly due to mental health issues.

Among studies looking at the outcomes of gentrification on original residents, Brummet and
Reed (2019) are able to produce robust population-level estimates using restricted-access census
microdata from the 2000 decennial census and the 2010–2014 American Community Survey
(ACS) to examine the potential impact of gentrification on intergenerational economic mobility
in the top 100 metropolitan areas. These data allow the authors to identify mobility for a large
and representative sample, but their analysis focuses on economic opportunity and does not
include cDOH measures.

The findings from the other studies rely on large trace data: Medicaid data for New York City
for Dragan et al., (2020) and credit data from the Federal Reserve Bank of New York (FRBNY)
Consumer Credit Panel/Equifax (CCP) data for Ding et al., (2016). The consumer data used in this
study represent another source of trace data that has been used to examine migration (Phillips,
2020). Trace data allow researchers to obtain detailed location information for a broad number
of individuals, but that information is an outcome of regular operations such as the operation of
the Medicaid program or establishing a credit profile for the CCP and is not collected for
research purposes. The location signal associated with the address of the individuals in these
databases is valuable to identify mobility, but external validity is limited by the data coverage
and the source ability to link individual records over time. The present study benefits from the
fact that the consumer trace data are mostly used for mail advertising purposes, and accurate
mailing information is therefore a key feature of the data set. In addition, it comprises a broader
range of households than credit data by including households that may lack credit activity.

Data and Methods

We use individual-level consumer data with high spatial specificity (with geographic coordinates
corresponding to addresses) provided by Data Axle for the period 2006–2019 and block group-
level measures of cDOH in the 100 largest U.S. metropolitan regions. This allows us to examine
how gentrification affects exposure to key cDOH known to contribute to social and racial/ethnic
disparities in health outcomes through differences in mobility patterns for residents of low- and
moderate-income neighborhoods that are gentrifying or not. Table 1 summarizes the variables
used in the study.

Consumer Trace Data: 2006–2019 Location for Residents of Low- and Moderate-Income
Households in the 100 Largest Metropolitan Regions as of 2006

Consumer trace data such as the Data Axle data have recently emerged as a source with which
to measure mobility for research purposes (Mast, 2021; Asquith et al., 2021; Phillips, 2020). Data
Axle is one of the main vendors of consumer trace data, along with LexisNexis and Infutor, and
these data have been shown to produce reliable population and migration estimates. The Data
Axle database is assembled from a variety of current sources including credit card billing state-
ments, utility records, voter registrations, real estate tax assessments and deed transfers, public
records (bankruptcies, licenses and registrations), and mailing address changes. Data Axle clients
mainly use the data to distribute targeted mail or to locate customers. To meet this need, Data
Axle aims to ensure residential information is as current, accurate, and comprehensive as pos-
sible. In other words, a crucial feature of the data is the ability to contact potential customers in
real time using their residential addresses.

The data from Data Axle used in this study contain a unique and time-invariant family identi-
fier and individual identifier for up to five adults in the family unit, which enables us to identify
changes in location over time. This allows us to identify the origins and destinations of 5.5
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million adults living in gentrifiable tracts, for the 100 largest metros as of the year 2000, includ-
ing 678,000 living in gentrifying tracts. We know these individuals’ location in 2006 and 2019
along with their estimated race/ethnicity, number of children, tenure, marital status, age and
length of residence at current address. The data set also includes information about household
income and wealth but we chose not to include these variables in our analysis because of uncer-
tainty regarding their reliability due to their modelled nature.

Prior work established the usability of the Data Axle data to produce small-area demographic
estimates (Acolin et al., 2021). In 2010, there were 121.5 million households in the U.S. based on
the decennial census and 111.5 million households recorded in the Data Axle data. The average
coverage ratio (5-year estimates based on Data Axle estimates/ACS estimates) at the tract level
between 2009 and 2019 was 93%, and about 80% of tract estimates fall within 20% of the ACS
estimates. In addition, when looking specifically at gentrifiable tracts, the average coverage was
85%. This is lower than for all tracts, but remains substantially higher than the coverage of low-
and moderate-income tracts in credit records (Brevoort et al., 2015). Although it is not possible
to directly assess representativeness bias, individuals with more limited consumer traces are likely
to be those with lower levels of consumption, reflecting lower income and potentially higher vul-
nerability to gentrification.

We also validated Data Axle-provided coordinates by regeocoding half a million addresses for
each year. The results at the national level indicated that about 90% of Data Axle records had
location information with sufficient details to be independently geocoded at address level (the
rest at street or zip code level) and that for these records, the median distance between the

Table 1. Key variables.

Key variable Definition Geographic level Source

Outcomes
Medically underserved areas Categorical (0¼ no, 1¼ yes) variable at the

tract level defining medically
underserved areas (MUA), 2006–2019.

Census tract HRSA

Social deprivation Area deprivation index (ADI): percentile at
state and national level based on 17
variables capturing income, education,
employment, occupation, housing costs
and tenure, household composition and
housing condition, summarized using
principal component analysis for 2000
and 2015–2019.

Block group 2000 U.S. Census and
2015–2019 ACS

Air pollution Continuous annual-average estimates of
outdoor concentrations for three
pollutants (NO2, PM10, and PM2.5) at the
block group level, 2006–2015.

Block group CACES

Walkability National Walkability Index score (expressed
as percentile from least to most
walkable) calculated in 2019 based on
measures of the built environment that
affect the probability of whether people
walk as a mode of transportation: street
intersection density, proximity to transit
stops, and diversity of land uses.

Block group EPA

Individual controls Age, household size, tenure, race and
ethnicity, length of residence.

Individual Data Axle

Contextual controls Tract median income, poverty (%),
homeownership (%), White non-Hispanic
residents (%), adults with a college
degree (%), households that moved
within last year (%), median house value
and median gross rent, vacancy rate,
distance from the tract centroid to the
city center—as of 2000.

Census tract 2000 Census
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regeocoded points and the Data Axle coordinates was stably between 60 and 62 m and overall
the performance was consistent across states. We also regeocoded the addresses using parcel-
level reference files for King County, Washington. Only 1.5% of Data Axle coordinates were more
than 100 m from the correct parcel centroid. This validation exercise demonstrated the reliability
of the Data Axle location information across locations and over time.

Contextual Social Determinants of Health: Block Group Measures

We use measures of cDOH for four domains: healthcare access, socioeconomic condition, air pol-
lution, and walkability. The cDOH measures are based on well-established research operationaliz-
ing these conceptual factors (Brown et al., 2016; Liu et al., 2021; Messer et al., 2006; Pope et al.,
2019; Sass et al., 2017; Streeter et al., 2020). Data on the measures we use are available nation-
wide, but their geographic and temporal coverage varies.

In this project, we focus on cDOH determined by the physical (air pollution), social (neighbor-
hood deprivation and medically underserved areas) and built environments (walkability). These
allow us to examine to what extent endogenous changes in gentrifying neighborhoods’ charac-
teristics (when several time periods are available) combined with mobility of original residents
are associated with changes in exposure to cDOH in ways that may reinforce disparities in expos-
ure to health promoting or deleterious environments.

We selected key cDOH that are expected to vary by location, including at neighborhood
scales, and which (except for walkability) have been measured consistently over time. The meas-
ures we adopt have been developed, validated and used in the literature on cDOH. Other cDOH
would be worth exploring in future research, including crime and access to healthy food, for
example. Whenever possible we attempt to create measures that best reflect the individual
exposure, adopting the approach developed by Kwan (2009, p. 1312) to define measures of
exposure that take “the actual spatial and temporal ‘configuration’ of exposure into account.” We
match, to the extent possible, the year in which the cDOH is measured to the observation
period. In cases where the indicators are not updated annually, or not available for the entire
period, we rely on the closest year. We display the cDOH measures in Figure 1 for four different
cities showing spatial variations that overlap with areas that are defined as gentrifying or not.

For healthcare access, we use medically underserved areas (MUAs)—tracts or counties desig-
nated by the Health Resources and Services Administration (HRSA) as lacking access to primary
care services—expressed as a binary yes or no. Areas that were designated as such in December
2006 and December 2019 are used. This provides a measure of disparity in access to care that
has been shown to be associated with worse health outcomes (Brown et al., 2016; Gentili, 2015).

For socioeconomic conditions, we use the ADI based on a measure created by the HRSA and
refined, adapted and validated by the University of Wisconsin Madison at the block group level
(Kind and Buckingham, 2018). The ADI is based on 17 variables capturing income, education,
employment, occupation, housing costs and tenure, household composition and housing condi-
tion and is estimated using principal component analysis (PCA). We use this measure estimated
based on the 2000 census and 2015–2019 ACS data and expressed as percentile at the national
and state level, with higher percentiles reflecting more disadvantaged neighborhoods. A higher
level of neighborhood deprivation, estimated through higher ADI rank, has been linked to worse
health outcomes (Hu et al., 2018; Kind et al., 2014; Lantos et al., 2018; Link & Phelan, 1995;
Ludwig et al., 2011). In addition to the measures included in the ADI, many other cDOH that we
are not able to include in this study (crime, food access, etc.) are likely highly correlated
with ADI.

For air pollution, we use average annual outdoor concentration measures estimated for block
groups by the Center for Air, Climate, and Energy Solutions (CACES) for three pollutants: one
gas, nitrogen dioxide (NO2), expressed in parts per billion; and two aerosols—particulate matter
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less than 10 mg/m3 (PM10) and particulate matter less than 2.5 mg/m3 (PM2.5)—from 2006 to
2015 (Kim et al., 2020). We use the 2006 and 2015 estimates. The measures updated to 2019 are
not available.

For walkability, we use the National Walkability Index for block group levels provided by the
U.S. Environmental Protection Agency (EPA) at the block group level as of 2019. The index cap-
tures characteristics of the built environment that affect the likelihood people will use walking as
a mode of transportation. The transformed walkability index values represent national percentiles
and range from least walkable to most walkable. The index is calculated based on street intersec-
tion density, proximity to transit stops, and diversity of land uses (defined based on employment
and household mix). The National Walkability Index is only available as a one-time estimate. The
built environment characteristics used to build the index are likely to only change slowly, so the
relative rankings of neighborhoods in 2006 and 2019 are likely very comparable. However, that
means that the estimated difference between residents of gentrifying and nongentrifying neigh-
borhoods will come exclusively from the difference in mobility patterns between the two
for movers.

Definition of Gentrifiable and Gentrifying Neighborhoods

We adopt a definition of gentrification as a process through which formerly low- and moderate-
income neighborhoods experience an increase in demand by higher income, higher educated
households, resulting in a rise in housing costs. We do not propose a new measure of gentrifica-
tion but rather build on existing rule-based measures of gentrification and apply them to classify
tracts in the 100 largest metropolitan regions as of 2000. As discussed in the previous section,
we acknowledge the limits of rule-based approaches that have been identified in the literature
and the lack of consensus in conceptualizing and operationalizing measures of gentrification
(Firth et al., 2020; Preis et al., 2021). However, given the national scale of the study and the need
to have a measure consistent across metropolitan regions, relying on census variables and exam-
ining the sensitivity of the results to different thresholds remained the best option. This provides
a measure of gentrification defined as changes in socioeconomic characteristics that may affect
original residents’ residential trajectories.

We follow the recent literature in defining ‘gentrifiable’ neighborhoods as tracts within a
metropolitan area’s central city that have median incomes less than 80% of the median income
for the metropolitan area as of 2000 (Martin, 2017).1 We then adopt the definition proposed by
Brummet and Reed (2019) in focusing on the share of adults with college degrees and add
median rent and median income. We assign the label of ‘gentrifying’ to those gentrifiable tracts
that between 2000 and 2015–2019 experienced above-median growth in at least two of the fol-
lowing three characteristics: the share of adults with college degrees, median rent or median
income. This results in the classification reported in Figure 1.

We chose the 2000 to 2015–2019 period to capture neighborhoods that might have started
gentrifying before our first year of observation (2006) and experienced an increase in educational
attainment, income and rent relative to the rest of the metropolitan region over almost two dec-
ades, indicating a sustained pattern of neighborhood change.

We explored the robustness of our classifications and results to alternative measures used in
the recent literature (Brummet & Reed, 2019; Dragan et al., 2020; Martin, 2017). In particular, we
produced an alternative classification using lower levels of median income of the metropolitan
area (60%) to define gentrifiable neighborhoods. We also used the central city median income
instead of the metropolitan area median income. Furthermore, we used an alternative threshold
for gentrification defined as growth rate within the top 25th percentile (instead of above the
median). To examine sensitivity to the beginning period we also used the 2006–2010 ACS as the
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starting point instead of the 2000 census. Overall, the main results are qualitatively robust to
these alternative definitions of gentrifiable and gentrifying (Appendix Table A2).

Estimation Approach

Among low- and moderate-income neighborhoods, those that gentrify have characteristics that
distinguish them from those that do not. Gentrification is not a process that occurs randomly
but rather reflects increased demand for a community that is driven by its location, the charac-
teristics of its built environment, and its residents. The literature has shown that neighborhoods
closer to the center of the city and with a higher share of White non-Hispanic residents are
more likely to gentrify (Freeman, 2009). In addition, residents of low- and moderate-income
neighborhoods that gentrify or not also differ on observable, and likely unobservable, character-
istics in ways that can affect their propensity to move and levels of constraints in accessing the
unit of their choice in their preferred neighborhood. Estimated gentrification effects may be
biased downward by gentrifying neighborhoods’ relatively more favorable attributes and
trajectories.

Another limit to estimating the impact of gentrification on existing residents of gentrifying neigh-
borhoods is that the Data Axle information is not a representative data set collected to produce
population-level estimates. Although the Data Axle data have broad coverage and we are able to link
a large number of individuals between 2006 and 2019, the linked data set does not have full popula-
tion coverage and may incorporate biases that cannot be fully assessed without merging to a full
population registry. The sample captures adult individuals who reside in gentrifiable tracts as of 2006
and for whom we are able to observe location in 2019. Prior research with consumer trace data has
found that they underrepresent individuals with more limited consumption activity who are less likely
to be represented in the database and to be reliably linked over time. These include renters and
younger individuals with lower income (Acolin et al., 2021; Mast, 2021; Phillips, 2020). In addition,
Infutor, another consumer trace data set, has been shown to substantially undermeasure moves rela-
tive to measures based on census data (Mast, 2021).

The direction of the bias caused by underrepresentation of vulnerable residents is difficult to
assess in the context of this work. Most vulnerable residents likely constitute a higher share of
residents in not gentrifying neighborhoods, but the effect of gentrification is likely to lead to
worse outcomes for these residents by pushing them to potentially less desirable locations.
Despite these limitations, the consumer trace data follow the location of a large number of indi-
viduals over more than a decade, allowing us to examine the origin and destination context of
residents of gentrifiable neighborhoods in a way that is not possible with longitudinal surveys
that do not include a sufficiently large sample of households living in these communities.

The lack of exogenous shock to explain gentrification and the fact that we are not able
to observe the 2019 location for all original residents are limits to identifying a causal effect
of gentrification on exposure to cDOH. At the same time, this study benefits from the well-
established literature aiming to estimate the impact of gentrification in the absence of experi-
mental or quasi-experimental data. In particular, the factors associated with gentrification and
mobility are well established, allowing us to include a robust set of control variables used in
previous studies. Our empirical approach follows mainly Brummet and Reed (2019) and
attempts to address selection and omitted variable concerns by including an extensive set of
neighborhood controls that have been shown to be associated with gentrification. We also
use an estimator developed by Oster (2019) to assess the robustness of the results to poten-
tial selection and omitted variables.

We specify the following model using Ordinary Least Squares (OLS) and probit (for MUA) esti-
mates for individual i in tract j in Core-Based Statistical Area (CBSA) m adapted from Brummet
and Reed (2019):
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yijmt ¼ b0 þ b1Gentrifyj þ b2Periodt þ b3Movei þ b4Gentrifyj�Periodt þ b6Xi þ b7Nj þ um þ eijmt

yijmt , the dependent variable, is the cDOH measure for the location of individual i based on their
location jm in either t period 0 (2006) or period 1 (2019). We run a model with the dependent
variable in its original unit as reported in Table 1 and standardized using a z score with mean 0
and standard deviation 1. Gentrify is a dummy variable capturing whether the tract of residence
in the first period gentrified between 2000 and 2015–2019; Period is a dummy variable indicating
whether the observation is for 2006 (period 0) or 2019 (period 1); the main coefficient of interest
is for the interaction term between Gentrify and Period that estimates the change in cDOH for
individuals in gentrifying tracts relative to nongentrifying tracts in 2006 based on the change in
cDOH (with the exception of walkability) and the change in their location in 2006 and 2019. We
also run separate estimates stratifying the sample based on residents of gentrifying neighbor-
hood who stayed in the same location (for which we are not able to produce estimates for walk-
ability) or moved. X is a vector of variables that capture individual and household characteristics
available in Data Axle: age group, race/ethnicity, marital status, number of children, length of
residence at current address as of 2006, and distance from the center of the metropolitan
region;2 and N is a vector of variables that capture characteristics of the original neighborhood
as of 2000: share of movers, share of college graduates, share of White non-Hispanic residents,
poverty rate, median income, median rent, median house value, share of units vacant and share
of occupied units owned, from the decennial census. All models include CBSA fixed effects (um)
and standard errors clustered at the tract level.

We also implement an estimator, developed by Oster (2019) and used by Brummet and Reed
(2019), to estimate the potential influence of remaining unobservables on differences in mobility
patterns and locational outcomes by running a version of the models with only gentrification
and CBSA fixed effects and then the full version of the model. The Oster estimator provides a
gentrification coefficient estimate that corrects for the possible bias from remaining unobserv-
ables based on assumptions about the maximum possible R2 and the influence of remaining
unobservables relative to the influence of the included controls.3 Thus, it creates bounded esti-
mates of the potential causal impact of gentrification on mobility patterns and locational out-
comes. This approach requires control variables that capture a substantial amount of observable
variations. Given the well-established set of individual and neighborhood controls used to
explain measured cDOH outcomes and the relatively high R2 value for most variables, the Oster
estimates can provide a helpful bound on the gentrification coefficient estimate that incorpo-
rates bias from remaining observables.

Results

Table 2 reports the descriptive statistics for our overall sample of individuals, broken down by
not gentrifiable, gentrifying and nongentrifying tracts. The overall sample consists of 5.5 million
adults living in gentriafiable neighborhoods as of 2006 and with information about location in
2006 and 2019. Among them, as of 2006, 12.4% resided in neighborhoods (4,573 census tracts)
classified as gentrifying. Among residents of gentrifiable tracts, about one third moved between
2006 and 2019, with a 3 percentage point higher rate among residents of gentrifying tracts rela-
tive to those of nongentrifying tracts. Residents in gentrifying tracts are less likely to be Black/
African American residents, or Hispanic/Latinx residents, than those in not gentrifying tracts (13
vs. 27% and 11 vs. 20%, respectively) and more likely to be White non-Hispanic residents (56 vs.
39%). In terms of age, residents of gentrifying tracts are younger. Residents in gentrifying neigh-
borhoods are less likely to own a home and are closer to the city center. Tract-level information
also shows higher levels of mobility and lower rates of ownership in gentrifying tracts. However,
gentrifying tracts have a higher share of adults with college degrees, and higher median income,
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rent, and house value, along with a lower share of poverty. This indicates that among gentrifi-
able neighborhoods, those classified as gentrifying between 2000 and 2019 had more favorable
sociodemographic characteristics as of 2000. However, both gentrifying and not gentrifying tracts
are more similar to each other than to not gentrifiable tracts, in which a smaller share of resi-
dents moved and a larger share are White non-Hispanic, own their homes, are married, and are
farther from the CBD; and ACS neighborhood-level characteristics indicate higher levels of educa-
tional achievements, substantially lower poverty rate, and higher income, rent and house value.

Table 3 reports the average values of the cDOH measures overall and for individuals in not
gentrifiable, gentrifying, and not gentrifying tracts based on their location in 2006 and 2019 and
broken down by moving status. As of 2006, residents of gentrifying tracts face more favorable
outcomes in terms of ADI, walkability and MUA. The initial differences in terms of air pollution
between residents of gentrifying and not gentrifying tracts are limited. For residents of gentrify-
ing neighborhoods as of 2006, these descriptive statistics indicate overall worsening cDOH
between 2006 and 2019, except for the share of residents in MUAs that experienced a slight
decline and for the air pollution measures that have declined over time across the country.

Table 4 reports the coefficient of the interaction term for Gentrifying tract�Period and
Gentrifying tract�Period�Move from the probit (MUA) and OLS estimates (the full output is
reported in Appendix Table A1). The coefficients in Panel A are interpreted as the change in a
given cDOH for individuals who as of 2006 were living in tracts classified as gentrifying relative
to individuals who were living in not gentrifying tracts in 2006 based on the cDOH measure for
their location in 2006 and 2019, controlling for individual and initial tract characteristics. Panel B
reports the coefficients for z-transformed outcomes, and Panel C presents the Oster estimates.

Table 2. Individual and neighborhood characteristics by gentrification status.

Not gentrifiable Gentrifying Not gentrifying

Gentrification status 67.1% 4.1% 28.8%
Individual level
Moved 27.3% 34.3% 31.2%
Race/ethnicity
Black or African American 6.2% 13.3% 27.2%
Hispanic or Latinx 11.0% 10.9% 19.7%
Other race or ethnicity 19.6% 19.6% 14.4%
White non-Hispanic 63.3% 56.2% 38.7%

Age group
Less than 30 5.6% 11.2% 7.2%
30–39 18.3% 24.5% 20.9%
40–49 26.6% 24.7% 25.6%
50–59 25.4% 20.5% 22.5%
60þ 24.2% 19.1% 23.6%

Length of residence 12.2 10.1 11.9
Number of children in household 0.2 0.10 0.16
Own 76.7% 42.8% 53.8%
Married 64.0% 33.6% 45.2%
Distance to CBD (km) 15.7 9.1 12.3
Tract level (2000 census)
Moved 47.3% 55.2% 47.5%
College degree 43.5% 37.3% 18.5%
Poverty rate 7.9% 21.9% 25.6%
Median income 57,115 31,756 27,986
Median rent 743 577 474
Median house value 208,917 168,195 108,077
White non-Hispanic 66.3% 49.5% 29.9%
Vacant 4.8% 8.7% 8.3%
Own 65.5% 31.5% 40.5%
N 11,176,224 678,493 4,791,436

Note. Characteristics are based on the 2006 individual-level location and characteristics and the 2000 tract-level
characteristics.
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The results for MUAs indicate a 1.5-percentage-point increased chance of living in a MUA for
original residents of gentrifying tracts (1.9 percentage points among movers). The average share
of residents of gentrifying neighborhoods living in MUAs is 17.5% as of 2006, so this represents
a meaningful difference. This is consistent with the hypothesis that gentrification of centrally
located neighborhoods leads to mobility to areas with worse access to healthcare.

The results for the ADI ranking at the national and state level indicate that residents of gentri-
fying tracts experience a relative percentile increase of 3.9 at the national level and of 4.0 at the
state level, indicating that they are located in relatively more deprived neighborhoods. For mov-
ers, the difference is 5.5 at both levels. The estimated coefficients are 0.2 standard deviations
overall and are of similar magnitude to the difference in ADI between White non-Hispanic and
Black or African American individuals. This means that although among gentrifiable tracts gentri-
fying tracts have generally lower ADI than not gentrifying tracts, on average original residents of
gentrifying neighborhoods experienced a relative worsening in ADI through movers ending up
in neighborhoods with relatively higher ADI.

The results for the measures of air pollutants indicate an improvement for residents of gentri-
fying tracts in terms of exposure to NO2, PM10, and PM2.5. The estimated changes are between
0.1 and 0.2 standard deviations for these measures, representing substantial improvements.
These improvements may reflect moves farther from the sources of emissions located in the cen-
ter of urban areas, but this requires further investigation.

The results for the National Walkability Index indicate that original residents of gentrify-
ing tracts lived in neighborhoods with higher levels of walkability but experienced a 1.9
percentile decrease in the Walkability Index on average relative to the original residents of

Table 3. Contextual social determinant of health by gentrifiable and gentrifying status.

Not gentrifiable Gentrifying Not gentrifying

All 2006 2019 2006 2019 2006 2019

MUA (1¼ yes) 5.9% 6.3% 17.5% 15.2% 19.6% 17.2%
ADI national rank (percentile) 31.6 31.8 43.7 45.3 63.5 58.5
ADI state rank (percentile) 38.4 38.4 54.6 56.5 74.4 68.0
NO2 (parts per billion) 14.8 9.5 18.6 12.3 16.5 11.1
PM10 (mg/m

3) 23.6 19.8 24.5 19.2 24.1 19.7
PM2.5 (mg/m

3) 11.7 8.4 12.5 8.9 12.4 9.0
National Walkability Index (percentile) 62.0 60.5 70.5 68.0 66.3 64.0

Not gentrifiable Gentrifying Not gentrifying

Stayers 2006 2019 2006 2019 2006 2019

MUA (1¼ yes) 6.0% 6.4% 18.4% 16.7% 20.7% 18.9%
ADI national rank (percentile) 31.8 31.8 44.9 44.0 64.1 60.5
ADI state rank (percentile) 38.1 37.9 56.1 55.7 74.4 69.8
NO2 (parts per billion) 14.7 9.5 18.5 12.5 16.4 11.2
PM10 (mg/m

3) 23.6 19.8 24.5 19.3 24.0 19.8
PM2.5 (mg/m

3) 11.7 8.4 12.5 9.0 12.4 9.0
National Walkability Index (percentile) 61.5 61.5 70.2 70.2 66.1 66.1

Not gentrifiable Gentrifying Not gentrifying

Movers 2006 2019 2006 2019 2006 2019

MUA (1¼ yes) 5.6% 6.3% 12.6 16.2% 17.7% 13.7%
ADI national rank (percentile) 31.5 32.3 42.1 48.6 62.9 54.9
ADI state rank (percentile) 39.1 39.7 53.4 58.6 74.3 64.0
NO2 (parts per billion) 15.3 9.4 19.0 12.0 16.8 10.8
PM10 (mg/m

3) 23.8 19.7 24.6 19.1 24.0 19.6
PM2.5 (mg/m

3) 11.7 8.3 12.5 8.8 12.4 8.9
National Walkability Index (percentile) 63.2 58.4 70.7 65.0 66.4 61.2

Note. MUA ¼ Medically Underserved Areas; ADI ¼ Area Deprivation Index; NO2 ¼ Nitrogen Dioxide; PM 10 ¼ Particulate
Matter 10; PM 2.5 ¼ Particulate Matter 2.5.
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not gentrifying tracts, or 0.1 standard deviations. As mentioned earlier, the walkability
measure is only available for a single period in time, meaning that the change is coming
from movers, who may be relocating farther from the center of the region in less walkable
environments.

Looking at the Oster estimates, the betas are of similar magnitude but generally slightly
larger, with the exception of the NO2 and walkability measures, for which they are relatively
smaller. The relative stability of the coefficients suggests that although selection on unobservable
characteristics is likely, its impact on the estimated gentrification coefficient may be moderate
and toward an underestimation of a potential causal effect.

Table 5 reports the results broken down by original residents of gentrifying neighborhoods
who stayed at the same address (Panel A) or moved (Panel B) between 2006 and 2019. Movers
could have moved to a home in a gentrifying, not gentrifying or not gentrifiable tract. Overall,
residents who stayed in gentrifying neighborhoods experienced a relative improvement in the
likelihood of their neighborhood being a MUA, in their ADI ranking, and in their exposure to air
pollutants, whereas movers experienced a relative worsening in terms of MUA and ADI but also
experienced a relative improvement in terms of air pollutants (although less so than stayers).
Overall, these results indicate relatively worse outcomes for movers and the need for further
research looking specifically at mover outcomes and differences across race/ethnicity, whether
they own or rent, and local market characteristics.

Appendix Table A2 reports results based on different definitions of gentrifiable and gentrify-
ing. The magnitude is generally similar across outcomes whether using the 2006–2010 ACS data

Table 4. Gentrification association with cDOH among original residents.

Panel A: Raw measures

Medically
underserved

area
ADI

national rank ADI state rank
Nitrogen
dioxide PM10 PM2.5

National
Walkability

Index

Gentrifying
tract�Period

0.015��� 3.104��� 3.952��� �0.784��� �1.020��� �0.193��� �1.895���
(0.003) (0.0195) (0.0246) (0.0026) (0.0036) (0.0010) (0.0235)

N 10,779,622 10,651,860 10,777,539 10,777,539 10,777,539 10,779,345 10,651,860
R2 or

pseudo R2
0.06 0.29 0.30 0.67 0.41 0.81 0.27

Panel B: normalized measures (z score with mean 0 and standard deviation 1)

ADI national rank ADI state rank Nitrogen dioxide PM10 PM2.5

National
Walkability

Index

Gentrifying
tract�Period

0.151��� 0.179��� �0.146��� �0.180��� �0.074��� �0.060���

(0.0009) (0.0011) (0.0006) (0.0008) (0.0005) (0.0087)
N 10,651,860 10,651,860 10,777,539 10,777,539 10,777,539 10,779,345
R2 or

pseudo R2
0.29 0.30 0.67 0.41 0.81 0.27

Panel C: Oster estimates

Medically
underserved

area
ADI national

rank
ADI state
rank

Nitrogen
dioxide PM10 PM2.5

National
Walkability

Index

Gentrifying tract�Period 0.0192 5.32 8.553 �0.535 �1.042 �0.211 �1.051

Note. All results are for specifications including individual and neighborhood controls, MSA fixed effects, and standard errors
clustered at the tract level. MUA is not included in Panel B because its z score is not meaningful for the binary indicator.
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Table 5. Gentrification association with cDOH among original residents stratified by stayers and movers.

Medically
underserved

area
ADI

national rank ADI state rank
Nitrogen
dioxide PM10 PM2.5

National
walkability

index

Panel A: Stayers
Gentrifying
tract�Period

�0.004��� �2.312��� �1.950��� �1.103��� �1.108��� �0.244��� NA
(0.0005) (0.0266) (0.0333) (0.0036) (0.0050) (0.0015)

N 7,422,181 7,337,615 7,337,615 7,420,967 7,420,967 7,420,967 7,421,909
R2 or pseudo R2 0.07 0.30 0.32 0.66 0.41 0.81 0.19

Panel B: Movers
Gentrifying
tract�Period

0.019��� 5.524��� 5.498��� �0.627��� �0.964��� �0.178��� �1.955���
(0.0004) (0.0209) (0.0263) (0.0028) (0.0039) (0.0011) (0.0436)

N 3,357,441 3,314,245 3,314,245 3,356,572 3,356,572 3,356,572 3,357,278
R2 or pseudo R2 0.04 0.26 0.27 0.70 0.41 0.81 0.16

Note. All results are for specifications including individual and neighborhood controls, MSA fixed effects, and standard errors
clustered at the tract level.

Figure 1. cDOH measures by gentrifying and not gentrifying status for selected regions.
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instead of the 2000 census data for the beginning period, the center city median income instead
of the metropolitan region median income, 60% of Area Median Income (AMI) instead of 80% of
AMI to define gentrifiable tracts, and changes in the top 25th percentile instead of above
median to define gentrifying tracts. The relative stability of the estimates indicates that our find-
ings are not based on a particular definition of gentrification, although alternate definitions or
variations in the magnitude of the relationship across regions are certainly worth exploring.

Figure 1. Continued.
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Discussion

Among the six cDOH measures for which we have temporal variations of original residents of
gentrifiable neighborhoods, whether gentrifying or not, both movers and stayers experienced
lower exposure to air pollution. On average, stayers experienced an improvement in the MUA
and ADI measures among both gentrifying and not gentrifying tracts. Movers from gentrifying
tracts experienced a worsening in terms of MUA and ADI and in the measure that is not time
varying (walkability). Looking at the interaction of gentrification and period and controlling for
individual and location characteristics, we find that individuals who as of 2006 were living in
neighborhoods that were classified as gentrifying experienced a relative decline in their

Figure 1. Continued.
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neighborhood healthcare access, socioeconomic condition, and walkability and improvements in
air pollutants between 2006 and 2019 relative to residents of low- and moderate-income neigh-
borhoods that did not gentrify. When looking at differences for residents of gentrifying neigh-
borhoods who moved or stayed, the main driver of the changes in healthcare access, ADI and
walkability appear to be differential outmigration to neighborhoods with relatively worse meas-
ures on these variables for residents of gentrifying neighborhoods. The results for air pollution
reflect an overall improvement in air quality in the U.S. over time and a decline in absolute and
relative racial/ethnic exposure disparities (Liu et al., 2021). For air pollution, the relevant question
is to understand why gentrifying neighborhoods see greater improvements in air quality relative
to nongentrifying areas.

Figure 1. Continued.
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The existing literature on the impact of gentrification on health finds evidence that adults
and children who are able to stay in gentrifying neighborhoods experience some improvements
in terms of health outcomes (Dragan et al., 2019), whereas those who move experience negative
health outcomes (Dragan et al., 2019; Lim et al., 2017). In addition, there is evidence of differen-
ces in relationships across racial/ethnic groups, with Black residents of gentrifying neighborhoods
reporting increased levels of fair/poor self-rated health in California whereas the same difference
was not found for other racial/ethnic groups (Izenberg et al., 2018), and with gentrification in
minority areas being associated with higher rates of poor self-rated health at the national level
(Gibbons et al., 2018). Besides Dragan et al., (2019) and Lim et al., (2017), these studies generally
focus on outcomes for residents who remain in gentrifying neighborhoods, due to the difficulty

Figure 1. Continued.
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of observing those who moved out. As discussed above, gentrification may have positive and
negative impacts on cDOH for stayers through changes in neighborhood composition and avail-
ability of public and private goods and services. However, gentrification has been shown to be a
particular source of disruption for residents who are not able to continue living in their original
community and thus experience a loss of community. A particular concern around displacement
has been about whether households end up moving to neighborhoods with worse characteris-
tics for residents’ well-being and intergenerational economic mobility. Therefore, the ability to
measure changes in neighborhood environments for movers is of particular interest.

The results of this paper indicate that on several dimensions gentrification seems to be associ-
ated with relatively worsening cDOH for original residents, mostly through outmigration to

Figure 1. Continued.
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neighborhoods with lower levels of cDOH relative to the pattern for residents of gentrifiable but
not gentrifying neighborhoods. When it comes to the select cDOH examined here, individuals in
gentrifying neighborhoods appear to experience a relative worsening of their position compared
to similar individuals in nongentrifying tracts over the 2006–2019 period, although not in terms
of air pollutants. Examining additional cDOH, including access to healthy food and crime, is
necessary to understand to what extent the relationship between gentrification and exposure to
cDOH varies across types of cDOH and the overall impact of gentrification on health
environments.

Further work is also needed to examine how these results vary for different groups of resi-
dents and in different locations. More vulnerable households are more likely to experience forced

Figure 1. Continued.
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moves as a result of gentrification, with renters expected to be most affected because they are
more directly exposed to the impact of changes in housing costs. The impact of gentrification
on locational outcomes is likely to be larger in tighter housing markets at the regional level as
residents may not find adequate affordable options or have to move considerable distances, but
evidence on the magnitude of these differences is needed. The regional context may also inter-
act with the impact of gentrification, particularly in regions with higher levels of segregation
where neighborhood options for minority households may be further constrained. It is important
to further explore these variations to understand for whom and when gentrification may be
associated with a worsening in health environments and in community health and how policies
can be targeted to support households most negatively affected by gentrification. Given the rela-
tively worse outcomes for movers, policies aimed at limiting displacement and enabling original
residents to remain in their community despite gentrification forces or to move to communities
with health-enhancing cDOH could have beneficial impacts on households’ health outcomes and
overall well-being.
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Notes

1. We acknowledge that gentrification can also take place in suburban (Markley, 2018) and rural (Sherman, 2021)
communities but focus here on central cities due to shared historical patterns of disinvestment and
reinvestment in public and private goods in their communities that are expected to be directly related
to cDOH.

2. Distance to the center is estimated as the Euclidian distance in km between the individual address and City
Hall for a central-city MSA, as determined and made available by the U.S. Census Bureau (https://www.census.
gov/library/publications/2012/dec/c2010sr-01.html). This variable aims to capture the spatial location of the
units within the urban system, with more central locations expected to be more desirable. See Holian (2019)
for a discussion of the available measures of centrality.

3. Following the rule of thumb values developed by Oster (2019) and used by Brummet and Reed, we use Rmax
¼ 1.3 times the R2 for the model with full controls and little delta ¼ 1, assuming the influence of remaining
unobservables is proportional to the influence of full controls.
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Appendix
Table A1. Gentrification association with cDOH among original residents with controls.

Panel A: Medically underserved areas

Medically underserved area

Gentrifying tract (reference¼ Gentrifiable not gentrifying) �0.026���
(0.0003)

Period (reference¼ 2006) �0.013���
(0.0003)

Gentrifying tract�Period 0.015���
(0.0003)

Moved during period �0.004���
(0.0004)

Length of residence as of 2006 0.0004���
(0.00001)

Race/ethnicity (reference ¼ White non-Hispanic)
Black or African American 0.029���

(0.0003)
Hispanic or Latinx 0.018���

(0.0003)
Other race or ethnicity 0.018���

(0.0003)
Number of children 0.002���

(0.0002)
Own �0.004���

(0.0002)
(continued)
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Table A1. Continued.

Panel A: Medically underserved areas

Medically underserved area

Married 0.001���
(0.0002)

Age (reference ¼ Less than 30)
30–39 0.003���

(0.0003)
40–49 0.005���

(0.0003)
50–59 0.005���

(0.0004)
60þ 0.002���

(0.0004)
Distance from Center (km)

�0.112���
2000 neighborhood controls (0.0011)
Moved �0.248���

(0.0010)
College degree 0.145���

(0.0014)
Poverty �0.001���

(0.00003)
Median income ($1000s) 0.0001���

(0.000001)
Median rent 0.0002���

(0.000001)
Median house value ($1000s) 0.035���

(0.0005)
White non-Hispanic �0.319���

(0.0018)
Vacant 0.122���

(0.0008)
Own �0.003���

(0.000007)
Constant 0.223���

(0.0011)
N 10,779,622
Pseudo R2 0.06
Metropolitan Statistical Area fixed effects Yes
Standard errors clustered at tract level Yes

Panel B: Area deprivation index

ADI national rank ADI state rank

Gentrifying tract (reference ¼ Gentrifiable not gentrifying) �8.97��� �11.18���
(0.0170) (0.0214)

Period (reference ¼ 2006) �3.397��� �4.278���
(0.0176) (0.0221)

Gentrifying tract�Period 3.104��� 3.952���
3.104��� 3.952���

Moved during period 0.258��� 0.434���
(0.0224) (0.0282)

Length of residence as of 2006 0.024��� 0.021���
(0.0007) (0.0008)

Race/ethnicity (reference ¼ White non-Hispanic)
Black or African American 4.751��� 6.165���

(0.0154) (0.0194)
Hispanic or Latinx 1.921��� 2.692���

(0.0155) (0.0195)
Other race or ethnicity 0.633��� 0.586���

(0.0151) (0.0190)
Number of children 0.153��� 0.148���

(0.0102) (0.0128)
Own �1.966��� �2.134���

(0.0127) (0.0159)
(continued)
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Table A1. Continued.

Panel B: Area deprivation index

ADI national rank ADI state rank

Married �1.646��� �1.905���
(0.0107) (0.0135)

Age (reference ¼ Less than 30)
30–39 0.114��� 0.166���

(0.0207) (0.0260)
40–49 0.751��� 1.030���

(0.0206) (0.0259)
50–59 0.964��� 1.279���

(0.0217) (0.0273)
60þ 1.254��� 1.652���

(0.0234) (0.0294)
Distance from Center (km)

15.77��� 22.72���
2000 neighborhood controls (0.0677) (0.0851)
Moved �39.18��� �51.25���

(0.0578) (0.0728)
College degree �2.518��� �5.231���

(0.0865) (0.1091)
Poverty �0.441��� �0.544���

(0.00152) (0.0019)
Median income ($1000s) 0.007��� 0.007���

(0.0001) (0.0001)
Median rent �0.020��� �0.029���

(0.0001) (0.0001)
Median house value ($1000s) �8.140��� �11.67���

(0.0269) (0.0338)
White non-Hispanic �0.018 �6.691���

(0.1082) (0.1361)
Vacant 29.25��� 35.89���

(0.0484) (0.0609)
Own 0.057��� 0.0914���

(0.0004) (0.0005)
Constant 61.62��� 74.79���

(0.0682) (0.0858)
N 10,651,860 10,651,860
R2 0.29 0.30
Metropolitan Statistical Area fixed effects Yes Yes
Standard errors clustered at tract level Yes Yes

Panel C: Air pollution

Nitrogen dioxide PM10 PM2.5

Gentrifying tract (reference ¼ Gentrifiable not gentrifying) 0.611��� 0.568��� 0.126���
(0.0023) (0.0031) (0.000908)

Period (reference ¼ 2006) �4.870��� �4.103��� �3.264���
(0.0024) (0.0032) (0.0009)

Gentrifying tract�Period �0.784��� �1.020��� �0.193���
(0.0026) (0.0036) (0.0010)

Moved during period 0.069��� 0.010� �0.008���
(0.0030) (0.0041) (0.0012)

Length of residence as of 2006 0.007��� 0.002��� 0.003���
(0.0001) (0.0001) (0.00004)

Race/ethnicity (reference ¼ White non-Hispanic)
Black or African American �0.086��� �0.014��� 0.059���

(0.0021) (0.0028) (0.0008)
Hispanic or Latinx 0.383��� �0.067��� 0.088���

(0.0021) (0.0029) (0.0008)
Other race or ethnicity 0.064��� 0.167��� 0.030���

(0.0020) (0.0028) (0.0008)
Number of children �0.028��� 0.009��� 0.003���

(0.0014) (0.0019) (0.0005)
Own �0.135��� �0.009��� 0.018���

(0.0017) (0.0023) (0.0007)
(continued)
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Table A1. Continued.

Panel C: Air pollution

Nitrogen dioxide PM10 PM2.5

Married �0.085��� �0.011��� �0.008���
(0.0014) (0.0020) (0.0006)

Age (reference ¼ Less than 30)
30–39 0.017��� 0.044��� 0.011���

(0.0028) (0.0038) (0.0011)
40–49 0.042��� 0.017��� 0.004���

(0.0028) (0.0038) (0.0011)
50–59 0.043��� 0.003 �0.005���

(0.0029) (0.0040) (0.0012)
60þ �0.001 �0.011�� �0.024���

(0.0031) (0.0043) (0.0012)
Distance from Center (km)

�0.188��� 0.613��� �0.0364���
2000 neighborhood controls (0.0091) (0.0124) (0.0036)
Moved �1.682��� �2.041��� �0.872���

(0.0077) (0.0105) (0.0031)
College degree 1.808��� 0.867��� 0.837���

(0.0116) (0.0158) (0.0046)
Poverty 0.033��� �0.009��� 0.006���

(0.0002) (0.0003) (0.0001)
Median income ($1000s) �0.0004��� 0.0010��� 0.0001���

(0.000009) (0.00001) (0.000004)
Median rent �0.001��� 0.001��� �0.0001���

(0.00001) (0.00001) (0.000003)
Median house value ($1000s) 0.057��� 0.486��� 0.024���

(0.0036) (0.0050) (0.0014)
White non-Hispanic 1.975��� 0.408��� �0.084���

(0.0145) (0.0197) (0.0057)
Vacant �1.936��� 1.144��� 0.399���

(0.0065) (0.0088) (0.0026)
Own �0.099��� �0.032��� �0.022���

(0.00007) (0.00009) (0.00002)
Constant 17.93��� 22.77��� 12.05���

(0.0091) (0.0124) (0.0036)
N 10,777,539 10,777,539 10,777,539
R2 0.67 0.41 0.81
Metropolitan Statistical Area fixed effects Yes Yes Yes
Standard errors clustered at tract level Yes Yes Yes

Panel D: walkability index

National Walkability Index

Gentrifying tract (reference ¼ Gentrifiable not gentrifying) 1.330���
(0.0136)

Period (reference ¼ 2006) �1.522���
(0.0141)

Gentrifying tract�Period �1.895���
(0.0235)

Moved during period �0.681���
(0.0179)

Length of residence as of 2006 �0.002���
(0.0005)

Race/ethnicity (reference ¼ White non-Hispanic)
Black or African American �0.522���

(0.0123)
Hispanic or Latinx 0.783���

(0.0125)
Other race or ethnicity 0.878���

(0.0121)
Number of children �0.013

(0.0082)
Own �0.340���

(0.0102)
(continued)
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Table A1. Continued.

Panel D: walkability index

National Walkability Index

Married �0.528���
(0.0086)

Age (reference ¼ Less than 30)
30–39 0.613���

(0.0165)
40–49 0.883���

(0.0165)
50–59 0.969���

(0.0173)
60þ 0.807���

(0.0187)
Distance from Center (km)

4.820���
2000 neighborhood controls (0.0539)
Moved 5.548���

(0.0459)
College degree 3.697���

(0.0688)
Poverty 0.043���

(0.0012)
Median income ($1000s) �0.002���

(0.0001)
Median rent �0.001���

(0.0001)
Median house value ($1000s) 2.519���

(0.0216)
White non-Hispanic 22.01���

(0.0857)
Vacant �3.127���

(0.0384)
Own �0.382���

(0.0004)
Constant 65.23���

(0.0543)
N 10,779,187
R2 0.27
Metropolitan Statistical Area fixed effects Yes
Standard errors clustered at tract level Yes
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