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Abstract

Since the 1990s, gentrification has significantly changed American urban landscapes. Its
implications for crime are under recent scrutiny, particularly in large cities like New York
City, Los Angeles, and Chicago. We extend this literature by focusing on the gentrification-
crime link in the midsize city of Buffalo, New York using nine years of data from the American
Community Survey and the Buffalo Police Department. Examining changes both within
tracts over time and changes between gentrified and never-gentrified tracts, we find that
gentrification is associated with reduced property crime and is not associated with changes
in violent crime. More specifically, in comparing crime trends across tracts, we find that gen-
trified tracts show a trajectory of declining property crime that mirrors more advantaged
tracts, while vulnerable-but-never-gentrified tracts show a U-shaped trajectory of property
crime. Looking at within-tract changes, we find that years following gentrification of a given
tract have lower property crime rates than years preceding gentrification, independent of the
general reduction in crime over time. We discuss the implications of these findings for under-
standing the intersections between urban processes and crime.

Introduction

Gentrification has been occurring in the United States since the financial and economic
decline in the 1970s. It has been identified as a process that takes place after a period of disin-
vestment and economic decline and involves in-migration of a new, middle-class population,
financial (re)investment in the inner-city neighborhoods, and often racial reconfiguration
[1-5], but see Brown-Saracino [6] and Taylor [7] for contrary evidence on racial reconfigura-
tion. Diverse factors drive this process, including government renewal policies, cultural
changes, private investments, and immigration pioneers [8-11].

Research has demonstrated that gentrification significantly changes—for better or worse—
neighborhood characteristics. It has been associated with growing housing values, increased
economic integration [2,12], residential displacements [13], racial composition variations [14],
social class transformation [11], and crime rate changes [15]. This latter effect, that of gentrifi-
cation on crime, however, is still an open question. Some scholars have argued, for instance,
that there is a positive relationship between gentrification and crime, highlighting the role of
incomplete neighborhood transformations, disruptions of the established social order, and the
aggregation of suitable and lucrative targets in gentrifying neighborhoods in increasing crime
rates [16,17]. On the contrary, others have argued that gentrification is accompanied by
decreasing neighborhood crime rates, potentially through establishing relatively stable areas
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with an influx of economically advantaged residents [15,18,19]. Macro-level trends support
this latter perspective, as the city redevelopment process coincided with U.S. crime changes in
the late 20 century—crime rates in major U.S. cities increased from the 1960s to the 1980s
and then experienced a considerable drop during the 1990s [20].

These contradictory perspectives on how gentrification affects crime may be attributable to
methodological variations in the field. Scholars have distinctive operationalizations of gentrifi-
cation, use different time intervals to capture gentrification changes (mostly ranging from
5-30 years), and various statistical analysis strategies that vary in the specific questions they
are able to answer [5,15,19,21,22]. Further, much of what we know about gentrification and
crime, and gentrification more generally, is based on studies of large cities like New York City,
Los Angeles, and Chicago. As Ocejo, Kosta, and Mann [23] argue, however, “lessons learned
in large cities do not always apply” to smaller cities, and “the urban experience in smaller cities
holds the potential to expand our theoretical toolbox for understanding gentrification” (p. 10).
Also, these larger cities under scrutiny typically began gentrification processes earlier or amidst
a very different crime backdrop than those that can be found in the past decade [15,21,24,25].

The current study builds on past work to examine the association between gentrification
and crime at the census tract level across nine years in Buffalo, New York, a mid-sized city
whose gentrification story began relatively recently [26,27]. We pay particular attention to the
within- and between-tract effects of gentrification on crime. This allows us to address lingering
concerns in the literature about the extent to which changes in crime are attributable to chang-
ing processes within gentrified neighborhoods or are due to differing characteristics between
gentrified and non-gentrified tracts. We ask four questions in this study. First, how are gentri-
fied tracts different from not-vulnerable (i.e., advantaged) tracts and from vulnerable-but-
never-gentrified tracts in their initial crime rates? Second, how does the trajectory of crime dif-
fer by gentrification status? Third, within a given tract, how are changes in gentrification status
associated with changes in crime? Fourth, among gentrified tracts, how are crime trajectories
associated with the timing of gentrification? Although we investigate many questions, each
addresses a specific piece of the gentrification-crime puzzle. Consistency across these pieces
enables a much clearer picture of the link between gentrification and crime in Buffalo.

Theoretical frameworks of gentrification and crime

Research to date draws upon social disorganization and routine activities theories to explain
the relationship between gentrification and neighborhood crime, but both theories have been
used to produce internally divergent hypotheses. That is, mechanisms drawn from both theo-
ries have been used to explain why gentrification may either increase or decrease crime.
Table 1 summarizes these theoretical mechanisms, which we further explicate below.

As shown in Table 1, one can deduce both crime-promoting and crime-reducing mecha-
nisms from social disorganization theory. Beginning with the former, social disorganization
theory contends that the elevated levels of disorder, indicated by concentrated disadvantage,
residential instability, and ethnic heterogeneity, can exacerbate neighborhood crime rates [28].

Table 1. Theoretical mechanisms linking gentrification to crime.

Theory Crime-promoting Mechanisms Crime-reducing Mechanisms

Social Disorganization Increased residential instability Decreased concentrated disadvantage

Theory Increased ethnic heterogeneity

Routine Activities Theory Increased suitable targets Reduced presence of motivated offenders
Reduced presence of capable guardians (due to disruption of Increased presence of capable guardians (due to increase in
network) resources)

https://doi.org/10.1371/journal.pone.0302832.t001
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Through this lens, gentrification is a process often accompanied by the intensification of resi-
dential instability and ethnic heterogeneity, leading to population displacement, racial trans-
formations, and social network disruptions, further stimulating crime. The flood of new
homeowners into gentrifying neighborhoods replaces the original homeowners and renters,
who can no longer afford the growing property tax or rent associated with upgraded property
values. This residential instability may lead to the disruption of established social networks
and social control, further interrupting neighborhood development [29-31]. Further, different
socioeconomic statuses between the newcomers and incumbent residents generate social dis-
tance between them, impairing a community’s ability to form new social ties and informal
social controls [22,32,33]. New residents may have clashes with long-term residents due to dis-
similar understandings of normative neighborhood behaviors [34]. Furthermore, since gentri-
fication is often associated with racial transformation [2], as Blau [32] declares, social distrust
and distance are more pronounced in gentrifying neighborhoods that involve incoming differ-
ent racial or ethnic groups. Therefore, a sense of fear and hostility can prevent residents from
building collective efficacy, which is a widely acknowledged mediator between neighborhood
structural changes and crimes [35,36].

Importantly, as shown in Table 1, inferences drawn from social disorganization theory may
also reach the opposite conclusion: gentrification is beneficial to reducing neighborhood
crime. With wealthy residents moving into deprived neighborhoods during gentrification, the
level of concentrated disadvantage is expected to fall significantly. Through this mechanism,
one would expect local crime rates to decrease, as affluent homeowners are disposed to invest
greater material and social capital in their living neighborhoods [25]. Also, the improvements
to the neighborhood environment and the gain of social resources are beneficial to building
neighborhood collective efficacy, which is favorable to reducing crime [37]. Finally, the inflow
of homeowners in gentrifying areas contributes to greater residential stability [22].

As with social disorganization theory, arguments derived from routine activities theory [38]
have also been used to predict both decreases and increases in crime following gentrification.
These countervailing mechanisms are also summarized in Table 1. According to routine activi-
ties theory, crimes are likely to reach a higher level when motivated offenders identify suitable
targets, with the absence of capable guardians, at the same time and space. Using this theoreti-
cal framework, the sudden increase of middle-class residents may serve as suitable targets who
possess higher-value goods and property, thereby attracting offenders to their neighborhoods
[22]. Further, the long-term residents may be unwilling to act as capable guardians for the
middle-class in-movers. The new residents are less protected by social networks from potential
crimes, which may further increase their victimization risk.

Conversely, one may use routine activities theory to predict a decrease in crime associated
with gentrification. During gentrification, the disadvantaged long-term residents, who are
more inclined to become the motivated offender, are displaced, which can reduce crimes in
these neighborhoods [22]. Moreover, some studies find that capable guardianship is intensified
with the development of gentrification. For example, middle-class in-movers may demand
more frequent policing in gentrifying communities [39,40] and have the economic resources
to enhance surveillance strategies, such as installing cameras or having security guards [24]. In
addition, with more small businesses opening in gentrifying neighborhoods, business vendors
serve as “eyes on the street” to monitor outside activities [41].

Empirical works on gentrification and crime

Consistent with the conflicting predictions made by these theoretical frameworks, empirical
analyses also produce mixed findings on gentrification’s impacts on various kinds of
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neighborhood crimes. A great number of studies have found gentrification is associated with
lower crime rates—including homicide, rape, robbery, and aggravated assault [15,19,25,25,42].
Other scholars have identified increased crime rates associated with gentrification. Covington
and Taylor [16] asserted that there was a positive association between gentrification and rob-
bery and larceny in Baltimore during the 1970s, as areas with a rapid increase in home values
had greater chances of robbery and larceny compared with slowly appreciating neighbor-
hoods. Similarly, research in Los Angeles during the 1990s found that gentrification was
related to higher assault and robbery rates, but had no significant association with homicide or
rape [17]. Smith [43] also assessed the relationship between gang-specific homicides and gen-
trification. He found that private-investment-driven gentrification, indicated by the prolifera-
tion of coffee shops, was related to decreased gang homicides, while state-based gentrification,
measured by the demolition of public housing, was associated with increased gang homicide.

At the same time, some researchers have argued for the short-term positive and long-term
negative impacts of gentrification on crime [22,24]. These scholars contend that different peri-
ods before and after gentrification have distinctive impacts on crime changes (i.e., a nonlinear
relationship). When the process initially starts with spotty occurrences, the disruption effects
may be more prominent. Multiple studies linking gentrification with increased risk of crimes
[16,17] focus on the period around the late 20" century when gentrification was a sporadic
and incomplete process. However, with its continuing expansion in neighborhoods, gentrifica-
tion was driven by large private corporate investments [24] or state-based public housing pro-
grams [44], and this “consolidated” revitalization may undermine the criminogenic condition
of neighborhood changes when the population changes in favor of the new gentry [24]. The
study period examined here is in the 2010s, thus we expect the disruptive effect of gentrifica-
tion may be less obvious in Buffalo, implying an even greater reduction in crime under the
impacts of “consolidated” gentrification.

Importantly, these studies point to the utility of examining violent and property crime sepa-
rately, as some mechanisms linking gentrification to crime may be more relevant to one type
of crime versus the other. Kawachi et al. [45] show, for instance, that relative deprivation
(income inequality) and indicators of low social capital were consistently associated with vio-
lent crimes, while only a certain category of property crime—burglary—was associated with
both deprivation and low social capital. Similarly, Barnett and Mencken [46] found that
resource disadvantage was not related to property crime in nonmetropolitan counties but
identified a positive effect of resource disadvantage on violent crimes.

Current study: Gentrification and crime in Buffalo, New York

Although this study cannot reconcile all the discrepancies in past work, we expand upon this
work in two important ways. First, we incorporate a mid-sized American city into the national
U.S. gentrification narrative. Gentrification research to date has mostly focused on large-sized,
global, and economically successful cities [47]. Studying the causes, patterns, and impacts of
gentrification in small cities like Buffalo not only reflects the reality of city redevelopment in
smaller city contexts, but also offers the potential to enrich our theoretical framework for com-
prehending gentrification [23]. Buffalo is a typical American Rustbelt city. Rustbelt cities, like
Cleveland, Ohio, and Detroit, Michigan, saw an economic boom in the 1940s. As heightened
competition from foreign markets and the lack of investment in the modernization of technol-
ogy remained, they experienced major deindustrialization and population loss in the latter half
of the 20th century [48,49]. Buffalo, in particular, was known for grain and steel since the early
19" century, while deindustrialization resulted in the closure of a huge number of industries
and a rise in the unemployment rate in the 1980s. Simultaneously, Buffalo experienced a
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considerable reduction in population—its metropolitan area lost roughly 58,000 people in the
1980s [50]. Nevertheless, scholars have shown that economic collapse may be a prerequisite for
many city neighborhoods to become vulnerable to gentrification [51].

Around 2010, Buffalo witnessed a surge in development initiatives, including the Canalside
project, a waterfront development endeavor exceeding $300 million in investment, the expan-
sion of the Buffalo Niagara Medical Campus, and the “Buffalo Billion,” a state-funded initiative
to revitalize economic development in the city and broader metropolitan area [52,53]. More-
over, as an indicator of recovery, Buffalo has become an attractive destination for refugees and
migrants since 2000—its metropolitan area gained around 21,000 international migrants while
losing 22,000 native-born residents [54]. This refugee and immigrant resettlement substan-
tially contributes to Buffalo’s economic reinvigoration by opening up small businesses and
keeping the housing market alive [52].

By studying neighborhoods in the mid-sized American city of Buffalo, this study examines
gentrification in a place that has continued to go through economic hardships while simulta-
neously experiencing the traditional hallmarks of gentrification. Buffalo’s relatively late gentri-
fication experiences resonate with numerous old industrial cities (e.g., St. Louis, Missouri [55])
that actively pursue revitalization strategies, making Buffalo a noteworthy exemplar of such
urban centers. Further, it examines the gentrification-crime link in a city that began gentrify-
ing relatively recently and amidst a different national crime backdrop than that of larger cities
for which gentrification began earlier [15].

Second, we use nine years of data from 79 census tracts in Buffalo to parse out the between-
and within-tract effects of gentrification on crime. By attending to both levels of effects, we can
assess how much of the variation in crime is due to initial differences between tracts (e.g., in
concentrated disadvantage) as opposed to differences within tracts over time (e.g., the extent
to which a given tract looked different before and after gentrification). This latter effect is
important, as it controls for time-invariant, unmeasured differences between tracts that may
make gentrified tracts different from vulnerable-but-not-gentrified and not-vulnerable tracts.
We pay particular attention to the potential nonlinearity of both between- and within-tract
effects of gentrification on crime given the potential for short-term positive and long-term
negative impacts of gentrification on crime [22,24]. Using yearly data, a similar approach to
Kreager et al.’s [24] work, we provide a tighter timeline than using the conventional 5-year or
10-year interval [15,16,21,22]. Hence, it allows us to capture the process of gentrification as it
is occurring rather than as a before and after snapshot, which longer time interval estimates
are more likely to provide.

Using data from Buffalo, this study attends to the dynamic nature of gentrification and its
association with crime. More specifically, we predict crime rates in 79 census tracts in Buffalo
from 2011 to 2019 using a three-stage analysis. First, we consider between-tract differences in
initial crime rates and the trajectory of crime from 2011 to 2019. This stage allows us to answer
the question of how gentrified tracts differ from their not-vulnerable and vulnerable-but-
never-gentrified counterparts in their initial crime rates and their changes in crime over time.
Given that disinvestment and disadvantage is a precondition of gentrification, we expect that
gentrified tracts will have higher initial crime rates than their not-vulnerable counterparts and
vulnerable-but-never-gentrified tracts (Hypothesis 1). Further, we expect a reduction in crime
for all tracts over time given a general decline in crime across the study period [56]. Given that
there are competing mechanisms (shown in Table 1) and contradictory evidence for whether
gentrification increases or decreases crime, we put forth competing hypotheses for this rela-
tionship. If the crime-reducing mechanisms discussed above in Table 1 are stronger than the
crime-promoting mechanisms, then we expect to see faster declines among gentrified tracts
than among vulnerable-but-never-gentrified tracts (Hypothesis 2a). On the contrary, if the
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crime-promoting mechanisms discussed above and in Table 1 are stronger than the crime-
reducing mechanisms, we expect to see slower declines in crime among gentrified neighbor-
hoods (Hypothesis 2b).

Second, we use an approach similar to Barton [21] to examine the within-tract effects of
gentrification on crime. This stage allows us to assess how, within a given tract, changes in gen-
trification status are associated with changes in crime. These fixed effects control for between-
tract differences (i.e., those measured and unmeasured factors that may make some tracts
more prone to gentrification) and therefore are not as plagued by selection concerns. Again,
given the competing mechanisms discussed above and in Table 1, as well as contradictory evi-
dence regarding the association between gentrification and crime, we put forth competing
hypotheses. If crime-reducing mechanisms are stronger than crime-promoting mechanisms,
gentrification will be negatively associated with crimes within a given tract. That is, years in
which a tract is gentrified will have lower crime rates than years in which that same tract was
not gentrified, controlling for the general reduction in crime over time (Hypothesis 3a). If
crime-producing mechanisms are stronger than crime-reducing mechanisms, however, gen-
trification will be positively associated with crimes within a given tract. That is, years in which
a tract is gentrified will have higher crime rates than years in which that same tract was not
gentrified, controlling for the general crime trend (Hypothesis 3b).

Finally, we employ a novel operationalization of gentrification to assess within-tract
changes over time. Rather than comparing gentrified tracts to other tracts or comparing gen-
trified years within a given tract to not gentrified years, we use a continuous measure of years
from gentrification to assess within-tract changes in crime rates in the years leading up to and
following gentrification. This stage allows us to assess how time from gentrification, rather
than simply before and after gentrification, impacts crime within a given tract and, hence,
attends to potential nonlinearity in the gentrification-crime link. Consistent with the above
predictions, if the crime-reducing mechanisms are stronger than the crime-promoting mecha-
nisms, we expect to see a decline in crime leading up to gentrification (simply given the general
reduction in crime across the study period) followed by a steeper reduction following gentrifi-
cation (Hypothesis 4a). If the crime-promoting mechanisms, however, are stronger than the
crime-reducing mechanisms, we expect to see the same initial pattern leading up to gentrifica-
tion but then a slower decline (or even an increase) in crime in the years following gentrifica-
tion (Hypothesis 4b). How long after gentrification we see this change is an open question, as
it relates to the potential short and long-term effects of gentrification on crime [24].

Method
Data

We combined two datasets for this study to obtain information about the 79 census tracts in
Buffalo from 2011 to 2019. First, we used the public access dataset Crime Incidents by Open
Data Buffalo (data.buffalony.gov), which includes crime data provided by the Buffalo Police
Department. This dataset is updated daily and provides crime incidents reported to the police
in Buffalo at the census tract level from 2009 to 2024. Second, we used the American Commu-
nity Survey 5-year Estimates from 2011 to 2019, which provides information about census
tracts for gentrification-related variables, county-level information, as well as neighborhood
control variables, including measurements of concentrated disadvantage, residential stability,
the percentage of the foreign-born population, and the percentage of the youth population.
For brevity, we refer to the ACS sample by the end year of its time window (e.g., 2015 for ACS
2011-2015).
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Dependent variable: Crime rate

Consistent with past work examining gentrification and crime [24], we examine property and
violent crimes separately based on standard Uniform Crime Report definitions. The dependent
variable is the property crime rate and violent crime rate per 1,000 tract residents in Buffalo per
year. Property crimes include breaking and entering, larceny-theft, and motor vehicle theft.
Violent crimes include homicide, robbery, and aggregated assault, classified in the same way as
Barton [20]. Incident-level information on the total counts of criminal behaviors in Buffalo was
aggregated to 2010 Census tract boundaries. Fig 1 shows that the average tract experienced an
overall decline in total crime, property crime, and violent crime between 2011 and 2019. For
analytic models, we employed a lead variable of crime rate to achieve appropriate time-order-
ing. Such an approach is mathematically similar to lagging the independent variables. In this

case, however, a lead is preferred given that it allows us to retain the 2011 data in the study.
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Fig 1. Crime trend in Buffalo from 2011-2019.
https://doi.org/10.1371/journal.pone.0302832.g001
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Independent variable: Gentrification

Data for the independent variables from 2011 to 2019 were gathered from the 5-year American
Community Survey estimates about the 79 tracts defining Buffalo. We follow Barton et al.’s
[21] gentrification measurement to identify gentrified tracts in a given year in Buffalo from
2011 to 2019 with slight modifications due to data availability. Census tracts in Buffalo were
first identified as vulnerable to gentrification if they meet at least three out of four of the follow-
ing criteria in the previous year of the targeted year (e.g., whether the tract is vulnerable to gen-
trification in 2018 when the targeted year is 2019): 1. the percentage of residents living in
poverty was above the 40th percentile county level; 2. the percentage of residents with a college
degree or higher was below the 40th percentile of the county; 3. the percentage of renters was
above the county level; 4. the percentage of non-Hispanic White residents was below the
county level. Then, these tracts classified as vulnerable to gentrification were identified as gen-
trified during the targeted year (e.g., 2019) if they experienced all of the following: 1. an
increase in the percentage of residents with a college degree greater than the average change at
the county level; 2. an increase in median household income greater than the average increase
for the county; 3. an increase in the percentage of non-Hispanic Whites greater than the
county average; and 4. an increase in median gross rent greater than the county average. Fig 2,
created from the R package tidycensus (version 1.3.2; [57]), shows the spatial distribution of
tracts that gentrified at the start (2011), the middle (2015), and the end of the study period
(2019).

It should be noted that while we operationalize gentrification using county-level com-
parisons, as is typical in research on gentrification [21], we also operationalized gentrifica-
tion by using city-level comparisons. These analyses show a similar pattern of results and
are included as supporting information. Given the relative disadvantage of Buffalo com-
pared to Erie County, however, city-level comparisons produce fewer gentrified tracts.
This is because more tracts (50.7% vs. 10.4%) are considered “not vulnerable” from the
start, as they are slightly above the city mean on markers of vulnerability (but still disad-
vantaged relative to the county). Nonetheless, results are consistent across
operationalizations.

From these year-to-year baselines, we created three different measures of gentrification
—one between-tract measure and two within-tract measures. First, we created a three-cate-
gory time-invariant (e.g., between-tract) measure of gentrification. If a tract was ever gentri-
fied from 2011 to 2019, the tract was coded as gentrified. If a tract was vulnerable to
gentrification based on the aforementioned criteria but not gentrified across the study
period, it was coded as vulnerable-but-not-gentrified. If a tract was neither vulnerable nor
gentrified across the study period, it was coded as not-vulnerable. Second, following Barton
etal’s [21] approach, we used another binary measure that examines, within a given tract, if
the tract is gentrified or not each year during the study period. This is the first time-varying
measure of gentrification within a tract. In this measure, once a tract is gentrified, it is coded
as gentrified for the rest of the periods given that these data assess year-to-year change, and
a tract flipping back and forth from gentrified to not on a yearly basis is not theoretically fea-
sible. For example, if a given tract was not gentrified in the years between 2011 and 2019, all
tract-years were coded as 0; if it was not gentrified until the year 2014, it was coded as 0
before 2014 and was coded as 1 in 2014 through 2019. Finally, we created a new, continuous
time-varying measure of gentrification that assessed time from gentrification within a given
tract. We coded the first year of gentrification as 0 and the years around it as plus or minus
the number of years from gentrification. For example, if a tract was gentrified in 2014, one
year (the year of 2013), two years (2012), and three years (2011) before the gentrified year
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Fig 2. Gentrified tracts in Buffalo in 2011, 2015, and 2019.
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was set to -1, -2, and -3, respectively. Similarly, for the same tract, every one year after the
gentrified year, the tract was set to a corresponding positive unit value. Using the same
example, one (the year 2015), two (2016), three (2017), four (2018), and five years (2019)
after the gentrified year (2014) were set to 1, 2, 3, 4, 5 in the variable marking years from
gentrification, respectively. Unlike the first two measures, this measure applied only to gen-
trified tracts. In the results, we make apparent the different interpretations and utility of
these measures.
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Control variables

We used four control variables in all analyses. All were measured as between- and within-tract
variables. At the within-tract level, each control variable is time-varying and measured every
year during the study period; at the between-tract level, each control variable is averaged for a
given tract during the nine-year period. We created indices for concentrated disadvantage and
residential stability using 2011-2019 ACS 5-year estimates data. These two indices were cre-
ated to account for endogeneity since gentrification often occurs in socioeconomically disad-
vantaged neighborhoods. The concentrated disadvantage measure was created across all tracts
by taking the average of the standardized values for the percentage of residents receiving public
assistance, the percentage of unemployment, the percentage of female-headed households, the
percentage of people in poverty, and the percentage of blacks. The residential stability index
includes the average of the standardized values of the percentage of the population who lived
in the same home for at least 5 years and the percentage of owner-occupied homes for each
tract. We also controlled the percentage of foreign-born to account for ethnic heterogeneity,
and the percentage of the youth population (15-24) was also included to control for the popu-
lation at the greatest risk of offending or being victimized [21]. We consider all controls at
both the tract level and the year level to distinguish between contextual effects and within-tract
effects.

We also tested for spatial dependence in our data to assess the need for spatial controls. We
followed the same protocol as Kreager et al. [24] to assess spatial error and spatial lag using
GeoDa for total crime, property crime, and violent crime. Neither spatial error nor spatial lag
was statistically significant for the total crime, property crime, or violent crime. We do not
include spatial controls in models of property crime.

Analytical strategy

To examine the impacts of gentrification on property and violent crime in Buffalo, New
York, we employed a series of multilevel, random-intercept-only Poisson regression models.
This approach is consistent with other analyses of crime rates, which indicates the number
of crimes per 1,000 residents [58]. Coefficients therefore represent the log of the expected
count of crimes per 1,000 residents given a 1-unit change in the independent variable. These
models parsed between- and within-tract effects of gentrification on crime, independent of
the general trend of declining crime rates and other time-varying and time-invariant neigh-
borhood controls. These models allowed us to see how much of the gentrification effect on
crime was due to differences between gentrified and other tracts (e.g., the between-tract
effect), and how much was due to change over time within a given tract (the within-tract
effect).

For both property and violent crime, we ran four different models to answer our research
questions. The first model, using the first time-invariant gentrification variable, examined
the initial crime rate differences between tracts of different gentrification status—whether
gentrified tracts have significantly higher initial crime rates than vulnerable-but-never-gen-
trified tracts or not-vulnerable tracts. This model also examined the general time trend and
included a linear and quadratic year variable to assess potential nonlinear crime trends. The
second model added an interaction term between the time-invariant gentrification variable
and year to examine differences in crime trajectories between gentrified, vulnerable-but-
not-gentrified, and not-vulnerable tracts. This model, absent controls for simplification, is
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illustrated in Eq 1.

Ln Crime Rate,,,; = 7, + 7, Ever Gentrified+y,, Vulnerable, 4y, Year, + 7, Year’

t+1j

+yy,Ever Gentrified Year, + v, Ever Gentrified,Year®,
+ ’))12 Vull’lemblereartj =+ '))22 Vuli’lerablereaerj + 'uoj + rtj (1)

In Eq 1, Ln Crime Rate,,,; represents the outcome—the log of the expected count of crimes
per 1,000 residents—for time t+1 in tract j. yo indicates the mean outcome across never-
vulnerable tracts at the start point. ¥5; and ¥y, indicate the mean crime difference between
ever-gentrified and never-vulnerable tracts and between vulnerable and never-vulnerable
tracts, respectively. y;0 and y,, indicate the average linear and quadratic growth rate across
never-vulnerable tracts, and y;; through ¥,, indicate the difference in growth rates between
ever-gentrified and never-vulnerable tracts and between vulnerable and never-vulnerable
tracts, respectively. y,; offers the deviation of tract j’s mean from the grand mean (the ran-
dom intercept), and r;; indicates the deviation of time ¢ from its tract mean across years.

The third model, using the first time-varying measure of gentrification, examined the associ-
ation between gentrification and crime within a given tract. That is, within the same tract, did
years in which the tract was gentrified show higher or lower crime rates, controlling for the
between-tract effect and general time trend in gentrification? In this third model, between-
and within-tract effects are captured within a single model, as shown in Eq 2.

Ln Crime Rate, ,;

= Yoo T Yo Ever Gentrified,+y,, Vulnerable; + 7 ,Year, + y,, Yearztj—i—ygoGentrifiedtj + 1y + 1, (2)

Compared to Eqs 1 and 2 adds the time-varying (within-tract) gentrification measure. Here,
Y01 and Yo, still indicate the contextual effects, the mean crime difference between ever-gentri-
fied and never-vulnerable tracts and between vulnerable and never-vulnerable tracts, respec-
tively. Whereas 3, indicates the average difference between gentrified and non-gentrified
years in tract j.

Finally, the fourth and final model restricted the sample to gentrified tracts and used a
unique variation of the gentrification variable. It included the continuous time-varying mea-
sure of gentrification that assessed years from gentrification within a given tract. The model
investigated, among gentrified tracts, whether time from gentrification mattered for crime,
independent of year gentrified. As never-gentrified tracts did not have a score on time from
gentrification, they were excluded from this final model. This model is shown in Eq 3.

Ln Crime Rate,

= Yoo + Vo1 Year gentrified; + y,,Years from gentrification,; + y,, Years from gentrification’ .
+ Uty (3)

In Eq 3, Ln Lead Crime Rate,,,; again represents the crime outcome for time #+1 in tract j. yo0
now indicates the mean outcome for gentrified tracts during the year of gentrification. ¥y,
indicates the difference in expected crime rate between a tract gentrified in one year versus a
tract gentrified a year later (i.e., the linear effect of time). ¥, and ¥, indicate the average linear
and quadratic growth rate of years from gentrification; that is, independent of which year a
tract became gentrified, what is the relative increase or decrease in the expected crime rate for
each year beyond a given tract becoming gentrified? y,; and r;; still represent the deviation of
the tract j’s mean from the mean across tracts and the deviation of time ¢ from the tract mean.
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These different models are not simply different analytical strategies; they help to answer
fundamentally different questions based on different units of analysis. For instance, as indi-
cated in Eq 1, between-tract effects concern differences between gentrified and not-gentrified
tracts, whereas within-tract effects, as added to Eqs 2 and 3, concern differences between gen-
trified and not gentrified years within a given tract. The approach used here allows us to assess
both between- and within-tract effects of gentrification on crime within the same model. It is
not the case that these effects always coincide. For instance, gentrified tracts may have lower
crime, on average, than their vulnerable peers, but changes in gentrification status within the
tract may not matter or may matter differently. When these effects do coincide, however, evi-
dence for causation is stronger.

Results

Table 2 presents descriptive statistics for gentrification measures and neighborhood control
variables. These statistics for gentrification measures indicate that there were 5 tracts (6.49% of
all Buffalo tracts) that qualified as gentrified in 2011, and about 18% of all Buffalo tracts were
gentrified in 2015. By the end of 2019, about 35% of Buffalo tracts were gentrified. Thus, gen-
trification has been expanding during this study period in Buffalo.

Also shown in Table 2 are the tract characteristics for ever-gentrified tracts, vulnerable-but-
never-gentrified tracts, and never-vulnerable tracts. On average, and as expected, concentrated
disadvantage is lowest in never vulnerable tracts, followed by gentrified tracts, and then vul-
nerable tracts. The reverse patterns are true for residential stability. As young people and for-
eign-born can be key populations driving gentrification, gentrified tracts are highest on these
indicators, followed by vulnerable tracts and never-vulnerable tracts.

Before conducting regression analyses, we examined the intra-class correlation (ICC) to cal-
culate how much of the overall variation in crime rates lies between tracts and within tracts.

Table 2. Descriptive statistics for neighborhood variables at the tract level from 2011 to 2019.

Gentrified tracts

N

Percent of all tracts
Concentrated disadvantage
Residential stability

% Foreign-born

% Youth

Vulnerable tracts

N

Percent of all tracts
Concentrated disadvantage
Residential stability

% Foreign-born

% Youth

Never vulnerable tracts

N

Percent of all tracts
Concentrated disadvantage
Residential stability

% Foreign-born

% Youth

https://doi.org/10.1371/journal.pone.0302832.t002

2011
5
6.49
-0.67
0.19
2.62
18.79
2011
64
83.12
0.22
-0.07
2.80
16.97
2011
8
10.39
-1.18
0.86
1.68
13.30

2012 2013 2014 2015 2016 2017 2018 2019
7 8 9 14 16 20 25 27
9.09 10.39 11.69 18.18 20.78 25.97 32.47 35.06
-0.48 -0.11 -0.08 0.05 -0.15 -0.28 -0.31 -0.32
0.26 0.04 0.01 -0.03 0.00 0.06 -0.03 0.07
2.34 5.01 4.35 4.19 4.12 4.68 5.09 5.48
16.68 16.84 18.98 1591 15.97 16.28 17.05 16.55
2012 2013 2014 2015 2016 2017 2018 2019
62 59 59 48 48 43 40 38
80.52 76.62 76.62 62.34 62.34 55.84 51.95 49.35
0.28 0.34 0.27 0.36 0.33 0.37 0.27 0.25
-0.10 -0.15 -0.19 -0.17 -0.20 -0.28 -0.22 -0.19
3.28 3.21 3.50 391 4.02 3.98 3.31 3.52
17.68 17.34 16.98 17.08 16.76 16.08 14.42 14.35
2012 2013 2014 2015 2016 2017 2018 2019
8 10 9 15 13 14 12 12
10.39 12.99 11.69 19.48 16.88 18.18 15.58 15.58
-1.14 -0.99 -1.02 -0.92 -1.09 -1.09 -1.12 -1.16
0.81 0.76 0.80 0.45 0.60 0.48 0.41 0.51
1.35 1.23 1.39 1.59 1.49 2.02 2.69 1.76
12.95 12.93 13.64 13.94 12.74 12.30 12.76 11.80
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The ICC indicated that about 86 percent and 84 percent of the unconditional variation in
property and violent crime was between tracts. Hence, most of the variation in crime across
the study period was between tracts rather than within tracts over time.

Importantly, none of our gentrification measures were significantly associated with violent
crime, so we do not show models predicting violent crime (yet these are available from the
authors upon request). All findings presented are consistent with those using a total crime
(property plus violent crime) measure, as well, likely driven by effects on property crime.
Hence, we show and discuss only models for property crime. Table 3, then, analyzed the
between-tract and one of the within-tract effects of gentrification on property crime rates
among all Buffalo tracts from 2011 to 2019. Model 1 in Table 3 regressed property crime rates
on gentrification status among all Buffalo census tracts to test whether gentrified tracts have
higher or lower initial crime rates than vulnerable-but-never-gentrified tracts or not-vulnera-
ble tracts. As shown in Model 1, on average and controlling for general neighborhood charac-
teristics, gentrified tracts have higher initial property crime rates compared with their
vulnerable-but-never-gentrified counterparts (B = 0.265, p<0.01). Although not shown in the
model, supplemental analyses also showed that gentrified tracts have higher initial property
crime rates than their not-vulnerable counterparts (B = 0.284, p<0.05). More directly, incident

Table 3. Random intercept models predicting property crime rates among all tracts.

‘ Model 1 Model 2 Model 3
Tract-level Predictors
Gentrification stage (ref = vulnerable, never gentrified)
Gentrified 0.265** 0.184 0.310**
(0.094) (0.104) (0.095)
Not vulnerable -0.020 -0.109 -0.010
(0.095) (0.121) (0.095)
Year -0.097*** -0.128%** -0.095***
(0.011) (0.014) (0.011)
Year” 0.007*** 0.011%** 0.007***
(0.001) (0.001) (0.001)
Gentrified x Year 0.070**
(0.022)
Not vulnerable x Year 0.087
(0.050)
Gentrified x Year -0.009***
(0.002)
Not vulnerable x Year? -0.011*
(0.005)
Time-varying predictors
Gentrified in a given year -0.082**
(0.027)
Constant 3.960*** 3.996*** 3.949%**
(0.119) (0.121) (0.119)
* p<0.
** p<0.01

sokok

Pp<0.001. N = 684 tract-years across 76 tracts.

Notes. Standard errors in parentheses. Models control for time invariant and time -variant measures of concentrated disadvantage, residential stability, % foreign born,

and % youth.

https://doi.org/10.1371/journal.pone.0302832.t003
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rate ratios (not shown) indicate that gentrified tracts are expected to have a crime rate that is
about 30% higher than both their not-vulnerable and their vulnerable-but-not-gentrified
peers. This pattern is partially consistent with Hypothesis 1. Also shown in this model is the
general property crime trend across the study period, which indicates a nonlinear crime trend
with a general decline within the study period.

Model 2 in Table 3 investigated whether the property crime trajectory across the study
period varied by gentrification status by interacting the time-invariant gentrification measure
with year and its quadratic counterpart. The significant interaction effects suggest that the
crime trend varies by gentrification status. As shown in Fig 3, and consistent with Model 1,
gentrified tracts start off with higher property crime rates than their vulnerable-but-never-gen-
trified and their not-vulnerable counterparts, and they stay higher across the study period. Yet,
also evident is that the decline in crime among gentrified tracts mimics the decline among
not-vulnerable tracts in that it is stable, whereas the trend for vulnerable-but-not-gentrified
tracts is curvilinear, with a decline followed by an increase. This is consistent with Hypothesis
2a and the overall crime-reducing effect of gentrification.

Thus far, the between-tract effects show that trends in crime across the study period differ
by gentrification status, but these effects may be subject to selection bias. Gentrified tracts, for
instance, may be different from vulnerable-but-not-gentrified tracts in unmeasured ways.
Within-tract effects can help rule out some of this bias by using a given tract at a prior time

I
20M

I I I I I I I I
2012 2013 2014 2015 2016 2017 2018 2019

YEAR

= =@ =: GENTRIFIED = @= == \/ULNERABLE BUT NOT GENTRIFIED

NOT VULNERABLE

Fig 3. Property crime trajectories among tracts by gentrification status.

https://doi.org/10.1371/journal.pone.0302832.9003
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point as its own control. Hence, Model 3 added the time-varying measure of gentrification
indicating whether a tract was gentrified in a given year. The coefficient of the time-varying
gentrification measure indicates that, within a given tract, years after which the tract was gen-
trified showed lower property crime rates than years prior to gentrification (§ = -0.082,
p<0.01), independent of the general time trend, between-tract differences, and time-varying
neighborhood characteristics. Again, this result is consistent with Hypothesis 3a and the gen-
eral crime-reducing effects of gentrification. Also, the coefficient of the within-tract gentrifica-
tion status has a smaller magnitude compared with the gentrification status between tracts (§
=0.310, p<0.01), as was expected given that most of the variation in crime lay between tracts
rather than within tracts over time.

Table 4 shows the results from the property crime model employing the continuous, time-
varying measure of years from gentrification. Given that only gentrified tracts have a measure
of time from gentrification, this model included only gentrified tracts (N = 27). By assessing
time from gentrification within a given tract, this model attends to the potentially nonlinear
nature of gentrification and addresses the gradual time effect of gentrification that is not fully
captured in the year-to-year binary gentrification variable. Both years from gentrification and
its quadratic term were examined to assess potential nonlinearity, and, as shown in this model,
both terms were statistically significant (Bjinear = -0.029, p<<0.001; Bquadratic = -0.002, p<<0.001).
Specifically, this model indicated an accelerating negative effect of time from gentrification on
crime. This acceleration can be seen in Fig 4, where we see a slow decline in property crime
among gentrified tracts prior to gentrification followed by a steeper decline as a given tract
moves toward and then beyond the point of gentrification. Again, this pattern of results is sup-
portive of the general crime-reducing effect of gentrification indicated in Hypothesis 4a.

Discussion

This study examined the relationship between gentrification and crime rates in 79 census
tracts in Buffalo, New York from 2011 to 2019. Across three different specifications of gentrifi-
cation, each answering a slightly different question about the link between gentrification and
crime, the answer was consistent: although gentrified tracts generally had higher rates of

Table 4. Random intercept model predicting property crime rates among gentrified tracts.

Property Crime Rate
Years from gentrification -0.029***
(0.005)
Years from gentrification® -0.002***
(0.001)
Year gentrified -0.065
(0.044)
Constant 135.553
(89.101)

N = 241 tract-years across 27 gentrified tracts.

Standard errors in parentheses.

* p<0.05

* p<0.01

% .<0.001.

Note: Model controls for time-varying measures of concentrated disadvantage, residential stability, % foreign born,
and % youth.

https://doi.org/10.1371/journal.pone.0302832.t1004
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Fig 4. Property crime rate by time from gentrification among gentrified tracts.

https://doi.org/10.1371/journal.pone.0302832.g004

property crime given that disinvestment and disadvantage are precursors to gentrification,
gentrification itself was associated with reduced property crime both within and between tracts
over time. That is, gentrified tracts saw a more stable decline in property crime rates across the
study period than their vulnerable-but-not-gentrified counterparts. This decline mimicked
that found in not-vulnerable tracts. Further, within a given tract, gentrification was associated
with reduced property crime, and among gentrified tracts, years closer to and following gentri-
fication saw an acceleration of the general decline in property crime independent of where in
the study period gentrification occurred.

However, no association between gentrification and violent crime was found in these data.
Previous literature shows mixed findings on the relationship between gentrification and differ-
ent types of violent crime [17,19,43]. For example, Barton et al. [21] found that gentrification
was not associated with variation in total or gang homicide, but it was positively associated
with non-gang homicide. Also, considering the overall lower level of violent crimes compared
to property crimes, the 9-year period in our study may not be long enough to capture modest
violent changes. Further, our study centers on a mid-sized city, where the incidence of violent
crimes may be too limited for an examination of their association with gentrification. These
indicate that future research studying longer periods in mid-sized cities is needed.
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The result regarding the higher initial property crime rates in gentrified tracts from our
first model set the tone for this study. Initially, property crime was more likely to happen in
gentrified tracts than in not-vulnerable tracts or in vulnerable-but-not-gentrified tracts, con-
trolling for neighborhood characteristics. The higher initial property crime rates in gentrified
tracts are likely indicative of the decline in these neighborhoods before gentrification. Impor-
tantly, however, these differences in initial property crime rates were independent of the
neighborhood characteristics measured here and typically thought to explain away these differ-
ences (e.g., concentrated disadvantage). Thus, there may be more neighborhood heterogeneity
between tracts at different gentrification statuses, and thus more selection mechanisms that
have previously been attended to, that should be explored. For instance, vulnerable tracts
experiencing high crime may be especially subject to intense policing and more punitive treat-
ments, especially when there is an initial high concentration of minorities, thus enforcing con-
ceptions of public order may spur external initiatives for revitalization [59,60].

Beyond these initial differences between tracts, all other models indicate a crime-reducing
effect of gentrification, at least for property crime. The steeper crime-decreasing trend in gen-
trified tracts compared to their vulnerable-but-not-gentrified counterparts, the negative
within-tract gentrification effects, and the accelerating, negative effect of time from gentrifica-
tion on crime all tell a consistent story of the negative relationship between gentrification and
property crime in Buffalo, New York from 2011 to 2019. Moreover, the nonlinear within-tract
gentrification-crime relationship suggests that the effect of gentrification on reduced property
crime takes time to appear—it can be slower at first while a tract is in the process of gentrifying
and more evident with the expansion of gentrification. This is consistent with Kreager et al.’s
[24] findings—though they found that, from the 1980s and 2000s, early gentrification was
linked to small increases in crime and gentrification in its more established form was nega-
tively related to crime. Considering the contemporary period in Buffalo, gentrification was
likely to reach its consolidated form of revitalization, which is the later gentrification stage that
Kreager and his colleagues [24] identified.

The consistent findings across three variations of models are particularly compelling given
the unique context of gentrification in Buffalo. For instance, compared with other highly gen-
trified cosmopolitan cities (e.g., New York City, Boston, and San Francisco.), Buffalo has a rel-
atively short history of gentrification. Buffalo’s gentrification process started in the 1990s and
has expanded since the 2000s [52]. By 2019, less than 40% of its census tracts were gentrified.
Among these gentrified tracts, within the nine-year period, they were gentrified for less than a
decade at the longest. And still, we saw a consistent negative association between gentrification
and property crime across all models measuring change over time. If it is the case that crime-
reducing effects take time to appear since gentrification is a dynamic and gradual process, the
effects found here may be relatively conservative estimates. Still, our findings need to be repli-
cated with other operationalizations of gentrification and in other mid-sized cities.

Generally, our findings accord well with studies using contemporary data and support the
notion that the crime-reducing mechanisms drawn from social disorganization and routine
activities theories may be stronger than the crime-promoting mechanisms, at least for property
crime (although we also found no support for a positive relationship between gentrification
and violent crime). The negative within-tract association between property crime and gentrifi-
cation—that years following gentrification within a given tract had lower property crime rates
than years prior independent of the time trend—is consistent with Barton [15], MacDonald
and Stokes [18], and Papachristos [19] findings. Also, the accelerated decline in crime in a
given tract following gentrification is consistent with Kreager et al’s [24] finding of the negative
link between crime and the consolidated form of gentrification. However, compared with
Lee’s [17] work in Los Angeles, which suggests that gentrification leads to increases in assaults,
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robberies, automobile thefts, and thefts from automobiles in the short term, our study indi-
cates that the relationship between gentrification and crime can vary depending on specific
study sites, focusing on mid-sized cities can broaden the understanding of this relationship.

Still, there are several limitations in this study. First, our study period from 2011 to 2019
was relatively short, and our study cannot examine the tracts that were gentrified before 2011.
Those tracts could have been fully gentrified before 2011 but were regarded as not vulnerable
because they were never at risk of gentrification during the study period. Yet, due to the limita-
tion of crime data—no accurate data before 2009—we were not able to examine the association
before 2009. Second, and related, is the short time interval between waves in our study. Year-
to-year neighborhood changes likely presented fewer significant influences of gentrification
on crime compared with a large time interval (e.g., a ten-year interval), but the short interval
enabled us to have a more conservative estimate of the effect and capture the nuances in this
association during the transitional time. Further, a shift from not gentrified to gentrified from
one year to the next may seem inconsistent with the conceptualization of gentrification as a
gradual process. Although we attended to this in multiple ways in sensitivity models available
from the authors (e.g., using 2-year windows instead of 1-year windows and ensuring the
point of gentrification signaled real changes in trajectories of neighborhood characteristics
rather than a temporary deviation), these annual data likely mask some neighborhood change.
At the same time, our findings are consistent with studies examining the relationship between
gentrification and other, presumably less responsive, life outcomes. For instance, Gibbons,
Bartons, and Brault [47] identified the protective effect of gentrification on self-rated health at
the neighborhood level. The stability of these effects across both shorter term (crime) and lon-
ger term (health) outcomes enhanced the validity of the measure of gentrification.

Third, our approach employed within-tract effects consistent with previous studies [21,24]
to better rule out spuriousness (i.e., that both gentrification and crime are attributable to some
unmeasured difference between neighborhoods), yet other approaches that can more rigor-
ously assess causality are needed in future research. These approaches might entail capitalizing
on natural experiments via policy change or employing propensity matching approach that
first entails predicting the likelihood of gentrification and then matching tracts on this likeli-
hood. These approaches were beyond the scope and data capabilities of the current study.

Fourth, there are drawbacks to using census tracts to define neighborhoods. Although we
tested for spatial lag and spatial error only to find nonsignificant spatial dependence (both lag
and error) for property and violent crime, these and other spatial effects are important for
future consideration. For example, the crime rates in gentrifying tracts where nearby neigh-
borhoods are also improving may differ from the crime rates in those on the “frontier” of gen-
trification [22], or those standing as an “island of renewal in a sea of decay” [61]. Also, the
spatial effect of gentrified neighborhoods and disadvantaged neighborhoods can spill over into
adjacent areas. Using census tracts to study neighborhoods, even while attending to potential
spatial lag and error, does not entirely consider the blurred boundaries between neighbor-
hoods. Individuals may live in one census tract while spending most of their daytime in
another tract for work or entertainment. However, using a crude indicator of neighborhoods
like census tracts likely provided a more conservative estimate of the link between gentrifica-
tion and crime.

Finally, our measure of crime rate is limited in at least two ways. First, as is the case with
any study using official police reports of crime, our dependent variable conflates both actual
occurrences of crime and the reporting of that crime. Second, crime rates only take into
account actual residents versus those who visit the neighborhood for restaurants, bars, shops,
or other venues. As visitors are more frequent in gentrifying neighborhoods versus vulnerable
neighborhoods [62], crime rates in gentrified neighborhoods might actually be overestimated
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in the current study. Nonetheless, we found consistent negative associations between gentrifi-
cation and crime over time despite evidence that middle-class in-movers demand more fre-
quent policing in gentrifying communities [39,40,60] and despite increased foot traffic in
gentrified neighborhoods. Hence, the findings presented here may be conservative estimates
rather than liberal estimates of the association between gentrification and crime.

In light of these limitations, we found gentrification was consistently related to reduced
property crime in Buffalo from 2011 to 2019 across three different model specifications and
had no effect on violent crime. However, it is important to consider this evidence as only one
piece of the general puzzle about the effects of gentrification [6]. Understanding the real-world
implications of these findings requires both replication in other mid-sized cities and the plac-
ing of these findings in context. It is important to consider that gentrification is a multidimen-
sional process that has also been related to negative neighborhood consequences, like the
displacement of disadvantaged residents, especially among people of color [14]. It is also
important to keep in mind that crime rates were declining in Buffalo prior to widespread gen-
trification. Although some of this decline could be capturing the gentrification process, others
have identified non-gentrification-related factors responsible for general declines in crime
across the U.S. [63,64] Hence, urban planners must consider the entirety of research on gentri-
fication and its consequences for diverse outcomes and diverse groups. Doing so may point to
novel ways to capitalize on the crime-reducing benefits of gentrification, as well as emerging
evidence on its general health-promoting benefits [47,65], while minimizing costs to marginal-
ized populations.
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