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Abstract
This study examines the effects of a neighbourhood greening and beautification strategy called Clean
& Green on crime prevention and reduction. Point level data for all Part I index crimes and Clean &
Green efforts in the study area from 2005 to 2014 are analysed using spatial and linear regression with
two key modifications: (1) controlling for temporal and spatial dependencies between points; and (2)
allowing for potentially non-linear temporal trends in the effect of cumulative greening. To accommo-
date those modifications, generalised additive models (GAMs) were employed. The analyses of violent
and property crimes suggest that greening efforts are increasingly protective over time. The findings
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demonstrate that the elimination of blight and disorder via neighbourhood greening and beautification
efforts can be an effective tool for crime prevention and control in communities.
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Introduction

Criminal justice tactics such as arrest, incar-
ceration and other types of court adjudica-
tions are not the only mechanisms available
to reduce crime, nor are they necessarily the
most cost-effective. Strategies focusing on
public health outcomes might be more effec-
tive at reducing aggregate crime rates and
cost less (Branas et al., 2011, 2018; Kondo
et al., 2018; Moyer et al., 2019; Sadler et al.,
2017). For example, research has linked
community-driven physical disorder reduc-
tion (CDPDR) via the development and
maintenance of green space (i.e. greening) to
diminishing crime rates in urban areas
(Branas et al., 2011, 2018). Greening gener-
ally refers to the beautification and mainte-
nance of blighted properties by creating
community gardens, mowing lawns and/or
planting vegetation (Sadler et al., 2017). The
reduction of physical disorders via greening
initiatives has been associated with decreases
in gun violence, vandalism, stress and

sedentary lifestyles (Branas et al., 2011), as
well as stronger ties among community
organisations and a sense of accomplish-
ment among participants (Sadler and Pruett,
2015).

Despite the growing evidence of the posi-
tive association these strategies have with
crime rates, very few researchers have stud-
ied the influence of such programmes over a
prolonged period of time. To date, only two
studies have examined the association
between greening and crime reduction over
a 10-year or longer period. Branas and col-
leagues (2011) examined the effect of green-
ing urban vacant lots on crime over a 10-
year period and Locke and colleagues (2017)
examined the associations of planting trees
in city streets over a 12-year period. As a
result, there is a need for more research that
examines whether the association of green-
ing programmes with crime levels endures
for several years or is merely temporary.

The purpose of this study is to examine
the relationship between CDPDR via
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greening and crime over time while control-
ling for neighbourhood racial composition,
socioeconomic and built environment char-
acteristics. We operationalise greening as
those properties maintained and beautified
through a community lawn maintenance
programme in Flint, Michigan, called Clean
& Green (C&G). Analyses use point level
data for all Part 1 violent and property
crimes reported to the Flint Police
Department, and greening efforts compiled
by the Genesee County Land Bank
Authority (GCLBA) from 2005 to 2014.
This study builds on earlier work on the
C&G programme in Flint – which consid-
ered the perceived effect among city resi-
dents of the programme on crime (Sadler
and Pruett, 2015), the relationship between
greening and assaults (Heinze et al., 2018)
and the spatial colocation of crime and
greening hot spots (Sadler et al., 2017). In so
doing, this is one of the first studies to exam-
ine temporal trends in violent and property
crimes for a prolonged period of time (i.e. 10
years + ) with respect to greening while
controlling for structural conditions.

Disorder, crime and greening

Prior research suggests that visible disorder
in geographic locations is related to aggre-
gate criminal behaviours (Markowitz et al.,
2001; Rountree et al., 1994; Skogan, 1990).
The literature identifies two types of disor-
ders: social and physical (Sampson and
Raudenbush, 1999; Skogan, 1990). Social
disorder involves behaviour that is visible to
the public and can be construed as poten-
tially threatening (Sampson and
Raudenbush, 1999). Physical disorders con-
sist of visible signs of neglect and are defined
as ‘the deterioration of the urban landscape’
(Sampson and Raudenbush, 1999: 604).
Social disorder includes catcalling and street
harassment, loitering, soliciting and playing
loud music in public spaces. Physical

disorder includes the presence of rubbish, lit-
ter, graffiti, abandoned housing and poorly
maintained public spaces (Skogan, 1990).
Skogan (1990) posits that these disorders
erode community solidarity and discourage
collective activities, heighten fear of crime,
increase the occurrence of more serious
crimes, and undermine residents’ satisfaction
with and commitment to the neighbourhood
in which they live. Sampson and
Raudenbush (1999) expanded on the rela-
tionship between disorder and crime by
positing that disorder co-occurs with crime
and that it shares the same structural precur-
sors of concentrated disadvantage and social
disorganisation.

Given the relationship between disorder
and crime, researchers and practitioners
alike have implemented and evaluated vari-
ous CDPDR tactics in efforts to decrease
and prevent crime in geographic areas. One
such effort focuses on eliminating physical
disorder via greening and beautification
strategies in neighbourhood vacant lots.
These types of efforts have been tested in
multiple cities and with various methodolo-
gies and have shown robust positive results
despite differences in sites and methods.

In one of the pioneering studies in the
area, Branas and colleagues (2011) employed
a difference-in-difference analysis over a 10-
year period (1999–2008) in Philadelphia and
found that elimination of physical disorders
via greening efforts were related to reduc-
tions in gun assaults in all sections of the
city, and a reduction in vandalism and crimi-
nal mischief in one section. They also found
a reduced level of stress among residents and
increases in outside exercise activities.
Follow-up studies in Philadelphia have cor-
roborated the findings related to crime
reduction (Branas et al., 2018; Moyer et al.,
2019). Moyer and colleagues (2019) found a
statistically significant decrease in shootings
resulting in serious injuries around the
greened lots, and Branas and colleagues
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(2018) found a statistically significant
decrease in all crimes, gun assaults and bur-
glaries after the implementation of the
vacant lot greening programme. This body
of work in Philadelphia has also found posi-
tive outcomes related to resident wellbeing.
For example, Garvin and colleagues (2013)
found that the residents in the greened areas
reported a higher sense of safety, when com-
pared with those from the control areas
(Garvin et al., 2013). A more recent study
found that residents perceived that crime
and vandalism decreased in the treated areas
(Branas et al., 2018).

The positive effect of greening vacant lots
on crime rates is not unique to Philadelphia
as researchers have found similar results in
other cities. Using similar methods to those
employed in the Philadelphia studies,
Kondo and colleagues (2016) found a reduc-
tion in assaults, burglary, robberies and theft
in at least one of the treatment lot types in
Youngstown, Ohio. A later study conducted
in New Orleans also by Kondo and col-
leagues (2018), however, only found statisti-
cally significant decreases with drug crimes;
indicating that place context matters when
examining the effect of greening initiatives.

Greening efforts have also been tested in
the city of Flint. For example, Sadler and
colleagues’ (2017) examination of Flint with
emerging hot spot analysis found that neigh-
bourhoods in Flint that participated in the
city’s C&G programme experienced reduc-
tions in violent, property and public order
offences. Their emerging hot spot analyses
showed an inverse relationship between
greening dosage and crime rates. They found
that mowing vacant lots was associated with
diminishing crime hot spots and generating
new crime cold spots throughout the city.
Crime remained higher in places with little
greening or where implementation of C&G
was absent. More recently, Heinze and col-
leagues (2018) found that street segments in
the city of Flint that maintained vacant lots

by using greening tactics experienced a
reduction in violent assaults.

Other researchers suggest that the presence
of trees and other vegetation is inversely
related to crime, violence and aggression
(Burley, 2018; Kuo and Sullivan, 2001a,
2001b; Snelgrove et al., 2004; Wolfe and
Mennis, 2012). That is, the more vegetation
and trees, the lower the incidence of crime.
For example, Burley (2018) found that in
neighbourhoods in Portland, Oregon, the
planting of new trees was correlated with a
decrease in violent crime and that the planting
of new trees in neighbourhoods with lower
median household incomes had a positive
effect. These findings, however, appear to be
place-specific since Locke and colleagues’
(2017) examination of a similar initiative in
New Haven, Connecticut, did not find an
effect between these efforts and crime.

Researchers posit that the mechanisms
linking greening efforts to decreases in crime
are heightened levels of guardianship and
strengthened collective efficacy among resi-
dents (Alaimo et al., 2010; Kuo and Sullivan,
2001a). For example, a descriptive case study
observation conducted in Lawrence,
Massachusetts, after greening efforts suggests
that the maintenance of a community garden
contributed to a reduction in fear of crime
and increased social capital through the
strengthening of civic engagement among res-
idents who participated in the programme
(McCabe, 2014). In another qualitative inves-
tigation conducted in Flint, Michigan, inter-
views with residents suggest that participation
in the C&G programme increased levels of
collective efficacy in participating neighbour-
hoods (Sadler and Pruett, 2015). Specifically,
programme participants believed that the ini-
tiative was a critical factor in bringing people
together to solve neighbourhood blight prob-
lems. Participants also indicated that greening
served as a catalyst for building community
pride and reducing crimes such as prostitu-
tion, drug dealing and break-ins.
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Bringing neighbourhood residents together
through projects that enable them to work as
a group to solve problems may serve as a cat-
alyst for increasing collective efficacy in the
community despite poor structural conditions.
Collective efficacy refers to the ‘social cohe-
sion among neighbours combined with their
willingness to intervene on behalf of the com-
mon good’ (Sampson et al., 1997: 918).
Collective efficacy does not occur over-night
and it takes time to develop. By coming
together for a common purpose such as green-
ing and beautification, residents strengthen
private and parochial networks after repeat
interactions (Aiyer et al., 2015; Alaimo et al.,
2010; McCabe, 2014). As residents work
together towards a common goal, they will
get to know each other and build mutual
trust, which in turn may result in collective
efficacy.

The presence of greening programmes also
offers an opportunity to enhance either
directly or indirectly the informal social con-
trol within neighbourhoods. Participation in
greening means more people out in the streets
attending to their property and public spaces
in their neighbourhood, and this simultane-
ously leads to increased levels of guardian-
ship. Additionally, individuals having a stake
in their community may result in a greater
willingness to report crime and disorder to
proper authorities (Aiyer et al., 2015; Jacobs,
1961). Related greening initiatives within
communities reduce signs of physical disor-
der that may invite more serious offending
(Skogan, 1990; Wilson and Kelling, 1982).
As a result, offenders may become increas-
ingly averse to committing crime in these
communities because of their perception that
residents care and, thus, would not allow
criminal behaviour in the area.

Current study

The purpose of this study is to ascertain the
relationship between CDPDR and crime by

examining the association of CDPDR via
greening through the C&G programme of
the GCLBA from 2005 to 2014 in Flint,
Michigan. This study focuses on the follow-
ing research question: How does the rela-
tionship between greening and crime change
over time while controlling for neighbour-
hood structural characteristics? This study
builds on prior greening research by model-
ling the influence of specific social and envi-
ronmental variables on greening’s ability to
reduce crime. Recent enquiries have linked
greening to crime control gains; however,
the bulk of these analyses do not control for
important demographic, socioeconomic,
housing condition and built environment
variables that research suggests have a rela-
tionship with aggregate crime rates.
Moreover, this is one of the few studies that
examine the association of greening with
data spanning more than a 10-year period.

This study also advances the current
understanding of the greening–crime rela-
tionship through modelling the association
longitudinally using semi-parametric regres-
sion models that allow for general modelling
of the temporally varying relationship with-
out pre-specifying its nature (e.g. linear).
This allows for a very general understanding
of how greening is related to changes in
crime over time. This is important because –
owing to the relative youth of greening as a
strategy to reduce crime – few scholars have
sought to investigate the temporal dimen-
sion in greening. Knowing whether greening
efforts have a sustained association is impor-
tant for policy development as well as
increasing the theoretical understanding of
these initiatives.

Site description

Flint has undergone vast transformations in
recent decades following the steep decline of
manufacturing jobs and financial invest-
ment. According to the 2014 American

2960 Urban Studies 57(14)



Community Survey (ACS), African
Americans comprised 55% of Flint’s
approximately 99,000 residents, while
Caucasians comprised 39% (US Census
Bureau, 2016a). Partly as a function of his-
torical patterns of racial discrimination that
tie redlining and white flight to neighbour-
hood disinvestment, the city faces severe
economic challenges; among other indica-
tors, its median income (US$24,679) and
unemployment rate (13%) are much worse
than state and national averages (US Census
Bureau, 2016b, 2016c). Moreover, the preva-
lence of families with children under the age
of 18 living below the poverty level is more
than 30% higher in Flint compared with
rates across the state and nationwide (US
Census Bureau, 2016b, 2016c, 2016d).

Flint’s population has been declining
since the mid-1960s from its peak of nearly
200,000 residents. From 2000 to 2014 alone,
its population decreased from 124,741 to
99,002, a 21% reduction (US Census
Bureau, 2015). This rapid and ongoing out-
ward population migration has drastically
reduced the city’s tax base, and substantially
increased the amount of unoccupied housing
stock and discarded properties (as discussed
in more detail in Sadler and Lafreniere,
2017). With limited public resources, the city
relies heavily upon its own residents to help
eliminate urban blight. The GCLBA has
been an important steward in stemming the
negative effects of land that otherwise may
be unmaintained: the state passes foreclosed
properties to GCLBA, and GCLBA strate-
gically maintains the properties through
rehabilitation or demolition.

Through its C&G programme – which
was created in 2004 to partner with commu-
nity groups who mow and beautify vacant
properties – the GCLBA has been able to
cheaply and innovatively maintain thou-
sands of parcels annually, addressing one of
the biggest challenges of population decline
(GCLBA, 2015). C&G efforts primarily

include clearing debris and mowing lawns
but can also include planting community
gardens or other plants, establishing pocket
parks or decoratively boarding-up vacant
homes. C&G works via community groups
who apply to and receive a stipend from the
GCLBA each year to maintain at least 25
properties during the mowing season (from
May to October). These groups work with
GCLBA to identify properties in need of
upkeep. Stipends are then used to pay for
personnel and equipment to maintain these
properties. Sadler and Pruett (2015) reported
that in 2014, more than 50 community
groups and 200 youth participated in the
C&G programme and maintained over 1800
properties during that time. GCLBA esti-
mates that, in recent years, more than 1000
people have participated in C&G annually.

In any given year, the distribution of
properties maintained is partly contingent
on who applies for the stipend and the lots
owned by the GCLBA. Crime rates are usu-
ally not explicitly a part of the decision-
making process, though local knowledge of
trouble spots undoubtedly comes into play.
Properties assigned to any one group also
tend to cluster within a few blocks to con-
centrate the association with the greening.
Figure 1 illustrates the net distribution of all
properties maintained from 2005 to 2014.

Methodology

Data

This study employs various data sets to
answer the research question of interest:
How does the relationship between greening
and crime change over time while controlling
for neighbourhood structural characteristics?
We use crime incident data compiled by the
Flint Police Department and extracted from
their data information system. These data
include all of the crimes that came to the
attention of Flint PD from 2005 to 2014. We
grouped the crime incident data based on the
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Uniform Crime Report Categorization of
Part 1 and Part 2 crimes and, for the purpose
of this study, focused only on Part 1 violent
and property offences. Violent offences
include homicide, sexual assault/rape, aggra-
vated assault and robbery. Property offences
include burglary, larceny/theft, motor vehi-
cle theft and arson.

We also employ C&G data compiled by
the GCLBA. These data contain informa-
tion on parcel maintenance and greening
efforts for the years 2005–2014. Specifically,
C&G participants were required to track all
parcels maintained every 3 weeks. We digi-
tised these maintenance records, which
include date and location of all greened par-
cels, and joined them to a parcel database to
derive a final shapefile that indicates the
number of times participants maintained
each parcel per year.

In order to control whether place racial
composition, socioeconomic status and built
environment mediate the association of

C&G greening efforts on crimes we also
employed racial composition and socioeco-
nomic data compiled from the National
Historical Geographic Information System
(Minnesota Population Center, 2011) and
the City of Flint. These data include infor-
mation on variables such as economic disad-
vantage, ethnic composition and citywide
population at the census tract level. Finally,
we compiled housing survey and environ-
mental data from the City of Flint
Department of Planning and Development
(2012, 2016). These include parcel status,
neighbourhood housing condition and land
use. Parcel status is parcel specific.
Neighbourhood housing condition was col-
lected at the census block level. Land use
was collected at the census tract level.

Unit of analysis. Given that C&G activities
occurred in property parcels, the unit of
analysis of this study is residential parcels.
As a result, we assigned the variables

Figure 1. Clean and green lots.
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extracted from the aforementioned data
sources to residential parcels, with observa-
tions for each year in the data set inclusive.
That is, we assigned to each parcel the
neighbourhood-level characteristics of the
larger unit in which it resides. This parcel-
level approach enables a fine-grained analy-
sis of the relationship between levels of
greening and crime when controlled by
parcel-level and neighbourhood-level charac-
teristics, and overcomes some issues associ-
ated with the modifiable areal unit problem.

Dependent variables. This study examines two
dependent variables: violent crime density
and property crime density. We calculated
violent and property crime densities by using
the incident addresses provided in the Flint
PD crime incident reports. Specific addresses
were geocoded using ArcGIS 10.3 (ESRI,
2015), yielding a 95% match rate (remaining
incidents were matched manually). Incidents
reported at hospitals or police stations are
not included because the actual crime inci-
dents did not occur in those locations. We
employed kernel density analysis to compute
violent and property crime density for indi-
vidual years and appended the density at
that point to each parcel. We used the
default search radius, which does not assign
a specific distance but instead is based on
the number of input points and corrects for
spatial outliers (ESRI, 2015). We then
extracted the resulting value of the kernel
density analysis – signifying the relative den-
sity of crimes in any location – at each indi-
vidual residential parcel through a raster
value to feature join function in ArcGIS.
Owing to the focus on the association of
greening activities, these analyses were
restricted to the active mowing season estab-
lished by C&G (1 May to 31 October); spe-
cifically, we assume that the associations of
greening are diminished during the season
when active greening is not taking place and

wanted to test the specific associations dur-
ing the greening season itself.

Independent variables. Given the research
question examined, the independent variable
of interest is cumulative greening for the
neighbourhood parcel. We conducted kernel
density analyses to derive a cumulative
greening score (in raster format) for 2006–
2014. Working from the assumption that
greening associations are relatively local and
that maintaining a property may influence
crime levels within the distance of approxi-
mately one block, we employed a search
radius of 500 feet (as used in Sadler et al.,
2017). In total, we calculated nine scores,
which were inclusive (e.g. the 2006 score
included 2005; 2007 score included 2005 and
2006; the 2008 score included 2005, 2006
and 2007; and so on, with the final score for
2014 including all the years). We used cumu-
lative scores because we assume a longer-
term association with places that have con-
sistent greening over several years. We then
joined the cumulative greening scores for
each year to the corresponding year’s crime
density score. For example, the 2007 cumu-
lative greening score (which included 2005–
2007 greening inclusive) was joined to the
2007 crime density score, the 2008 cumula-
tive greening score (which included 2005–
2008 greening inclusive) was joined to the
2008 crime density score, and so on.

Control variables. Prior research documents a
relationship between residential racial com-
position, socioeconomy, built environment
and crime (Brown et al., 2009; Macdonald,
2015; Sampson and Raudenbush, 1999;
Sampson et al., 1997). As a result, we
appended to parcels six control variables: (1)
socioeconomic distress, (2) percent black, (3)
parcel status, (4) neighbourhood housing
condition, (5) land mix, and (6) city-wide
population. The first measures consider

Pizarro et al. 2963



socioeconomic conditions, the second mea-
sure racial composition, and variables 3–5
consider the built environment. Finally, city-
wide population captures fluctuations in the
Flint population. This is particularly important
in the city of Flint because the city has experi-
enced vast residential outmigration during the
past 20 years. Indeed, from 2006 to 2014 the
city population went from approximately
116,000 residents to 99,000 residents. We use
block group level statistics from the US
Census to capture socioeconomic conditions,
and City of Flint data to capture built environ-
ment and citywide population.

We measure socioeconomic distress with
an index of variables adapted from past
research on Flint (Hanna-Attisha et al.,
2016; Sadler et al., 2013) and social disorga-
nisation (Sampson et al., 1997). Socio-
economic distress includes an unweighted
z-score sum of rates of: (1) low educational
attainment measured as the proportion of
residents 25 years and older with no high
school diploma; (2) lone parenthood mea-
sured as the proportion of single-parent
families; (3) low income measured as the
average income of people 25 years and older;
and (4) unemployment measured as the
employment population ratio of residents 25
years and older. In this index, higher scores
indicate more socioeconomic distress, while
lower (negative) scores indicate less distress.
Percent black captures the percentage of
black residents within the block group.

Built environmental data from the City of
Flint (2012, 2016) include parcel status,
neighbourhood-housing condition and land
use mix. Parcel status captures whether the
parcel is vacant or occupied. We measure
neighbourhood average housing condition
by averaging the conditions of every house
in the block. We obtained data for this mea-
sure from a housing survey conducted by the
city of Flint in 2012 (City of Flint, 2012). As
part of the survey, a trained rater from the
GCLBA coded the conditions of every house

in the city and assigned houses one of four
ratings based on the condition of the house:
good, fair, poor or structurally deficient. We
used these scores to create the neighbour-
hood (block-level) average condition score.
Land use mix is an entropy index defined by
the mix of residential, commercial and indus-
trial land use. It is defined as:
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where a is the total acreage of a land use
within a moving window from any point on
the map, R is residential acreage, C is com-
mercial acreage, I is industrial acreage and
n3 signifies the total number of land uses
present in the window (which in this case is
500 feet). We converted each variable to a
categorical scale for stratification of regres-
sion analyses, with the categories shown in
Table 1.

Analysis

The unit of analysis to which we assigned all
variables is the residential parcel, with obser-
vations for each year in the data set inclu-
sive. We examined 51,263 total parcels
(representing all residential properties in the
city) and assigned to each parcel the charac-
teristics of the larger unit in which it resides.
We then ran two separate sets of analyses –
one for violent crimes and one for property
crimes. The primary analytic technique
employed was linear regression with two key
modifications: (1) controlling for spatial
dependencies between points, and (2) allowing
for (potentially non-linear) temporal trends in
the association between cumulative greening
and crime density. To accommodate those
modifications, generalised additive models
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(GAMs) were employed. Specifically, within a
single model, we modelled crime density at
time (year) t and parcel location (in UTM
coordinates) s as:

Yt sð Þ=X sð Þ � b+Gt sð Þ � a tð Þ+P tð Þ � g
+f sð Þ+ u tð Þ+ e

ð2Þ

b is used to control for non-time-varying
covariates (socioeconomic distress, percent
black, parcel status, housing condition and
land mix), denoted by X sð Þ; these coeffi-
cients are interpreted the same way as coeffi-
cients from a linear regression model. The
primary parameter of interest is a tð Þ; the
time-varying coefficient for cumulative
greening score at location s and time t, Gt sð Þ,
is interpreted the same as a usual regression
coefficient but varies (potentially non-
linearly) as a function of time. Therefore, in
this way, it may be viewed as a (non-linear)
generalisation of an interaction between
greening and time. We examine nine differ-
ent time points (i.e. 2006–2014). Within this
framework, testing for a time-varying associ-
ation between greening and crime amounts
to testing the null hypothesis that a tð Þ is a
constant function, H0 : a tð Þ=a.

To get a properly adjusted estimate of the
association between greening and each crime
type, we controlled for neighbourhood socioe-
conomic distress, percentage of black residents
in the neighbourhood, parcel status, neigh-
bourhood housing condition and land use mix

in all models. City-wide population (by year),
P tð Þ, was also included in an attempt to con-
trol for the changing population size in Flint,
in the absence of time-varying population-size
data at the block level (which in ACS Census
Data is unreliable at best).

The function f sð Þ is used to model spatial
trends in the data and removes any spatial
signal from the residuals in a fashion analo-
gous to spatial random associations.
Previous research has modelled spatial
dependence in this way (see Goldstick et al.,
2015). Controlling spatial dependency in this
way treats space continuously rather than
assuming arbitrary areal units (e.g. neigh-
bourhoods defined by census block groups)
with fixed correlation within units and none
across units. The temporal trend is captured
by u tð Þ, which models any residual secular
temporal trends not captured by the green-
ing variable (e.g. declining crime counts due
to uniform population loss). All functional
parameters in this model – a tð Þ, u tð Þ,f sð Þ –
are modelled using thin-plate splines, with
smoothness chosen within the fitting proce-
dure by generalised cross-validation, which
allows data-driven (rather than pre-
specified) determination of the shape of the
regression function. All other regression
coefficients were fixed (i.e. time-invariant).

Findings

Table 2 presents descriptive statistics and
unadjusted correlations between each

Table 1. Summary of variables.

Category Variable Scale Categories

Social Distress Census block group Quintiles of z-score sums
Percent black Census block group Quintiles of z-score sums

Built
Environment

Parcel status – vacant
(Yes, No)

Parcel Yes/No

Neighbourhood
housing condition

Block 1–1.24; 1.25–1.49; 1.5–1.99; 2–2.49; 2.5+

Land use mix Census block group Quintiles
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variable and crime density. Percent black is
correlated with more violent crime and had
a small but statistically significant associa-
tion with property crime. Vacant parcels
had lower rates of property crime and a
small positive association with violent crime.
Neighbourhood distress showed positive
associations with both violent and property
crimes, with the larger association being
with violent crime; a similar trend was seen
with housing condition. Land use mix was
positively associated with property and vio-
lent crime. Cumulative greening values
increased annually from 2006 to 2014. The
associations between greening and property
crime were increasingly negative over time; a
similar trend was observed with regard to
violent crime.

Violent crime

We show the non-time-varying regression
coefficients in the model for violent crime in
Table 3, and the time-varying associations of
cumulative greening with violent crime in
Figure 2. The unsmoothed estimates (i.e. fit-
ting a separate coefficient for each year) of

the time-varying relationship between green-
ing and violent crime are also superimposed
on Figure 2. The smooth time-varying associ-
ation yields give a more interpretable trajec-
tory than the large year-to-year fluctuation
seen in the unsmoothed estimates. The
adjusted association of cumulative greening
begins near zero (with the point-wise confi-
dence interval clearly covering zero) and
quickly declines thereafter. After the second
year (2007), the association is significantly
negative (the confidence interval is entirely
below zero) and continues to decline. The
association appears to move back toward
zero after year six (2012). The time-varying
association was statistically significant (p \
0.001). Overall, this trajectory suggests that
the association of greening with violent crime
is increasingly strong over time, possibly
because of a delayed onset of the positive
associations of greening (see Figure 2). The
diminishing effect in later years may be due
to the continued expansion of the pro-
gramme and the positive mechanisms that
reduce crime not immediately taking hold in
those new neighbourhoods. Structural condi-
tions also emerged as significant in this

Table 2. Descriptive statistics (N = 461,367).

Variable M/% (SD) Violent Property

Distress 2.4 (3.2) 0.33 (0.32, 0.33) 0.06 (0.06, (0.06)
Percent black 0.54 (0.40) 0.12 (0.12, 0.12) 20.04 (20.04, 20.04)
Parcel status vacant 10205 (19.9%) 0.02 (0.02, 0.02) 20.10 (20.10, 20.10)
Neighbourhood housing condition 1.7 (0.6) 0.26 (0.26, 0.26) 0.07 (0.06, 0.07)
Land use mix 20.63 (0.00) 20.25 (20.25, 20.25) 20.23 (20.23, 20.23)
Cumulative greening (2006) 0.26 (0.97) 0.02 (0.01, 0.03) 20.06 (20.07, 20.05)
Cumulative greening (2007) 0.47 (1.59) 0.05 (0.04, 0.06) 20.01 (20.02, 0.00)
Cumulative greening (2008) 0.59 (2.00) 0.01 (20.00, 0.02) 20.08 (20.08, 20.07)
Cumulative greening (2009) 0.82 (2.50) 0.02 (0.01, 0.03) 20.07 (20.08, 20.06)
Cumulative greening (2010) 1.21 (3.37) 20.00 (20.01, 0.00) 20.17 (20.17, 20.16)
Cumulative greening (2011) 1.65 (4.30) 20.06 (20.07, 20.05) 20.12 (20.12, 20.11)
Cumulative greening (2012) 2.06 (5.22) 20.11 (20.12, 20.11) 20.17 (20.18, 20.16)
Cumulative greening (2013) 2.53 (6.21) 20.04 (20.05, 20.03) 20.19 (20.20, 20.18)
Cumulative greening (2014) 3.33 (7.45) 20.07 (20.08, 20.06) 20.12 (20.13, 20.12)

Notes: Entries in the left column are mean/SD for quantitative variables and percentages for counts. Columns 2–4 show

unadjusted correlations of each variable with violent and property crimes, respectively. For the rows specific to a single

year the sample size is 51,263 parcels.
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model (see Table 3). Specifically, parcels in
areas with higher numbers of vacant lots
experienced fewer violent crimes, while those
in areas with a higher percentage of black
residents, greater socioeconomic distress and
structures in neighbourhoods with poorer
housing conditions experienced more vio-
lence crime. Finally, mixed land use is related
to less violent crime.

Property crime

Table 3 shows the coefficients of the non-
time-varying covariates of property crime.
The adjusted association between cumulative

greening and property crime (Figure 3) starts
out significantly negative (the upper end of
the confidence interval is below zero) before
crossing zero and becoming positive in year
2, null in year 3 and significantly positive
thereafter. The time-varying association was
statistically significant (p \ 0.001). Overall,
this coefficient trajectory shows that green-
ing is generally negatively associated with
property crime, but we also found some fluc-
tuation in the earlier years. Analogous to the
violent crime figure, the unsmoothed trajec-
tory estimate (i.e. fitting separate coefficients
for each year) was superimposed on Figure 3
to display the utility of smoothing over the

Figure 2. Time-varying associations of cumulative
greening on violent crime (N = 461,367; 51,263
parcels measured at nine time points).

Table 3. Non-time varying regression coefficients relating to crime. (N = 461,367; 51,263 parcels
measured at nine time points).

Variable Violent crime Property crime

Population (in 1000s) 20.71 (0.07) 5.53 (0.00)
Distress 3.22 (0.05) 0.48 (0.06)
Percent black 21.38 (0.76) 46.62 (1.12)
Parcel status (vacant) 27.57 (0.20) 214.21 (0.29)
Neighbourhood housing condition 9.37 (0.20) 7.09 (0.29)
Land use mix 249.8 (0.46) 276.78 (0.68)

Notes: Entries are regression coefficients with standard errors in parentheses. All coefficients are significant at p \ 0.001.

Figure 3. Time-varying associations of cumulative
greening on property crime (N = 461,367; 51,263
parcels measured at nine time points).
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year-to-year fluctuation. Of note, in both
Figures 2 and 3 we notice that a constant
coefficient estimate (i.e. a global estimate
that does not vary across time) would likely
substantially underestimate the association
between greening and crime in the later years
of the trajectory. Similar to the violent crime
model, all the structural variables emerged
as significant, although some exhibited dis-
tinct relationships. Specifically, neighbour-
hood percent black, socioeconomic distress
and housing condition also had positive sig-
nificant associations with property crime, with
increases in black residents, socioeconomic
distress and poor housing being associated
with more property crime.

Discussion

Researchers have reported that greening
initiatives can serve as a crime control/pre-
vention mechanism in crime-ridden neigh-
bourhoods. Testing this proposition with
robust analytic techniques, this study adds
to this body of research by examining the
relationship between greening efforts (as a
form of CDPDR) and crime while control-
ling for structural conditions and accounting
for time-dynamic associations. The findings
suggest that greening is increasingly nega-
tively associated with crime over time after
controlling for neighbourhood-level struc-
tural variables. These associations did fluc-
tuate, however, with some years showing a
non-significant association. These fluctua-
tions may be due to the introduction of new
lots during some years. The C&G pro-
gramme grew significantly during the study,
from 440 treated properties in 2005 to 3146
in 2014. Although the addition of new par-
cels is accounted for in the cumulative green-
ing scores, the association in some areas
may be muddied or not strong enough to
capture since some properties were not
involved with the programme long enough
to demonstrate an association. Despite these

fluctuations, evidence from this study indi-
cates that reducing physical disorders via
greening can be an effective tool for crime
prevention and control in communities.
Indeed, areas with more years of greening
are equated with stronger negative relation-
ships with crime rates.

Theoretically, these findings give further
support to the positive associations of reducing
disorder with crime. The findings also suggest
that it is important to consider time when
examining the associations of these types of
initiatives. Although not examined here, green-
ing efforts in Flint appear to have increased
levels of collective efficacy (Sadler and Pruett,
2015), which in turn can explain positive asso-
ciations with regard to the two distinct crime
types. Drawing on prior research, participation
in CDPDR efforts such as greening may
enhance collective efficacy by increasing the
density of close social ties and improving a
community’s organisation infrastructure,
thereby countering the negative association of
structural disadvantage and serving as an
effective tool for crime prevention and control.

In addition to serving as a catalyst for the
emergence of collective efficacy, one can sur-
mise that the reduction of physical disorder
via greening also served as a form of ‘fixing
broken windows’ and, thus, increased infor-
mal social control in the treated neighbour-
hoods. The beautification strategies may
have served as a deterrent to would-be
offenders, by encouraging residents and
non-residents alike to step outside in these
neighbourhoods, engage with one another
and consequently provide guardianship
(Aiyer et al., 2015) in these areas. Because of
increased ownership of spaces for legitimate
use and heightened levels of guardianship,
offenders may be increasingly averse to com-
mitting crime in these communities.

At the city level, these findings are
encouraging given Flint’s ongoing challenges
with crime. Flint has endured rapid and sub-
stantial population losses, a trend that
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unfortunately is projected to continue.
Indeed, the Genesee County Metropolitan
Planning Commission (2015) estimates that
Flint’s population will decline to 90,854 by
2020 and 79,365 by 2040. This population
decline is particularly striking in a city that
had over 200,000 residents in the 1960s.
Inevitably, accompanying such a sustained
outward migration of people will be an
increase in the prevalence of vacant and
abandoned housing as well as lower tax rev-
enue that will further constrain the city’s
capacity to deliver public services and tend
to these properties. As a result, the imple-
mentation of similar community-driven stra-
tegies throughout the city can serve to
alleviate these issues. These findings also
have implications for other similar legacy
cities. Cities experiencing the negative effects
of economic decline have a critical need to
develop policies to effectively address the
steadily increasing supply of neglected prop-
erties in order to prevent the spread of urban
blight and crime, and to do so with as little
reliance on formal authorities as possible.

This study finds more evidence for
longer-term relationships between greening
and crime than has been observed in prior
research (even after controlling for structural
conditions). This finding, however, should be
considered within the context of the study’s
limitations. Many of the control variables
were not available at the same scale, or time-
frame, as the outcome variable, which makes
it difficult to derive fully adjusted estimates
of the greening associations. Although, to
the extent it was possible, we used data from
as near to the middle of the time period as
possible, gaps in data collection and exis-
tence limited our ability to do so. It is possi-
ble that having time-varying data would
allow us to see more clearly how these vari-
ables may influence the relationship between
greening and crime but it is impossible to
determine what these may be given the multi-
tude of potential changes in time-varying

data. As one example, based on the fact that
crime has differing relationships with vari-
ables such as distress, vacancy and housing
condition (whose change rates tend to coin-
cide), the extent to which they varied over
time would not necessarily introduce bias
into the estimate. Or, taken another way, if
distress and housing condition change out-
paced vacancy in one neighbourhood, but
vacancy outpaced the others in another
neighbourhood, we might see inverse rela-
tionships between these neighbourhoods.

This study also examined the association
between crime and a CDPDR initiative in a
city that has had a unique experience over
the past few decades. As a result, the gener-
alisability of these findings is largely limited
to select urban cities throughout the country
that have experienced similar problems asso-
ciated with deindustrialisation (e.g. Detroit,
Michigan; Cleveland, Ohio; Gary, Indiana;
Pittsburgh, Pennsylvania; St Louis,
Missouri). Future research should replicate
the methods presented here in order to
ascertain the generalisability of the findings.

Although prior research suggests that the
crime associations evidenced here were a
product of collective efficacy, this study did
not directly test for these measures. Future
research examining residents’ perceptions of
disorder, fear, collective efficacy, neighbour-
hood satisfaction and similar dimensions
could assist in understanding the causal pat-
terns of the ‘greening’ association.
Researchers should also examine the associ-
ation of greening with neighbourhood guar-
dianship (via informal social control) and
whether the higher traffic in these commu-
nities and the accompanying beautification
effort serve as a deterrent to would-be offen-
ders. Relatedly, research in this area should
also consider displacement and diffusion of
benefits. It would be noteworthy to know
whether offenders desisted from crime, or
simply moved their criminal activities to
other neighbourhoods or whether tactical
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displacement occurred, with offenders simply
shifting their preferred methods for engaging
in crime. Logically, such efforts would
appear to be mutually reinforcing but under-
standing how to plan, implement and sustain
collective efforts to simultaneously build col-
lective efficacy, decrease crime opportunities
and generate actual greening outcomes is
needed if academics are to translate research
into measurable outcomes.

Finally, scholars should also examine the
association of other CDPDR strategies. This
study only tested a programme focused on
greening and beautification but other types of
community-driven efforts would fit under this
broader category of strategies (e.g. graffiti
removal, community gardens and improving
streetscapes) that could have implications for
community building and crime. Indeed, the
finding of the sustained associations of green-
ing supports the promise of these upstream
strategies. Combining criminological preven-
tion techniques, often aimed at immediate
risks, with longer-term public health preven-
tion tactics at high-risk places appears to hold
promise for translating short-term crime
reduction into long-term and sustainable
community-building strategies.
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