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Abstract: Neighborhood greenery contributes to improving mental, emotional, and physical health
and may help to promote neighborhood safety. Several studies have reported positive effects of
neighborhood greenery on the improvement of outdoor safety, but little is known about whether
the relationship between green vegetation and outdoor safety varies with the income status of
neighborhoods. The purpose of this study is to examine neighborhood greenery as a predictor
of outdoor crime rates between low and high-income neighborhoods while controlling for the
sociodemographic conditions of the neighborhoods. This study used 2010 census block group data
and objectively measured natural environment data derived from GIS in Austin, Texas. Comparison
t-tests and ordinal least square regressions were conducted as statistical analyses. The t-tests showed
that low-income neighborhoods were more socioeconomically disadvantaged and had less greenery
than high-income neighborhoods. The final regression models showed that neighborhood greenery
had a negative relationship with outdoor crimes for low-income neighborhoods but a positive
relationship with crimes for high-income neighborhoods. The results suggest that different strategies
may be needed in dealing with neighborhood safety according to neighborhood-level income.

Keywords: neighborhood safety; outdoor crimes; neighborhood greenery; green vegetation; low and
high income

1. Introduction

A growing body of studies has shown that living in green areas has promoted health. Ulrich et al.
(1991) found that exposure to the natural environment, including nature vegetation and water, could
affect stress recovery [1]. Since then, many studies indicated that the greenness of a community is one
of the most important factors in health outcomes (e.g., physical activity, mental health, disease) [1–7],
environmental conditions (e.g., air quality, noise) [8–11], and social cohesion [7,11–14].

Looking at the benefits of greenness of a community, many studies have focused on the
health-enhancing effects of the green spaces [2–7]. Especially, James et al. (2015) systematically reviewed
66 studies that had been conducted until recently to identify the health benefits of exposure to greenness.
The study designs were cross-sectional, prospective, birth cohort, experimental, and ecological. They found
that higher greenness was correlated to physical activity (+), overweight or obesity (−), self-reported
mental health (+), birth weight (+), cardiovascular disease (−), and mortality (−) [2].

Greenness has other benefits, such as reducing air pollution and noise and promoting social
interaction. As the environmental benefits of green spaces, Nowak et al. (2006) investigated the effect of
urban trees on removal of pollution (O3, CO, NO2, PM10, and SO2) for the entire of United States using
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computer modelling. They found that urban trees had significant effects on reducing air pollution [8].
Gidlöf-Gunnarsson and Öhrström (2007) were interested in the noise-reducing effects of the green
environment, which they conducted a cross-sectional questionnaire study in Stockholm and Göteborg,
Sweden. They found that people living near the green areas were less likely to suffer from noise and
psychological stress [9]. In terms of mitigating the thermal stress of green spaces, Lafortezza et al. (2009)
proved that the visit of green spaces in the period of heat stress was effective in reducing the perception
of thermal discomfort [10]. Meanwhile, Markevych et al. (2017) proposed pathways linking green
areas to health outcomes. They found that green space reduces exposure to air pollution and noise and
affects overall health. They also found that greener areas could also promote attention restoration,
reduce stress, encourage physical activity, and facilitate social interaction [11]. Likewise, some studies
have demonstrated that green environment improved social interactions as well [7,12–14]. Recently,
the importance of greenness in the urban context has emerged in promoting the safety of neighborhood
environments [15–18]. Branas et al. (2015) examined the impact of a greening program for vacant lots
on the safety and health in Philadelphia, Pennsylvania, in 1999 and 2008, using a quasi-experimental
difference-in-differences study. They compared the lots treated with greening to control lots with no
greening and found that greening was significantly associated with reduced gun assaults, vandalism,
and stress while promoting exercise [15].

Kuo and Sullivan (2011) examined the relationship between vegetation and crime. They studied
98 apartment buildings in one inner-city neighborhood using police data. The results showed that
vegetation density around buildings had a significantly negative correlation with the number of police
crime reports [16]. Kim (2019) examined the relationship between urban green areas and outdoor
crime rates in Austin, TX, and found that the Normalized Difference Vegetation Index (NDVI) and the
park rates in the neighborhood were negatively correlated to the crime rate [18]. Lovasi et al. (2013)
investigated the environmental correlates of safety and greenness in terms of the obesity rate among
children in New York. They also found that a higher obesity rate was associated with a higher rate of
homicide and lower density of street trees [17].

Some studies have used objectively measured indicators of safety. As objectively measured
indicators of safety hazards, Branas et al. (2015) used data on crimes and arrests (e.g., aggravated
assaults, robberies, burglaries, thefts, etc.) [15], and Lovasi et al. (2013) used the homicide rate and
pedestrian-auto fatality rate [17]. However, many studies still use survey-based protocols to identify the
levels of neighborhood safety [19–25]. To study environmental safety more accurately, it is important
to measure the level of environmental safety objectively. Data for objectively measured crime incidents
in outdoor neighborhoods as a safety indicator could be useful to advance our understanding of the
association between the levels of greenness and safety.

Despite the importance of green spaces in promoting safety, green space in urban areas is
disproportionately distributed. Some studies examined the regional inequality in access to green spaces
according to socio-economic status. Most of these studies have shown that green spaces were less
for socially and economically disadvantaged and ethnical minority neighborhoods [2,26–30]. In one
such example, Duncan et al. (2013) examined the relationships between racial composition, poverty,
and access to recreational open spaces in Boston, Massachusetts. Using a regression model, they found
that there was a negative association between the percentage of non-Hispanic black people in census
data and the density of open spaces [26]. Another study of an Australian case also found that a
lower level of green space was related to lower levels of socio-economic status in neighborhoods [27].
On the other hand, some studies found that there were more and/or higher quality of green areas
in low-income and minority areas [31,32]. For example, Engelberg et al. (2016) conducted a study
in Seattle, WA and Baltimore, MD to examine socioeconomic and ethnic disparities in park quality.
As a partial finding of the study found that low-income neighborhoods in Seattle, WA had better park
quality on average [31].

Although some research has been conducted, there is still an insufficient link between green spaces
in urban environments and the income levels of neighborhoods. More studies are needed to investigate
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the association between greenness, outdoor safety, and the level of income using objectively measured
variables. Therefore, this study examines the differences in access to urban green areas according to
neighborhood income levels. It also explores the impact of urban green spaces on neighborhood safety
in areas with high and low levels of income using objectively measured variables.

2. Methods

2.1. Study Area and Samples

The study area was Austin, the capital city of the US state of Texas. It is one of the fastest-growing
large cities in the US and has a population of 964,254 as of 2019, which has increased by about 22% from
790,491 according to the 2010 census [33]. The violent crime rate is 3.91 per one thousand residents,
which is higher than the rate for all communities of all sizes in the US but lower than that of comparably
sized cities [34]. This means that Austin is actually safer than other communities of similar population
size according to NeighborhoodScout’s exclusive analysis of FBI crime data [34]. Many crimes in
Austin are property crimes with a rate of 36 per one thousand population. Thus, this study could
contribute to the literature on the possibility of a new role of green space in promoting neighborhood
safety for cities in the US with similar population size.

Census block groups were used as a spatial unit of analysis for this study. Austin has a total of
506 block groups, and this study used 457 block groups after excluding 49 samples. The excluded
block groups had median incomes less than $10,000, suggesting that a small number of residents live
in the communities or that the block groups are heavily commercial areas. Figure 1 shows the study
area and 457 block groups used in this study.
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2.2. Measures

2.2.1. Sociodemographic and Population (Confounding Variables)

This study used 2010 census data to capture various sociodemographic conditions of
neighborhoods. Seven sociodemographic variables were used to identify the levels of economically
disadvantaged neighborhoods: minorities, income, median home prices, unemployment, female-headed
families, and teenage school dropout [35–40]. The population density was also used (the number of
residents per acre). These sociodemographic variables and the population density variable were used as
confounding factors in statistical analyses.

2.2.2. Neighborhood Greenery and Natural Environmental Conditions (Independent and Additional
Confounding Variables)

The neighborhood greenery variables such as tree canopy, NDVI, parks, and water features were
used as the main independent variables in this study. They were all indicators that directly represent
the greenness of a community. Additionally, the natural environmental conditions including slope and
surface temperature, which are indirectly related to the neighborhood greenery, were considered in
this study as confounding factors.

As many studies have shown earlier, green spaces have the effect of reducing crime rates [15–18].
However, some studies suggested that green spaces might rather play a role in increasing crime [41,42].
This is explained by the “eyes on the street” [43], which means that visibility is insufficient in green
areas. In general, green areas in the neighborhoods are often terrain such as mountains and hills.
In other words, it is difficult to be visible in areas such as mountains and hills with steep slopes because
they are surrounded by dense forests. Therefore, this study included slope variable, in spite of no
direct association between slope and crime rates.

Meanwhile, some studies have supported that there was a positive linear relationship between
temperature and violence [44–47]. However, some other studies insisted in an inverted-U pattern
between them [48–50]. The reason for this curvilinear relationship was that people interacted less
on very hot days, which in turn might result in a reduction in violent crimes. For example, in the
case of curvilinear relationship, Gamble and Hess (2012) found that there was an inverted-U pattern
with a threshold at about 90 ◦F between daily temperature and crimes including aggravated assaults,
homicide, and rape in Dallas, Texas [50]. In any case, there was a correlation between temperature and
crime in several studies, so this study employed a surface temperature variable.

Data for tree canopy were obtained from the city of Austin. Each variable shows the percentage of
tree canopy areas within block groups, respectively. The density of parks and water features available
in neighborhoods were also captured for each block group.

The NDVI was calculated for each pixel (30 × 30 m) for the whole area in Austin in geographic
information systems (GIS). This was done using a remotely sensed image produced by the Landsat 5
Thematic Mapper (TM) on 4 August 2009. The image did not have any cloud obstruction. The calculated
values of NDVI range from –1 to 1, with values closer to 1 indicating greater dense green vegetation [51].
The captured NDVI was the mean of NDVI for each block group. The surface temperature was
also derived from the Landsat 5 TM image as the average of air temperature for each block group.
Steep slopes greater than 5% and 8.33% were measured using a digital elevation modeling process
in GIS. The slope variables indicate the percentage of steep slopes greater than 5% and 8.33% at the
block group level. The timeline for the original data acquisition of the greenery and other natural
environmental conditions was between 2009 and 2011, which matches with the time for the 2010
census data.

2.2.3. Neighborhood Safety (Dependent Variable)

Neighborhood safety was captured from crime point data from 2005 to 2009, which were obtained
from the Austin Police Department. The crime data specify the locations and types of crimes in Austin.
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In contrast to other crime data (all types of crimes) objectively measured to capture neighborhood
safety [25], two particular types of crimes, kidnapping and sexual assault, were used for statistical
analyses because they are more likely to occur in outdoor neighborhoods and may account for
neighborhood safety [18]. Especially, fear of sexual assault in neighborhoods has been documented
as factors constraining physical activity and outdoor recreation in several previous studies [52–54].
Furthermore, parental concerns about neighborhood safety, particularly the dangers associated with
strangers or stranger abductions, have also been identified as one of the main deterrents to children’s
active transport [55,56]. Out of the total number of 1,010,773 crimes during the past five years,
3871 crime incidents were used for the final sample. After geocoding the spatial locations of the crime
incidents in GIS, the yearly outdoor crime rates per acre were generated for the neighborhood safety
variable, which were calculated from total number of crimes during the five years divided by block
group areas in acres and divided by 5.

2.3. Data Analysis

A t-test was conducted to compare the mean of the study variables between low and high-income
neighborhoods. The null hypothesis for the t-tests was that there are no differences in the mean
sociodemographic characteristics and natural environmental conditions (neighborhood greenery)
between low and high-income neighborhoods. Block groups were categorized into low income and
high-income neighborhoods based on whether the median income of a block group was greater than
$50,000 [57]. The block groups with a median income less than $50,000 were coded as zero, representing
low-income neighborhoods, and the rest were coded as one, representing high-income neighborhoods.

An ordinary least square (OLS) regression model was used with the outcome variable of
neighborhood safety captured by a continuous scheme (yearly outdoor crime rates). First, a series
of one-by-one tests were conducted by adding each natural environment variable to the base model
one at a time, which included all the confounding variables. The one-by-one tests examine the
relationship between one natural environmental variable and neighborhood safety while controlling for
sociodemographic factors. Second, a final model including the confounding factors and all significant
variables of the natural environment was generated for each low and high-income neighborhood.
All of the statistical analyses were done using STATA version 14 [58].

3. Results

3.1. Bivariate Tests

3.1.1. Sociodemographic Characteristics

Table 1 shows the results of the differences in the mean of sociodemographic characteristics and
population density between low- and high-income neighborhoods. All the sample characteristics of
block groups were significantly different between low- and high-income neighborhoods. The percentage
of minorities in low-income neighborhoods was 54.65%, which is almost two times higher than
in high-income neighborhoods, meaning that more than half of residents living in low-income
neighborhoods are minorities. The mean household incomes in low and high-income neighborhoods
were $33,367 and $75,084, respectively. The home price was $88,380 higher in high-income neighborhoods.
Low-income neighborhoods had higher unemployment (5.62% vs. 2.53%), more female-headed families
(27.78% vs. 14.41%), more teenage school dropouts (22.91% vs. 5.14%), and received more welfare (2.53%
vs. 0.81%). The population density per acre was four times higher for low-income than high-income
neighborhoods, but the difference was not statistically significant at the level of 0.05.
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Table 1. Sample characteristics of low- and high-income neighborhoods and results of bivariate tests.

Sample Characteristics

Low Income
(N = 282)

High Income
(N = 213)

Difference in Mean
Mean (SD) Mean (SD)

Minority (%) 54.65 (1.60) 23.49 (1.10) 31.16 ***
Household Income ($) 33,367 (9815) 75,084 (24,540) −41,717 ***

Housing Value ($) 101,179 (62,141) 189,559 (109,587) −88,380 ***
Unemployment (%) 5.62 (4.60) 2.53 (2.02) 3.09 ***

Female-Headed Family (%) 27.78 (19.33) 14.41 (12.40) 13.37 ***
Teenage School Dropout (%) 22.91 (23.17) 5.14 (10.14) 17.76 ***

Welfare Receipt (%) 2.53 (3.35) 0.81 (1.42) 1.72 ***
Population Density (num. per acre) 240.64 (3830) 55.12 (326) 185.52

*** p < 0.01.

3.1.2. Neighborhood Greenery

Table 2 presents the mean differences in the natural environmental characteristics between low
income and high-income neighborhoods. The amount of tree canopy area was 10.17% higher
for high-income neighborhoods, while surface temperature was 0.86 ◦C higher in low-income
neighborhoods. The levels of neighborhood greenery measured by NDVI were higher for high-income
neighborhoods. High-income neighborhoods also had more water features and more steep slopes.

Table 2. Neighborhood greenery in low- and high-income neighborhoods and bivariate test results.

Sample Characteristics

Low Income
(N = 282)

High Income
(N = 213)

Difference in Mean
Freq. (%) Freq. (%)

Tree canopy (%) 29.27 (12.22) 39.44 (15.80) −10.17 ***
NDVI (ranging from −1 to 1) 0.21 (0.07) 0.28 (0.09) −0.07 ***

Park (%) 6.89 (12.80) 8.36 (13.90) −1.47
Water features (%) 1.21 (4.07) 2.60 (10.67) −1.39 **

Surface temperature (◦C) 32.54 (2.20) 31.67 (1.65) 0.86 ***
Steep slope >5% (%) 11.47 (9.45) 14.47 (11.93) −3.00 ***

Steep slope >8.33% (%) 5.51 (6.16) 8.65 (10.43) −3.14 ***

** 0.01 ≤ p < 0.05; *** p < 0.01.

3.2. Multivariable Analyses

Table 3 presents the results from the OLS regressions estimating the natural environmental
correlates of neighborhood safety for each low income and high-income neighborhood while controlling
for the sociodemographic variables. The numbers of minorities were positively associated with outdoor
crime rates for both low and high-income neighborhoods. However, higher household income was
associated with lower outdoor crime rates for low-income and high-income neighborhoods. Outdoor
crime rates were positively associated with the percentage of teenage school dropouts increased, but the
relationship was significant for only low-income neighborhoods. Higher rates of unemployment and
welfare were positively associated with outdoor crime rates for high-income neighborhoods only. In the
one-by-one models, surface temperature appeared to be positively associated with outdoor crime rates
for low-income neighborhoods only. However, the tree canopy variable showed opposite relationships
with outdoor crime rates according to the income levels, indicating that more tree canopies were
associated with decreased outdoor crime rates for low-income neighborhoods but increased rates for
high-income neighborhoods.

For the results from the final models for each-income neighborhood, two variables were not
used due to multi-collinearity among the natural variables: tree canopy and surface temperature.
For example, neighborhoods with higher levels of neighborhood greenery measured by NDVI were
more likely to have a greater amount of tree canopy and lower surface temperature, as expected.
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Thus, one variable among these three variables should be used to develop the final model. The NDVI
variable showed greater coefficients in the one-by-one models (−2.943 for low-income neighborhoods
and 0.478 for high-income neighborhoods), so it was selected.

Table 3. Ordinary least square (OLS) regression models estimating the associations of neighborhood
greenery with outdoor crime rates for low and high-income areas.

Sample Characteristics

Low Income High Income

One-by-One Models Final Model One-by-One Models Final Model

Coef. P > |t| Coef. P > |t| Coef. P > |t| Coef. P > |t|

Socio-demographic
Minority (%) 0.010 0.029 0.011 <0.000
Income ($) −0.020 0.056 −0.002 0.044
Housing Value ($) −0.002 0.327 0.000 0.249
Unemployment (%) −0.013 0.573 0.019 0.053
Female-Headed Family (%) 0.002 0.635 0.001 0.465
Teenage School Dropout (%) 0.011 0.004 −0.002 0.267
Welfare Receipt (%) −0.017 0.548 0.045 0.001
Population Density (num. per acre) 0.002 0.448 0.000 0.411

Natural environment
Tree canopy (%) † −0.014 0.063 0.002 0.069
NDVI (ranging from −1 to 1) † −2.943 0.019 −2.589 0.047 0.478 0.041 0.572 0.023
Park (%) † −0.015 0.024 −0.013 0.065 −0.001 0.345 −0.001 0.596
Water features (%) † −0.024 0.238 −0.002 0.146
Surface temperature (◦C) ‡ 0.388 <0.000 0.008 0.585
Steep slope >5% (%) ‡ 0.007 0.438 0.001 0.534
Steep slope >8.33% (%) ‡ 0.016 0.264 0.024 0.085 0.000 0.957 −0.002 0.219

Number of Observations 256 201
Adjusted R-squared 0.1902 0.4496
Root MSE 1.2673 0.2462

Note: † These variables indicate the neighborhood greenery and were treated as independent variables. ‡ These
variables were used as confounding factors for the final regression models.

As predicted by the tree canopy variable in the one-by-one models, when the NDVI variable used
as an indicator of neighborhood greenery, there were different relationships with outdoor crime rates
according to income levels. Higher NDVI and more parks were negatively associated with outdoor
crime rates for low-income neighborhoods but positively associated with the rates for high-income
neighborhoods. The percentage of steep slopes greater than 8.33% showed a positive relationship with
outdoor crime rates for low-income neighborhoods.

Crime hotspots were analyzed in terms of greenery and income levels between two selected
neighborhoods, A and B. The dashed circles representing neighborhoods A and B in Figure 2 have
radiuses of 500 meters. These neighborhoods have different levels of median income, environmental
conditions in terms of green density, and crime hotspots. Neighborhood A has relatively high income,
higher green density, and lower crime hotspots, whereas Neighborhood B has low income, lower green
density, and higher crime hotspots.
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4. Discussion

The findings from the bivariate tests revealed that the sociodemographic characteristics
and the levels of neighborhood greenery vary with the income status of neighborhoods.
Low-income neighborhoods were generally more socioeconomically disadvantaged than high-income
neighborhoods. Low-income neighborhoods also had greater numbers of minorities, home prices,
unemployment, female-headed families, teenage school dropout rates, and people receiving welfare
than the high-income neighborhoods. This finding is pretty obvious because the low-income
neighborhoods were defined based on income levels less than $50,000, and the odds of being
socioeconomically disadvantaged increased.

There were interesting findings about the different levels of neighborhood greenery between
the low and high-income neighborhoods. More tree canopies, green vegetation measured by NDVI,
and parks were observed for high-income neighborhoods. In contrast, higher surface temperatures
were observed in low-income neighborhoods, which were associated with less coverage by green
vegetation. This finding supports results that showed a positive correlation between levels of income
and access to green space in neighborhoods [26,27].

The results from the multivariate regressions demonstrated that neighborhood safety varies with
sociodemographic characteristics for both low income and high-income neighborhoods. Neighborhood
safety appeared to increase if there were fewer minorities and when household income increased for
both low and high-income neighborhoods. However, the teenage school dropout rate was associated
with decreased neighborhood safety for low-income neighborhoods only, while increased rates of
unemployment and those receiving welfare were associated with decreased neighborhood safety
for high-income neighborhoods. These varying relationships might indicate that negative impacts
of socioeconomic factors such as unemployment and welfare on neighborhood safety become more
significant for high-income neighborhoods [59].

The results from the OLS regression models estimating the associations of neighborhood greenery
with outdoor safety demonstrated that the roles of green vegetation in neighborhoods in impacting
outdoor crime rates vary with the income status of neighborhoods. Increases in green vegetation in
neighborhoods measured by NDVI were associated with increased neighborhood safety for low-income
neighborhoods but with decreased neighborhood safety for high-income neighborhoods. This finding
is consistent with several previous studies conducted by Kuo and Sullivan [16]. They examined samples
of residents living in areas within a large public housing development in Chicago, who were mostly
African American, unemployed, and received federal assistance. They showed negative relationships
between the density of green vegetation (trees and grass) around buildings and the number of crimes per
building reported [16]. One possible reason for the relationship between vegetation and outdoor crimes
in high-income neighborhoods might be related to denser trees hindering visibility [60]. High-income
neighborhoods are generally designated by low density with a small number of street intersections
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and a small number of residents in an area. Therefore, residents are more likely to use a vehicle instead
of walking or bicycling in neighborhoods.

In addition to NDVI, another measure of green vegetation, tree canopies, presented the same
relationship direction for both low and high-income neighborhoods in the one-by-one models.
The positive relationship of parks with neighborhood safety remained significant for only low-income
neighborhoods. Furthermore, in the one-by-one models, additional increases in surface temperature
were negatively associated with neighborhood safety for low-income neighborhoods. This finding
may imply that crime hotspot areas generally have less green areas and thus have high impervious
surface cover and high air temperatures [15,16,18,61]. This was verified by the results of a visual
comparison analysis of two different neighborhood characteristics conducted in this study. Regarding
the relationship between water features and outdoor crimes, this study did not show any significant
results in one-by-one models and the final models for both low- and high-income neighborhoods.
The reason this study used the water feature variable as one of the independent variables was because
blue spaces (e.g., river, ponds, etc.) are resting places for residents along with green spaces in the
community, which was expected to lead to many activities such as walking or bicycling in green and
blue areas [62]. A future study may want to expand the research scope by examining whether blue
spaces (water features) have the effects of natural surveillance on “eyes on the street”, which would
have a positive effect on crime prevention in the community.

Furthermore, steep slopes appeared to be negatively associated with safety for low-income
neighborhoods. This might be because visibility is insufficient in areas with steep slopes. Hilly terrain
may also not be a desirable environmental condition for residents with low income status due to
greater physical effort needed. Although people with low income are more likely to walk in their
neighborhoods instead of driving due to no car ownership, several studies found that steep slopes are
a factor that discourages people from engaging in walking or bicycling in neighborhoods [63,64].

This study has several limitations. First, for the measure of neighborhood safety, only two types
of crimes were used: kidnapping and sexual assault. The assumption for using those two crimes as an
indicator of neighborhood safety was based on the findings of previous studies, which indicated that
fear of those crimes is very much an issue in terms of engaging in outdoor recreation and physical
activity [52–56]. However, in general, fear of crimes and the reality of crimes are quite separate issues,
and whether these crimes are really less likely to occur in outdoor neighborhoods, particularly in
overgrown or heavily vegetated green space, should be identified in future studies. Our comparison
analysis of neighborhoods A and B, shown in Figure 2, represented the possibility that higher greenery
levels is associated with less crime, and the results from the OLS regressions supported the relationship
for low income neighborhoods. To better understand the effects of neighborhood greenery on outdoor
crimes, future studies need to consider more specific information about crime locations when it comes
to determining neighborhood safety. Second, this study used census block groups as a unit of analysis,
which might have been a limitation because all the data were clustered, and no richer sociodemographic
characteristics or other natural environmental conditions were attained. Thus, future studies could use
survey protocols to feature sample characteristics and natural environmental conditions based on the
geocoded homes in ArcGIS. Third, this study categorized neighborhood groups based on a household
income of $50,000. Considering a different cutoff point for income levels may provide somewhat
different study results. However, the neighborhoods were categorized based on the literature and had
comparable numbers of samples for both neighborhoods. Lastly, since this study was a cross-sectional
design, future studies need to consider the causal relationships between study variables and to explore
detailed mechanisms underlying these relationships. Moreover, a longitudinal research design is required
to examine the effect of changes in neighborhood greenery levels on outdoor crime rates as a future study.

5. Conclusions

The role of neighborhood greenery in outdoor crime rates varies with the income status of
neighborhoods. More green vegetation such as trees, grass, and parks can promote neighborhood safety
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for low-income neighborhoods, but it may negatively impact high-income neighborhoods. Providing
more green space to help mitigate land surface temperature and providing walking-friendly built
environments such as gentle slopes could help reduce outdoor crimes for low-income neighborhoods.
These measures might create more visibility and promote neighborhood safety. For high-income
neighborhoods, dealing with personal factors or socio-economic conditions may be effective to improve
neighborhood safety, as shown by the results in this study. Future research examining the relationships
between neighborhood greenery and outdoor crimes should be conducted in various settings with
different sizes of cities, as well as different testing methods, such as experimental methods, survey
protocols, and other census data.

Author Contributions: Conceptualization, Y.-J.K.; methodology, Y.-J.K. and E.J.K.; software, Y.-J.K.; validation,
Y.-J.K.; formal analysis, Y.-J.K.; investigation, Y.-J.K. and E.J.K.; resources, Y.-J.K.; data curation, Y.-J.K.;
writing—original draft preparation, Y.-J.K. and E.J.K.; writing—review and editing, Y.-J.K. and E.J.K.; visualization,
Y.-J.K.; supervision, Y.-J.K. and E.J.K.; project administration, Y.-J.K.; funding acquisition, Y.J.K. and E.J.K.
All authors have read and agreed to the published version of the manuscript.

Funding: This work was supported by the 2018 Yeungnam University Research Grant and by the NSational
Research Foundation of Korea (NRF) grant funded by the Korea government (MSIT) (No. NRF-2017R1A2B4005440).

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Ulrich, R.S.; Simons, R.F.; Losito, B.D.; Fiorito, E.; Miles, M.A.; Zelson, M. Stress recovery during exposure to
natural and urban environments. J. Environ. Psychol. 1991, 11, 201–230. [CrossRef]

2. James, P.; Banay, R.F.; Hart, J.E.; Laden, F. A Review of the Health Benefits of Greenness. Curr. Epidemiol. Rep.
2015, 2, 131–142. [CrossRef] [PubMed]

3. Grinde, B.; Patil, G. Biophilia: Does Visual Contact with Nature Impact on Health and Well-Being? Int. J.
Environ. Res. Public Health 2009, 6, 2332–2343. [CrossRef] [PubMed]

4. Lee, A.C.K.; Maheswaran, R. The health benefits of urban green spaces: A review of the evidence. J. Public
Health 2010, 33, 212–222. [CrossRef]

5. Astell-Burt, T.; Feng, X.; Kolt, G.S. Mental health benefits of neighbourhood green space are stronger among
physically active adults in middle-to-older age: Evidence from 260,061 Australians. Prev. Med. 2013, 57,
601–606. [CrossRef] [PubMed]

6. Nutsford, D.; Pearson, A.L.; Kingham, S. An ecological study investigating the association between access to
urban green space and mental health. Public Health 2013, 127, 1005–1011. [CrossRef]

7. De Vries, S.; van Dillen, S.M.E.; Groenewegen, P.P.; Spreeuwenberg, P. Streetscape greenery and health:
Stress, social cohesion and physical activity as mediators. Soc. Sci. Med. 2013, 94, 26–33. [CrossRef]

8. Nowak, D.J.; Crane, D.E.; Stevens, J.C. Air pollution removal by urban trees and shrubs in the United States.
Urban For. Urban Green. 2006, 4, 115–123. [CrossRef]

9. Gidlöf-Gunnarsson, A.; Öhrström, E. Noise and well-being in urban residential environments: The potential
role of perceived availability to nearby green areas. Landsc. Urban Plan. 2007, 83, 115–126. [CrossRef]

10. Lafortezza, R.; Carrus, G.; Sanesi, G.; Davies, C. Benefits and well-being perceived by people visiting green
spaces in periods of heat stress. Urban For. Urban Green. 2009, 8, 97–108. [CrossRef]

11. Markevych, I.; Schoierer, J.; Hartig, T.; Chudnovsky, A.; Hystad, P.; Dzhambov, A.M.; de Vries, S.;
Triguero-Mas, M.; Brauer, M.; Nieuwenhuijsen, M.J.; et al. Exploring pathways linking greenspace to
health: Theoretical and methodological guidance. Environ. Res. 2017, 158, 301–317. [CrossRef] [PubMed]

12. Aram, F.; Solgi, E.; Holden, G. The role of green spaces in increasing social interactions in neighborhoods
with periodic markets. Habitat Int. 2019, 84, 24–32. [CrossRef]

13. Jennings, V.; Bamkole, O. The Relationship between Social Cohesion and Urban Green Space: An Avenue for
Health Promotion. Int. J. Environ. Res. Public Health 2019, 16, 452. [CrossRef]

14. Kabisch, N.; Qureshi, S.; Haase, D. Human–environment interactions in urban green spaces—A systematic review
of contemporary issues and prospects for future research. Environ. Impact Assess. Rev. 2015, 50, 25–34. [CrossRef]

http://dx.doi.org/10.1016/S0272-4944(05)80184-7
http://dx.doi.org/10.1007/s40471-015-0043-7
http://www.ncbi.nlm.nih.gov/pubmed/26185745
http://dx.doi.org/10.3390/ijerph6092332
http://www.ncbi.nlm.nih.gov/pubmed/19826546
http://dx.doi.org/10.1093/pubmed/fdq068
http://dx.doi.org/10.1016/j.ypmed.2013.08.017
http://www.ncbi.nlm.nih.gov/pubmed/23994648
http://dx.doi.org/10.1016/j.puhe.2013.08.016
http://dx.doi.org/10.1016/j.socscimed.2013.06.030
http://dx.doi.org/10.1016/j.ufug.2006.01.007
http://dx.doi.org/10.1016/j.landurbplan.2007.03.003
http://dx.doi.org/10.1016/j.ufug.2009.02.003
http://dx.doi.org/10.1016/j.envres.2017.06.028
http://www.ncbi.nlm.nih.gov/pubmed/28672128
http://dx.doi.org/10.1016/j.habitatint.2018.12.004
http://dx.doi.org/10.3390/ijerph16030452
http://dx.doi.org/10.1016/j.eiar.2014.08.007


Int. J. Environ. Res. Public Health 2020, 17, 1470 11 of 13

15. Branas, C.C.; Cheney, R.A.; MacDonald, J.M.; Tam, V.W.; Jackson, T.D.; Ten Have, T.R. A Difference-in-
Differences Analysis of Health, Safety, and Greening Vacant Urban Space. Am. J. Epidemiol. 2011, 174,
1296–1306. [CrossRef] [PubMed]

16. Kuo, F.E.; Sullivan, W.C. Environment and Crime in the Inner City. Environ. Behav. 2016, 33, 343–367. [CrossRef]
17. Lovasi, G.S.; Schwartz-Soicher, O.; Quinn, J.W.; Berger, D.K.; Neckerman, K.M.; Jaslow, R.; Lee, K.K.;

Rundle, A. Neighborhood safety and green space as predictors of obesity among preschool children from
low-income families in New York City. Prev. Med. 2013, 57, 189–193. [CrossRef]

18. Kim, Y.-J. Correlation between Urban Green Areas and Outdoor Crime Rates—A Case Study of Austin,
Texas. J. Korean Inst. Landsc. Archit. 2019, 47, 49–56.

19. Lumeng, J.C.; Appugliese, D.; Cabral, H.J.; Bradley, R.H.; Zuckerman, B. Neighborhood Safety and
Overweight Status in Children. Arch. Pediatrics Adolesc. Med. 2006, 160, 25. [CrossRef] [PubMed]

20. Burdette, H.L. A National Study of Neighborhood Safety, Outdoor Play, Television Viewing, and Obesity in
Preschool Children. Pediatrics 2005, 116, 657–662. [CrossRef]

21. Carver, A.; Salmon, J.; Campbell, K.; Baur, L.; Garnett, S.; Crawford, D. How Do Perceptions of Local
Neighborhood Relate to Adolescents’ Walking and Cycling? Am. J. Health Promot. 2016, 20, 139–147.
[CrossRef] [PubMed]

22. Molnar, B.E.; Gortmaker, S.L.; Bull, F.C.; Buka, S.L. Unsafe to Play? Neighborhood Disorder and Lack of
Safety Predict Reduced Physical Activity among Urban Children and Adolescents. Am. J. Health Promot.
2016, 18, 378–386. [CrossRef] [PubMed]

23. Mota, J.; Almeida, M.; Santos, P.; Ribeiro, J.C. Perceived Neighborhood Environments and physical activity
in adolescents. Prev. Med. 2005, 41, 834–836. [CrossRef] [PubMed]

24. Timperio, A. Perceptions about the local neighborhood and walking and cycling among children. Prev. Med.
2004, 38, 39–47. [CrossRef] [PubMed]

25. Gómez, J.E.; Johnson, B.A.; Selva, M.; Sallis, J.F. Violent crime and outdoor physical activity among inner-city
youth. Prev. Med. 2004, 39, 876–881.

26. Duncan, D.T.; Kawachi, I.; White, K.; Williams, D.R. The Geography of Recreational Open Space: Influence of
Neighborhood Racial Composition and Neighborhood Poverty. J. Urban Health 2012, 90, 618–631. [CrossRef]

27. Astell-Burt, T.; Feng, X.; Mavoa, S.; Badland, H.M.; Giles-Corti, B. Do low-income neighbourhoods have the
least green space? A cross-sectional study of Australia’s most populous cities. BMC Public Health 2014, 14.
[CrossRef]

28. Crawford, D.; Timperio, A.; Giles-Corti, B.; Ball, K.; Hume, C.; Roberts, R.; Andrianopoulos, N.; Salmon, J.
Do features of public open spaces vary according to neighbourhood socio-economic status? Health Place
2008, 14, 889–893. [CrossRef]

29. Dai, D. Racial/ethnic and socioeconomic disparities in urban green space accessibility: Where to intervene?
Landsc. Urban Plan. 2011, 102, 234–244. [CrossRef]

30. Pearce, J.; Witten, K.; Hiscock, R.; Blakely, T. Are socially disadvantaged neighbourhoods deprived of
health-related community resources? Int. J. Epidemiol. 2007, 36, 348–355. [CrossRef]

31. Engelberg, J.K.; Conway, T.L.; Geremia, C.; Cain, K.L.; Saelens, B.E.; Glanz, K.; Frank, L.D.; Sallis, J.F.
Socioeconomic and race/ethnic disparities in observed park quality. BMC Public Health 2016, 16. [CrossRef]
[PubMed]

32. Ruijsbroek, A.; Droomers, M.; Kruize, H.; van Kempen, E.; Gidlow, C.; Hurst, G.; Andrusaityte, S.;
Nieuwenhuijsen, M.; Maas, J.; Hardyns, W.; et al. Does the Health Impact of Exposure to Neighbourhood
Green Space Differ between Population Groups? An Explorative Study in Four European Cities. Int. J.
Environ. Res. Public Health 2017, 14, 618. [CrossRef]

33. US Census Bureau. Available online: https://www.census.gov/quickfacts/fact/table/austincitytexas/
LND110210 (accessed on 15 December 2019).

34. NeighborhoodScout. Available online: https://www.neighborhoodscout.com/tx/austin/crime (accessed on 7
January 2020).

35. Freeman, L. Siting Affordable Housing: Location and Neighborhood Trends of Low Income Housing Tax Credit
Developments in the 1990s; The Brookings Institution: Washington, DC, USA, 2004.

36. Kasarda, J.D. Inner-city concentrated poverty and neighborhood distress: 1970 to 1990. Hous. Policy Debate
1993, 4, 253–302. [CrossRef]

http://dx.doi.org/10.1093/aje/kwr273
http://www.ncbi.nlm.nih.gov/pubmed/22079788
http://dx.doi.org/10.1177/0013916501333002
http://dx.doi.org/10.1016/j.ypmed.2013.05.012
http://dx.doi.org/10.1001/archpedi.160.1.25
http://www.ncbi.nlm.nih.gov/pubmed/16389207
http://dx.doi.org/10.1542/peds.2004-2443
http://dx.doi.org/10.4278/0890-1171-20.2.139
http://www.ncbi.nlm.nih.gov/pubmed/16295706
http://dx.doi.org/10.4278/0890-1171-18.5.378
http://www.ncbi.nlm.nih.gov/pubmed/15163139
http://dx.doi.org/10.1016/j.ypmed.2005.07.012
http://www.ncbi.nlm.nih.gov/pubmed/16137754
http://dx.doi.org/10.1016/j.ypmed.2003.09.026
http://www.ncbi.nlm.nih.gov/pubmed/14672640
http://dx.doi.org/10.1007/s11524-012-9770-y
http://dx.doi.org/10.1186/1471-2458-14-292
http://dx.doi.org/10.1016/j.healthplace.2007.11.002
http://dx.doi.org/10.1016/j.landurbplan.2011.05.002
http://dx.doi.org/10.1093/ije/dyl267
http://dx.doi.org/10.1186/s12889-016-3055-4
http://www.ncbi.nlm.nih.gov/pubmed/27176854
http://dx.doi.org/10.3390/ijerph14060618
https://www.census.gov/quickfacts/fact/table/austincitytexas/LND110210
https://www.census.gov/quickfacts/fact/table/austincitytexas/LND110210
https://www.neighborhoodscout.com/tx/austin/crime
http://dx.doi.org/10.1080/10511482.1993.9521135


Int. J. Environ. Res. Public Health 2020, 17, 1470 12 of 13

37. Newman, S.J.; Schnare, A.B. “ . . . And a suitable living environment”: The failure of housing programs to
deliver on neighborhood quality. Hous. Policy Debate 1997, 8, 703–741. [CrossRef]

38. Oakley, D. Locational Patterns of Low-Income Housing Tax Credit Developments. Urban Aff. Rev. 2008, 43,
599–628. [CrossRef]

39. Pendall, R. Why voucher and certificate users live in distressed neighborhoods. Hous. Policy Debate 2000, 11,
881–910. [CrossRef]

40. Van Zandt, S.; Mhatre, P.C. Growing Pains: Perpetuating Inequality Through the Production of Low-Income
Housing in the Dallas/Fort Worth Metroplex. Urban Geogr. 2013, 30, 490–513. [CrossRef]

41. Kim, Y.-A.; Hipp, J.R. Physical Boundaries and City Boundaries: Consequences for Crime Patterns on Street
Segments? Crime Delinq. 2017, 64, 227–254. [CrossRef]

42. McCord, E.S.; Houser, K.A. Neighborhood parks, evidence of guardianship, and crime in two diverse US
cities. Secur. J. 2017, 30, 807–824. [CrossRef]

43. Jacobs, J. The Death and Life of Great American Cities; Random House: New York, USA, 1961.
44. Cotton, J.L. Ambient Temperature and Violent Crime1. J. Appl. Soc. Psychol. 1986, 16, 786–801. [CrossRef]
45. Anderson, C.A. Temperature and aggression: Ubiquitous effects of heat on occurrence of human violence.

Psychol. Bull. 1989, 106, 74–96. [CrossRef] [PubMed]
46. Anderson, C.A. Temperature and aggression: Effects on quarterly, yearly, and city rates of violent and

nonviolent crime. J. Personal. Soc. Psychol. 1987, 52, 1161–1173. [CrossRef]
47. Butke, P.; Sheridan, S.C. An Analysis of the Relationship between Weather and Aggressive Crime in Cleveland,

Ohio. Weather Clim. Soc. 2010, 2, 127–139. [CrossRef]
48. Baron, R.A.; Bell, P.A. Aggression and heat: The influence of ambient temperature, negative affect, and a

cooling drink on physical aggression. J. Personal. Soc. Psychol. 1976, 33, 245–255. [CrossRef]
49. Cohn, E.G.; Rotton, J. Assault as a function of time and temperature: A moderator-variable time-series

analysis. J. Personal. Soc. Psychol. 1997, 72, 1322–1334. [CrossRef]
50. Gamble, J.; Hess, J. Temperature and Violent Crime in Dallas, Texas: Relationships and Implications of

Climate Change. West. J. Emerg. Med. 2012, 13, 239–246. [CrossRef]
51. Candiago, S.; Remondino, F.; De Giglio, M.; Dubbini, M.; Gattelli, M. Evaluating Multispectral Images and

Vegetation Indices for Precision Farming Applications from UAV Images. Remote Sens. 2015, 7, 4026–4047.
[CrossRef]

52. Coble, T.G.; Selin, S.W.; Erickson, B.B. Hiking alone: Understanding fear, negotiation strategies and leisure
experience. J. Leis. Res. 2003, 35, 1–22. [CrossRef]

53. Henderson, K.A.; Bialeschki, M.D. Fear as a constraint to active lifestyles for females. J. Phys. Educ. Recreat.
Danc. 1993, 64, 44–47. [CrossRef]

54. Mehta, A. Embodied discourse: On gender and fear of violence. Gend. Place Cult. J. Fem. Geogr. 1999, 6,
67–84. [CrossRef]

55. Foster, S.; Villanueva, K.; Wood, L.; Christian, H.; Giles-Corti, B. The impact of parents’ fear of strangers
and perceptions of informal social control on children’s independent mobility. Health Place 2014, 26, 60–68.
[CrossRef] [PubMed]

56. Greves, H.M.; Lozano, P.; Liu, L.; Busby, K.; Cole, J.; Johnston, B. Immigrant families’ perceptions on walking to
school and school breakfast: A focus group study. Int. J. Behav. Nutr. Phys. Act. 2007, 4, 64. [CrossRef] [PubMed]

57. Ilowite, M.F.; Al-Sayegh, H.; Ma, C.; Dussel, V.; Rosenberg, A.R.; Feudtner, C.; Kang, T.I.; Wolfe, J.; Bona, K. The
relationship between household income and patient-reported symptom distress and quality of life in children
with advanced cancer: A report from the PediQUEST study. Cancer 2018, 124, 3934–3941. [CrossRef] [PubMed]

58. STATA. Available online: https://www.stata.com/ (accessed on 10 June 2019).
59. Rech, C.; Reis, R.; Hino, A.A.; Rodriguez-Añez, C.; Fermino, R.; Gonçalves, P.; Hallal, P. Neighborhood safety and

physical inactivity in adults from Curitiba, Brazil. Int. J. Behav. Nutr. Phys. Act. 2012, 9, 72. [CrossRef] [PubMed]
60. Herzog, T.R.; Flynn-Smith, J.A. Preference and perceived danger as a function of the perceived curvature,

length, and width of urban alleys. Environ. Behav. 2001, 33, 653–666. [CrossRef]
61. Bogar, S.; Beyer, K. Green Space, Violence, and Crime: A Systematic Review. Trauma Violence Abus. 2015, 17.

[CrossRef]
62. de Keijzer, C.; Tonne, C.; Sabia, S.; Basagaña, X.; Valentín, A.; Singh-Manoux, A.; Antó, J.M.; Alonso, J.;

Nieuwenhuijsen, M.J.; Sunyer, J. Green and blue spaces and physical functioning in older adults: Longitudinal
analyses of the Whitehall II study. Environ. Int. 2019, 122, 346–356. [CrossRef]

http://dx.doi.org/10.1080/10511482.1997.9521275
http://dx.doi.org/10.1177/1078087407309432
http://dx.doi.org/10.1080/10511482.2000.9521391
http://dx.doi.org/10.2747/0272-3638.30.5.490
http://dx.doi.org/10.1177/0011128716687756
http://dx.doi.org/10.1057/sj.2015.11
http://dx.doi.org/10.1111/j.1559-1816.1986.tb01168.x
http://dx.doi.org/10.1037/0033-2909.106.1.74
http://www.ncbi.nlm.nih.gov/pubmed/2667010
http://dx.doi.org/10.1037/0022-3514.52.6.1161
http://dx.doi.org/10.1175/2010WCAS1043.1
http://dx.doi.org/10.1037/0022-3514.33.3.245
http://dx.doi.org/10.1037/0022-3514.72.6.1322
http://dx.doi.org/10.5811/westjem.2012.3.11746
http://dx.doi.org/10.3390/rs70404026
http://dx.doi.org/10.18666/jlr-2003-v35-i1-608
http://dx.doi.org/10.1080/07303084.1993.10606673
http://dx.doi.org/10.1080/09663699925150
http://dx.doi.org/10.1016/j.healthplace.2013.11.006
http://www.ncbi.nlm.nih.gov/pubmed/24374289
http://dx.doi.org/10.1186/1479-5868-4-64
http://www.ncbi.nlm.nih.gov/pubmed/18053259
http://dx.doi.org/10.1002/cncr.31668
http://www.ncbi.nlm.nih.gov/pubmed/30216416
https://www.stata.com/
http://dx.doi.org/10.1186/1479-5868-9-72
http://www.ncbi.nlm.nih.gov/pubmed/22691163
http://dx.doi.org/10.1177/00139160121973179
http://dx.doi.org/10.1177/1524838015576412
http://dx.doi.org/10.1016/j.envint.2018.11.046


Int. J. Environ. Res. Public Health 2020, 17, 1470 13 of 13

63. Troped, P.J.; Saunders, R.P.; Pate, R.R.; Reininger, B.; Ureda, J.R.; Thompson, S.J. Associations between
Self-Reported and Objective Physical Environmental Factors and Use of a Community Rail-Trail. Prev. Med.
2001, 32, 191–200. [CrossRef]

64. Timperio, A.; Ball, K.; Salmon, J.; Roberts, R.; Giles-Corti, B.; Simmons, D.; Baur, L.A.; Crawford, D. Personal,
Family, Social, and Environmental Correlates of Active Commuting to School. Am. J. Prev. Med. 2006, 30,
45–51. [CrossRef]

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1006/pmed.2000.0788
http://dx.doi.org/10.1016/j.amepre.2005.08.047
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Methods 
	Study Area and Samples 
	Measures 
	Sociodemographic and Population (Confounding Variables) 
	Neighborhood Greenery and Natural Environmental Conditions (Independent and Additional Confounding Variables) 
	Neighborhood Safety (Dependent Variable) 

	Data Analysis 

	Results 
	Bivariate Tests 
	Sociodemographic Characteristics 
	Neighborhood Greenery 

	Multivariable Analyses 

	Discussion 
	Conclusions 
	References

