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Urban  greenery  has  long  been  recognized  as  an  important  component  of urban  ecosystem  and  provides
many  benefits  to urban  residents.  However,  different  types  of urban  greenery  provide  different  kinds
of  natural  experiences  to people.  In  this  study,  green  metrics  calculated  based  on  multisource  spatial
datasets  were  used  to  quantify  the  spatial  distribution  of different  types  of  urban  greenery  in  Hartford,
Connecticut.  Geo-tagged  Google  Street  View  images,  which  capture  the  profile  view of cityscape,  were
used to quantify  street  greenery  by  considering  the time  information.  Land  cover  map  and  urban  parks
map  were  used  to measure  residential  yard greenery  and  proximity  to urban  parks,  respectively.  We
analyzed  the  associations  of  the  calculated  green  metrics  with  socio-economic  variables  derived  from
census  data. Statistical  results  show  that:  (1)  people  with  higher  income  tend  to  live  in  neighborhoods
with  more  street  greenery;  (2)  census  block  groups  with  a higher  proportion  of  owner-occupied  units

tend  to  have  more  yard vegetation  and  yard tree/shrub  coverage;  (3)  Hispanics  tend  to  live in  block
groups  that  have  less  yard  vegetation  but  African  Americans  mostly  live  in  block  groups  with  more  yard
greenery;  and  (4)  there  are  no significant  environmental  disparities  among  racial/ethnic  groups  in terms
of  proximity  to urban  parks.  In  general,  this  study  provides  an  insight  into  the  environments  of  urban

n  gre
residents  in  terms  of  urba

. Introduction

Urban greenery, which includes urban parks, woodland, street
nd square trees, lawns and other kinds of vegetation (Konijnendijk
t al., 2006), has long been recognized for its importance in the
rban environment (Li et al., 2015a). Urban greenery provides many
conomic, environmental, social, and health benefits to residents
Chen et al., 2006; Jim and Chen, 2008; Onishi et al., 2010; Gidlow
t al., 2012; van Dillen et al., 2012; Wendel et al., 2011). The spatial
istribution of urban greenery is thus regarded as an important
nvironmental amenity (Nichol and Wong, 2005; Dwivedi et al.,
009; Seymour et al., 2010).

Previous studies have reported environmental inequities in
erms of urban greenery in North American cities (Heynen et al.,
006; Boone et al., 2009; Zhou and Kim, 2013; Dai, 2011; Pham
t al., 2012; Landry and Chakraborty, 2009; Li et al., 2015b). Heynen

t al. (2006) found that the degree of canopy coverage varies among
he neighborhoods of different racial/ethnic groups in Milwaukee,

isconsin. Compared with non-Hispanic Whites, Hispanics tend

∗ Corresponding author.
E-mail address: lixiaojiang.gis@gmail.com (X. Li).
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enery,  and  a valuable  reference  data  for urban  planning.
© 2016  Elsevier  GmbH.  All  rights  reserved.

to live in places with less canopy coverage. Boone et al. (2009)
investigated the residents’ proximity to urban parks in Baltimore,
Maryland, and found that Whites have access to a larger acreage
of parks than other residents, but a higher proportion of African
American residents have access to parks within walking distance.
Zhou and Kim (2013) developed an accessibility index based on
Google Maps application programming interface to evaluate the
disparities in canopy cover and accessibility to parks in six cities in
Illinois. Their results showed no significant disparities in terms of
access to parks, but racial/ethnic minorities tend to have less tree
canopy cover in their neighborhoods. Li et al. (2015b) developed a
novel Google Street View–based method to study the distribution
of street greenery in Hartford, Connecticut. Unlike green metrics
derived from remotely sensed data, the Google Street View–based
method quantifies how much street greenery people can see and
feel on the ground. Their results showed that people with higher
incomes tend to live in neighborhoods with more street greenery
(Li et al., 2015b).

Different types of urban greenery play various roles in providing

benefits to urban residents. Therefore, it may  not be suitable to use
the overall green vegetation cover numbers to represent the distri-
bution of the environmental amenities. In addition, different types
of greenery are maintained and managed in very different ways,
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hich may  influence the spatial distribution of urban greenery. For
xample, street greenery and urban parks are publicly financed and
anaged. They provide benefits to the public. However, the vegeta-

ion in a private yard provides more benefits to the property owner
han to others and it is maintained by the private property owner.
herefore, different types of urban greenery should be considered
ifferently in studying the environmental inequities. However, a
ew studies have explored the uneven distribution of different types
f urban greenery (Heynen et al., 2006; Pham et al., 2012; Shanahan
t al., 2014). In this study, we categorized the greenery of Hartford,
onnecticut, into four major types: street greenery, private yard
otal vegetation, private yard trees/shrubs, and urban parks. Four
reen metrics were calculated based on the Google Street View
mages, the land cover map, and the urban park map  to indicate
he spatial distribution of street greenery, yard total vegetation,
ard trees/shrubs, and proximity to urban parks. Statistical analy-
es were then conducted to investigate the associations between
hose green metrics and urban residents’ socio-economic status.

. Literature review

.1. Benefits of different types of urban greenery

Different types of urban greenery provide different kinds of nat-
ral experiences to human being (Shanahan et al., 2014). Private
ard vegetation is usually managed by private owners and it is
mmediately accessible for private owners (Lachowycz and Jones,
012; Li et al., 2014). The urban greenery in public parkland and
ight-of-Way are maintained in very different ways compared with
rivate backyard vegetation, and this may  further influence peo-
le’s nature experiences (Shanahan et al., 2014). View of greenery
hrough windows is helpful in increasing restorative potentials and
mproving psychological wellbeing (Ulrich, 1984; Pazhouhanfar
nd Kamal, 2014; Kaplan, 2001). Residential tree canopy cover
educes cooling energy use in summer (Akbari et al., 2001). As a
ind of public facilities, urban parks are also important for the qual-
ty of life in densely populated cities. Urban parks provide public
laces for recreations, physical exercises, interactions with nature,
nd social activities that can promote both personal health and
ocial cohesion within communities (Zhou and Kim, 2013; Maas
t al., 2006; Ellaway et al., 2005; Dai, 2011; Wolch et al., 2011).
treet greenery on the public Right-of-Way makes an important
ontribution to the attractiveness and walkability of residential
treets (Schroeder and Cannon, 1983; Wolf, 2005; Bain et al., 2012;
achowycz and Jones, 2012). Street greenery also provides a range
f health benefits by promoting outdoor exercises (Wolch et al.,
005; Takano et al., 2002) and beautifying neighborhoods while
itigating the visual intrusion of traffics (Li et al., 2015a). Plant-

ng street trees may  provide more benefits to urban residents than
lanting trees in parks and private yards (Kardan et al., 2015).

.2. Green metrics for urban greenery

There are many developed green metrics for different types
f urban greenery in literature of environmental inequity studies.
egetation/canopy coverage and the visiting distance to a green
pace are the two most widely used indices to quantify the spatial
istribution of urban greenery.

Vegetation/canopy coverage, which literally represents the per-
entage of land covered by vegetation or canopy, has been widely
sed to study the yard vegetation (Pham et al., 2012; Shanahan

t al., 2014; Troy et al., 2007; Grove et al., 2006). Remotely sensed
ata is the major data source for vegetation/canopy cover mapping.
y overlapping vegetation/canopy cover maps with GIS bound-
ry layers (parcels or blocks), the vegetation/canopy coverage can
 Greening 18 (2016) 163–172

be then calculated and aggregated at different geographic units
and compared with census data. There are a few studies about
environmental inequities in terms of street greenery (Landry and
Chakraborty, 2009; Li et al., 2015b). The spatial distribution of street
greenery can be indicated by canopy cover. Landry and Chakraborty
(2009) studied the street tree coverage on public Right-of-Ways
based on a land cover map derived from high-resolution remotely
sensed imagery. While high-resolution remotely sensed imagery
provides a good data source for delineating green spaces at a fine
level, it may  not be very suitable for measuring the street greenery.
The aesthetic benefits provided by street greenery can be greatly
influenced by the amount of greenery that people can see or feel
on the ground (Li et al., 2015a). In fact, there is little agreement
between remote sensing based green metrics and human perceived
greenness (Leslie et al., 2010). Recently, Li et al. (2015a) developed
a novel Google Street View–based method to study the distribu-
tion of street greenery. Unlike green metrics derived from remotely
sensed data, the Google Street View–based method quantifies how
much street greenery people can see or feel on the ground, which
could better represent the distribution of street greenery. How-
ever, the time information of the Google Street View images was
not considered in their study.

Several methods have been developed for measuring people’s
proximity to urban parks (Dai, 2011; Zhou and Kim, 2013; Maroko
et al., 2009; Boone et al., 2009; Wolch et al., 2005). The visiting
distance method is one of the most widely used methods to mea-
sure human proximity to urban parks (Boone et al., 2009; Zhou and
Kim, 2013). The visiting distance can be defined as walk distance
(Zhou and Kim, 2013; Leslie et al., 2010; Wolch et al., 2005), travel
distance by roads or other networks (Dai, 2011), or Euclidean dis-
tance (Kessel et al., 2009). In literature, the centroids of geographic
units or randomly created points within those units were usually
used to represent the points of origin (Kessel et al., 2009; Zhou
and Kim, 2013). However, it is difficult to define the destination
points, because parks often have multiple entry points or destina-
tions (Boone et al., 2009). For a small park, it is reasonable to use
the centroid of the park to indicate the destination point; however,
for a large park, this designation will be less accurate, because any
point along the boundary can serve as the destination (Boone et al.,
2009). It seems using buffer analysis of the urban parks is a sim-
ple and efficient way  to measure accessibility of parks at different
geographic units (Boone et al., 2009; Wolch et al., 2005). By overlap-
ping buffer zones of urban parks with census data, different metrics
can be defined to indicate accessibility to urban parks (Wolch et al.,
2005; Boone et al., 2009).

3. Study area and data sources

Hartford is the capital city of Connecticut, USA (Fig. 1), with
a population of approximate 125,000. The Hispanics and African
Americans are the two largest racial/ethnic groups in the city,
which account for 43% and 38% of the total population, respec-
tively. Recent satellite imagery–based analysis showed that more
than 2870 acres of the city are covered by tree canopy, representing
26% of all lands in the city. A previous study reported the envi-
ronmental inequity in terms of street greenery in Hartford, CT (Li
et al., 2015b). Recently, Hartford began to implement the U.S. Envi-
ronmental Protection Agency’s (EPA) Greening America’s Capitals
program, which incorporates innovative green building and green
infrastructure strategies to develop more environmental friendly
neighborhoods.
Block group is the smallest area unit defined by the US Census
Bureau in Hartford, therefore, block group was used as the geo-
graphic unit for measuring the spatial distribution of neighborhood
greenery in this study. Among the 96 block groups in Hartford, nine
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Fig. 1. The location of

ere not included in this study because they are mainly located in
he downtown industrial areas, the areas around the airport, and
ther primarily non-residential regions.

The data sources used for quantifying different types of urban
reenery include Google Street View images, vegetation cover maps
erived from satellite imagery, a residential parcel map, and an
rban park map. Google Street View (GSV) images were used to
uantify the street greenery, while the vegetation cover map, the
esidential parcel map, and the urban park map  were used to
easure the yard total vegetation coverage, the yard tree/shrub

overage, and the proximity to urban parks.

. Methodology

This study relies on a two-step methodology. The first step was
o calculate four green metrics to represent the distribution of street
reenery, yard vegetation coverage, yard tree/shrub coverage, and
roximity to urban parks. The second step was to perform statistical
nalyses for studying the associations between the calculated green
etrics and the chosen social variables.

.1. Green metrics calculation

.1.1. Street greenery
In this study, we used a Google Street View (GSV) based mod-

fied green view index to quantify the street greenery. This index
easures how much street greenery people can see or feel on the

round; it is the average percentage of green vegetation of 18 GSV
mages captured at 18 different directions for a street location (Li
t al., 2015a).

The GSV images were downloaded using the Google Street

iew static image API (Google, 2014). An example of a requested
SV static image and its corresponding Uniform Resource Loca-

ors (URLs) is shown in Fig. 2. By specifying different parameters
n the Google Street View static image API, users can download
Fig. 2. A GSV static image and its corresponding Uniform Resource Locators.

GSV images of different location, heading angles, and pitch angles.
Unfortunately, the Google Street View static image API is not able
to obtain the time information of a GSV image by specifying the
location parameter. However, Google has provided the time stamps
for all GSV images, and the time information for the GSV images
is accessible using the Google Maps JavaScript API (Google, 2015).
Therefore, in this study we  designed an indirect way  to collect the
GSV images and get their time information simultaneously. Firstly,
the time information and GSV panorama IDs were accessed using
the Google Maps JavaScript API by specifying the coordinate param-

eters (Google, 2015). The time information and GSV panorama
IDs were then saved as a local text file (see the pseudo codes in
Appendix A). Then, the GSV images were requested using the pano
parameter instead of using the location parameter in the Google
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treet View static image API based on the meta-data stored in the
ocal text file. The pano parameter represents the unique panorama
D and it is usually more stable than the location parameter (Google,
014). Fig. 2 shows the same requested static GSV image using both
he location and pano parameters respectively.

Three thousand sample sites were generated along the resi-
ential streets using the CreateRandomPoints tool in ArcGIS 10.2.
he minimum distance allowed between any two randomly placed
oints was set to 100 m to get evenly distributed sample sites. Based
n the aforementioned method, we used the coordinates of those
ample sites as input and saved the panorama IDs and time informa-
ion of these panoramas into JavaScript arrays, which were further
aved in a local text file. GSV images with time information were
hen collected for all sample sites based on the panorama IDs saved
n the local text file.

The green vegetation classification was performed using an
bject-based image analysis method proposed by Li et al. (2015b).
n order to eliminate the misclassification of green vegetation and
ther urban features, we  combined the Diff-based rule (Li et al.,
015b) with the ExG-based rule (Li et al., 2015c) for the green veg-
tation classification. However, the proposed image classification
ethod is not suitable for the GSV images captured in non-green

easons. In autumn and winter, some street trees appear as yellow
r red or even leafless, and it is thus hard to classify the vegetation.
herefore, we deleted the sample sites having GSV images captured
n non-green seasons based on the time information of those GSV
mages.

The modified green view index for each sample site was  calcu-
ated using Formula (1) according to Li et al. (2015a):

reenView =

6∑

i=1

3∑

j=1

Areag ij

6∑

i=1

3∑

j=1

Areat ij

× 100% (1)

here Areag ij is the number of vegetation pixels in one of the
SV images captured in six horizontal directions with three ver-

ical view angles (−45◦, 0◦, 45◦) for each sample site, and Areat ij is
he total pixel number in one of the 18 GSV images.

In order to represent the green view index at block group level,
he median green view index values were summarized by block
roups. Since the sample sites were created along streets, there
ere some sites located on the borders of some block groups. In

rder to eliminate the neighborhood effect, sites on the borders of
lock groups were not counted.

.1.2. Private yard vegetation
The vegetation in private residential yards provides benefits

irectly to urban residents. In this study, we calculated the per-
entage of total vegetation coverage (PerVeg) and the percentage of
ree/shrub coverage (PerTree) in residential property parcels for all
hosen block groups to represent the distribution of private yard
reenery. These two green metrics – PerVeg and PerTree were first
alculated for each residential parcel by intersecting the residential
arcel map  and the land cover map  using the following formulas,

erVeg = Areaveg

Areaparcel
× 100% (2)

erTree = Areatree/shrub

Areaparcel
× 100% (3)
here Areaveg is the area of total vegetation coverage in a resi-
ential parcel, Areatree/shrub is the area of tree/shrub coverage in a
esidential parcel, and Areaparcel is the total area of the residential
arcel. In order to make the yard vegetation maps comparable to
 Greening 18 (2016) 163–172

census data, these parcel-level green metrics were then aggregated
at block group level using their median values.

The land cover map  of Hartford (http://gis.w3.uvm.edu/utc/)
was derived from 1-m resolution remotely sensed data of 2008. The
land cover classification was performed by Spatial Analysis Labo-
ratory (SAL) at the University of Vermont, in consultation with the
USDA Forest Service’s Northern Research Station. The land cover
map  in Hartford includes seven land use types: tree canopy, grass-
land, barren land, water, building, road, and others (Fig. 3). In this
study, the residential parcel map  was  delineated manually based
on a parcel map  and the land cover map  by checking Google Map
and Google Street View. Fig. 3 shows the satellite image, the land
cover map, and the residential parcel map  of a small portion of the
study area.

4.1.3. Proximity to urban parks
Parks serve as fixed green hubs in cities (Zhou and Kim, 2013)

and offer a range of social, environmental, and health benefits to
urban residents. Based on previous studies, we  used a buffer anal-
ysis method to measure park’s accessibility in this study. We  used
a 400-m buffer zone around each park, a distance most people are
willing to walk to an urban park (Boone et al., 2009; Lindsey et al.,
2001; Wolch et al., 2005; Leslie et al., 2010). We  calculated the pro-
portion of residential parcels in the buffer zones for all block groups
as the indicator of proximity to urban parks at the block group level.
Since the boundaries of different block groups were not considered
in calculating the buffer zones of urban parks, the results were not
influenced by the boundary effect. If the centroid of a residential
parcel is in the buffer zone of an urban park, then this parcel will
be treated as in the service area of the park.

The urban park map  in Hartford was obtained from the Hart-
ford Open Data website (https://data.hartford.gov/). We  deleted
small cemeteries, monuments, and other small green spaces that
should not be defined as parks by checking Google Map and Google
Street View, since they are too small to offer significant benefits to
residents.

4.2. Social variable selection

In order to investigate environmental inequities in terms of
urban greenery, we compared the four green metrics with some
social variables. Based on previous environmental inequity studies
(Li et al., 2015b; Pham et al., 2012; Landry and Chakraborty, 2009;
Huang et al., 2011), seven socio-economic variables at the block
group level were selected to represent the socio-economic status of
residents. These include an economic variable (per capita income);
two education variables (proportion of people without high school
degree and proportion of people with bachelor’s or higher degrees);
a lifestyle variable (proportion of owner-occupied units); and three
race/ethnicity variables (proportion of non-Hispanic Whites, pro-
portion of Hispanics, and proportion of African Americans). In
addition, two age variables (proportion of people under 18 years of
age and proportion of people older than 65 years of age) and a built
environment variable (median building age) were also considered
in this study. In order to keep time consistency with the previously
calculated green metrics, all of the aforementioned variables were
derived from the 2008–2012 American Community Survey (ACS)
5-year data at the block group level.

4.3. Statistical analyses
In order to determine whether there are environmental
inequities in terms of urban greenery across different racial/ethnic
and economic groups in Hartford, we  first checked the correlations
between the chosen social variables and the four green metrics.

http://gis.w3.uvm.edu/utc/
http://gis.w3.uvm.edu/utc/
http://gis.w3.uvm.edu/utc/
http://gis.w3.uvm.edu/utc/
http://gis.w3.uvm.edu/utc/
http://gis.w3.uvm.edu/utc/
http://gis.w3.uvm.edu/utc/
http://https://data.hartford.gov/
http://https://data.hartford.gov/
http://https://data.hartford.gov/
http://https://data.hartford.gov/
http://https://data.hartford.gov/
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ig. 3. The vegetation in private yards, shown by (a) a satellite image from Google M
arcel  map.

Ordinary least square (OLS) multivariate regressions were then
onducted to investigate the relationships between dependent
ariables (green metrics) and independent variables (chosen social
ariables). Only those independent variables that indicate signifi-
ant (p < 0.01) correlations with dependent variables were selected
or regression analysis. Education variables were identified as con-
ounded variables of per capita income, and were not included in
he regression analysis.

In order to investigate the spatial autocorrelation of OLS regres-
ion residuals, Moran’s I statistics were calculated. The spatial
eight matrix was calculated based on the Euclidean distances

mong centroids of block groups. GeoDa (Anselin, 2005) was fur-
her used to build spatial regression models between the dependent
ariables and independent variables in this study when OLS regres-
ion residuals had a significant spatial autocorrelation. There are
wo major spatial regression models, spatial lag regression model
SARlag) and spatial error regression model (SARerr), which incorpo-
ate the spatial dependence into the dependent variable and error
erms, respectively. In this study, for each type of urban greenery,
he Lagrange Multiplier and Robust Lagrange Multiplier tests were
onducted to judge whether to use a spatial lag regression model
r a spatial error regression model.

. Results
Of the 3000 sample sites in the study area, only 2838 sites have
 GSV panorama coverage. Fig. 4a shows the spatial patterns of
mage date information for all 2838 GSV panorama sites. The GSV
) a land cover map  derived from the remotely sensed data, (c) a residential property

images for most of the sites (2042) were taken in June 2011 (Fig. 4b).
Other time points include July 2015 (390 sites), August 2012 (216
sites), July 2011 (79 sites), and October 2011 (84 sites). A few of
sites have GSV images captured in August 2007 (13 sites), August
2011 (10 sites), October 2012 (3 sites), and July 2008 (1 site). Those
sites having GSV images taken in October were not considered in
this study, because trees change colors in October and it is difficult
to extract the vegetation from these GSV images. In addition, 14
sites captured in August 2007 and July 2008 were excluded from
the analysis because of their bad image qualities. Fig. 4c shows
the spatial distribution of the modified green view index values
for the finally chosen sample sites. It can be seen clearly that most
low green view index values are located in the east and south of
the study area. Sites with high green view index values are mainly
distributed in the western, southwestern, and northwestern areas.

Fig. 5 shows the spatial distribution of the aggregated green met-
rics at the block group level, which were used to indicate the street
greenery (Fig. 5a), proximity to urban parks (Fig. 5b), percentage
of yard total vegetation coverage (Fig. 5c), and percentage of yard
tree/shrub coverage (Fig. 5d), respectively. In the aggregated green
view index map  (Fig. 5a), the modified green view index values
have a spatial pattern similar to that in the site-level modified green
view index map  (Fig. 4c). Block groups in the west, northwest, and
southwest of the study area have higher green view index values

than block groups in the east. Yard vegetation and yard trees/shrubs
(Figs. 5c and d) are more abundant in the north than in the south.
The eastern and middle regions have closer proximity to urban
parks than the other regions (Fig. 5b).
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Fig. 4. Image date information of the chosen sample sites and the spatial distribution of the green view index values: (a) the spatial distribution of date information for all
chosen  GSV images, (b) the statistics of the date information for all chosen sample sites, (c) the spatial distribution of the green view index values for all chosen sample sites.
(For  interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.).

Table 1
Pearson’s correlation coefficients (r) between the green metrics and the chosen social variables at the block group level.

Correlation coefficients Modified green
view index

Percentage of
yard vegetation

Percentage of
yard trees/shrubs

Proximity to
urban parks

Per capita income 0.438a 0.317a 0.350a −0.147
Proportion of people without high school degree −0.474a −0.233 −0.287a 0.236
Proportion of people with bachelor’s or higher degrees 0.282a −0.002 0.087 −0.277a

Proportion of owner-occupied units 0.337a 0.572a 0.474a −0.111
Median building age 0.019 −0.052 0.054 −0.050
Proportion of non-Hispanic Whites 0.240 0.132 0.170 −0.290a

Proportion of Hispanics −0.321a −0.472a −0.509a 0.094
Proportion of African Americans 0.133 0.373a 0.370a 0.136
Proportion of people under 18 years of age −0.244 −0.096 −0.142 0.378a
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Proportion of people older than 65 years of age 0.261 

Correlation is significant at the 0.01 level (2-tailed).

Table 1 presents the results of a bivariate correlation analysis
etween the four green metrics and the chosen social variables at
he block group level. In terms of street greenery, there are signifi-
antly positive correlations between the modified green view index
nd per capita income, the proportion of people with bachelor’s or
igher degrees, and the proportion of owner-occupied units. The
odified green view index is not significantly correlated with the

roportion of non-Hispanic Whites and the proportion of African
mericans; however, it is negatively correlated with both the pro-
ortion of Hispanics and the proportion of people without high
chool degree. The percentage of yard vegetation and the percent-
ge of yard trees/shrubs have similar correlations with the chosen
ocial variables. Both of these metrics have significantly positive
orrelations with per capita income, proportion of owner-occupied
nits, proportion of African Americans, and proportion of people
lder than 65 years of age, but have a significantly negative corre-
ations with proportion of Hispanics. Unlike the other three green

etrics, the proximity to urban parks has no significant correlations
ith per capita income and proportion of Hispanics. However, the
roximity to urban parks is negatively correlated with proportion
f non-Hispanic Whites and the proportion of people with bach-
lor’s or higher degrees. None of the four green metrics has any

ignificant correlation with the median building age.

Ordinary least square (OLS) multivariate regression models
ere developed between the four green metrics (dependent vari-

bles) and the social variables (independent variables) respectively.
0.355a 0.340a −0.138

Tables 2–5 , show the coefficients, z-values, and significant levels
of the OLS regression models. The significant Moran’s I values indi-
cate that the OLS residuals have a strong spatial dependence in all
OLS regression models. This means that the OLS regression models
are insufficient for modeling the relationships between the green
metrics and related independent variables. Therefore, the spatial
lag regression (SARlag) models were used to investigate the associ-
ations between each of the four green metrics and the chosen social
variables. In the street greenery model (Table 2), the pseudo R2 of
0.34 for the SARlag model indicates a relatively good model fit in the
study area. Per capita income is significantly and positively associ-
ated with the amount of street greenery (p < 0.05). However, street
greenery is not significantly associated with the proportion of His-
panics and the proportion of owner-occupied units. Yard vegetation
coverage and the yard tree/shrub coverage have similar spatial
patterns and similar associations with the independent variables
(Tables 3 and 4). Since the proportion of Hispanics and the pro-
portion of African American had a strong correlation (r = −0.596,
p < 0.01), they were used separately in the regression models for
investigating the associations of the yard green metrics with the
related social variables (see OLS H and SARlag H with the proportion
of Hispanics, and OLS A and SARlag A with the proportion of African

Americans in Tables 3 and 4). Both the OLS and SARlag regression
models show that the percentage of yard vegetation coverage and
the percentage of yard tree/shrub coverage are significantly posi-
tively associated with the proportion of owner-occupied units. The
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F index
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ig. 5. Green metrics mapped at the block group level: (a) the modified green view 

uffer  zones of urban parks), (c) percentage of yard vegetation coverage, and (d) p
his  figure legend, the reader is referred to the web  version of this article.)

oefficients of the spatial regression model with the proportion of

ispanics (SARlag H) indicate that the proportion of Hispanics is
egatively associated with the percentage of yard trees/shrubs, and
er capita income has no significant association with either yard
egetation or yard trees/shrubs. In the spatial regression model
 values, (b) proximity to urban parks (the proportion of residential parcels in 400 m
tage of yard tree/shrub coverage. (For interpretation of the references to colour in

with the proportion of African Americans (SARlag A), the proportion

of African Americans is positively associated with the percentages
of yard vegetation and yard trees/shrubs, and the per capita income
is also positively associated with the percentages of yard vegetation
and yard trees/shrubs.
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Table  2
The ordinary least squares (OLS) regression model and spatial lag model (SARlag) for the street greenery metric (i.e., the modified green view index) in Hartford, Connecticut.
bSignificant at the 0.01 level (2-tailed).

OLS SARlag

Coefficient z-values Coefficient z-values

Constant 15.57 7.64b 9.03 2.89b

Per capita income (thousands of dollars) 0.24 2.68b 0.19 2.32a

Proportion of Hispanics −4.45 −1.80 −3.06 −1.34
Proportion of owner-occupied units 3.69 1.30 2.78 1.06
Rho  0.38 3.12b

R2 Adjusted R2 0.24
0.21

0.34

F-statistic Akaike info criterion 8.78b 537.87
Moran’s I of residuals 0.17 2.99b

aSignificant at the 0.05 level (2-tailed).
bSignificant at the 0.01 level (2-tailed).

Table 3
The ordinary least squares (OLS) regression models and spatial lag models (SARlag) for yard vegetation coverage in Hartford, Connecticut. Note: z-values enclosed in brackets.

OLS H OLS A SARlag H SARlag A

Coefficient Coefficient Coefficient Coefficient

Constant 0.46a

(12.07)
0.27b

(8.38)
0.10a

(2.40)
0.03
(1.03)

Per  capita income (thousands of dollars) −1.08 × 10−3

(−0.65)
1.69 × 10−3

(1.04)
1.47 × 10−3

(1.23)
2.43 × 10−3

a

(2.13)
Proportion of Hispanics −0.20b

(−4.28)
– −0.06

(−1.87)
–

Proportion of African Americans – 0.17b

(4.39)
– 0.07b

(2.40)
Proportion of owner-occupied units 0.29b

(5.50)
0.29b

(5.44)
0.13b

(3.14)
0.13b

(3.16)
Rho  0.70b

(10.24)
0.70b

(10.29)
R2 Adjusted R2 0.45

0.43
0.46
0.44

0.71 0.72

F-statistic Akaike info criterion 22.68b 23.12 −186.75 −189.27
Moran’s I of residuals 0.30b

(4.85)
0.33b (5.26)

a Significant at the 0.05 level (2-tailed).
b Significant at the 0.01 level (2-tailed).

Table 4
The ordinary least squares (OLS) regression models and spatial lag models (SARlag) for yard tree/shrub coverage in Hartford, Connecticut. Note: z-values enclosed in brackets.

OLS H OLS A SARlag H SARlag A
Coefficient Coefficient Coefficient Coefficient

Constant 0.27b

(9.15)
0.12b

(4.59)
0.10b

(2.81)
0.01
(0.51)

Per  capita income (thousands of dollars) 0.40 × 10−3

(0.31)
2.64 × 10−3

a

(2.06)

1.39 × 10−3

(1.28)
2.57 × 10−3

a

(2.47)
Proportion of Hispanics −0.16b

(−4.54)
– −0.08b

(−2.63)
–

Proportion of African Americans – 0.13b

(4.26)
– 0.07b

(2.71)
Proportion of owner-occupied units 0.15b

(3.67)
0.15b

(3.57)
0.09a

(2.46)
0.09a

(2.37)
Rho  0.56b

(6.09)
0.57b

(6.48)
R2 Adjusted R2 0.39

0.37
0.38
0.36

0.67 0.57

F-statistic Akaike info criterion 17.95b 16.85 −209.93 −210.98
Moran’s I of residuals 0.39b

(5.00)
0.31b

(4.98)

g
O

a Significant at the 0.05 level (2-tailed).
b Significant at the 0.01 level (2-tailed).
There is no significant difference across different racial/ethnic
roups with regard to proximity to urban parks (Table 5). In the
LS model, the proportion of people under 18 is significantly and
positively associated with proximity to urban parks (p < 0.05), but
such a significant association does not exist in the SARlag model.
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Table  5
The ordinary least squares (OLS) regression model and spatial lag model (SARlag) for proximity to urban parks in Hartford, Connecticut.

OLS SARlag

Coefficient z-values Coefficient z-values

Constant 0.32 1.71 0.08 0.45
Proportion of non-Hispanic Whites −0.19 −0.65 0.06 0.26
Proportion of people with bachelor’s or higher degrees −0.18 −0.50 −0.20 −0.63
Proportion of people under 18 years of age 1.09 2.07a 0.82 1.83
Rho  0.52 4.84b

R2 Adjusted R2 0.15
0.12

0.35

F-statistic Akaike info criterion 4.96 58.64
b

6
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Moran’s I of residuals 0.26 

a Significant at the 0.05 level (2-tailed).
b Significant at the 0.01 level (2-tailed).

. Discussion

This study investigated the spatial distributions of different
ypes of urban greenery (street greenery, private yard greenery,
nd urban parks) and their associations with social variables. Peo-
le with higher per capita incomes live in neighborhoods with more
treet greenery or higher modified green view index. This may  be
ecause street greenery makes neighborhoods more attractive, and
eople who can afford real estates in tree-lined neighborhoods tend
o choose to live there. Bivariate correlation analyses results show
hat neither the proportion of African Americans nor the proportion
f non-Hispanic Whites is significantly correlated with the mod-
fied green view index. Although the correlation analysis shows
hat the modified green view index is negatively correlated with
he proportion of Hispanics, after controlling the effects of per
apita income and proportion of owner-occupied units, the associ-
tion between the modified green view index and the proportion
f Hispanics is not significant. Therefore, the negative relationship
etween the modified green view index and the proportion of His-
anics could be because of relatively low incomes of Hispanics in
he study area.

Private yard greenery, indicated by the percentage of yard veg-
tation and yard canopy coverage in this study, is relatively more
bundant in the peripheral areas of Hartford. Regression coeffi-
ients (Tables 3 and 4) show that the proportion of owner-occupied
nits is significantly and positively associated with both percentage
f yard vegetation coverage and percentage of yard tree/shrub cov-
rage. This may  be because owners tend to spend more money on
nvironmental amenities than renters (Heynen et al., 2006; Perkins
t al., 2004). Correlation analysis results show that the proportion
f Hispanics is negatively correlated with both percentage of yard
egetation and percentage of yard tree/shrub coverage while the
roportion of African Americans is positively correlated with both
f them. The spatial regression models of SARlag A and SARlag H
Tables 3 and 4) further proved the environmental inequity in
erms of yard greenery. Regression results show that the proportion
f Hispanics is negatively associated with the percentage of yard
ree/shrub coverage while the proportion of African Americans is
ositively associated with both the percentage of yard total vege-
ation and the percentage of yard trees/shrubs after controlling the
ffect of the proportion of owner-occupied units. This means that
lock groups with higher proportions of African Americans have
igher yard total vegetation and yard tree/shrub coverage while
lock groups with higher proportions of Hispanics have lower yard
ree/shrub coverage. The explorative correlation analysis shows
hat the people older than 65 tend to live in places with higher per-

entages of yard vegetation coverage (r = 0.355, p < 0.01) and yard
ree/shrub coverage (r = 0.340, p < 0.01).

Urban parks in Hartford are distributed mainly in the eastern
art of the city, which has the least street and yard greenery.
4.03

The lack of a significant association (Table 5) between proximity
to urban parks and the proportion of non-Hispanics Whites and
the non-significant correlations (Table 1) between proximity to
urban parks and other racial/ethnic variables show that there is
no inequity in terms of proximity to urban parks in the study area.
In addition, proximity to urban parks is not significantly associated
with the proportion of people with bachelor’s or higher degrees.

Our study results reveal some inequities in terms of different
types of urban greenery in Hartford. The results of this study may
provide a reference to urban planners as well as local residents for
future urban greening practices. Different types of urban greenery
show very different distributions across different neighborhoods
and different socio-economic groups in the study area. Different
types of urban greenery are managed and maintained in different
ways, therefore, different measures should be taken to reduce the
environmental inequities in terms of different types of urban green-
ery. In terms of street greenery, future urban greening projects may
consider to plant more street trees in Hispanic neighborhoods in
order to reduce environmental inequities. Municipal departments
cannot influence the distribution of yard greenery directly, but
measures could be taken to increase the yard greenery indirectly
in neighborhoods with a higher proportion of Hispanics. This study
also generates the spatial distribution of different types of urban
greenery, and this could be helpful to locate the potential areas
for future urban greening practices. In addition, this study demon-
strates that GSV is a very suitable and cost-effective tool for study
of street greenery, especially when care is taken to include the time
information of the GSV images.

We used buffer analysis to calculate the proximity to urban
parks, but park size and park quality are not considered. The prox-
imity is not exactly equal to accessibility or people’s willing to visit
the parks because the buffer distance may not fully reflect the visit-
ing distances. Future study should take park size, park quality, and
different visiting distances into consideration to better quantify
the potential benefits of urban parks. In addition, urban green-
ery is not always an environmental amenity. For example, it may
increase the budget for cleaning the dead leaves and branches. The
root of the street greenery could break the road conditions along
the streets, especially the walkways. People from different cultural
backgrounds may  have very different opinions about the urban
greenery. Future study should also investigate public opinions on
different types of urban greenery.

7. Conclusion

Different types of urban greenery have different spatial distribu-

tions and different associations with the social status of residents in
Hartford. Street greenery is associated with the per capita income of
local residents and is mainly distributed in the western region of the
study area. People with higher incomes tend to live in block groups
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ith more street greenery. However, there exist no significant envi-
onmental disparities among different racial/ethnic groups in terms
f street greenery. The yard greenery is positively associated with
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eighborhoods with less yard greenery while African Americans
end to live in neighborhoods with more yard greenery. The urban
arks have a very different distribution from those of the street
reenery and the yard greenery, and they are mainly distributed in
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here exist no significant environmental disparities among differ-
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