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ABSTRACT

KEYWORDS

Many cities are working to increase greenspace and tree canopy to improve
residents’ quality of life. However, from an environmental justice perspective, it
is important to ask where greenspace is increased and whose quality of life is
improved. This research investigates the environmental justice implications of
urban tree canopy distribution and change in Philadelphia. Specifically, we
conduct three distinct, yet interrelated analyses: (1) an evaluation of the envir
onmental justice implications of Philadelphia’s 2018 tree canopy distribution,
(2) a description of tree canopy change in the city between 2008 and 2018, and
(3) an assessment of the environmental justice implications of tree canopy
change during this period. Thus, our study expands upon previous urban forest
environmental justice research by evaluating the environmental justice impli
cations of current tree canopy distribution and temporal changes in tree
canopy coverage. We found that neighborhoods in Philadelphia with higher
proportions of racialized minorities had lower levels of tree canopy coverage in
2018 and were less likely to gain tree canopy between 2008 and 2018. We argue
that cities should use past changes in urban tree canopy, along with an under
standing of the current distribution, to make future cities more green and just.

Urban forests; environmental
justice; environmental
management; urban
sustainability; Philadelphia

Introduction
William Penn, the founder of Pennsylvania, originally envisioned Philadelphia as a “Green Country
Towne,” with wide streets, one and a half acre parcels with room for gardens, orchards, and fields, and
five squares set aside as public parks (Dunn & Dunn, 1982; Zabel, 2012). Many east-west streets were
named after local trees, such as Walnut, Chestnut, and Pine (Zabel, 2012). The city established a street
tree ordinance in 1700 and hired one of, if not the, first urban foresters in the United States in 1896
(Gerhold, 2007). The city established Fairmount Park in 1855 to protect the city’s source of drinking
water (Weigley, 1982), and by 2008 the Fairmount Park System had expanded to approximately 9,200
acres, or 10% of the city’s area (Milroy, 2012).
These early visions of Philadelphia, and the urban more broadly, as interspersed with nature were
replaced by an imagined divide between the urban and the natural. Here, the urban is associated with
society, while the rural is associated with nature (Harvey, 1993; Smith, 1996). Similarly, we can see
a fetishization of wilderness as virgin, unspoiled nature leading to further separation between the
urban and the natural (Cronon, 1995). Indeed, a place becomes unnatural simply due to the presence
of humans (Braun & Castree, 1998). Murray Bookchin exemplifies this style of thinking: “the modern
city represents a regressive encroachment of the synthetic on the natural, of the inorganic (concrete,
metals, and glass) on the organic, or crude, elemental stimuli on variegated wide-ranging ones (1979,
as cited in Heynen et al., 2006, Page 4).” In sum, cities were seen as sources of intense resource
consumption and pollution that are the opposite of nature.
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The last decade has seen an explosion of urban sustainability plans, programs, and policies. Cities
have been transformed from concrete jungles to potential green oases in much popular and academic
discourse. Tree planting programs have become an integral part of this urban environmental move
ment, with many major cities setting concrete goals to plant a certain number of trees (often a million;
Fisher et al., 2011; Million Trees Miami-Dade, n.d.; Pincetl et al., 2013) or increase canopy coverage by
a certain percentage (Nutter, 2009; Roman, Catton, et al., 2021).
Urban greening provides a broad range of environmental and social benefits across several scales,
from local to global (Dobbs et al., 2017; N. Heynen & Perkins, 2005). Inequity in the localized benefits
of parks, green spaces, and trees in cities is an issue of environmental justice. From a distributive
justice approach, it is essential to ensure that everyone has access to these urban environmental
amenities. Most research to date on the environmental justice implications of urban forests has found
that racialized minorities (Watkins & Gerrish, 2018) and the poor (Gerrish & Watkins, 2018) are more
likely to live in neighborhoods with less urban tree canopy. However, most urban forest environmental
justice research has examined static snapshots of tree canopy distribution at a single point in time (Lin
& Wang, 2021; Locke et al., 2016).
In order to address this research gap, this study examines urban tree canopy distribution and
change in the city of Philadelphia. Three primary investigations are made. The study begins by
exploring distributive environmental justice, or which neighborhoods have access to urban trees.
Utilizing a novel recently available tree canopy change dataset, we use spatial regression models to
predict canopy coverage at the Census block group scale on parcels zoned single family residential
(SFR) in 2018, with traditional environmental justice concerns (income, race and ethnicity, education,
and population density) as potential explanatory variables. Moving from a static snapshot in time, this
study also describes temporal change in tree canopy over a 10-year period between 2008 and 2018. To
do so, we use forward stepwise logistical regression to build a statistical model predicting which
Census block groups gained tree canopy between 2008 and 2018.
Our regression model built to predict 2018 SFR canopy was highly significant. The three groups of
racialized minorities examined (African American, Hispanic/Latino, and Asian) were all negative
predictors of SFR tree canopy. Mean slope and median household income were positive predictors,
and percent owner occupied was a negative predictor. Our finding that neighborhoods with higher
proportions of racialized minorities had lower SFR tree canopy presents environmental justice
concerns around the distribution of Philadelphia’s urban forest in 2018.
Despite the ambitious goals established in its Greenworks Sustainability Plan (Nutter, 2009),
overall, the city of Philadelphia lost tree canopy between 2008 and 2018. This tree canopy loss
represents a major shift in direction from the previous 4 decades, as longitudinal research found
that Philadelphia’s tree canopy increased by 4.3% between 1970 and 2010 (Roman, Catton, et al.,
2021). Moreover, tree canopy change occurred in a highly variegated manner, with some neigh
borhoods gaining and others losing canopy. The socio-spatial patterns of increases in tree canopy
during this period suggest the presence of environmental injustice. Specifically, block groups with
lower proportions of racialized minorities (African American, Asian, and Hispanic or Latino
residents) were less likely to gain tree canopy. So, neighborhoods with higher proportions of
racialized minorities had fewer trees on SFR parcels in 2018 and were less likely to gain tree
canopy between 2008 and 2018. We argue that cities should use past changes in urban tree canopy,
along with an understanding of the current distribution, to make future cities greener and more
just.
The paper proceeds as follows. The literature review summarizes the environmental and social
benefits of urban forests, explains why disparities in urban tree canopy present environmental justice
issues, and reviews previous urban forest environmental justice research. Next, the methods section
describes our analyses of sociodemographic predictors of tree canopy distribution and change in
Philadelphia, after which we present our results. The discussion section contextualizes our findings
and offers suggestions for further research on urban forest environmental justice. Finally, we present
brief conclusions.
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Literature review
Urban trees provide a broad suite of environmental and community benefits to the neighborhoods in
which they are located, a complete survey of which is outside the scope of this paper (for recent
reviews, see, Dobbs et al., 2017; Van den Bosch, 2017). Instead, we provide a summary of commonly
identified benefits below.
Environmental benefits provided by trees in cities occur at many scales, ranging from the global
to the local (Dobbs et al., 2017). Based upon our investigation of changes in the distribution of
urban tree canopy at the neighborhood scale, we focus on local benefits. Urban trees can cool the
neighborhoods they are located in, reducing urban heat islands (Elmes et al., 2017; Heidt & Neef,
2008; Sailor, 1995), an increasing concern in cities due to climate change (Mitchell & Chakraborty,
2018). Trees in the city help to control stormwater, reducing the risk of flooding and the need to
install costly “gray” infrastructure (Berland et al., 2017; Xiao & Mcpherson, 2003). Finally, urban
trees also improve urban air quality, removing pollution and particulate matter (Dwyer et al., 1992;
Nowak et al., 2007).
The community or social benefits of urban trees have received significantly less attention than
environmental benefits, especially regarding the amount of empirical research conducted (Dobbs
et al., 2017). Tree cover provides both physical and psychological health benefits in cities (Ulmer et al.,
2016; Van den Bosch, 2017), is associated with an increase in property values (Donovan & Butry, 2010;
Sander et al., 2010), and provides recreational benefits (Chen & Jim, 2008). Qualitative benefits include
connections to place, nature, and neighborhoods (Fisher et al., 2011; Foster, 2018; Jones & Cloke, 2002;
Pearce et al., 2015).
However, trees in cities can also potentially negatively impact neighborhoods, especially when they
are not maintained (Gómez-Baggethun & Barton, 2013; Lyytimäki & Sipilä, 2009; Roman, Conway,
et al., 2021). That said, the overall takeaway of past research is that the benefits outweigh the potential
negative impacts and the presence of trees in cities improves the quality of life of urban residents.
Therefore, given the many benefits that urban trees provide, “uneven distribution of trees contributes
to an uneven quality of life” (Perkins et al., 2004, p. 293). Thus, it is important to ensure that all
neighborhoods have access to tree canopy. Indeed, the ability to enjoy the benefits provided by urban
trees is an environmental justice issue.
Broadly defined, environmental justice (EJ) combines concerns about civil rights, public health and
safety, and proximity to various environmental amenities and hazards (Faber & McCarthy, 2003;
Schlosberg & Collins, 2014). In other words, EJ works to ensure that everyone has a clean and safe
environment in which to live, work, and play. The initial focus of activism and research in the EJ
movement was disproportionate exposure to environmental hazards (e.g., toxic waste storage, power
plants, oil and chemical refineries; Boone et al., 2009; Rigolon, 2016; Walker, 2012). The scope of EJ
has since broadened to include access to environmental amenities and desirable land uses, along with
freedom from environmental hazards. The examination of environmental amenities as an EJ issue
aligns with more expansive definitions such as that of Bunyan Bryant, which consider the environment
of everyday life:
Environmental justice refers to those cultural norms, values, rules, regulations, behaviors, policies and decisions
to support sustainable communities, where people can interact with confidence that their environment is safe,
nurturing and productive. Environmental justice is served when people can realize their highest potential,
without experiencing the “isms.” Environmental justice is supported by decent paying and safe jobs, quality
schools and recreation; decent housing and adequate health care; democratic decision making and personal
empowerment; and communities free of violence, drugs and poverty (Bryant, 1995, p. 6; as cited in Walker, 2012,
p. 9)

Furthermore, access to amenities is included in the Principles of Environmental Justice developed at
the First National People of Color Environmental Leadership Summit in 1991 (First National People
of Color Environmental Leadership Summit, 1991). Urban greening provides benefits across several
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scales, from local to global (Dobbs et al., 2017; N. Heynen & Perkins, 2005). Localized benefits of parks,
green spaces, and trees in cities make them environmental justice issues. From a distributive justice
approach, it is essential to ensure that everyone has access to these urban environmental amenities.
Most research to date on the environmental justice implications of urban forests has found that
racialized minorities (Watkins & Gerrish, 2018) and the poor (Gerrish & Watkins, 2018) are more
likely to live in neighborhoods with lower amounts of urban tree canopy. Indeed, two decades of
research finds consistent disparities in access to urban tree canopy across the United States (Frey, 2017;
Iverson & Cook, 2000; S. M. Landry & Chakraborty, 2009; Schwarz et al., 2015) and beyond (Pedlowski
et al., 2003; Pham et al., 2012; Threlfall et al., 2022). Recent meta-analyses have found significant racebased injustice in tree canopy access across 40 studies (Watkins & Gerrish, 2018) and evidence of
income-based injustices across 61 studies (Gerrish & Watkins, 2018). These studies provide evidence
of environmental injustices in access to an important urban environmental amenity. We build upon
this previous body of work by analyzing the 2018 tree canopy distribution in Philadelphia and how it
changed between 2008 and 2018.

Methods
Study area
After half a century of population decline, Philadelphia grew by 3.8% between 2010 and 2019 (United
States Census Bureau, 2021). While this means that Philadelphia has rebounded relatively faster than
many other post-industrial cities, the current population is down a quarter from its peak in 1950. The
poverty rate is more than twice the national average, at 23% (United States Census Bureau, 2021).
Moreover, this poverty is spatially concentrated, often in neighborhoods primarily containing racia
lized minorities. The spatial concentration of racialized poverty makes Philadelphia an essential site
for environmental justice research that asks whether neighborhoods that are undergoing economic
disinvestment are also facing ecological disinvestment?
Philadelphia is no stranger to the urban greening phenomenon, with former Mayor Michael Nutter
publicly stating his wish for the city to become the greenest in America (Nutter, 2009). Target 11 of the
city’s sustainability plan is to increase tree coverage toward 30% in all neighborhoods by 2025 (Nutter,
2009), and many of the initiatives to achieve other targets (such as rainwater diversion and reduction
of atmospheric air pollution) in the sustainability plan also rely upon extensive tree planting. A recent
analysis estimated that 403 annual premature deaths (2.9% of premature mortality annually) would be
prevented if Philadelphia met its 2025 goal of increasing canopy to 30% across all neighborhoods
(Kondo et al., 2020). The target to increase tree canopy coverage falls in the equity section of
Philadelphia’s sustainability plan, along with increasing access to parks and fresh, healthy food
(Nutter, 2009). Thus, we can see it as a target directly aimed at distributional environmental justice,
working to provide more universal access to a critical urban environmental amenity.
Several studies have analyzed the EJ implications of tree canopy distribution in Philadelphia. One
study solely examines tree canopy on residential parcels, finding that lifestyle (operationalized through
average household size, percent of married households, percent of owner-occupied housing units,
and percent open space) offers a better explanation of the city’s tree canopy distribution than social
stratification or population density (Locke et al., 2016). As part of an analysis of nine U.S. cities,
Schwarz et al. (2015) found that income and the percent of African American and Hispanic or Latino
residents are positive predictors of increases in tree canopy in Philadelphia. Finally, a third study (Riley
& Gardiner, 2020), which also examines nine U.S. cities (including Philadelphia), finds that tree
canopy is positively associated with an increase in median household income and negatively associated
with an increase in the percent of minority residents. These studies provide a foundation to analyze the
distributional justice implications of Philadelphia’s urban forest. In general, they have found that tree
canopy in the city is unevenly distributed based upon income and racialization, presenting
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environmental justice concerns in the distribution of this urban environmental amenity. Our analyses
update and expand upon previous research to illuminate environmental justice through newly
available tree canopy data and a time series analysis that examines changes in urban tree canopy.

Data
This study incorporates data from several sources to analyze urban forest environmental justice in
Philadelphia. The first is a GIS dataset of tree canopy change made publicly available by the City of
Philadelphia (City of Philadelphia, 2019) consisting of polygons representing lost, maintained, or
gained tree canopy between 2008 and 2018. The dataset was developed using high-resolution aerial
imagery and light detection and ranging (LiDAR) data acquired in 2018 that allowed every tree in the
city to be accounted for (O’Neil-Dunne, 2019).
Demographic data were obtained from the American Community Survey’s (ACS) 2018 5-year
estimates (United States Census Bureau, 2018) at the Census block group scale. We included standard
demographic variables used as indicators in urban forest environmental justice research: income
(median household income), race/ethnicity (proportion of the population that was African American,
Asian, and Hispanic/Latino), education (proportion of the population over age 25 without a high
school diploma), housing (percent owner occupied, percent vacant, and average household size), age
(proportion of the population above age 65), and population density. We also included the median
housing age of each block group (also from the ACS 5-year estimates for 2018), as previous research
has found that the age of neighborhoods can be a significant predictor of tree canopy change (Chuang
et al., 2017; Locke et al., 2017). Parcel data were obtained from Philadelphia’s Office of Property
Assessment (City of Philadelphia Department of Records, 2019). Finally, we also included the mean
slope of each block group (City of Philadelphia, 2015), as previous research has shown that it can be
a strong predictor of urban tree canopy (Berland et al., 2015).

Analysis
Our analysis include three distinct, yet interrelated, processes: (1) an evaluation of the environmental
justice implications of Philadelphia’s 2018 tree canopy distribution, (2) a description of tree canopy
change in the city between 2008 and 2018, and (3) an assessment of the environmental justice
implications of tree canopy change during this period. To calculate 2018 tree canopy, we merged
No Change and Gain canopy polygons to construct a shapefile with all the canopy present in the year.
Next, the tree canopy was connected to Census block groups using a spatial join. Following previous
urban forest environmental justice research in Philadelphia (Locke et al., 2016) and other cities
(Berland et al., 2015; S. Landry & Pu, 2010; Lowry et al., 2012), we examine only tree canopy on
parcels zoned single family residential (SFR), which comprise approximately 26% of the study area.
We use parcel data obtained from Philadelphia’s Office of Property Assessment (City of Philadelphia
Department of Records, 2019) to separate parcels zoned SFR, which we use to clip the 2018 tree canopy
dataset, constructing a new dataset of tree canopy on SFR parcels. Next, we divided the area of SFR tree
canopy by the area of SFR parcels to determine the percent of the area zoned SFR covered by tree
canopy for each block group.
To uncover environmental injustices in the distribution of urban tree canopy, we use the variable
constructed above, percent SFR tree canopy, as the dependent variable in an ordinary least squares
(OLS) regression model. Demographic and environmental variables used to predict the distribution of
residential tree canopy in 2018 include: median household income; proportion of the population that
is African American, Asian, and Hispanic/Latino; proportion of the population over age 25 without
a high school diploma; percent owner occupied housing units; percent vacant housing units; average
household size; proportion of the population above age 65; population density; median housing age;

6

A. FOSTER ET AL.

and mean slope. Block groups with no or low population (largely parks and industrial areas) were
excluded from the analysis. Multicollinearity diagnostics were conducted to ensure proper model
specification.
As with all spatial data, there are concerns about the independence of observations and errors in
our analysis. Following Tobler’s first law of geography, the closer things are to each other, the more
related they are (Chakraborty, 2011). Due to these concerns, we tested for spatial autocorrelation using
a queen-contiguity-based spatial weights matrix, where Census block groups that share an edge or
vertex are considered neighbors. The queen-based contiguity matrix best represents the spatial
connections between block groups and allows for comparability with previous research (Locke et al.,
2016). The Moran’s I statistic revealed significant spatial autocorrelation, so we constructed a spatial
autoregressive (SAR) model. There are two main SAR models: spatial error and spatial lag. Spatial
error models associate autocorrelation with the error term, while spatial lag models associate it with
the dependent variable. Most empirical analyses base the choice between these two SAR modeling
options on the Lagrange Multiplier statistic (Chakraborty, 2011), which led us to use spatial lag models
to address autocorrelation.
To understand tree canopy change between 2008 and 2018, the polygons in the tree canopy change
dataset are used to calculate the relative tree canopy change ([2018 canopy-2008 canopy]/2008 canopy)
at the Census block group scale. The relative change value was then converted to a binary variable,
representing block groups that gained tree canopy between 2008 and 2018 and those that lost it. To
address the environmental justice implications of spatial differences in tree canopy change, a binary
logistic forward stepwise regression model was then built to predict the likelihood that a block group
gained tree canopy (dependent variable), with the sociodemographic and housing age variables
discussed above as predictors (independent variables).

Results
The results from our OLS model predicting the presence of 2018 tree canopy on SFR parcels in
Philadelphia are presented in Table 1. First, the model was highly significant, with a strong F score.
Most predictors displayed the expected sign. The three groups of racialized minorities examined
(African American, Hispanic/Latino, and Asian) were all negative predictors of SFR tree canopy.
Population density was also a negative predictor of tree canopy, while median household income was
a positive predictor. Mean slope was a positive predictor, and percent owner occupied was a negative
predictor. Variables that were not statistically significant included: percentage of the population over
age 25 without a high school diploma, average household size, percentage of the population age 65 or
older, and median year housing was built. Overall, the model predicted over 41% of the variation in
tree canopy coverage on SFR parcels in Philadelphia.
Table 1. OLS model predicting 2018 SFR tree canopy.
Variable
Proportion African American
Proportion Hispanic/Latino
Proportion Asian
Median Household Income
Percent No HS Diploma
Mean Slope
Population Density
Percent Vacant
Percent Owner Occupied
Average Household Size
Percent 65 Plus
Median Year Built
Adjusted R-squared
F
Akaike’s Information Criterion
Moran’s I
Note: * = p < .01

Value
−0.00044*
−0.0012*
−0.0007*
0.0000003*
0.00131
0.00058*
−0.000005*
0.0382
−0.114*
0.0104
0.0078
−0.000002
0.406
76.42
−3047.47
0.4225*
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However, as discussed above, the test statistic for spatial autocorrelation (Moran’s I) was positive
and statistically significant, leading to the construction of spatial autoregressive models. The results
from our spatial lag model predicting SFR tree canopy coverage are presented in Table 2. When
compared with the results from our OLS model (Table 1), the SAR model decreased the Akaike’s
Information Criterion and increased the r-squared, suggesting an improvement in model fit. In terms
of explanatory variables, increases in the proportion of racialized minorities remained a negative
predictor of SFR tree canopy coverage, although the proportion of Asian residents only remained
statistically significant at the p < .1 level. Mean slope was again a positive predictor of increased SFR
tree canopy coverage, while population density remained a negative predictor. Percent owner occu
pied was a negative predictor. Variables that were not statistically significant included: median
household income, percentage of the population over age 25 without a high school diploma, average
household size, percentage of the population age 65 or older, and median year housing was built. The
one variable that changed between the OLS and SAR models was median household income, which
was no longer statistically significant in the SAR model.
Despite lofty tree planting goals, Philadelphia lost 6% or 1,095 acres of its tree canopy between 2008
and 2018 (O’Neil-Dunne, 2019). Overall, 3,075 acres were lost, 1,980 gained, and 15,375 remained the
same (O’Neil-Dunne, 2019). At the block group scale (Figure 1), 1,046 block groups lost tree canopy,
while 282 gained. The average relative change per block group citywide is −8.81%. However, the
change in relative tree canopy coverage at the neighborhood level displays uneven spatial patterns
across the Philadelphia landscape (Figure 1), with clusters of relative tree canopy loss especially
pronounced in the Northeast and clusters of relative tree canopy gain along the Delaware riverfront
and South of Center City in the Hawthorne, Bella Vista, Queen Village, and Passyunk Square
neighborhoods. The Moran’s Index for relative change was 0.201, with a z-score of 28.744, indicating
a more than 99% chance of nonrandom spatial clustering.
Our model predicting the Philadelphia block groups that gained tree canopy between 2008 and
2018 was statistically significant (Table 3), meaning that the model was an efficient predictor of
increases in tree canopy. Variables with positive values increase the likelihood that a block group
gained tree canopy, while those with negative values decrease it. All three race/ethnicity variables
(proportion African American, Asian, and Hispanic or Latino) were statistically significant negative
predictors, raising environmental justice concerns, as this means that block groups with higher
proportions of racialized minorities were less likely to gain tree canopy. As found in other studies
(Chuang et al., 2017; Locke et al., 2017), there is a U-shaped relationship with housing age, where older
and new housing age block groups are more likely to gain tree canopy, while block groups with median
housing age from the 50s-70s are more likely to lose tree canopy (although this relationship of the 50s70s is not statistically significant, and therefore not included in the forward stepwise regression
model).
Table 2. SAR model predicting 2018 SFR tree canopy.
Variable
Proportion African American
Proportion Hispanic/Latino
Proportion Asian
Median Household Income
Percent No HS Diploma
Mean Slope
Population Density
Percent Vacant
Percent Owner Occupied
Average Household Size
Percent 65 Plus
Median Year Built
R-squared
Log Likelihood
Akaike’s Information Criterion
Note: * = p < .01, ** = p < 0.1

Value
−0.000185396*
−0.000668355*
−0.000231211**
0.000000085
−0.00128768
0.000152652 *
−0.00000252*
0.00491212
−0.04732 *
0.00809856
0.0207979
−00000074
0.652153
1821.01
−3614.02
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Figure 1. Relative tree canopy change in Philadelphia, 2008–2018.

Table 3. Binary logistic regression model predicting Philadelphia block
groups that gained tree canopy between 2008 and 2018.
Variable
Proportion African American
Proportion Asian
Proportion Hispanic or Latino
Proportion without HS Diploma
Median Housing Age 1930s
Median Housing Age 1940s
Median Housing Age 1980s
Median Housing Age 1990s
Median Housing Age 2000s
Likelihood Ratio
Nagelkerke R Square
N
Note: *p < .1, **p < .05, ***p < .01.

B
−0.006
−0.015
−0.010
2.008
1.505
0.949
1.880
2.643
3.641
1270.4
0.112
1326

Exp(B)
0.994***
0.985*
0.990**
7.448***
4.506***
2.582***
6.554***
14.057***
38.125***
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Despite lofty sustainability ambitions, Philadelphia lost 6% of its tree canopy between 2008 and
2018. Moreover, statistical analyses revealed environmental justice concerns in the distribution of SFR
canopy in 2018 and in tree canopy change between 2008 and 2018. Specifically, racialized minorities
(African American, Asian, and Hispanic or Latino Philadelphians) were less likely to have SFR tree
canopy in their neighborhoods in 2018 and less likely to gain tree canopy between 2008 and 2018.

Discussion
This work contributes to urban forest environmental justice scholarship in three ways: (1) analyzing
the environmental justice implications of Philadelphia’s 2018 tree canopy distribution, (2) describing
tree canopy change between 2008 and 2018 in the city, and (3) assessing the environmental justice
implications of which neighborhoods gained tree canopy between 2008 and 2018. In the discussion
below we reflect upon the results of each, along with potential directions for future urban forest
environmental justice research.
Our analysis of 2018 tree canopy on SFR parcels in Philadelphia revealed the presence of environ
mental injustices. As the OLS model displayed spatial autocorrelation, we focus on the SAR results
here. Most importantly, the three racialized minority groups examined (African American, Hispanic
or Latino, and Asian) were all statistically significant negative predictors of SFR tree canopy coverage
(although the proportion of Asian residents only remained statistically significant at the p < .1 level).
In other words, while holding the other explanatory variables constant, Census block groups with
a higher proportion of racialized minorities had lower levels of SFR tree canopy coverage. Given the
many benefits of urban tree canopy, this uneven access based upon racialization constitutes an
environmental injustice.
As with other studies (Frey, 2017; Iverson & Cook, 2000; Locke et al., 2016), we found population
density to be a statistically significant negative predictor of SFR tree canopy in Philadelphia. This
includes prior research on Philadelphia (Locke et al., 2016), although the authors find that lifestyle
characteristics are a better predictor of the city’s 2008 tree canopy. The connection between higher
population density and less tree canopy is intuitive, as more people typically means more buildings
and other impervious surfaces, limiting the space available for trees and other vegetation (Locke et al.,
2016).
Recent research (Berland et al., 2015) has pointed toward the importance of terrain in influencing
the distribution of urban tree canopy. Indeed, Berland et al. (2015) found that terrain (operationalized
through a terrain index rather than our use of mean slope) was the dominant positive predictor of
urban forest canopy cover in Cincinnati. Earlier, an analysis of 60 urban areas in central Indiana also
found that mean slope was a significant positive predictor of tree canopy (N. C. Heynen & Lindsey,
2003). Our analysis also found that slope was a strong positive predictor of tree canopy. However,
unlike the results of Berland et al. (2015), we also found that increased proportions of racialized
minority residents were significant (negative) predictors of SFR tree canopy. This difference in drivers
of urban forest canopy coverage points toward the need for place-based investigations of environ
mental justice (Berland et al., 2015).
One unexpected result from our analysis was the percentage of homes that were owner occupied
being a statistically significant negative predictor of SFR tree canopy coverage. Previous research (Frey,
2017; S. M. Landry & Chakraborty, 2009) has found the opposite effect, with tree canopy levels higher
in neighborhoods where more homes were occupied by their owners. Perkins et al. (2004) argue that
renters are less likely than homeowners to invest in tree plantings on their properties, as they are more
mobile and may not be there to reap the benefits when the trees eventually mature. Many tree planting
and tree giveaway programs are also geared toward (or limited to) homeowners (Conway et al., 2011;
Perkins et al., 2004; Pincetl, 2010). However, Locke et al. (2016) also found the proportion of owneroccupied homes to have a negative relationship with tree canopy in some parts of Philadelphia based
on 2008 tree canopy data. They hypothesize that this may be due to hired groundskeepers and
maintenance staff in condos and high-density residential properties(Locke et al., 2016). These
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conflicting results again point toward the need for place-based research to entangle the local condi
tions and historical factors that influence current access (or lack of access) to urban tree canopy
(Roman et al., 2018).
Philadelphia, like many other major U.S. cities (Fisher et al., 2011; Million Trees Miami-Dade, n.d.;
Pincetl et al., 2012), developed aggressive tree planting targets as a major component of larger
sustainability planning. Despite these goals, Philadelphia lost 6% or 1,095 acres of its tree canopy
between 2008 and 2018 (O’Neil-Dunne, 2019). The average relative change per block group citywide is
−8.81%. This tree canopy loss represents a major shift in direction from the previous four decades, as
longitudinal research found that Philadelphia’s tree canopy increased by 4.3% between 1970 and 2010
(Roman, Catton, et al., 2021). Residential land uses saw the largest losses in tree canopy, likely due to
construction and homeowner removal along with natural death (O’Neil-Dunne, 2019). Other long
itudinal studies of urban tree canopy also found losses, although not as large in Los Angeles (Locke
et al., 2017); Washington, DC (Chuang et al., 2017); and Worcester County, Massachusetts (Hostetler
et al., 2013). While future research should examine the causal relationships behind tree canopy loss
(and gain), here we instead focus on which neighborhoods gained tree canopy in Philadelphia between
2008 and 2018.
Our model predicting tree canopy gain at the Census block group scale found that areas with higher
proportions of the three groups of racialized minorities included in the analysis (African American,
Hispanic/Latino, and Asian) were less likely to gain tree canopy. In other words, whiter neighborhoods
were more likely to gain tree canopy in Philadelphia between 2008 and 2018. Thus, our study expands
upon previous urban forest environmental justice research by evaluating the environmental justice
implications of current tree canopy distribution and temporal changes in tree canopy coverage. We
found that neighborhoods in Philadelphia with more racialized minorities had lower levels of tree
canopy coverage in 2018 and were less likely to gain tree canopy between 2008 and 2018.
It has been approximately 20 years since the first study of urban forest environmental justice
(Iverson & Cook, 2000). Since then, a growing body of literature has developed, with increasing
methodological and theoretical sophistication. There has also been a crossover into policymaking,
with many cities (including Philadelphia) considering environmental justice in their urban forest
management or sustainability plans. However, despite these advances, significant lacunae remain in
our knowledge of urban forests and environmental justice. Here, based upon a review of the literature,
we point toward three potential future research directions that can begin to fill some essential research
gaps: (1) a move beyond “trees are good” to examine the potential amenities and hazards of trees in
cities, (2) an expansion of previous distributional justice research to include examinations of proce
dural justice in urban forests, and (3) more examinations of local history and context to help under
stand and address both distributional and procedural urban forest injustices.
Trees in the city are almost exclusively promoted as positive, ignoring the disamenities that can
arise, including impacts of falling limbs and trees on homes, utilities, and sewer and transportation
infrastructure; health and safety risks of falling limbs; aesthetic impacts of leaf and fruit litter; water
demands of irrigation (especially an issue in arid and semi-arid cities); potential social impacts of
green gentrification; and ecological impacts of invasive species (Gómez-Baggethun & Barton, 2013;
Lyytimäki & Sipilä, 2009; Roman, Conway, et al., 2021). The negative impacts can increase when urban
trees are not maintained, in extreme cases leading to fear of crime (Lyytimäki & Sipilä, 2009) and the
avoidance of neighborhood parks (Brownlow, 2006; Thompson, 2002). Future research should move
beyond simply examining the spatial distribution of urban tree canopy to also account for canopy
condition to ensure that it is actually an amenity, to connect management with canopy condition, to
understand the different amenities that different species provide, or to understand which neighbor
hoods have trees that function as hazards (Berland et al., 2020; Byrne, 2018; Lin & Wang, 2021; Nesbitt
et al., 2018; Schwarz et al., 2018).
Previous urban forest environmental justice studies provide evidence of environmental injustices in
access to an important urban environmental amenity. However, existing research has largely used
static snapshots of canopy conditions to assess the presence or absence of environmental justice, rather
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than examining their change over time (Chuang et al., 2017; Lin & Wang, 2021; Locke et al., 2017). In
other words, urban forest environmental justice research has focused on distributional justice (Nesbitt
et al., 2018), or how hazards or amenities are spread across the landscape, while largely failing to
address procedural justice.
Longitudinal analyses of tree canopy change will allow us to understand which neighborhoods are
reaping the benefits of urban sustainability—which may or may not increase environmental justice in
cities (Bunce, 2009; Jonas & While, 2007; Montgomery, 2015). Furthermore, longitudinal analyses
provide a method to examine procedural justice alongside distributional justice (Ducre, 2006; Lake,
1996; Walker, 2009) as we see who benefits from tree planting and stewardship efforts, especially when
management strategies over time are integrated into these analyses as described below. Finally, it will
allow for the development of better management strategies to allow for just sustainabilities (Agyeman,
2013; Agyeman et al., 2016).
Lastly, research in urban forest environmental justice should increase examination of local history
and context to increase understanding of, and develop solutions to address, distributional and
procedural justice. Understanding urban history is essential in understanding current distributions
of urban tree canopy, as trees take several decades to mature (Roman et al., 2018; Roman, Catton, et al.,
2021). Indeed, planting decisions and neighborhood demographics from the 1970s and before can be
the best predictors of current tree cover and urban greenspace more generally (Boone et al. 2010;
Grove et al., 2018; Larson et al., 2017). Along with local history, current local context can provide key
information to help understand urban forests. For researchers, this means working with, and learning
from, various organizations involved in planting and maintaining trees in the city. There is a strong
need for empirical research that documents connections between urban forest management strategies
and outcomes (Nesbitt et al., 2018). Understanding where, when, and why trees are gained or lost in
the city will enrich our understanding of how to make the distribution of urban forests more just,
along with the processes driving it.

Conclusion
This study explores environmental justice concerns in Philadelphia’s tree canopy coverage, building
upon previous analyses (Locke et al., 2016; Riley & Gardiner, 2020; Schwarz et al., 2015). We conduct
three distinct, yet interrelated analyses: (1) an evaluation of the environmental justice implications of
Philadelphia’s 2018 tree canopy distribution, (2) a description of tree canopy change between 2008 and
2018 in the city, and (3) an assessment of the environmental justice implications of the tree canopy
change.
Our results suggest the presence of environmental injustices both in the current distribution of
Philadelphia’s tree canopy and in its change from 2008 to 2018. Block groups with a higher proportion
of racialized minorities were less likely to have tree canopy on parcels zoned SFR in 2018 and less likely to
see relative increases in their amount of tree canopy coverage during the ten years between 2008 and 2018.
Despite the Philadelphia focus of our case study, the results speak to broader concerns in environ
mental justice scholarship and activism. While the initial focus of environmental justice was on
disproportionate exposure to toxics and other environmental hazards, the EJ frame has expanded to
include access to environmental amenities. Trees in the city provide many benefits that improve urban
quality of life, and as such, are amenities that everyone should have access to.
Cities across the world are developing ambitious urban sustainability plans. Increasing the amount
of greenspace and tree canopy are often central tenets of these urban sustainability platforms.
However, there is a potential paradox between greening and equity goals. In other words, increasing
the amount of urban greenspace and tree canopy may not necessarily increase environmental justice.
Indeed, tree planting programs may reproduce or even exacerbate existing distributional inequities by
planting trees in neighborhoods that already have high levels of canopy coverage rather than
neighborhoods that currently lack them (Lin & Wang, 2021). Thus, we argue that it is essential for
cities to target neighborhoods with low levels of tree canopy in their planting programs. This may be
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more difficult than traditional opportunist approaches that target the easiest places for planting first
(Garrison, 2019) but is necessary to move toward urban forest environmental justice. The first step
toward greener and just cities is understanding the current distribution of urban environmental
amenities and how they are changing over time.

Disclosure statement
No potential conflict of interest was reported by the author(s).

About the authors
Alec Foster is an Assistant Professor in the Department of Geography, Geology, and the Environment at Illinois State
University. He is a broadly trained human-environment and urban geographer. His research uses quantitative and
qualitative methods to understand the social impacts of urban greening and sustainability plans, policies, programs, and
practices, especially in postindustrial cities in the United States.
Ian M. Dunham is Assistant Professor of Business and Society/Sustainable Business in the Management Department in
the Lam Family College of Business at San Francisco State University. He serves as an advisory board member of the
Center for Ethical and Sustainable Business (CESB) at San Francisco State University. His research explores critical
issues surrounding business ethics, environmental sustainability, and public policy. He has published on topics including
financial inclusion and environmental justice in diverse academic journals such as Business and Society Review, The
Extractive Industries and Society, and The Professional Geographer. He holds a PhD in Geography and Urban Studies
from Temple University, a MBA from the University of Oxford, and a bachelor’s degree from the University of Colorado
at Boulder.
Anna Bukowska is a graduate of the Department of Geography, Geology, and the Environment at Illinois State
University. Her research interests include environmental justice, sustainability, and urban planning.

References
Agyeman, J. (2013). Introducing just sustainabilities. Zed Books.
Agyeman, J., Schlosberg, D., Craven, L., & Matthews, C. (2016). Trends and directions in environmental justice: From
inequity to everyday life, community, and just sustainabilities. Annual Review of Environment and Resources, 41(1),
321–340. https://doi.org/10.1146/annurev-environ-110615-090052
Berland, A., Schwarz, K., Herrmann, D., & Hopton, M. (2015). How environmental justice patterns are shaped by place:
Terrain and tree canopy in Cincinnati, Ohio, USA. Cities and the Environment (CATE), 8(1), 1. https://digitalcom
mons.lmu.edu/cate/vol8/iss1/1
Berland, A., Shiflett, S. A., Shuster, W. D., Garmestani, A. S., Goddard, H. C., Herrmann, D. L., & Hopton, M. E. (2017).
The role of trees in urban stormwater management. Landscape and Urban Planning, 162, 167–177. https://doi.org/10.
1016/j.landurbplan.2017.02.017
Berland, A., Locke, D. H., Herrmann, D. L., & Schwarz, K. (2020). Beauty or blight? Abundant vegetation in the presence
of disinvestment across residential parcels and neighborhoods in Toledo, OH. Frontiers in Ecology and Evolution, 8,
566759. https://doi.org/10.3389/fevo.2020.566759
Boone, C. G., Buckley, G. L., Grove, J. M., & Sister, C. (2009). Parks and people: An environmental justice inquiry in
Baltimore, Maryland. Annals of the Association of American Geographers, 99(4), 767–787. https://doi.org/10.1080/
00045600903102949
Boone, C. G., Cadenasso, M. L., Grove, J. M., Schwarz, K., & Buckley, G. L. (2010). Landscape, vegetation characteristics,
and group identity in an urban and suburban watershed: Why the 60s matter. Urban Ecosystems, 13(3), 255–271.
https://doi.org/10.1007/s11252-009-0118-7
Braun, B., & Castree, N. (1998). Remaking reality: Nature at the millenium. Routledge.
Brownlow, A. (2006). An archaeology of fear and environmental change in Philadelphia. Geoforum, 37(2), 227–245.
https://doi.org/10.1016/j.geoforum.2005.02.009
Bryant, B. (1995). Environmental justice: Issues, policies and solutions. Island Press.
Bunce, S. (2009). Developing sustainability: Sustainability policy and gentrification on Toronto’s waterfront. Local
Environment, 14(7), 651–667. https://doi.org/10.1080/13549830903097740
Byrne, J. (2018). Urban parks, gardens and greenspace. In R. Holifield, J. Chakraborty, & G. Walker (Eds.), The Routledge
handbook of environmental justice (pp. 437–448). Routledge.

JOURNAL OF URBAN AFFAIRS

13

Chakraborty, J. (2011). Revisiting Tobler’s first law of geography: Spatial models for assessing environmental justice and
health risk disparities. In J. A. Maantay & S. McLafferty (Eds.), Geospatial analysis of environmental health (pp.
337–356). Springer Netherlands. https://doi.org/10.1007/978-94-007-0329-2
Chen, W. Y., & Jim, C. (2008). Assessment and valuation of ecosystem services provided by urban forests. In
M. M. Carreiro, Y.-C. Song, & J. Wu (Eds.), Ecology, planning, and management of urban forests: International
perspectives (pp. 53–83). Springer.
Chuang, W. C., Boone, C. G., Locke, D. H., Grove, J. M., Whitmer, A., Buckley, G., & Zhang, S. (2017). Tree canopy
change and neighborhood stability: A comparative analysis of Washington. Urban Forestry and Urban Greening, 27,
363–372. https://doi.org/10.1016/j.ufug.2017.03.030
City of Philadelphia. (2015). Philadelphia 2015 - DEM 5ft. Retrieved November 1, 2021, from https://www.pasda.psu.
edu/uci/DataSummary.aspx?dataset=7141
City of Philadelphia. (2019). PPR tree canopy. Retrieved May 1, 2020, from https://opendataphilly.org/dataset/ppr-treecanopy
City of Philadelphia Department of Records. (2019). Department of Records property parcels. Retrieved November 1,
2021, from https://www.opendataphilly.org/dataset/property-parcels
Conway, T., Shakeel, T., & Atallah, J. (2011). Community groups and urban forestry activity: Drivers of uneven canopy
cover? Landscape and Urban Planning, 101(4), 321–329. https://doi.org/10.1016/j.landurbplan.2011.02.037
Cronon, W. (1995). The trouble with wilderness. In W. Cronon (Ed.), Uncommon ground: Toward reinventing nature
(pp. 69–90). W.W. Norton & Company.
Dobbs, C., Martinez-Harms, M. J., & Kendal, D. (2017). Ecosystem services. In F. Ferrini, C. K. van den Bosh, & A. Fini
(Eds.), Routledge handbook of urban forestry (pp. 51–64). Routledge.
Donovan, G. H., & Butry, D. T. (2010). Trees in the city: Valuing street trees in Portland, Oregon. Landscape and Urban
Planning, 94(2), 77–83. https://doi.org/10.1016/j.landurbplan.2009.07.019
Ducre, K. A. (2006). Racialized spaces and the emergence of environmental justice. In S. H. Washington, P. C. Rosier, &
H. Goodall (Eds.), Echoes from the poisoned well: Global memories of environmental justice (pp. 109–126). Lexington
Books.
Dunn, M. M., & Dunn, R. S. (1982). The founding, 1681-1701. In R. F. Weigley (Ed.), Philadelphia: A 300 year history
(pp. 1–32). W.W. Norton & Company.
Dwyer, J. F., Mcpherson, E. G., Schroeder, H. W., & Rowntree, R. A. (1992). Assessing the benefits and costs of the urban
forest. Journal of Arboriculture, 18(5), 227–234. https://www.fs.fed.us/psw/publications/mcpherson/psw_1992_
mcpherson002.pdf
Elmes, A., Rogan, J., Williams, C., Ratick, S., Nowak, D., & Martin, D. (2017). Effects of urban tree canopy loss on land
surface temperature magnitude and timing. ISPRS Journal of Photogrammetry and Remote Sensing, 128, 338–353.
https://doi.org/10.1016/j.isprsjprs.2017.04.011
Faber, D. R., & McCarthy, D. (2003). Neo-liberalism, globalization and the struggle for ecological democracy: Linking
sustainability and environmental justice. In J. Agyeman, R. D. Bullard, & B. Evans (Eds.), Just sustainabilities:
Development in an unequal world (pp. 38–63). Earthscan.
First National People of Color Environmental Leadership Summit. (1991). The principles of environmental justice (EJ).
https://www.nrdc.org/sites/default/files/ej-principles.pdf
Fisher, D. R., Connolly, J. J., Svendsen, E. S., & Campbell, L. K. (2011). Digging together: Why people volunteer to help
plant one million trees in New York City. (White Paper # 1) Environmental Stewardship Project at the Center for
Society and Environment of the University of Maryland. http://www.nrs.fs.fed.us/nyc/local-resources/downloads/
Digging_Together_White_Paper.pdf
Foster, A. (2018). Volunteer environmental stewardship and affective labour in Philadelphia. Conservation and Society,
16(1), 52–63. https://doi.org/10.4103/cs.cs_16_49
Frey, N. (2017). Equity in the distribution of urban environmental amenities: The case of Washington, D.C. Urban
Geography, 38(10), 1534–1549. https://doi.org/10.1080/02723638.2016.1238686
Garrison, J. D. (2019). Seeing the park for the trees: New York’s “Million Trees” campaign vs. the deep roots of
environmental inequality. Environment and Planning B: Urban Analytics and City Science, 46(5), 914–930. https://doi.
org/10.1177/2399808317737071
Gerhold, H. D. (2007). Origins of urban forestry. In J. E. Kuser (Ed.), Urban and community forestry in the Northeast (pp.
1–23). Springer.
Gerrish, E., & Watkins, S. L. (2018). The relationship between urban forests and income: A meta-analysis. Landscape and
Urban Planning, 270, 293–308. https://doi.org/10.1016/j.jenvman.2017.12.021
Gómez-Baggethun, E., & Barton, D. N. (2013). Classifying and valuing ecosystem services for urban planning. Ecological
Economics, 86, 235–245. https://doi.org/10.1016/j.ecolecon.2012.08.019
Grove, M., Ogden, L., Pickett, S., Boone, C., Buckley, G., Locke, D. H., Lord, C., & Hall, B. (2018). The legacy effect:
Understanding how segregation and environmental injustice unfold over time in Baltimore. Annals of the American
Association of Geographers, 108(2), 524–537. https://doi.org/10.1080/24694452.2017.1365585
Harvey, D. (1993). The nature of environment: The dialectics of social and environmental change. Socialist Register, 29,
1–51. https://socialistregister.com/index.php/srv/article/view/5621

14

A. FOSTER ET AL.

Heidt, V., & Neef, M. (2008). Benefits of urban green space for improving urban climate. In J. W. Margaret, M. Carreiro,
& Y.-C. Song (Eds.), Ecology, planning, and management of urban forests: International perspectives (pp. 84–96).
Springer.
Heynen, N., Kaika, M., & Swyngedouw, E. (2006). In the nature of cities. Routledge.
Heynen, N., & Perkins, H. (2005). Scalar dialectics in green: Urban private property and the contradictions of the
neoliberalization of nature. Capitalism Nature Socialism, 16(1), 99–113. https://doi.org/10.1080/1045575052000335393
Heynen, N. C., & Lindsey, G. (2003). Correlates of urban forest canopy cover: Implications for local public works. Public
Works Management and Policy, 8(1), 33–47. https://doi.org/10.1177/1087724X03008001004
Hostetler, A. E., Rogan, J., Martin, D., Delauer, V., & Oneil-Dunne, J. (2013). Characterizing tree canopy loss using
multi-source gis data in central Massachusetts, USA. Remote Sensing Letters, 4(12), 1137–1146. https://doi.org/10.
1080/2150704X.2013.852704
Iverson, L. R., & Cook, E. A. (2000). Urban forest cover of the Chicago region and its relation to household density and
income. Urban Ecosystems, 4(2), 105–124. https://doi.org/10.1023/A:1011307327314
Jonas, A. E. G., & While, A. (2007). Greening the entrepreneurial city? Looking for spaces of sustainability politics in the
competitive city. In R. Kreuger & D. Gibbs (Eds.), The sustainable development paradox (pp. 123–159). The Guilford
Press.
Jones, O., & Cloke, P. (2002). Tree cultures: The place of trees and trees in their place. Berg.
Kondo, M. C., Mueller, N., Locke, D. H., Roman, L. A., Rojas-Rueda, D., Schinasi, L. H., Gascon, M., &
Nieuwenhuijsen, M. J. (2020). Health impact assessment of Philadelphia’s 2025 tree canopy cover goals. The Lancet
Planetary Health, 4(4), 149–157. http://dx.doi.org/10.1016/S2542-5196(20)30058-9
Lake, R. W. (1996). Volunteers, NIMBYs, and environmental justice: Dilemmas of democratic practice. Antipode, 28(2),
160–174. https://doi.org/10.1111/j.1467-8330.1996.tb00520.x
Landry, S., & Pu, R. (2010). The impact of land development regulation on residential tree cover: An empirical
evaluation using high-resolution IKONOS imagery. Landscape and Urban Planning, 94(2), 94–104. https://doi.org/
10.1016/j.landurbplan.2009.08.003
Landry, S. M., & Chakraborty, J. (2009). Street trees and equity: Evaluating the spatial distribution of an urban amenity.
Environment and Planning A, 41(11), 2651–2670. https://doi.org/10.1068/a41236
Larson, K. L., Hoffman, J., & Ripplinger, J. (2017). Legacy effects and landscape choices in a desert city. Landscape and
Urban Planning, 165, 22–29. https://doi.org/10.1016/j.landurbplan.2017.04.014
Lin, J., & Wang, Q. (2021). Are street tree inequalities growing or diminishing over time? The inequity remediation
potential of the MillionTreesNYC initiative. Journal of Environmental Management, 285, 112207. https://doi.org/10.
1016/j.jenvman.2021.112207
Locke, D. H., Landry, S. M., Grove, J. M., & Chowdhury, R. R. (2016). What’s scale got to do with it? Models for urban
tree canopy. Journal of Urban Ecology, 2(1). https://doi.org/10.1093/jue/juw006.
Locke, D. H., Romolini, M., Galvin, M., O’Neil-Dunne, J., & Strauss, E. G. (2017). Tree canopy change in coastal Los
Angeles, 2009-2014. Cities and the Environment (CATE), 10(2), Article 3. http://digitalcommons.lmu.edu/cate/vol10/
iss2/3
Lowry, J. H., Baker, M. E., & Ramsey, D. (2012). Determinants of urban tree canopy in residential neighborhoods:
Household characteristics, urban form, and the geophysical landscape. Urban Ecosystems, 15(1), 247–266. https://doi.
org/10.1007/s11252-011-0185-4
Lyytimäki, J., & Sipilä, M. (2009). Hopping on one leg – The challenge of ecosystem disservices for urban green
management. Urban Forestry & Urban Greening, 8(4), 309–315. https://doi.org/10.1016/j.ufug.2009.09.003
Million Trees Miami-Dade. (n.d.). Million Trees Miami-Dade. http://milliontrees.miamidade.gov/
Milroy, E. (2012). “Pro Bono Publico”: Ecology, history, and the creation of Philadelphia’s Fairmount Park System. In
B. C. Black & M. J. Chiarappa (Eds.), Nature’s entrepot: Philadelphia’s urban sphere and its environmental thresholds
(pp. 35–54). University of Pittsburgh Press.
Mitchell, B. C., & Chakraborty, J. (2018). Exploring the relationship between residential segregation and thermal
inequity in 20 U.S. cities. Local Environment, 23(8), 796–813. https://doi.org/10.1080/13549839.2018.1474861
Montgomery, A. F. (2015). Different futures for different neighborhoods: The sustainability fix in Detroit. Ethnography,
16(4), 523–555. https://doi.org/10.1177/1466138115570460
Nesbitt, L., Meitner, M. J., Sheppard, S. R. J., & Girling, C. (2018). The dimensions of urban green equity: A framework
for analysis. Urban Forestry and Urban Greening, 34, 240–248. https://doi.org/10.1016/j.ufug.2018.07.009
Nowak, D. J., Hoehn, R. E. I., Crane, D. E., Stevens, J. C., & Walton, J. T. (2007). Assessing urban forest effects and values:
San Francisco’s urban forest.(Resource Bulletin NRS-8). United States Department of Agriculture Forest Sevice
Northern Research Station.
Nutter, M. (2009). Greenworks Philadelphia. City of Philadelphia. https://www.phila.gov/media/20160419140515/2009greenworks-vision.pdf
O’Neil-Dunne, J. (2019). Tree canopy assessment: Philadelphia, PA. http://treephilly.org/wp-content/uploads/2019/12/
Tree-Canopy-Assessment-Report-Philadelphia-2018.pdf
Pearce, L. M., Davison, A., & Kirkpatrick, J. B. (2015). Personal encounters with trees: The lived significance of the
private urban forest. Urban Forestry & Urban Greening, 14(1), 1–7. https://doi.org/10.1016/j.ufug.2014.11.003

JOURNAL OF URBAN AFFAIRS

15

Pedlowski, M. A., Carneiro Da Silva, V. A., Adell, J. J. C., & Heynen, N. C. (2003). Urban forest and environmental
inequality in Campos dos Goytacazes, Rio de Janeiro, Brazil. Urban Ecosystems, 6(1/2), 9–20. https://doi.org/10.1023/
A:1025910528583
Perkins, H. A., Heynen, N., & Wilson, J. (2004). Inequitable access to urban reforestation: The impact of urban political
economy on housing tenure and urban forests. Cities, 21(4), 291–299. https://doi.org/10.1016/j.cities.2004.04.002
Pham, -T.-T.-H., Apparicio, P., Séguin, A.-M., Landry, S., & Gagnon, M. (2012). Spatial distribution of vegetation in
Montreal: An uneven distribution or environmental inequity? Landscape and Urban Planning, 107(3), 214–224.
https://doi.org/10.1016/j.landurbplan.2012.06.002
Pincetl, S. (2010). Implementing municipal tree planting: Los Angeles million-tree initiative. Environmental
Management, 45(2), 227–238. https://doi.org/10.1007/s00267-009-9412-7
Pincetl, S., Gillespie, T., Pataki, D. E., Saatchi, S., & Saphores, J.-D. (2013). Urban tree planting programs, function or
fashion? Los Angeles and urban tree planting campaigns. GeoJournal, 78(3), 475–493. https://doi.org/10.1007/
s10708-012-9446-x
Rigolon, A. (2016). A complex landscape of inequity in access to urban parks: A literature review. Landscape and Urban
Planning, 153, 160–169. https://doi.org/10.1016/j.landurbplan.2016.05.017
Riley, C. B., & Gardiner, M. M. (2020). Examining the distributional equity of urban tree canopy cover and ecosystem
services across United States cities. PLoS ONE, 15(2), e0228499. https://doi.org/10.1371/journal.pone.0228499
Roman, L. A., Catton, I. J., Greenfield, E. J., Pearsall, H., Eisenman, T. S., & Henning, J. G. (2021). Linking urban tree
cover change and local history in a post-industrial city. Land, 10(4), 1–30. https://doi.org/10.3390/land10040403
Roman, L. A., Conway, T. M., Eisenman, T. S., Koeser, A. K., Ordóñez Barona, C., Locke, D. H., Jenerette, G. D.,
Östberg, J., & Vogt, J. (2021). Beyond ‘trees are good’: Disservices, management costs, and tradeoffs in urban forestry.
Ambio, 50(3), 615–630. https://doi.org/10.1007/s13280-020-01396-8
Roman, L. A., Pearsall, H., Eisenman, T. S., Conway, T. M., Fahey, R. T., Landry, S., Vogt, J., van Doorn, N. S.,
Grove, J. M., Locke, D. H., Bardekjian, A. C., Battles, J. J., Cadenasso, M. L., van den Bosch, C. C. K., Avolio, M.,
Berland, A., Jenerette, G. D., Mincey, S. K., Pataki, D. E., & Staudhammer, C. (2018). Human and biophysical legacies
shape contemporary urban forests: A literature synthesis. Urban Forestry & Urban Greening, 31, 157–168. https://doi.
org/10.1016/j.ufug.2018.03.004
Sailor, D. J. (1995). Simulated urban climate response to modification in surface albedo and vegetative cover. Journal of
Applied Meteorology, 34(7), 1694–1705.
Sander, H., Polasky, S., & Haight, R. G. (2010). The value of urban tree cover: A hedonic property price model in Ramsey
and Dakota Counties, Minnesota, USA. Environmental Economics, 69(8), 1646–1656. https://doi.org/10.1016/j.
ecolecon.2010.03.011
Schlosberg, D., & Collins, L. B. (2014). From environmental to climate justice: Climate change and the discourse of
environmental justice. Wiley Interdisciplinary Reviews: Climate Change, 5(3), 359–374. https://doi.org/10.1002/wcc.275
Schwarz, K., Berland, A., & Herrmann, D. L. (2018). Green, but not just? Rethinking environmental justice indicators in
shrinking cities. Sustainable Cities and Society, 41, 816–821. https://doi.org/10.1016/j.scs.2018.06.026
Schwarz, K., Fragkias, M., Boone, C. G., Zhou, W., McHale, M., Grove, J. M., O’Neil-Dunne, J., McFadden, J. P.,
Buckley, G. L., Childers, D., Ogden, L., Pincetl, S., Pataki, D., Whitmer, A., & Cadenasso, M. L. (2015). Trees grow on
money: Urban tree canopy cover and environmental justice. PloS One, 10(4), e0122051. https://doi.org/10.1371/
journal.pone.0122051.
Smith, N. (1996). The production of nature. In G. Robertson, M. Mash, L. Tickner, J. Bird, B. Curtis, & T. Putnam (Eds.),
FutureNatural: Nature, science, culture (pp. 35–54). Routledge.
Thompson, C. W. (2002). Urban open space in the 21st century. Landscape and Urban Planning, 60(2), 59–72. https://
doi.org/10.1016/S0169-2046(02)00059-2
Threlfall, C. G., Gunn, L. D., Davern, M., & Kendal, D. (2022). Beyond the luxury effect: Individual and structural drivers
lead to ‘urban forest inequity’ in public street trees in Melbourne, Australia. Landscape and Urban Planning, 218,
104311. https://doi.org/10.1016/j.landurbplan.2021.104311
Ulmer, J. M., Wolf, K. L., Backman, D. R., Tretheway, R. L., Blain, C. J., O’Neil-Dunne, J. P., & Frank, L. D. (2016).
Multiple health benefits of urban tree canopy: The mounting evidence for a green prescription. Health and Place, 42,
54–62. https://doi.org/10.1016/j.healthplace.2016.08.011
United States Census Bureau. (2018). American Community Survey. Retrieved September 1, 2021, from http://data.
census.gov
United States Census Bureau. (2021). Philadelphia County, Pennsylvania; United States. Retrieved November 1, 2020,
from https://www.census.gov/quickfacts/fact/table/philadelphiacountypennsylvania,US/PST045219
van den Bosch, M. (2017). Impacts of urban forests on physical and mental health and wellbeing. In F. Ferrini, C. K. van
den Bosh, & A. Fini (Eds.), Routledge handbook of urban forestry (pp. 82–95). Routledge.
Walker, G. (2009). Beyond distribution and proximity: Exploring the multiple spatialities of environmental justice.
Antipode, 41(4), 614–636. https://doi.org/10.1111/j.1467-8330.2009.00691.x
Walker, G. (2012). Environmental justice: Concepts, evidence and politics. Routledge.
Watkins, S. L., & Gerrish, E. (2018). The relationship between urban forests and race: A meta-analysis. Journal of
Environmental Management, 209, 152–168. https://doi.org/10.1016/j.jenvman.2017.12.021

16

A. FOSTER ET AL.

Weigley, R. F. (1982). The border city in the Civil War, 1854-1865. In R. F. Weigley (Ed.), Philadelphia: A 300 year
history (pp. 364–416). W.W. Norton & Company.
Xiao, Q., & Mcpherson, E. G. (2003). Rainfall interception by Santa Monica’s municipal urban forest. Urban Ecosystems,
6(4), 291–302. https://doi.org/10.1023/B:UECO.0000004828.05143.67
Zabel, C. (2012). William Penn’s Philadelphia: The land and the plan. In B. C. Black & M. J. Chiarappa (Eds.), Nature’s
entrepot: Philadelphia’s urban sphere and its environmental thresholds (pp. 17–34). University of Pittsburgh Press.

