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ABSTRACT

Many cities in the US and around the world are facing a dual challenge of
promoting both urban revitalization and urban sustainability. Increasingly, cities are
exploring greening initiatives – through which vegetation is planted and maintained –
targeting vacant land as a potential means of addressing both of these challenges. This
research is a sustainability-based assessment of the impacts of a Philadelphia, PA-based
program that uses greening as an interim management strategy for vacant land. I use
quantitative spatial analysis techniques to measure economic, environmental, and social
justice impacts of the Philadelphia Land Care (PLC) program, which ‘treats’ vacant land
by removing debris, bringing in topsoil, planting grass and trees, putting up a split-rail
fence and providing regular maintenance during the growing season. The analysis is
shaped by the concept of sustainability which posits that to be sustainable, development
must incorporate and balance economic development, environmental preservation and
social justice. This research seeks to answer a series of questions about the economic,
environmental, and social justice impacts of the PLC program, ultimately assessing not
only the extent to which it exhibits impacts along these three dimensions of sustainability
but also whether or not the impacts vary for different locations, and also questions the
extent to which there may be tradeoffs between the different potential impacts of the
program. This dissertation addresses several gaps in the urban greenspace literature
including an assessment of the effect of location on the impacts of greenspaces and an
assessment of the extent to which temporary greenspaces have the same impacts of more
permanent greenspaces. It also addresses questions in urban revitalization and
ii

sustainability about the potential role of greening programs in meeting these challenges.
Ultimately, the PLC program is shown to increase surrounding property values, improve
environmental conditions, and increase equity in access to greenspace in Philadelphia.
These benefits are not uniform, however, and differ for neighborhoods across the city.
The research indicates the potential for greening programs such as PLC to help cities
address pressing economic, environmental, and social concerns, but highlights the need to
understand the tensions and tradeoffs between different forms of program impacts.
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CHAPTER 1
INTRODUCTION

Urban blight is a real and significant challenge facing many cities. Even growing
cities suffer pockets of decay – neighborhoods with low property values, high crime, and
vacancy. A 2000 survey of 99 large US cities found that the average city had over
12,000 acres of vacant land – 18% of total land area (Bowman & Pagano, 2000). For
some cities – especially those that are growing – this land may be seen as an opportunity
for growth, but for other cities – especially those that have stable or declining populations
– this vacant land may be seen as a significant challenge (Bowman & Pagano, 2004).
How blighted cities and neighborhoods choose to address this challenge may play a
significant role in shaping the future trajectory of these areas.
Greening - the intentional planting and maintenance of vegetation - has long been
used by communities as a tool to address urban decline and decades of research have
shown a wide range of benefits that greening activities and public greenspaces can have
for surrounding communities. This understanding, combined with other factors such as
the push for urban sustainability and an overabundance of vacant land, has led to the
development of new programs that explicitly incorporate greening into municipal plans to
manage blight while promoting revitalization and sustainability. One of the first and
largest of such programs is Philadelphia Land Care (PLC), first established in the late
1990s and extended city-wide in 2003. The PLC program uses greening to manage
vacant land by removing debris from vacant lots, bringing in topsoil, planting grass and
trees, and fencing and actively maintaining the lots as temporary greenspaces. These
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programs represent a new approach to greening and their impacts are not yet well
understood. The objective of this dissertation is to better understand how the
incorporation of greening into vacant land policy can contribute to urban revitalization
within the context of promoting urban sustainability, addressing gaps in the greenspace
literature and adding to the understanding of the relationship between urban sustainability
and urban revitalization. This study applies a sustainability framework to the evaluation
of PLC by assessing the economic, environmental, and social justice impacts of this
program, using spatial analysis to explore not only general impacts of the program but
also differences in impacts among neighborhoods. In particular, this study assesses the
impacts of PLC on property values, stormwater runoff, energy use, air pollution, carbon
sequestration, and the distribution of greenspace in Philadelphia. It further assesses
whether or not the impacts of PLC vary from neighborhood to neighborhood, and
questions whether or not there are tradeoffs between program impacts along the
economic, environmental, and social justice dimensions of sustainability. This approach
provides a more complete and nuanced understanding of the impacts of greening than
most previous work, and may be especially important for informing policy in a time of
limited resources in which programs need to be implemented in the most cost effective
manner possible.
While there is considerable literature on the benefits of urban greening, which
encompasses any one of a number of activities to plant and manage vegetation in public
urban spaces, this research adds to the existing literature in several ways: a) previous
research on greening has focused on individual, primarily economic, outcomes, whereas
this research focuses on the combined understanding of economic, environmental, and
2

social justice outcomes; b) most greening research relies on ‘global’ statistical models of
impacts that ignore differences among places, while this research seeks to assess spatial
nonstationarity – differences in impacts based on location – among impacts to assess
whether they are different at different locations; and c) most existing greening research
tests longer term, permanent initiatives such as parks, rather than short-term interim
measures such as PLC. Additionally, this research addresses not only program benefits
but also potential conflicts between economic, environmental, and social dimensions.
Sustainability, with its focus on balancing the needs of different people, places, and
times, suggests a more nuanced and holistic framework for understanding urban
processes that is not found in more traditional growth-oriented frames of analysis.
This research advances current understandings of urban revitalization,
sustainability and vacant land in several important ways. The urban revitalization and
urban sustainability fields have only very recently begun to influence and inform each
other. This research provides an opportunity to further the understanding of how urban
goals relative to sustainability and revitalization may complement or potentially conflict
with each other. This question is of particular importance in light of decades of economic
decline in many “shrinking” cities across the US and some parts of the world, which is
happening at the same time that more and more cities are pursuing sustainability agendas,
often with the explicit or implicit goal of attracting new residents to continue growth or
stop or slow decline. This is not to suggest that all cities are in decline, but rather that
sustainability may have a distinct and important relationship with revitalization for those
cities that are declining that is different from its relationship with development in
growing cities.
3

The use of explicitly spatial analysis techniques in this area is also a relatively
new advance. Unlike traditional statistics, spatial statistics expressly incorporate spatial
relationships and location into how processes are modeled. The use of spatial techniques
is particularly new in greenspace research, but offers the benefit of understanding the role
of location in moderating greenspace effects. No two neighborhoods are entirely the
same, and the use of aspatial global statistical techniques that ignore spatial relationships
among observations and treat all locations in the same manner has so far prevented a
clear understanding of how or why different neighborhoods may respond differently to
greening programs.
With many cities experiencing prolonged population loss and economic decline, it
is clear that a new approach is needed for addressing urban blight. While it is likely that
no single approach will prove to be a cure-all that will spur revitalization of economically
stable, environmentally healthy and socially just urban communities, understanding the
impacts of new programs may provide important guidance to municipal policy-makers
seeking to attract new residents without compromising the living conditions of existing
community members. Program evaluations that focus narrowly on only a single set of
economic impacts will not provide the nuanced understanding that will be necessary for
truly addressing urban blight while promoting a sustainable urban future. In framing the
assessment in terms of sustainability, I seek to illuminate the relationship between the
goals of revitalization and sustainability and to highlight the benefits of a more holistic
assessment approach.

4

Urban Sustainability
One of the core benefits of a sustainability approach to research and policy
development is that it offers a new way of framing policy or program assessment – in
terms of both scope and scale. While traditional assessment of revitalization has focused
narrowly on growth – economic growth or population growth – a sustainability approach
asks about a wider range of impacts, and suggests that economic growth may not be (or
should not be) the full purpose of revitalization, and so it should not be the full focus of
evaluation. Sustainability also urges a more holistic approach in terms of scale –
recognizing that social (or environmental, or economic) processes at one scale may well
be felt at multiple and different scales, and that these differences across scales need to be
taken into consideration as well. Sustainability, with its focus on balancing needs of
different people, places, and times, provides an alternative frame of reference for
questioning the current trajectory of urban environments, measuring the impacts of new
policies and practices, and weighing alternatives to the status quo.
The origins of the sustainability and sustainable development concepts
In 1972, responding to what they saw as an impending global crisis that
governments were not taking seriously enough, a team of environmental experts
developed A Blueprint for Survival (The Ecologist, 1972), which they opened with the
declaration that “[t]he principal defect of the industrial way of life with its ethos of
expansion is that it is not sustainable” (p.2), giving name to what has since become a
widespread and diverse movement (Basiago, 1995). While a great deal has been written
about sustainability in the ensuing decades, some of the core themes remain those that
were laid out in that seminal piece – particularly the core argument that current
5

development practices simply cannot be continued indefinitely – that humans must
change our relationship with natural resources or they will be diminished to the extent
that they can no longer support our survival.
By far the most often cited definition of sustainable development is the one
offered by The World Commission on Economic Development, also know as the
Brundtland Commission, in its 1987 report Our Common Future: “development that
meets the needs of the present without compromising the ability of future generations to
meet their own needs.” (cited in Basiago, 1995 p. 109). This definition, though widely
accepted, has also faced criticism, particularly because it focuses on development and
does not call for a fundamental shift away from capitalist structures of accumulation or
question the ultimate goal of growth (Fernando, 2003). “It is precisely because the
Bruntdland [sic] Commission’s growth-compatible vision of sustainable development
version is more politically palatable that it has gained so much political support, while
more radical views have remained a marginalized part of the sustainable development
discourse,” critiqued Haughton (1999, p.234). While there may be some merit to this
criticism, the reality is that the vast majority of sustainability literature begins with this
definition of sustainability, so it has largely shaped how sustainability is conceptualized
and which values are seen as inherent to sustainability.
The three pillars of sustainability
The Brundtland Commission definition starts from the perspective of economic
development, but suggests that for that development to be sustainable it must address
certain principles. These principles are described by Haughton and Hunter (1994) as
inter-generational equity (or futurity), social justice (or intra-generational equity), and
6

transfrontier responsibility. The futurity concept means that sustainable development
must recognize the rights of future generations and promote the equitable distribution of
environmental resources between current and future populations. The social justice
component reflects the idea that all people have a right to a healthy environment. And
the concept of transfrontier responsibility recognizes that environmental problems and
their solutions do not rest exclusively within existing political boundaries but are the
collective responsibility of all. These core principles are often distilled into the concept
of equity, which is joined with economic development and environmental preservation to
form the three pillars of sustainability (Chan & Lee, 2008; Dempsey, Bramley, Power, &
Brown, 2009; Jones & Patterson, 2007).
Though there is general agreement on the three pillars, some have suggested that
certain aspects have precedence over others, either in theory or in practice. Bithas and
Christofakis (2006) for example argue that environmental sustainability is of primary
importance because neither social nor economic sustainability can be achieved without it.
The more common challenge that is discussed in terms of the three pillars, however, is
the fact that current development typically frames them in competition with each other
(Campbell, 1996), and that economic development often gets the greatest attention when
sustainability plans are actually put into practice (Tsenkova, 1999). While, Jonas, and
Gibbs (2004) point out that dealing with environmental issues may be a particular
challenge for entrepreneurial post-industrial cities, for which political realities force a
focus on economic development. This may not necessarily mean that other facets of
sustainability are ignored, but it does strongly imply that the success of sustainability
efforts along environmental and social dimensions may be particularly tied to their ability
7

to articulate how these environmental or social efforts are integrated with clear economic
goals (Gibbs, Longhurst, & Braithwaite, 1996). The equity dimension of sustainability in
particular is seen as not getting either the attention or the support that is afforded to the
other two dimensions (Agyeman & Evans, 2003; Atkinson, 1994; Dale & Newman,
2009; Pavel, 2009; Zeemering, 2009).
The growing emphasis on urban sustainability
While early environmentalism often saw cities as intrinsically separate from
nature and the primary source of environmental problems – parasites on rural ecosystems
(Bithas & Christofakis, 2006) – cities are now seen as an integral component of any hope
for a sustainable future (Farr, 2008). This approach has both a theoretical component,
based on the assertion that city lifestyles enable lower per capita environmental impact
than suburban and rural lifestyles (Owen, 2009), and a pragmatic component,
acknowledging that in an increasingly urbanized world, our only hope for sustainability is
to focus on cities because they are where the people are (Pickett et al., 2001). This is
often combined with recognition that the local level is where most advances in
environmental policy are actually being made (Atkinson, 1994).
Traditionally, concepts of cities and nature have placed the two in opposition to
each other. This was not a particular bias of one field, but a generally held principle.
Ecologists defined their field to be the study of natural systems, which by definition were
non-urban, non-human centered (Alberti et al., 2010; Collins et al., 2000). Urbanists
meanwhile focused on social and economic processes, neglecting environmental issues
(Heynen, Kaika, & Swyngedouw, 2005). Planners approached their city plans based not
on ecological principles but engineering concepts and societal needs and desires (Laurie,
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1979; McHarg, 1992). Gradually, researchers and practitioners across all of these
disciplines have begun to argue that the dichotomy is not only false, but dangerous, as it
has contributed to unsustainable practices. The emerging field of urban ecology seeks to
integrate humans and development into ecology and ecological and environmental
principles into urbanism (Alberti et al., 2010; Goode, 1990; Hough, 1990; McIntyre,
Knowles-Yanez, & Hope, 2000; Niemela, 1999; Pickett et al., 2001; Rebele, 1994).
This shift in how cities are viewed relative to nature is central to the more recent
and widespread promotion of urban sustainability and sustainable cities. In Taking
Sustainable Cities Seriously, Portney (2003) noted the growing number of cities that were
developing sustainability initiatives. Though he ultimately questioned just how seriously
they take sustainability, the mere fact that the question could be asked demonstrates the
growing attention being given to sustainability at the urban level. Though the mere
development of a sustainability plan does not necessarily represent a reconceptualization
of the relationship between cities and nature or a reprioritization of environmental or
social justice concerns, the fact that many cities are creating these plans does open the
door for discussion of ideas that were unheard of a few decades ago. Atlanta, GA’s 2010
sustainability plan notes that 56 cities now have sustainability plans and over 300 have
sustainability offices (City of Atlanta, 2010), while Pearsall and Pierce (2010) found that
80 of the 107 US cities with populations greater than 200,000 have some form of
sustainability plan.
It should probably be noted here that sustainability may mean decidedly different
things in different cities. There is a substantial literature on sustainability and
development in the global South where cities are growing and a primary concern is how
9

to meet the needs of the population and prevent environmental interests from being
literally crowded out of the city (Douglass, 1989; Satterthwaite, 1997; Stern, Common, &
Barbier, 1996). Sustainability in these cities likely looks very different from
sustainability in already built-out cities of the developed world. And even within the
developed world, sustainability may look different in growing global cities such as New
York and London when compared to distressed older industrial cities that have been
losing population. This research, focusing as it does on the link between sustainability
and revitalization is primarily concerned with older industrial cities. That being said, the
fact that there is no single sustainable urban outcome that can be determined separate
from the context of the city in question suggests that sustainability should be looked at
more as a way of doing things rather than as a specific end result.
Sustainability as framework for analysis
The mere fact that cities are developing sustainability plans and establishing
sustainability offices does not demonstrate that cities are in fact becoming more
sustainable. To actually be sustainable, argues Portney (2003), cities must see
sustainability as a process or methodology for policy decision-making to ensure that all
facets of a potential decision are considered. In this light, sustainability can be seen as a
framework for evaluating the impacts of policies and practices.
While more and more cities are adopting sustainability plans and initiatives, there
is as yet no single, clearly articulated method for measuring or reporting sustainability
outcomes (Maclaren, 1996). Many cities have developed indicator programs based on
their own local sustainability goals, and in some cases the indicator programs have
actually provided some of the impetus for developing more explicit sustainability
10

programs (Portney, 2003). Indicator programs are widely acknowledged to be valuable
for tracking changes over time and, where compatible, enabling comparisons between
locations as well as keeping stakeholders with different overall objectives focused on
common tasks (Rusk, 2009). Indicator programs have, however, been criticized for
choosing indicators based on ease of measurability and policy relevance rather than any
actual meaning in terms of sustainability (Keirstead & Leach, 2008). Additionally,
specific performance goals such as Philadelphia’s goal of creating 500 new acres of
public greenspace (City of Philadelphia, 2009; PennPraxis, 2010) are helpful in
measuring whether or not a goal has been reached, but they assume more than actually
measure longer-term sustainability benefits.
Through its three dimensions, sustainability provides a new, more comprehensive
framework for assessing the impact of revitalization and blight reduction programs, in
comparison to traditional growth-oriented models that focus on a narrow range of
economic outcomes. Greening advocates and researchers have, over time, demonstrated
a number of positive outcomes of greening programs along economic, environmental and
social dimensions (Sherer, 2003), making the case that greening activities offer valuable
community benefits, and in combination suggesting that greenspaces may contribute to
meeting both revitalization and sustainability goals. These suggested benefits of greening
are discussed in more detail in chapter 2.
Sustainability and Urban Revitalization
The sustainability literature has recently begun to interact more with discourse on
urban revitalization, promoting the notion that there may be a reciprocal relationship
between the two. In particular, urban revitalization is seen as central to combating sprawl
11

and promoting higher density and more mixed-use living patterns. A key component of
situating cities at the center of sustainable development is an indictment of current
sprawling growth patterns characterized by low-density leapfrog development and large
expanses of single-use developments (Gillham, 2002). Numerous environmental,
economic, and equity problems have been attributed to sprawl, including loss of open
space, increased traffic and air pollution, increased costs of development and
infrastructure, and decline in inner city communities (Downs, 1999). Higher density
development, by contrast, is seen as encouraging smaller living spaces and consequently
lower rates of consumption, while also making walking, biking, and public transit viable
alternatives to cars (Owen, 2009). These arguments suggest that stopping sprawl and
encouraging people to live in the high density, mixed-use communities that are typical of
cities is the best way to lower consumption and decrease oil and energy use (Dagger,
2003). Research has shown that carbon footprints in the US tend to be higher in
suburban areas and lower in cities – especially older, more dense cities (Glaeser & Kahn,
2008). Thus it is argued that urban revitalization is central to any hopes of a more
sustainable future.
Beyond the idea that urban revitalization is crucial to sustainability plans,
sustainability has also been suggested as a possible remedy to urban decline. Insofar as
sustainable cities are seen as having improved environments, proponents argue that
sustainability can actually contribute to urban revitalization by making cities more
attractive to new residents (City of Philadelphia, 2009). Indeed, the City of
Philadelphia’s sustainability plan basically lays out an argument that sustainability is a
way to save money and encourage growth, thus implicitly arguing that sustainability is
12

actually a path to greater development at lower cost (City of Philadelphia, 2009). Though
these ideas about the linkage between sustainability and revitalization are becoming more
common in the sustainability literature, they are only much more recently gaining traction
within the revitalization field.
Urban Revitalization
Urban decline has been a significant issue in cities across the US for decades,
though it is now seen as being particularly pronounced in the older industrial cities of
Midwest and Northeast (Vey, 2007). Parts of these cities are now characterized by
poverty, vacancy and blight, with physical decay serving as a visual symbol of decline.
Many factors have contributed to urban decline in the US, among the most prominent
being rapid post-World War II suburbanization combined with discriminatory mortgage
lending patterns and, more recently, declining federal support for cities with the adoption
of neoliberal economic policies in the 1980s (Hula, 1993; Metzger, 2000). Governmental
attempts to bolster cities such as urban renewal projects of the 1950s and 60s often only
exacerbated the problem and increased inequalities between city and suburban residents
(Gotham, 2001). While there are many strains of the discussion on how to revitalize
urban neighborhoods, including conversations focused on housing, economic
development, and blight reduction, one constant has been an almost purely
redevelopment-oriented framework focused explicitly on economic outcomes of
redevelopment initiatives. A closer look at research and policy relative to vacant land
demonstrates how the conversation is now shifting to incorporate alternatives to
redevelopment within revitalization strategies.
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Shifting Vacant Land Policies
Vacant lots can pose significant challenges for communities, offering a visual
demonstration of abandonment and dereliction; not only do they remove land from
productive use, they also decrease surrounding property values (Griswold & Norris,
2007; S. Wachter, 2004), contribute to increased crime (Berkman, 1956), and deter
investment in the community (Econsult Corporation, 2010a; Fairmount Ventures Inc.,
2000; Philadelphia City Planning Commission, 1995). These concerns about vacant
blighted land have been well articulated for many years. Indeed, Edmund Bacon was
writing about the problems associated with some 30 million vacant lots in the US as early
as 1940 (Bacon, 1940). Though the issue has been written about for some time, there has
been no consensus or universally successful plan for how best to handle this vacant land
in a manner that proves positive for both the city and its residents.
The traditional policy response to the vacant land problem has been to push for
redevelopment, with a goal towards rebuilding as many lots as possible – the emphasis
being on getting land back into productive use – with productive use defined by its ability
to increase a city’s tax base. Numerous papers and research efforts have explored the
barriers to redevelopment and proposed new ideas for cities to implement. Among the
barriers to development, the scattered nature of urban vacant land and the propensity for
lots in a contiguous area to have multiple owners are perhaps the most universally cited,
as they make it particularly difficult to assemble the large lots that developers prefer
(Adams, Disberry, Hutchison, & Munjoma, 2002; Berkman, 1956; Brophy & Vey, 2002),
especially when compared to large greenfield sites in suburban and exurban locations.
Other factors include the regulatory costs of building in cities (Evans, 2004; Farris, 2001)
14

and the lengthy and sometimes confusing process of land disposition even when the land
in question is already owned by the city and slated for redevelopment (Tarnay, 2004).
The emphasis on redeveloping vacant land has grown out of a combination of
Americans’ view of land as a strictly economic commodity and the harsh fiscal realities
facing shrinking cities (Bonham Jr, Spilka, & Rastorfer, 2002). The value of land is often
seen as synonymous with its exchange value – the amount that would be paid for its
transfer – as opposed to the use value, which is enjoyed by people who use the land in
some fashion, but does not generally result in actual money changing hands – this tends
to favor redevelopment as opposed to open space as the most appropriate use for vacant
land (Logan & Molotch, 2007). Logan and Molotch (2007) described how urban
development decisions are often shaped by “growth machines” focused on increasing
exchange values. The combination of population loss to suburbanization and declining
federal financial support for cities has left many cities in precarious economic conditions,
such that they are focused on expanding their tax base as a means of increasing, or at
least maintaining, revenue streams. “[C]ities often pursue development opportunities
with an explicit goal of generating new revenues to expand and improve upon the level of
services they provide to businesses and residents,” wrote Pagano (2003, p.v). This focus
on redevelopment as the most appropriate and desirable use for vacant land is
demonstrated in the considerable literature on vacant lots focusing primarily, and often
exclusively, on barriers and opportunities for redevelopment (such as Brophy & Vey,
2002; Brown, 1957; Cord, 1968; Mallach, Levy, & Schilling, 2005). The privileging of
development over alternate land uses is also promoted through the concept of “highest
and best use,” which weighs land use alternatives based on the most economically
15

feasible and profitable use of a piece of land (Dotzour, Grissom, Liu, & Pearson, 1990;
Rabianski, 2007). Using this principle, development is almost always judged as a more
appropriate use of land than open or green space.
The last decade has witnessed a significant shift in vacant land policy towards
explicit incorporation of greenspaces. While greening had often been incorporated in
redevelopment in earlier years, it was generally restricted to “the space left over after
housing is built” (Bonham et al., 2002, p.25), or as a good strategy, but one that
community groups or private citizens, rather than government, should spearhead
(Philadelphia City Planning Commission, 1995; Pincetl, 2003). The growing area of
research on community greening and sustainability has begun to articulate reasons why it
might be in a city’s interest to consider greening as a valuable interim treatment or longterm reuse of vacant land (such as Bonham Jr et al., 2002; Cleveland Land Lab at the
Cleveland Urban Design Collaborative, 2008; Cleveland Urban Design Collaborative,
2009). Another idea that has contributed to this shift has been the attempt to place a
dollar value on the ecological services that greenspaces provide, thus making an
economic case that open space may represent a more valuable use than development
(Hirsch, 2008). One of the key areas of revitalization research where this idea has taken
the strongest hold is in the emerging discussion of shrinking cities.
Shrinking Cities
The concept of shrinking cities was first put forward by European scholars,
particularly in East Germany (Allweil, 2007; Schilling & Logan, 2008), and is generally
used in reference to cities with both declining populations and economies (Lötscher,
2005). Core to the shrinking cities idea is that growth-oriented planning is not an
16

appropriate model for these cities – “previously, the purpose of city development has
been growth and expansion, but with the Shrinking Cities phenomenon it seems
necessary to think of new planning goals” Andersen (2005, p.1). Part of the challenge,
according to Allweil (2007), is that “the problems of shrinking cities are very different
from growing cities, and cannot be addressed in the same manner” (p.92).
Shrinking cities advocates are not the first to question the almost exclusive
emphasis on growth by urban governments. Logan and Molotch's (2007) analysis of
growth coalitions in US cities was itself a criticism of the growth oriented focus of
governance, as it focused largely on the interests of the elites, potentially to the detriment
of other urban residents. Purcell (2000) noted that environmental concerns in California
have slowly eroded the general consensus for growth. But the reality is that these ideas
have made little headway as official urban policy, especially in America, until quite
recently (Allweil, 2007). The rationale behind shrinking cities research is essentially
that in cities that have lost significant portions of their populations over the last halfcentury, it is unrealistic to expect that any renewal efforts will return the city to past
conditions, and planning that revolves around that goal does a disservice to current
residents (Mallach & Brachman, 2010).
The core of the shrinking cities discussion is that cities need to plan realistically to
address their issues. “Only by confronting the reality of our cities, and framing strategies
that acknowledge and address that reality, can a realistic vision of hope for the cities’
future emerge,” wrote Mallach and Brachman (2010, p. 7). The message is that
acceptance of shrinkage is not a sign of defeat; it does not mean that a city is giving up,
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rather it provides the city a new and more realistic way of framing policy decisions
(Wessman, 2007).
Among the new planning ideas put forth in the shrinking cities literature is an
expansion of redevelopment possibilities to include alternatives to housing or business
development (i.e. parks, community gardens, and non-traditional economic development
such as farming), strategic targeting of investments, and a holistic approach to planning.
While the majority of literature on urban vacant land problems focuses on barriers to
redevelopment and means of promoting new development activities, the shrinking cities
literature is unique in its emphasis on greenspaces as viable long-term alternative uses for
vacant land (Lauinger, 2005; Lyman, 2008; Robler, 2007).
“As the shape of the city changes,” wrote Mallach and Brachman (2010, p. 7),
“new ways of using currently derelict land will be needed that will not involve
redevelopment, but allow land to be converted to nontraditional uses such as greenways,
forests, farms, energy generation and green infrastructure, not only as temporary but as
permanent uses.” Schilling and Logan (2008) take the conversation further by arguing
that this greening may actually spur development as removal of excess vacant land from
the market will bring it closer to equilibrium and make development of the remaining
vacant land more likely. Thus it is within the context of shrinking cities that greening is
most explicitly discussed within the literature focusing specifically on urban
revitalization.
Combining Sustainability and Revitalization
Though sustainability and urban revitalization literatures are starting to more
openly address the possibilities of a relationship between the two sets of goals, there has
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been limited research to date on just how well any specific programs contribute to both.
This dissertation is written with the intention of doing just that. The PLC program can be
seen as emerging from these dual concerns as played out in Philadelphia. The program
originated as a response to blight and has more recently been explicitly incorporated into
the city’s sustainability plans. With ten years of programming completed and more than
5,000 vacant parcels greened, the PLC program offers the opportunity to explore program
outcomes with respect to both revitalization and sustainability objectives.
In Chapter 2, I review the current literature on impacts of greenspaces and
greening programs, laying the groundwork for the specific impacts to be assessed in this
research. In particular, I review economic, environmental, and social impacts of
greening, identifying gaps in the literature that are addressed by this research. While
much has already been learned about the potential contributions of greening along all
three dimensions of sustainability, this research focuses largely on permanent
greenspaces and trees as opposed to the temporary and utilitarian greenspaces that have
been created through the PLC program. Most greenspace research also focuses on
universal impacts that are largely independent of neighborhood context. In Chapter 3, I
provide greater detail on the history and development of the PLC program and outline the
specific hypotheses to be tested relative to PLC as part of this dissertation. Chapters 4, 5,
and 6 focus in on the impacts of the PLC program along the three dimensions of
sustainability, respectively assessing economic, environmental, and social justice
impacts. Chapter 7 synthesizes the findings of the individual studies described in 4-6,
attempting to draw overall conclusions about the impact of PLC in terms of revitalization
and sustainability goals, also exploring the policy and program implementation
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implications of the findings and exploring the potential for tradeoffs and conflicts
between the three benefit types.
Ultimately, this dissertation seeks to answer three questions. First, whether or not
the PLC program has positive impacts along all three dimensions of sustainability.
Second, whether or not the PLC program contributes to neighborhood revitalization. And
third, whether or not these impacts are felt evenly across the city and whether or not there
are potential tradeoffs between them. The three dimensions of sustainability are each
addressed with a focus on a single indicator or group of indicators – property values for
economic development (Chapter 4), the impact of trees for environmental protection
(Chapter 5), and equity in access to greenspace based on race and class for social justice
(Chapter 6). While this dissertation attempts to answer several questions, it is also
important to note that there are many important questions not addressed here. There are
many other potential indicators or impacts along each dimension that are not measured in
this dissertation and these are discussed in more detail in the conclusion. While I make
an effort to discuss the background and implementation of the program, it is important to
also note that this dissertation is not directly engaged in understanding the political
factors that shape implementation and the choice of lots for inclusion in the program.
This dissertation should be seen as a starting point for a much larger discussion of the
development, implementation, and impacts of greening programs in general, and the PLC
program in particular, as part of a larger urban agenda to promote sustainability and
revitalization.
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CHAPTER 2
THE REVITALIZATION AND SUSTAINABILITY IMPACTS OF GREENING

Though greening is a relatively new addition to the urban revitalization literature,
revitalization has more regularly been a topic of interest among advocates and researchers
of community greening. The modern community greening movement began in earnest in
the 1970s as a direct response to urban blight. Urban communities were well aware of
the problems that blight and vacancy were causing. In the absence of real change coming
from the local government, residents began taking it upon themselves to deal with those
problems (Greenstein & Sungu-Eryilmaz, 2006). These efforts often took the form of
greening activities – particularly gardening. If part of the problem was that the
appearance of neglect was leading to further neglect, then residents would do what they
could to remove the appearance of neglect. The early 1970’s saw the establishment of
gardening and greening activities across the country including programs such as the
Green Guerillas in New York City, P-Patch in Seattle, TreePeople in LA, and
Philadelphia Green in Philadelphia (Bonham Jr et al., 2002; Ferguson, 1999; Wiland &
Bell, 2006).
The community greening movement grew quickly as greening became seen as not
only a means of addressing blight but also as a means of building community capacity
(Rubin, 2008). As community groups came together to start gardens and other initiatives,
they also saw social benefits of community organizing and capacity-building, and
greening came to be seen as not only an end unto itself but also a mechanism for spurring
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additional community change. Participation in community greening efforts is often seen
as empowering for individuals and community organizations (Westphal, 2003).
While the greening movement saw much early success, greening efforts also
faced significant challenges. Chief among them was that as blighted communities
improved through community action, development pressure increased and threatened
many of the initiatives that had been established on vacant lots (Gairola & Noresah,
2010). To the extent that greening programs have often been used to address the issues
of vacant lots or other underused and unmaintained spaces, they are often carried out on
land that is not technically under the control of the greening group, but is owned by either
the municipal government or a private party. Stories abound of communities that created
gardens as a way of handling the negative externalities of blight, only to find that once
property values increased, lot owners once again took an interest in their land and
decided to sell it for development (Smith & Kurtz, 2003; Vitiello & Nairn, 2009). And
while greening has economic benefits (as will be discussed below), these benefits do not
generally actively provide money to greening groups that can be used to purchase the
land on which greening takes place. Thus gardeners and other greening groups rely
heavily on city government to enable access to vacant land. Established greenspaces are
not immune to economic pressure either, as park and recreation budgets are often the first
cut in tough economic climates (Knack, 2009; Raya & Rubin, 2006). This pressure has
led greening advocates and researchers to develop a considerable body of research on the
social and economic benefits of green spaces.
The urban greening movement has of course also been influenced by the more
recent push for sustainability. As more and more cities have decided to take
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responsibility for reducing carbon emissions in response to global climate change,
additional environmental dimensions have been added to the greening discussion,
including its role in urban food systems through both community gardens and urban
farming (Vitiello, 2008) and its impacts on air and water quality in addition to potential
benefits of carbon sequestration and lowering energy demand (Sherer, 2003). The
following sections summarize the research on the benefits of greening, using the three
pillars of sustainability as an organizing framework.
Economic Impacts of Greening
There is a considerable literature on the economic impacts of greening, and parks
in particular, generally measured using hedonic modeling of the contribution of park
proximity to housing values (Crompton, 2005; Hammer, Coughlin, & Horn, 1974; Li,
2010; Tajima, 2003). The idea that parks and greenspaces contribute to property values
is not new. Frederick Law Olmstead both predicted then demonstrated significant
property value appreciation in the proximity of Central Park in New York City in the
years following its construction (Crompton, 2001a). Throughout the early 20th century
advocates measured increases in property assessed values before and after park
establishment to demonstrate positive impacts of parks. Methodological advances in the
use of statistics for hedonic modeling allowed for more robust analysis in the later half of
the twentieth century, but most of this work continued to show increases in property
values in close proximity to parks, though there were indications of some differences
based on the type of park and level of maintenance (Crompton, 2001a). Hammer,
Coughlin, and Horn's (1974) study of Pennypack Park in Philadelphia found that homes
located 40 feet from the park had an added value of $11,500 based on proximity to the
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park. Nicholls and Crompton's (2005) study of greenway access in Texas found
significant increase in property values for adjacent residents in two of three
neighborhoods. Other studies have shown positive impacts of parks and greenspace on
property values in Los Angeles(Conway, Li, Wolch, Kahle, & Jerrett, 2008), Boston
(Tajima, 2003), Denmark (Præstholm, Jensen, Hasler, Damgaard, & Erichsen, 2002), and
Shenzhen, China (Chen & Jim, 2010). Crompton (2001b, 2001c) extends these findings
to argue that parks may actually be more beneficial to municipalities than development
because although development may add to the tax base, it also produces greater demand
for infrastructure and services and thus costs more than it brings in, while parks increase
property tax revenues and only marginally increase service costs through initial
acquisition and ongoing maintenance and improvement costs.
While these studies have primarily focused on parks, some research has also been
done on changes in property values associated with other forms of greening. Particularly
notable for this research, Wachter (2004) demonstrated positive impacts of a pilot version
of the PLC program on sale prices of homes immediately adjacent to PLC lots in a study
of Philadelphia’s New Kensington neighborhood, while Wachter and Gillen (2006) also
found positive impacts of PLC citywide. Li (2010) showed positive impacts of
“neighborhood greenspace,” which she quantified to include lawns, street trees, and
vegetated sidewalk strips. Voicu and Been (2008) demonstrated positive effects on real
estate from proximity to well managed community gardens. Several studies have also
shown that trees alone – separate from any larger greenspaces – can increase property
values (Donovan & Butry, 2011; Sander, Polasky, & Haight, 2010; S. M. Wachter &
Wong, 2008).
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Despite the almost universally positive results of these studies, the findings may
not be entirely straightforward. More, Stevens and Allen (1988) discuss the limitations
of different valuation methods and suggest that, while proof so far is limited, different
types of green spaces likely impact property values differently, with more natural spaces
having a stronger positive impact than recreation-oriented facilities. Troy and Grove
(2008) showed that the positive impact of park proximity on housing values in Baltimore
is mediated by neighborhood crime rates, with areas of high violent crime actually
showing a reverse relationship where parks are associated with a decrease in property
values. Wachter and Wong (2008) found that one Philadelphia tree planting program
increased property values while another did not. Li’s (2010) study of greenspace and real
estate values in Los Angeles has also shown that the impact of greenspace tends to
exhibit spatial nonstationarity, in which the actual impacts differ for different locations.
Together, these studies suggest that the effect of park proximity or other green initiatives
on home values may be different in different locations or for different types of greening
programs, a possibility which has very rarely been taken into consideration by other
greenspace researchers.
Another potential economic impact of greenspaces was suggested by Schilling
and Logan (2008). For shrinking cities with an overabundance of vacant land, they
argue, property values are depressed and development deterred because of the sheer
amount of available vacant land. They argue that taking some of that land off the market
by turning it into greenspace may help to re-balance the market and thus promote new
development. If this assessment of the ‘right-sizing’ process is correct, it may suggest
that the rate of development may be affected separately from property values.
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In addition to impacts on property values, researchers have sometimes attempted
to quantify direct financial benefits of greenspaces including dollars spent on park-based
tourism and recreation. Many cities attract tourists for park and recreation activities. A
2009 report from The Trust for Public Land estimated that 35% of tourist spending in San
Diego could be attributed to its parks, totaling more than $40 million in 2006 (Harnik &
Welle, 2009). The Trust for Public Land's (2008) study of the Philadelphia park system
estimated that 8% of tourists visit the city for its parks or park-related events, leading to
$5 million annually for the city in taxes and $40 million in profit from tourism, and a
2010 study found Denver’s park system to bring in $18 million a year in tourism profit
(The Trust for Public Land, 2010). A recent study completed for the Delaware Valley
Regional Planning Commission estimated that protected open spaces in Southeastern
Pennsylvania generate nearly $300 million in annual earnings and $30 million in tax
revenue (Economy League of Greater Philadelphia, Econsult Corporation, & Keystone
Conservation Trust, 2010).
It has further been suggested that parks and other greening activities may
contribute to resident and business retention (American Forests, 2003; Kramer &
Dorfman, 2000). Kramer and Dorfman (2000) cite a national poll of small business
owners indicating that they make location decisions based in part on proximity to
greenspace amenities. In state-specific studies of newly located businesses, parks and
recreation were found to be important to businesses relocating in Colorado, but not Texas
(Crompton, Love, & More, 1997; Decker & Crompton, 1990), a fact which may reflect
differences in what states are known for and what company priorities are. For example, it
may not be surprising that companies that have made the decision to locate in Colorado
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would cite parks and recreation amenities as important given that they have chosen a state
known for those amenities. Texas, by contrast, is not known for its parks, and it would
therefore be unsurprising that companies that choose to locate there do not place a high
priority on park proximity. These two studies show that the relationship between park
amenities and business attraction may not be entirely straightforward, but one did also
emphasize that parks and recreation appear to be more important to small than large
businesses (Crompton et al., 1997).
Another potential impact of greenspaces on businesses was found in a study of
commercial corridors in Philadelphia, where greening vacant lots (through the PLC
program) – but not a series of other greening interventions including streetscapes and
park revitalization efforts – was found to positively impact retail sales levels (Econsult
Corporation, 2009). In terms of resident attraction, the City of Seattle recently started a
program of park development in hopes that it would encourage more families to settle in
the city by providing them with desired amenities (“Parks and recreation: a tool to
remedy urban flight,” 2008). Dichter (1976) sees greening as a vital component of
motivating people to move back to cities, noting that "one of the most desired features of
a rehabilitated inner city is trees, shrubs, grass" (p. 120). Some evidence for this is
provided by a study of community gardens in St. Louis, MO which found that
homeownership rates increased more in the areas immediately surrounding community
gardens than in the larger neighborhoods between 1990 and 2000 (Tranel & Handlin Jr,
2006).
Taken together, this research indicates strong evidence of positive economic
effects of greening, though there remains uncertainty about the extent of spatial variation
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in those impacts and the relative effects of different kinds of greening activities. I should
also note here that numerous studies have attempted to assign dollar values to
environmental and social benefits, such as energy or health care savings (Costanza et al.,
2006; Econsult Corporation, 2010b; McPherson & Simpson, 2002), as well as use values,
which represent the cost that residents would otherwise pay for recreation services that
are provided for free or reduced cost in parks (Harnik & Welle, 2009). While the ability
to assign dollar values does acknowledge that these benefits have an economic
component, they will be discussed here in terms of their primary environmental and
social benefit categories. In general, I want to acknowledge that many environmental and
social benefits also have economic implications, but stay away from the attempt to assign
a dollar value to benefits because it may be construed as implying greater importance for
benefits that can be directly tied to money, such as reduced health care costs, and may
seem to lessen the importance of potential benefits that are more challenging to monetize,
such as well-being or equity in access to greenspaces.
Environmental Impacts of Greening
The environmental impacts of greening are generally discussed in comparison to
non-greened areas. Parks and tree canopy cover have been suggested to play a number of
important environmental roles including reducing stormwater runoff and improving water
quality, reducing several forms of air pollution, reducing energy costs, sequestering
carbon, mitigating the urban heat island effect and supporting biodiversity (Crompton,
2008a; Dwyer, McPherson, Schroeder, & Rowntree, 1992). These effects have been
studied through both direct measurement and computer modeling.
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Stormwater Reduction and Water Quality Improvement
Stormwater runoff is generally higher in urban areas due to the abundance of
impervious surfaces. As stormwater runs off into waterways, it collects pollutants from
the surface and ultimately decreases water quality (Hirsch, 2008). Many older cities in
the US have combined sewer systems in which stormwater and sewage are combined for
treatment. The challenge of these systems is that at times of heavy stormwater runoff,
such as heavy or prolonged rains, the systems overflow and not only runoff but also raw
sewage are released into waterways. With the US EPA pushing for a significant
reduction in these combined sewer overflow events, these cities are actively seeking ways
to both increase stormwater management capacity and decrease the amount of runoff to
be handled (Hirsch, 2008; The Philadelphia Water Department, 2009). In addition to
decreasing water quality, runoff can have significant consequences in terms of flooding
and property damage (Dwyer et al., 1992).
Vegetation and greenspaces can help to mitigate runoff in several ways. By
providing pervious surfaces, parks increase natural infiltration of stormwater. Trees
further reduce stormwater runoff by intercepting water in the canopy and lessening flow
to enable slower and more steady infiltration. Xiao, McPherson, Simpson, and Ustin
(1998) modeled how tree canopy cover intercepts rainfall in Sacramento, CA, finding that
trees are especially helpful for reducing flow during light rains. As these light rains
contribute to water pollution through washing pollutants from land, tree canopy cover
was thus seen as having a primary benefit in promoting water quality. Tree canopy was
seen to play less of a role in flood mitigation, as floods were tied to heavier rains in
which a smaller percentage of rainfall was captured in the canopy. Addition of new
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pervious surfaces and changes in landscape design of already greened area may decrease
runoff and mitigate flooding (The Philadelphia Water Department, 2009). Yang and
Myers (2007) studied water infiltration rates on vacant lots in Philadelphia, comparing
PLC lots to other un-treated lots, and found that the PLC program decreased stormwater
runoff by lessening soil compaction and increasing infiltration – benefits that were
separate from any stormwater reduction provided by trees that had been planted through
PLC.
Air Pollution Mitigation
Trees contribute to air quality in two important ways. They improve air quality
directly through uptake of pollutants and indirectly through avoiding pollutant emission
by decreasing energy use (discussed in more detail below) (Scott, McPherson, &
Simpson, 1995; Yang, McBride, Zhou, & Sun, 2005). Direct uptake of pollutants
happens through uptake of gases through stomata and plant surfaces and interception of
particulate matter in the air (though this may then represent only a temporary removal of
pollutants that can then be washed off by rain or settle on the ground when leaves fall)
(Nowak, Crane, & Stevens, 2006). Urban forestry researchers have determined that trees
can remove a variety of pollutants including carbon monoxide, nitrous dioxide, sulfur
dioxide, ozone, and particulate matter less than 10 m (Nowak, Crane, & J. C. Stevens,
2006).
Using models that combine pollutant concentration with climatic and tree canopy
cover data, Nowak, Crane and Stevens (2006) calculated that trees and shrubs annually
remove 711,000 metric tons of pollutants in the US, with significant differences between
cities based on not only pollutant loads and canopy cover but other factors including
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length of growing season and precipitation rates. In a study of Sacramento County’s
urban forest, Scott, McPherson, and Simpson (1995) used models to estimate annual air
pollutant reductions of 1,457 metric tons, with greater uptake in urban than rural areas.
Yang, McBride, Zhou, and Sun (2005) found that trees in Beijing were particularly
beneficial for reducing particulate matter, and were responsible for removing 772 tons
from the air in the year 2002.
Reduction in Energy Use
Trees can contribute to lowered energy use in three important ways: direct
shading of buildings to reduce temperature and lowering overall temperatures through
transpiration to reduce air conditioning energy use, and reduced cooling though wind
reduction, which reduces energy use for heating (Federer, 1976; McPherson & Simpson,
2003; Simpson, 1998). McPherson and Rowntree (1993) found that a single tree, well
placed, could reduce household energy use for air conditioning by 8-12%. Simpson
(1998) applied building-level models of urban forest effects to all of Sacramento County,
CA. Combining the three effects, he found that Sacramento’s urban forest contributed to
reductions in need for both air conditioning and heating worth nearly $20 million per
year. McPherson and Simpson (2003) estimated that the state of California enjoyed 2.5%
reduction in air conditioning due to tree canopy cover. It should be noted, though, that
the energy benefits of tree planting, especially those derived from shading, are very
sensitive to tree location relative to buildings such that an increase in canopy cover will
not necessarily decrease building energy use (McPherson & Simpson, 2003).
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Carbon Sequestration
Given the global importance of climate change and the push to reduce
atmospheric CO2, the potential for trees to sequester carbon may be a significant benefit.
Trees store carbon in biomass both aboveground in trunks and branches and below
ground in roots (Johnson & Gerhold, 2003). Models developed by the US Forest Service
have been used to calculate the carbon sequestration potential of trees in a number of
cities around the world. An assessment of Chicago’s urban forest calculated that it
currently stores 716,000 tons of carbon and sequesters an additional 25,000 tons per year
(Nowak, Hoehn III, Crane, Stevens, & Fisher, 2010). Trees in Washington, DC are
estimated to store 526,000 tons of carbon and sequester 16,000 tons per year (Nowak,
Hoehn III, Crane, Stevens, & Walton, 2006). Beijing, China’s tree biomass was
calculated to store 200,000 tons of carbon (Yang et al., 2005).
Mitigating Urban Heat Island Effect
Parks and vegetation are seen as potentially mitigating the urban heat island
effect, through which cities are often hotter than surrounding suburban and rural
communities (Federer, 1976; Gaffin et al., 2008; Jansson, Jansson, & Gustafsson, 2006).
As noted in the discussion of energy use, trees can decrease ambient temperatures
through shading and transpiration. Cao, Onishi, Chen, and Imura (2010) note that urban
parks are often 1-2 degrees cooler than their surroundings, a phenomenon which has been
named the park “cool island” effect, and which is more pronounced for larger parks.
Spronken-Smith and Oke (1998) noted park cool island temperature differences up to 5ºC
in Vancouver, BC and 7ºC in Sacramento, CA. Gaffin et al. (2008) cited urban
vegetation as "one of the key strategies available to mitigate excess urban heat" (p. 2).
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Increasing Biodiversity
Though cities have long been seen as separate from nature, biologists are
beginning to recognize that cities can in fact harbor significant species richness. Alvey
(2006) points out that the urban forest can be a significant support to promoting
biodiversity, noting that cities have even been found to provide habitat to endangered
species, thus urban forestry may be an important component of preserving global
biodiversity. Species richness in urban settings is often related to the size and quality of
natural areas such as parks or woodlots (Cicero, 1989; Morrison & Chapman, 2005), but
even street trees can be beneficial for supporting biodiversity. Yli-Pelkonen and Niemelä
(2005) argue that in an increasingly urbanized world, urban greenspaces will be vital for
species preservation, and their importance should be recognized in planning processes.
Social Impacts of Greening
Research on the social impacts of greening and greenspaces has been quite varied.
The social benefits of access or proximity to greenspaces can be roughly categorized as
health benefits and community benefits. Numerous studies have cited the public health
benefits of parks and greenspaces as offering considerable value (Loukaitou-Sideris &
Sideris, 2010; Tzoulas et al., 2007; Walker, 2004). Exposure to natural settings has been
shown to confer psychological benefits such as improving moods and decreasing mental
fatigue (Dichter, 1976) as well as physical benefits such as decreased recovery time after
surgery (Ulrich, 1984) and increased physical activity (Cohen et al., 2007). Greenspaces
have also been tied to residents’ quality of life, feelings of safety and satisfaction with
their communities (Kuo, Bacaicoa, & Sullivan, 1998; Sheets & Manzer, 1991). Parks
may contribute to community well-being by facilitating social interactions and promoting
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interracial interactions (Gobster, 1998). Kuo and Sullivan (2001) have also shown that
well-managed vegetation may actually decrease crime.
Health benefits of parks and greenspaces
Many studies have explored psychological impacts of living near or visiting parks
and greenspaces (Hull IV, 1992; Tinsley, Tinsley, & Croskeys, 2002). These benefits
typically revolve around alleviating stress and reducing mental fatigue (Hartig, Mang, &
Evans, 1991; Velarde, Fry, & Tveit, 2007; van den Berg, Hartig, & Staats, 2007).
Crompton (2008b) cites more than 100 studies which find people in natural settings
indicate stress reduction as a significant reason for spending time there. Velarde et al.
(2007) identified 31 studies that showed psychological benefits associated with viewing
natural landscapes. A survey of forest and park visitors in Zurich, Switzerland found that
the greenspace visits decreased reported stress levels and headaches and increased
feelings of being “well-balanced” (Hansmann, Hug, & Seeland, 2007). These restorative
effects of experience in and views of nature are seen as being particularly important in
high-stress urban settings (van den Berg et al., 2007).
Many researchers have suggested that access to even views of nature may impact
not only mental but also perceived and measured physical health. Townsend (2006)
found that depressed participants in a nature-based service activity visited doctors less
and perceived their health as better when compared to participants in other service but not
nature-based activities. Living in proximity to greenspace was found to be significantly
related to perceptions of health in the Netherlands (Maas, Verheij, Groenewegen, de
Vries, & Spreeuwenberg, 2006).
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Ulrich (1984) found patients recovered faster from surgery when the view from
their hospital bed was vegetation rather than a brick wall. Donovan, Michael, Butry,
Sullivan, & Chase (2010) found in a Portland, OR study that having tree canopy cover
close to the house and proximity to private open space (lawns) were associated with
decreased risk of babies being born small for their gestational age. A study of childhood
asthma prevalence in New York City found that after controlling for socioeconomic
factors and proximity to known pollution sources, asthma prevalence was lower in areas
with more street trees (Lovasi, Quinn, Neckerman, Perzanowski, & Rundle, 2008).
These health benefits may not accrue equally for all people. (E. A. Richardson &
Mitchell, 2010) found gender differences in the cardiovascular and respiratory disease
impacts of greenspace and hypothesized that they may be related to different patterns of
use.
Given recent concerns over increases in the prevalence of obesity and obesityrelated health problems, researchers have begun to look at parks as places that may
promote physical activity and prevent obesity. Studies that have explored links between
proximity to greenspace and physical activity have yielded inconsistent results. A
longitudinal study of children in Southern California found an association between low
access to park and recreational activities and increases in body mass index, with larger
effects experience by boys than girls (Wolch et al., 2010). Adult survey respondents in
Bristol, England who lived in close proximity to a formal park were more likely to meet
the physical activity of 30 minutes of exercise at least 5 times a week compared to
respondents who did not live close to a park, but there was no similar association with
measures of obesity (Coombes, Jones, & Hillsdon, 2010). A study in Denmark found a
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correlation between access to greenspace and lower likelihood of obesity, though this was
not necessarily tied to actual use of greenspaces (Nielsen & Hansen, 2007). Curious
about what aspects of open spaces might contribute to increased physical activity,
Sugiyama and Thompson (2008) surveyed older (over 65) British adults. They found that
walking for recreation was positively associated with pleasantness of open space and
good paths and facilities were tied to walking for transport.
Another aspect of health that some researchers have studied is the role of parks
and greenspaces in promoting healthy childhood development. (Taylor, Wiley, Kuo, &
Sullivan, 1998) found that children who play in vegetated areas exhibit more creative
play than those in non-vegetated areas, noting that creative play is important for cognitive
development. In a series of interviews with children in three areas of Scotland, Day and
Wager (2010) found that parks play an important role in the social development of
children. In particular they allow children a safe space in which to assert their
independence. Crompton (2008b) suggested that parks and recreational activities may
play an important role in keeping adolescents occupied in productive activities, thus
lessening their likelihood of engaging in antisocial and risky behaviors.
Community benefits of parks and greenspace
Numerous studies have looked at preferences for greenspaces and their impact on
residents’ satisfaction with their neighborhoods. Greenspaces may impact preferences or
satisfaction for many reasons including aesthetic reasons or by signaling that an area is
cared for. Dichter (1976) reported that 95% of survey respondents say grass, trees, plants
and flowers are important to happiness. Sheets and Manzer (1991) found that the
presence of vegetation in an image of an area increases people’s perception of quality of
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life in that area. Kaplan (1985) found that residential satisfaction was strongly associated
with the presence of small well maintained greenspaces, while large open spaces had less
of an impact on satisfaction. A survey or residents in Bari, Italy found that residents saw
greenspaces as enhancing their lives (Sanesi & Chiarello, 2006). Tree cover has also
been shown to be associated with higher levels of residential satisfaction, and can
mitigate otherwise negative impacts of proximity to retail corridors (Ellis, Lee, & Kweon,
2006). Survey respondents in Detroit expressed strong interest in more trees in their
neighborhoods and indicated that the presence of trees would impact their choice of
residence (Getz, Karow, & Kielbaso, 1982). De Sousa (2006) found that new parks
created on brownfields sites are seen by residents as positive amenities that contribute to
quality of life. Well maintained trees and greenspaces also contribute to sense of safety
(Kuo, Bacaicoa, et al., 1998). A recent study of the PLC program found that rates of
violent gun crimes decreased in areas surrounding greened vacant lots in comparison to
areas surrounding untreated vacant lots (Branas et al., 2011).
Trees and greenspaces may contribute not only to how people feel about their
communities but also to how they interact with other community members. Research in
five urban parks in the Netherlands demonstrated that not only do parks contribute to
place attachment but that they are experienced as more inclusive social environments
than non-green urban areas (Peters, Elands, & Buijs, 2010). In inner city communities,
the presence of grass and trees promotes the use of common spaces and fosters social
interactions (Coley, Sullivan, & Kuo, 1997; Kuo, Sullivan, Coley, & Brunson, 1998).
Vering (2006) describes how urban forestry projects in several German cities have been
used to facilitate integration of marginalized groups including the disabled and the
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unemployed. Not all social interactions in parks are positive, however. Some people,
especially minorities or the poor, may be excluded or made to feel unwelcome in parks
(Byrne & Wolch, 2009; Dooling, 2009; Gobster, 1998, 2002; Solecki & Welch, 1995;
Williams, 2006).
Social Justice and Greenspace Provision
Given these positive benefits of parks and greenspaces, and the fact that they are
related to proximity and access to parks and greenspaces, some researchers have begun to
explore equity issues in the distribution of parks and greenspaces (Boone, Buckley,
Grove, & Sister, 2009). Attempts to quantify differences in park access based on race and
class have demonstrated mixed results. Sister, Wolch, and Wilson (2009) found that
parks in low income and minority communities were much more congested and overused than parks in higher income white communities in the Los Angeles area. In
Baltimore, blacks are more likely than whites to live in walking distance to a park, but
whites tend to live closer to larger parks (Boone et al., 2009). Minorities and the poor
have disproportionately high access to trails in Indianapolis (Lindsey, Maraj, & Kuan,
2001). In Leicester, UK, greenspace is more limited in areas with high populations of
Indians, Hindus, and Sikhs (Comber, Brunsdon, & Green, 2008).

Strife and Downey

(2009) point out that limited research has been done so far on disparities in access by
children, which may be especially important given the impacts that access to nature can
have for healthy cognitive and social development.
This type of research is not, however, as straightforward as it might at first seem.
How best to measure accessibility is a matter of some debate. Often it is based on some
measure of proximity (S. N. Nicholls & Shafer, 2001), but this may only tell part of the
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story. The mere fact of proximity to a park does not mean that residents feel safe or
comfortable in using it (Lindsey et al., 2001; Strife & Downey, 2009). And the reasons
why proximity may not be an adequate measure may themselves vary based on sociodemographic characteristics. Day and Wager (2010) found that less affluent children in
Scotland face more barriers to use of parks than do more affluent children.
Just what it means for park resources to be equitably distributed is also a
contested question. While many of the studies above define equity in terms of equality,
Nicholls and Shafer (2001) point to equity typologies that also include need, demand, and
market-based measures of equity. In the context of greenspace, it may be appropriate to
consider equity based on need. Several studies have discussed the fact that greenspaces
may be more important for low income communities that lack the ability to easily travel
or pay for services provided by greenspaces (Day & Wager, 2010). If that is the case,
equitable distribution might be more appropriately conceptualized as greater access for
the communities that need it most, rather than equal access for all. A demand-based
approach might argue that greenspaces should be distributed based on which populations
are more likely to use them, while a market-based approach might suggest that
distribution should be based on which populations value greenspaces more highly or are
more willing to pay for them (Lucy, 1981). I have not seen any literature on equity and
greenspace that uses or argues for the use of demand or market-based conceptualizations
of equity in this context.
Questions of unequal access have been broached relative to other forms of
greening as well, particularly tree canopy and vegetative cover. Though the air pollution
reduction effects of trees are often discussed in terms of a city, (Escobedo & Nowak,
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2009) point out that actual improvements in air quality will differ based on the
distribution of trees. Heynen's (2006) study of tree canopy cover in Milwaukee found
considerable disparities based on race and ethnicity, while Mennis and colleagues
(Mennis, 2006; Mennis & Liu, 2005) found that vegetation abundance in Denver is
concentrated in established wealthy and white neighborhoods.
One additional social justice question has been discussed that highlights the
potential conflicts between the three dimensions of sustainability. As Dale and Newman
(2009) note, “’greening’ of neighborhoods can increase desirability and thus spur
gentrification that drives up housing prices, making these developments increasingly less
affordable” (p 672), implying that potentially negative social benefits must also be
considered when lauding any positive economic benefits of greening. Dooling (2009) is
even more critical of greening on equity grounds, seeing many public greening programs
as ‘ecological gentrification,’ using environmental justifications to perpetuate social and
economic inequalities, excluding marginalized groups from public spaces. Greening
efforts may be particularly open to these claims when they are seen as being led not by
neighborhood residents but by outsiders whose motives may be questioned, as in the case
of a recent gardening plan in Detroit that faced skepticism from residents who feared that
it was really a veiled attempt at promoting gentrification that would displace current
residents (MacDonald, 2011).
Discussion
Taken together, this literature suggests considerable potential benefits of greening
programs along all three dimensions of sustainability - the economy, the environment,
and social justice – with the potential for some conflict among the three dimensions.
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Within the context of greening, these tradeoffs might include economic benefits via
increased property values that have negative social impacts through gentrification or
displacement. Preservation of greened open spaces may also conflict with other potential
land uses that might have economic benefits or be otherwise desired within a community,
such as the development of mixed-income or affordable housing. Greening efforts
focused in areas of high population density may have positive community benefits but
may not have as much of an environmental impact as preserving natural landscapes
elsewhere. Perhaps because greening proponents tend to focus on delineating the
benefits of greening, the exact nature of these tradeoffs and potential means of addressing
or minimizing them are not as well understood.
As sustainability continues to be adopted by cities as a goal for future
development, greenspaces are likely to become a more significant part of the
conversation, especially with regard to uses of existing vacant land. "Urban green spaces
are considered as an important contribution to the sustainable development of cities,"
wrote Rodenburg and colleagues (Rodenburg, Baycan-Levent, van Leeuwen, & Nijkamp,
2001, p.106). Many cities are including new greenspace goals in their sustainability
plans, such as Philadelphia’s goal to add 500 new acres of greenspace by 2015 (City of
Philadelphia, 2009) and New York City’s goal to plant one million trees by 2030 (The
City of New York, 2007).
Though the connection between greening and sustainability is often presented as
straightforward and obvious, questions do remain. While there is considerable range in
the literature on greenspaces, most individual studies focus only on one outcome along
one dimension of sustainability, rather than attempting a full assessment of a single
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program. Most studies also look only at benefits or costs (with a heavier focus on the
benefits), rather than attempting to discuss them in terms of tradeoffs or assessing how
benefits might be more equitably shared or costs mitigated. Additional questions remain
regarding how these benefits might differ for different kinds of greenspaces (Shing &
Marafa, 2006), and whether or not and how these benefits differ based on location.
We know that greening programs can increase property values, attract and support
businesses, improve air quality, reduce stormwater runoff, improve physical and mental
health, decrease crime, and increase social capital. We also know that greenspaces and
tree canopy are generally not evenly distributed throughout urban areas. We further
know that not every greening project exhibits every one of these benefits. We don’t
know if these benefits differ systematically based on the type or location of greening
activities. We don’t know the true nature of tradeoffs between different potential benefits
of greening. We don’t know the potential and limitations of explicitly using greening as
an urban revitalization strategy. And we don’t know the full implications of such a
choice from a sustainability standpoint.
This dissertation will not provide definitive answers for all of the unknowns, but it
will provide a starting point for discussion and further research. The use of greening
explicitly as an interim management strategy for blight is a new approach and creates a
new type of greenspace – something that is more than a typical sidewalk landscaping
project but less than a permanent park. By testing whether or not benefits that have been
measured for other types of greenspaces are also incurred by this program, this research
offers insight into the generalizability of greening benefits across different types of
greenspaces. By using a spatial approach that considers both global and local
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relationships, this research begins to assess the impact that location may have on
moderating benefits (or costs) of greening. By focusing on a project explicitly created to
address blight, this research more directly focuses on the role of greening within the
study of urban revitalization. By simultaneously assessing economic, environmental and
social benefits of a single program, this research more explicitly integrates the role of
greening in sustainability and opens the door for a more concrete discussion of potential
tradeoffs between program benefits that may seem at first glance to obviously address all
three facets of sustainability.
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CHAPTER 3
PROGRAM OF STUDY AND HYPOTHESES

Program and Area of Study
Philadelphia’s population declined steadily in the second half of the twentieth
century, dropping from a high just over 2 million in 1950 to a low close to 1.5 million in
2000. Although emigration from Philadelphia has recently slowed, with a slight
population increase for the 2010 census, the signs of depopulation have not been erased.
As residents left, they left behind uncared for properties that fell into disrepair. The
presence of abandoned properties and vacant lots only decreased the value of remaining
properties, providing disincentive for residents to remain or invest in communities that
were only growing poorer. The progression of disinvestment and abandonment became a
vicious circle and by 1992, Philadelphia was home to 27,000 abandoned residential
buildings and 15,800 vacant lots (Hughes, 2000). By 2000, a Department of Licenses
and Inspections survey found 31,000 vacant lots scattered throughout the city (Bonham &
Smith, 2008). A 2010 analysis suggests that the current total of vacant lots is closer to
40,000 (Econsult Corporation, 2010a).
Greening as a response to increased vacancy in Philadelphia started in an
organized fashion in 1974, when the Pennsylvania Horticultural Society (PHS) used
profits from its highly successful annual Philadelphia Flower Show to establish the
Philadelphia Green program. Philadelphia Green began with a project to sponsor
community vegetable gardens, but expanded in the 1980’s with development of the
‘Greene Countrie Towne’ program – named for William Penn’s label for the city.
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Through the Greene Countrie Towne program, PHS worked with targeted neighborhoods
on a comprehensive greening strategy that incorporated not only support for community
gardens but also collaboration with residents to plant window boxes and street trees and
develop other projects to transform the entire look and feel of neighborhoods (Bonham &
Smith, 2008). PHS’s urban greening program has continued to expand and today
includes neighborhood park revitalization, vacant land management, training residents to
be ‘Tree Tenders’ and urban gardeners, and numerous other special projects.
PHS began what would come to be known as the Philadelphia Land Care (PLC)
program as a pilot project in the New Kensington neighborhood in 1996 in partnership
with the New Kensington Community Development Corporation (NKCDC), a
neighborhood community development corporation. [Note: PLC is a recent re-branding
of the program, which for many years was known as the Vacant Land Stabilization
program.] New Kensington CDC had completed a participatory planning exercise with
local residents in which they learned that residents were more concerned about
addressing blight and vacant land than they were about building new affordable housing,
which had been the previous focus of NKCDC’s work (Local Initiatives Support
Corporation, 2006). NKCDC worked with PHS to develop a comprehensive greening
approach to dealing with vacant land, including encouraging residents to take advantage
of the city’s side-lot abutter program, developing community gardening, planting trees,
and using a basic greening program for the management of vacant land. Through the
greening approach to vacant land management, lots were cleared of debris, graded,
provided with new topsoil, grass, trees and a split-rail wooden fence, then maintained
regularly during the growing season with trash removal and mowing, with the
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maintenance work carried out by New Kensington CDC. Figures 3.1 and 3.2 show
before and after pictures of a typical PLC lot.

Figure 3.1. Before picture of a typical PLC lot. Photo courtesy of Pennsylvania
Horticultural Society.

The New Kensington project was seen as quite successful and in 2000 PHS
expanded the program to work with several additional North Philadelphia CDCs. This
new expanded project was intended in part to test whether or not the New Kensington
model could be successfully expanded to other parts of the city. Under the umbrella of
the American Street Empowerment Zone, PHS worked with a group of four CDCs –
Asociación de Puertorriqueños en Marcha (APM), Kensington South, Women’s
Community Revitalization Project, and Norris Square Civic Association. In the original
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Figure 3.2 After picture of a typical PLC lot. Photo courtesy of Pennsylvania
Horticultural Society.

New Kensington model, the CDC had carried out much of the lot maintenance work, but
New Kensington CDC was unique in that they already had significant greening capacity,
while the American Street CDCs did not. Over time, the model was successfully altered
such that the American Street CDCs chose the lots that would receive treatment while
PHS identified contractors and managed the actual lot stabilization work. Ultimately, the
project cleared two and a half times more vacant land than had originally been projected
and successfully adapted the greening approach to work with a range of organizations.
PLC was then adopted by the City in 2003 for use in conjunction with then-mayor
John Street’s Neighborhood Transformation Initiative, a city-wide blight reduction
program. Elected in 1999 on a platform of blight removal, Street quickly began
development of the project that would become the Neighborhood Transformation
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Initiative (NTI). Blight, to Mayor Street, was the result of a high concentration of
abandoned housing. His plan to address blight grew directly from this concept, and
focused primarily on demolition of vacant and derelict buildings (Shlay & Whitman,
2004). As NTI got underway and specific target neighborhoods for demolition were
revealed, communities began to protest. For many, NTI suddenly looked a lot like the
failed urban renewal projects of the previous century (McGovern, 2006). Neighbors may
have wanted unsafe properties torn down, but they were equally concerned about the
negative impacts of the newly created vacant lots. In response to these concerns, PHS
approached the Street administration with a proposal to use the PLC program to manage
the new vacant lots and address neighbors’ concerns about their blighting influence. The
proposed ‘Green City Strategy’ was accepted, and PLC officially became part of the
City’s strategy for addressing vacant land. Between the original pilot projects and the
expansion of PHS’s vacant land stabilization program, nearly 5,000 parcels had been
cleaned and greened by the end of 2008.
Two important factors should be noted regarding the selection of lots for the PLC
program. First and most importantly, lots are not selected at random. In the early stages
of PLC, working with NKCDC and the American Street Empowerment Zone CDCs, the
CDCs selected lots for treatment, thus it was an inherently subjective process and likely
driven by many intangible factors. As the project expanded throughout the city, sites
were chosen based on a number of factors including some that were not quantifiable,
such as CDC and community preferences. Because program funds were limited relative
to the number of vacant lots in many of the target communities, PHS sought to treat lots
that stood to have the greatest impact, often focusing on larger collections of lots near
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commercial corridors, schools, or community centers (Jost, 2010). Secondly, not all lots
that are treated belong to public agencies. Indeed, nearly 75% of vacant lots in the city
are privately owned (Econsult Corporation, 2010a; S. Wachter, Scruggs, Voith, & Huang,
2010). PHS is able to get access to privately owned lots as a subcontractor for the
Department of Licenses and Inspections, but this approach is only viable for lots with
open violations against them or those that do not currently have citations but are not
being managed up to code and thus citable for code violations (Jost, 2010).
Existing Research on the PLC Program
Though the program has now been in place for more than ten years, limited
research has so far been conducted on the impacts of PLC. Two reports have been
released by researchers at the University of Pennsylvania detailing economic impacts of
PLC. First, Wachter (2004) completed a pilot study of the PLC program in New
Kensington, finding that PLC increased the value of properties immediately adjacent to
the greened lots by up to 30%. A city-wide follow-up study (Wachter & Gillen, 2006)
found increases in adjacent property values of 17%. As far as environmental benefits, a
poster presentation by researchers at Temple University at the 2007 Pennsylvania
Stormwater Management Symposium indicated that PLC lots decreased stormwater
runoff due to the decrease in soil compaction associated with treatment (Yang & Myers,
2007). Recently determined social benefits of PLC include reductions in gun crime and
health improvements (Branas et al., 2011).
Objectives of this Research
The overall goal of this dissertation is to assess the economic, environmental, and
social justice impacts of the PLC program. The following three sections describe broad
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research goals and specific questions to be explored within each of these three
dimensions of sustainability. The questions have been developed based on a combination
of stated program goals, the results of existing PLC studies as described above, and
existing research on general greenspace impacts as described in Chapter 2.
Economic Goals and Questions
The overall aims of the economic portion of the research are to assess the impact
of the PLC program on surrounding property values and the degree to which that impact
exhibits spatial nonstationarity, or differences in the impact depending on location.
While there are many potential economic impacts to consider, I have chosen real estate
values to operationalize the larger universe of impacts due to their regular use in other
studies as indicators of broad neighborhood improvement and because of the availability
of data.
As described above and in Chapter 2, numerous studies have shown positive
impacts of proximity to parks and greenspaces on property values. Wachter’s (2004)
study showed that the POLC pilot program in the New Kensington neighborhood of
Philadelphia conferred significant positive benefits for properties immediately adjacent to
cleaned and greened lots, increasing property values by 30%. While this is indicative of
positive impacts at very close proximity, it did not explore neighborhood level effects,
which may be important as the negative impact of unmanaged vacant land has been
shown to change based on the overall amount of vacant land (Econsult Corporation,
2010a). Furthermore, subsequent city-wide research also demonstrated positive benefits
for the program, though the increase in property values was a somewhat more modest
17% (Wachter & Gillen, 2006), suggesting that there are differences in program impacts
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between neighborhoods. Not only do questions remain about the nature of the
relationship between PLC and property values, but the difference in effects between the
two studies indicates the relationship may exhibit spatial nonstationarity, meaning that
program impacts may differ considerably in different neighborhoods. Other studies have
shown that the impact of greenspaces on property values may change based on
neighborhood crime rates and proximity to other environmental amenities (Li, 2010; Troy
& Grove, 2008), and it seems reasonable that the PLC program may have different effects
based on the overall amount of vacant land in a neighborhood or the amount that has been
included in PLC. The specific economic questions being addressed in this dissertation
are: 1): Have property values increased for properties close to PLC lots in response to the
treatment as compared to properties close to nearby untreated lots?; and 2) Does the
influence of PLC on property values exhibit spatial nonstationarity?
Environmental Goals and Questions
Again, there are several potential environmental benefits that could be considered
with regard to the PLC program, but I have chosen to focus on those that are directly
associated with tree canopy cover that can be estimated based on existing data. In
particular, I focus on reductions in energy use, air pollution mitigation, stormwater
management, and carbon sequestration to operationalize environmental benefits based
specifically on the trees planted through the program. I have chosen these measures
based on the availability of simple models created by the US Forest Service to estimate
these benefits and they represent only a portion of the potential benefits of the program.
For example, the focus on trees does not include the stormwater reduction benefits of
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PLC found by Yang and Meyers (2007), which focused on soil infiltration rates that
changed due to tilling and the addition of topsoil.
As previously noted, USDA Forest Service researchers have shown that trees can
significantly reduce air pollution rates for a number of different types of pollutants
including ozone, nitrous dioxide, sulfur dioxide and particulate matter, can mitigate
stormwater runoff through rainfall interception, can reduce household energy use, and
can play an important role in carbon sequestration (Nowak, Crane, et al., 2006; Nowak et
al., 2010; Yang et al., 2005). Thus, the trees planted as part of the PLC program may
have a positive impact on air quality while also reducing stormwater runoff, energy use,
and atmospheric CO2 in surrounding communities. That being said, it is also important to
note that the ability of trees to mitigate air pollution and sequester carbon is closely
related to age and size – as trees mature and grow, their impact increases considerably
(Yang et al., 2005). The fact that PLC is intended as an interim treatment prior to
eventual redevelopment means that trees on PLC lots may not be reasonably expected to
reach maturity, which may decrease the longer term environmental effects of the PLC
program compared to other permanent greening programs such as establishment of
official park space. The environmental hypotheses reflect the assumption that trees
planted through PLC will have an impact on energy use, stormwater runoff, air pollution,
and carbon sequestration, but that these impacts may be limited by the interim nature of
the program. The specific questions are: 1) By how much have trees planted through the
PLC program reduced energy use?; 2) By how much have trees planted through the PLC
program reduced stormwater runoff?; 3) By how much have air pollutants been reduced
by trees planted through the PLC program?; 4) How much carbon has been sequestered
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as a result of trees planted through the PLC program?; and 5) How do the environmental
benefits differ between lots that remain green for an extended period of time and those
that are only green for a short time?
Social Justice Goals and Questions
The social justice aims of the research are to assess the impact of PLC on
equitable distribution of greenspace access. Philadelphia’s sustainability plan,
Greenworks Philadelphia, outlines a goal of increasing the proportion of Philadelphia
residents living within ½ mile of a greenspace to 75% through the establishment of 500
acres of new greenspace by 2015 (City of Philadelphia, 2009). While PLC lots may not
be long-term greenspaces, nor are they necessarily used in the same manner as official
parks, the fact that many greenspace benefits are accrued at the neighborhood level and
do not necessarily require direct use to be felt by community members, such as health and
crime reduction benefits, combined with the fact that park planning and implementation
is often a lengthy process, suggests that the PLC program may be a viable short-term
strategy for increasing greenspace access. To be clear, my argument here is not that PLC
lots take the place of parks, but that they may provide many of the non-use benefits of
parks, including increased property values and improved health, and thus may be seen as
an interim means of increasing greenspace access to underserved populations. Since the
program’s inception, approximately 10% of PLC lots have been developed (Jost, 2010),
suggesting that many lots may be reasonably expected to remain green for some time.
Furthermore, the fact that the largest concentrations of vacant land are in poor
communities suggests that it may be particularly useful in providing access to
traditionally underserved populations. The specific social justice question being tested
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here is whether or not the PLC program has increased greenspace access for underserved
residents. This question is ultimately broken down into three questions as I explore three
different means of measuring access to greenspace.
Overall Objective
The overall objective of this dissertation is to compare and combine the findings
on these three sets of questions to assess the contribution of PLC to both sustainability
and revitalization. This endeavor is built on three broad hypotheses. First, that the PLC
program will have positive benefits along all three dimensions of sustainability. Second,
that PLC will contribute to neighborhood revitalization efforts. And third, that these
benefits may not be felt equally in all neighborhoods and that there may be tradeoffs
between them with important implications for program implementation. These three
hypotheses will be discussed in more detail as the results of the individual assessments
are synthesized and policy implications explored.
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CHAPTER 4
ECONOMIC IMPACTS OF THE PLC PROGRAM

Introduction
This chapter assesses the economic benefits of the PLC program, operationalized
via property values for surrounding homes. In particular, it addresses two hypotheses:
first, that greening lots through the PLC program increases the value of surrounding
properties; and second, that these impacts will exhibit spatial nonstationarity. To do this,
I compare the difference in property values before and after greening for areas
surrounding PLC lots to the difference in property values before and after greening for
areas surrounding a set of un-greened control lots. I then use a variety of approaches to
assess spatial nonstationarity and use those results to explore potential reasons why PLC
might positively impact some neighborhoods but not others.
Data
The analysis relies on four primary data sets: locations of PLC lots (lots in the
PLC program that have been greened), locations of control lots (vacant lots that have not
been greened), residential real estate sales data, and a real estate market typology for
areas of the city. A database of all PLC lots was provided by the Pennsylvania
Horticultural Society. PLC lots are tracked both as individual parcel addresses and as
projects, through which contiguous and nearby parcels are combined for treatment and
maintenance. When projects consist of non-contiguous parcels, they are generally
immediately across the street or just down the block from each other. This database
contains 747 projects consisting of 3,297 parcels that were initially treated between 1999
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and 2006. The average project was 5,875 square feet and contained 4.4 parcels. Of these
projects, 39 became inactive due to development or other reasons by 2007. Because it is
impossible to distinguish effects of greening two adjacent parcels, the unit of analysis,
hereafter referred to as a PLC lot, is the project.
I use a set of untreated (i.e. non-PLC) vacant lots as a control data set to compare
to the PLC lots in order to estimate the effect of greening on property values. The
database of potential control lots was derived from a 2010 database of vacant land from
the City of Philadelphia Board of Revision of Taxes (BRT). BRT maintains a database of
property assessments for all parcels in the city, including a designation of building type
or land use. Any vacant parcels that were treated in PLC were removed from the pool of
potential controls. The database of vacant lots consists of 38,341 vacant residential
parcels located throughout the city. Because the unit of analysis for PLC lots is the
project, the vacant parcels were dissolved based on adjacency to create 17,471 potential
control vacant lots consisting of 2.2 parcels on average with an average size of 13,350
square feet.
The residential sales dataset was acquired from the University of Pennsylvania’s
Cartographic Modeling Lab from records kept by the BRT. The data set consisted of a
point-file of all residential sales between 1999 and 2007 with sale values of $1,000 or
greater. The property data included the year of sale, purchase price, purchase price
adjusted for inflation to 2007 dollars, and property square footage.
The real estate market typology data were derived from the Market Value
Analysis (MVA) developed by The Reinvestment Fund (TRF), a Philadelphia-based
Community Development Financial Institution, in 2008. The MVA applied cluster
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analysis to a variety of housing, transportation, and economic variables to identify parts
of the city with similar housing market characteristics as a means of targeting
redevelopment investments. The final result was a census block group -level designation
of residential areas ranging along a scale from 1.0 to 9.5, where lower and higher values
indicate distress and health in the housing market, respectively. Block groups were then
classified into categories such as distressed, transitional, or steady (other categories, such
as ‘regional choice,’ contained only a handful of vacant lots and so were not relevant to
the present analysis). The real estate market typology was used to address the vast
differences in real estate markets experienced by neighborhoods across the city, which
might also be expected to affect changes in property values.
Methods
The Differences-in-differences Approach
While the majority of studies of greenspace and property values described above
use hedonic modeling approaches (e.g. Chen & Jim, 2010; Præstholm et al., 2002; Troy
& Grove, 2008; Wachter, 2004), here I use a difference-in-differences modeling
approach. Hedonic modeling provides an indirect measure of the value of an amenity (in
this case a park or greenspace) by measuring the prices of properties near that amenity
and comparing them to the prices of similar properties not near that amenity (Rosen,
1974). The difference-in-differences approach, by contrast, investigates whether an
intervention influences an outcome over time by comparing observed differences in a
case sample that receives the intervention to observed differences in a control sample that
does not; or, in other words, is there a difference in an outcome due to a hypothesized
treatment over a difference in time. This enables isolation of the treatment effect above
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and beyond any difference that would have been expected regardless of the treatment,
such as the influence of new government programs or appreciation over time (Meyer,
1995). Because it relies on direct before and after measures at the same site rather than
relying on modeling differences between sites, the difference-in-differences approach
provides a more direct measure of the added value attributable to greening efforts than
that provided by more frequently used hedonic modeling techniques. The difference-indifferences approach has been used to explore changes in property values associated with
establishment of community gardens (Voicu & Been, 2008) and tree-planting initiatives
(Wachter & Wong, 2008), and has been recently used to measure changes in crime and
health outcomes resulting from the PLC program in Philadelphia (Branas et al., 2011).
The availability of data on the specific timing of PLC lot greening makes the differencein-differences approach possible for this analysis.
Control Lot Selection
Selection of appropriate control lots is a primary concern for this analysis, as the
control lots are used to represent what would have been expected to occur in the absence
of the PLC program. As noted in Chapter 3, PLC lots were not chosen at random, and
thus it is imperative that control lots mimic selection of PLC lots as closely as possible.
Though there are no official PLC target area boundaries, the PLC program is intended to
focus on economically depressed neighborhoods with high levels of vacancy. Lots were
also more likely to be chosen for greening when they were in close proximity to a school
or commercial corridor. The Pennsylvania Horticultural Society, which manages the
PLC program, often worked with local neighborhood groups to identify lots that
neighbors wanted to see treated, and occasionally politicians advocated for the selection
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of specific lots. Though it was previously noted that privately-owned lots must have
open violations to be treated, due to difficulties in accessing citation data, this specific
criterion was not considered in this analysis. It is also worth noting with regard to the
code violations that Branas et al. (2011), in measuring crime and health impacts of PLC,
found similar results when using open violations as control criteria as when using
proximity to schools and commercial corridors.
I used three criteria to narrow the universe of vacant lots in the city to a set of
potential control lots: proximity to schools and commercial corridors, size, and proximity
to PLC lots. Only lots located within 500 feet of either a school or a commercial corridor
were considered as potential control lots. As noted above, PLC lots were chosen
primarily as groups of parcels, though occasionally single parcels were treated as
individual projects, and thus PLC projects range in size from 569 square feet to 63,554
square feet. The universe of all vacant lots, after dissolving based on adjacency,
displayed a much larger range of sizes, with some quite large in comparison to the largest
PLC lots. The size range for all vacant lots was 29 to 11,685,329 square feet. As an
extremely large vacant parcel might be expected to have a different impact than a smaller
parcel, all vacant parcels with sizes outside of the range of sizes of PLC lots were
eliminated from candidacy to serve as control lots.
Because the PLC program focused on areas of the city with high vacancy, there
are many vacant lots that were not treated but are in close proximity to PLC lots.
However, given that the focus of the research is to test for influence of PLC lots on
surrounding properties, it does not make sense to use nearby lots as controls, as closer
lots might still be expected to show a change in surrounding property values based on
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their proximity to lots that were treated. That being said, it was also important to select
control lots that were in similar neighborhoods to PLC lots, so it also does not make
sense to choose control lots far away from (and thus in potentially different community
types) the PLC lot with which they were intended to provide a comparison. To minimize
overlap with PLC areas of influence, potential controls were restricted to those lots
located more than 250 feet from the closest PLC lot. This ensures that control lots are at
least a half city block away from their matched PLC lot, and thus not within the
immediate view of greened lots. Using these three criteria, the pool of potential controls
was reduced to 7,836 lots. The desire for similar neighborhoods was based not on a strict
distance maximum but on matching to other neighborhood factors, as described below.
From this universe of potential control lots, controls were matched 3 to 1 to PLC
lots based on two additional criteria: sections of the city and real estate market typology.
These criteria were designed to ensure that control lots represented as closely as possible
the same type of neighborhoods as PLC lots. Sections of the city were designated based
on the Philadelphia City Planning Commission’s Neighborhood Planning Districts, which
break the city into 18 neighborhoods, of which 12 contain at least one PLC lot.

To the

extent possible, PLC lots were matched to control lots within the same planning district
and with the same TRF market typology score. Due to these spatial and economic
criteria used to select control lots, and because of the use of sampling without
replacement within a finite pool of candidate control lots, there were occasions when
there were not enough control lots to match to every PLC lot. In these instances controls
were selected in neighboring planning districts (this was the case for southwest
Philadelphia, where PLC lots were in fact clustered close to the border with the
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University/Southwest District), or selected randomly from other districts based on market
score (this was the case with South Philadelphia, where the closest neighborhood district
did not have enough controls in the same market type). See Table 4.1 for descriptive
statistics of PLC and control lots.

Table 4.1. Descriptive statistics of PLC and control lots
___________________________________________________________________
PLC Lots
Number

747

Parcels per lot

Mean
S.D.

Size (ft2)

Mean
S.D.

Distance from the nearest
PLC lot (ft)

Mean
S.D.

4.41
4.98
5,875
6,911

Control Lots
2,241
2.22
2.81
3,237
5,145
757
935

TRF MVA

Mean
1.76
1.77
S.D.
1.08
1.07
___________________________________________________________________

Model Specification
To address my first hypothesis, I am interested in whether there is a difference in
residential property values due to greening between the pre- and post-greening time
periods. The difference-in-differences model for the analysis is thus specified as
lnPit = β0 + β1PLCi + β2POSTit + β3POSTPLCit + β4MVAi + β5Si + β6Yt + εit
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where lnPit is natural log of the average price per square foot of residential real estate
near a vacant lot i at time t; PLCi is a dummy variable set to 1 if lot i is part of PLC or 0 if
it is not; POSTit is a dummy variable set to 1 if time t is post greening for lot i (for a
control lot, this is set to 1 when the associated treated lot is greened); POSTPLCit (i.e. the
interaction term defined as PLC times POST) is a dummy variable set to 1 if lot i is in
PLC and time t is post-greening; MVAi is a variable encoding the MVA real estate market
index value of lot i; Si is a fixed-effects variable for the Neighborhood Planning District
of the city of lot i; Yt is a fixed-effects variable for year to account for temporal effects; εit
is an error term; and β terms are the coefficients to be estimated by the model.
To calculate P, each lot was assigned an annual average sale value per square foot
based on inverse distance weighting of up to fifteen of the closest sales within 500 feet,
extending the neighborhood where necessary to ensure that at least 10 sales were
included in each calculation. I used price per square foot rather than price to account for
differences in predominant housing size across the city. I used the natural log of Pit as the
raw price data was highly skewed. Because inverse distance weighting is sensitive to
outliers, I removed any sale that was more than 2 standard deviations above the mean sale
value within its census tract. Other outliers were removed based on creation of unusual
spikes in the inverse distance weighted surfaces – often these were either obvious data
errors (due to an anomalously large or small square footage in comparison to surrounding
properties) or instances in which multiple properties apparently sold in a single
transaction were recorded as each individually selling for the combined price. In any
given year, fewer than 3% of sales points were removed from the analysis.
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In interpreting the results of the difference-in-differences model I am particularly
interested in the sign and significance of the interaction term POSTPLC. A significant
coefficient of POSTPLC would indicate that the influence of the time change from pre- to
post-greening on nearby residential property values is moderated by whether a vacant lot
is in the PLC program. Clearly, I expect that property values nearby control lots would
not be affected by the time change from pre- to post-greening, as they were not greened;
whereas I expect that PLC lots will exhibit a significant change in nearby property values
from pre- to post-greening. Thus, a significant and positive POSTPLC coefficient would
indicate that the PLC program does indeed raise nearby residential property values.
Testing for Spatial Nonstationarity
Per my second hypothesis, I am also concerned that the impact of the PLC
program on residential property values may vary by location across the city. Such spatial
variation may occur because the economic conditions may be different in one
neighborhood as compared to another neighborhood, which may affect the potential
impact of the PLC program. For example, some PLC neighborhoods have very little
development activity, others have activity primarily carried out by non-profit developers
using subsidies, and still others have private development or a mixture of development
types. The differences in real estate markets and pressures in these neighborhoods may
cause PLC to have different effects. Additionally, access to the central business district
or other amenities may moderate the influence of the PLC on property values, as might,
as might neighborhood demographics or crime. Such spatial variation in the relationship
among independent and dependent variables may be considered spatial nonstationarity
(Fotheringham, Brunsdon, & Charlton, 2002). Here, I test for spatial nonstationarity
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using three approaches.
In the first approach, I ran the difference-in-differences model independently for
different regions of the city. Ultimately, this took two different forms. First, I used the
official Neighborhood Planning District boundaries used by the Philadelphia City
Planning Commission (Figure 4.1). Because official neighborhood boundaries may not
reflect actual neighborhood dynamics I also used a form of the Neighborhood Planning
Districts which I modified by aggregating certain planning districts together and breaking
others apart to create a new, smaller set of city sections (7 as opposed to 18, see Figure
4.2) – this was based in part on the results of the geographically weighted regression
model, which is described in more detail below. The difference-in-differences model was
then run for each region independently, excluding the term Si encoding the Neighborhood
Planning District. Spatial nonstationarity is evident if a significant impact of the PLC
program on property values is found in one section of the city but not another, or if the
effect is found to be different (either in direction or in the size of the effect) in different
regions.
The second approach is analogous to the first but instead of using spatial data
derived from the Neighborhood Planning District boundaries I use the market typology
categories from the TRF MVA. Here, I consider that the impact of the PLC program on
property values may differ by neighborhood real estate market conditions, as an indicator
of neighborhood economic status. It is often the case that real estate trends differ
significantly between city sections as opposed to trending similarly but with different
start points (Galster, Temkin, Walker, & Sawyer, 2004), thus comparing results for
different market types may reveal differing influences on market dynamics. For this
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Figure 4.1 Official Neighborhood Planning District boundaries
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Figure 4.2 Modified Section Boundaries
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purpose I use the three primary market categories as defined by TRF MVA: distressed
regions (TRF scores 1-2.5), transitional regions (TRF scores 3.0-4.5), and steady regions
(TRF scores 5.0-6.5). Note that unlike the first approach, where each Neighborhood
Planning District-derived region embodied a single contiguous area of the city, each
MVA region can encompass several non-contiguous areas. A separate difference-indifferences model was then applied to each of the three MVA regions independently.
The third approach to investigating spatial nonstationarity employed
geographically weighted regression (GWR). The key difference between GWR and the
models described above is that it assumes that the variables influencing the dependent
variable – sales prices in this case – may influence it differently in different locations.
While each of the previous models assumes a stable relationship between variables across
the area being studied (the whole city or city region in the earlier models), in GWR a
separate regression equation is calculated for each observation in the data set, based on a
specified neighborhood surrounding each observation (Fotheringham et al., 2002). This
means that a different regression coefficient is calculated at each location, enabling the
modeling of a spatially nonstationary relationship – one in which the influence of the
independent variable varies depending on the location being studied. The GWR model
can be expressed as
yi = β 0 (ui, vi) + Σ βk(ui, vi)xk + εi
where y is the value of the dependent variable to be estimated, (ui, vi) represents the
planimetric coordinate (i.e. x,y) location of i, xk is the kth independent variable. The
weighting function used in GWR is meant to create a Gaussian weight-distance surface
over the study space, with values approaching one nearby observation i and values
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moving toward zero farther from observation i. For this analysis, GWR models were
calculated using half mile, one mile and two mile bandwidths. I used three different
bandwidths simply to ensure that the results are consistent across bandwidths and are not
an artifact of a specific bandwidth setting.
Results
Table 4.2 reports the results of the global difference-in-differences model. Of
particular interested here is the POSTPLC variable, the interaction term that captures the
difference in the influence of pre- and post-greening on property values between PLC and
control lots. The POSTPLC variable is positive and significant, providing evidence that
the PLC program does indeed raise nearby residential property values. Also of note, the
PLC variable coefficient is negative and significant, indicating that residential property
values nearby PLC lots tend to be lower as compared to property values nearby control
lots. The POST variable is not significant, indicating that, after accounting for the
influence of the presence of the PLC program and global patterns of property
appreciation by year, residential property values did not change significantly from prior
to greening as compared to after.
The analyses of spatial nonstationarity suggest that the effect of the PLC program
on residential property values differs according to location. The results of the differencein-differences model as applied independently to each of the twelve Neighborhood
Planning Districts containing PLC lots and the seven modified Neighborhood Planning
District regions of the city are reported in Tables 4.3 and 4.4. Results of the first model
indicate that POSTPLC is significant and positive in only three sections: Lower
Southwest, University City/Southwest, and West Park, while the modified neighborhoods
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Table 4.2 Coefficients of the global difference-in-differences model
___________________________________________________________________
Independent Variable

Coefficient

t-value

PLC

-.084***

-8.729

POST

-.013

POSTPLC

.056**

-.987
3.100

___________________________________________________________________
N=26,608; R2 = .415; * p<0.05; **p<0.01, ***p<0.001

indicate that the POSTPLC variable is also significant in three regions: the Eastern North,
West, and Southwest regions. While the West and Southwest results are consistent with
the results of the original planning districts, the Eastern North results are different. For
each of these three regions, the PLC program raised residential property values.
Interestingly, the magnitude of the effect is substantially higher for the Southwest and
markedly less so in the Eastern North. No significant effect of the PLC program was
detected for the other regions of the city.
Table 4.5 reports the results of the difference-in-differences model applied
independently to each of the three TRF MVA market typology categories: distressed,
transitional, and steady regions. Interestingly, only in the model for the distressed
regions was the PG variable significant. In distressed regions of the city, the PLC
program had a positive impact on nearby property values. However, this positive effect
was not observed in other, non-distressed regions of the city. I further investigated this
finding by focusing solely on lots in the distressed region, by running separate difference-
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Table 4.3. Coefficients of the Neighborhood Planning District difference-in-differences
models
________________________________________________________________________
Region

N

Central

293

PLC

POST

POSTPLC

R2

-.204*

.022

-.007

.525

11756

-.012

-.032

-.032

.370

Lower Northeast

284

-.028

-.103

-.005

.423

Lower Southwest

729

-.681***

-.616*

Lower North

North
River Wards
South

.616***

.373

3389

.067*

-.025

-.007

.238

917

-.406**

-.028

.153

.466

2180

-.002

.062

.032

.500

University/Southwest

666

-.127*

-.168*

.263*

.480

Upper North

323

-.171*

.092

.128

.584

Upper Northwest

1104

-.076*

-.006

.037

.383

West

3867

-.252***

.012

.075

.212

West Park

1100

-.275***

.041

.258**

.223

________________________________________________________________________
* p<0.05; **p<0.01, ***p<0.001
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Table 4.4. Coefficients of the difference-in-differences model for modified section
boundaries
________________________________________________________________________
Region

N

Eastern North

6,612

Lower Northeast

590

PLC

POST

POSTPLC

R2

-.193***

.021

.080*

.411

-.037

.031

.035

.461

Northwest

2,685

-.121***

-.408

.049

.468

West

5,165

-.28***

-.07*

.145***

.242

Western North

8,063

.052**

-.04

South

2,296

-.011

Southwest

1,197

-.441***

.147**
-.140

-.067

.356

.019

.519

.456***

.297

________________________________________________________________________
* p<0.05; **p<0.01, ***p<0.001

in-differences models on lots with a MVA score of 1.0-1.5 (highly distressed) and 2.0-2.5
(moderately distressed). Results indicate that the positive effect of the PLC program on
nearby residential property values is present in moderately distressed regions but not in
highly distressed regions.
Mapped results of the GWR analysis illustrate the parts of the city where the
effect of the PLC program is relatively strong or weak. Figure 4.3 shows a map of the
PLC and control lots, where lots that have a significant and positive POSTPLC
coefficient are shown in large grey points, lots with significant and negative PG
coefficients are shown in small dark points, and the other lots are shown as smaller gray
points. Because the GWR results were largely consistent across the three different
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Table 4.5. Coefficients of the difference-in-differences model for different Market Value
Analysis (MVA) regions
________________________________________________________________________
Region
Distressed
Transitional
Steady
Highly Distressed
Moderately Distressed

POSTPLC

R2

.070***

.360

.06

.028

.427

.076

.004

.479

-.054**

.012

.294

-.034

.208***

.348

N

PLC

POST

22,106

-.075***

-.062***

3,773

-.135***

515

-.147

15,336

-.004
-.226***

6,770

________________________________________________________________________
* p<0.05; **p<0.01, ***p<0.001

bandwidth settings, only the result for the GWR model using a one mile bandwidth is
mapped here. The map is overlain with the modified planning district boundaries for
orientation. The GWR results are naturally consistent with the results indicated by the
analysis of spatial nonstationarity by modified Neighborhood Planning District regions
(Table 4.4), where clusters of lots with positive and significant PG coefficients are
located within the Southwest, West, and Eastern North regions. However, the GWR also
shows clusters of lots with positive and significant PG coefficients in portions of the
South and Western North regions, as well as a small band of negative and significant PG
coefficients in Western North Philadelphia.
Discussion
This study provides evidence that the PLC program did indeed raise nearby
residential property values in Philadelphia. Thus, it confirms the results of previous
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Figure 4.3. Geographically weighted regression results for 1 mile bandwidth
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studies of the PLC program that were more limited in scope ( Wachter, 2004; Wachter &
Gillen, 2006). These findings are also consistent with previous studies that focused on
the impacts of parks and community gardens on housing values, where proximity to parks
and gardens is associated with higher property valuation (Conway et al., 2008; Voicu &
Been, 2008). One potential explanation is that the mechanism by which the PLC
program influences nearby property values operates similarly to that of parks and
community gardens, where such features are considered amenities that can be used for
recreation or are aesthetically pleasing, and thus incorporated into the price of a house.
Another possibility is that property values may increase due to the removal of blight
assocated with an unimproved vacant lot that is often littered with trash and covered by
unmanaged vegetation. Such visual signals of decay and blight suggest weak social
control over the environment, and the role of the PLC program in simply reaffirming the
visual indicators that signal a well-cared for and managed property may act to increase
property valuation (Wachter & Wong, 2008). The exact mechanism whereby PLC leads
to increased property values was not explored in this research.
My results are also consistent with previous studies that have found that the
influence of parks and greenspaces on property values may be moderated by the character
of the park or neighborhood, and thus may vary from place to place (Li, 2010; Troy &
Grove, 2008). My analyses of spatial nonstationarity suggest that residential property
values were influenced by the PLC program only in certain regions of the city, and
among those regions in which the influence was detected, the magnitude of the influence
varied substantially. There may be a variety of reasons for the variation in the strength of
the effect of the PLC program but some evidence is provided by the difference-in74

differences models run independently on the different TRF market typology categories.
These results suggest that it is primarily within distressed neighborhoods that the effect of
the PLC program is felt. Indeed, in healthy real estate market neighborhoods, which are
coincident with higher socioeconomic status, the impact of the PLC program on property
values was not detected. Similarly, in areas of very high concentrated poverty, with
attendant social problems of unemployment and crime, the PLC program, by itself, may
not be enough to entice more potential home buyers or developers, and thus the influence
of the program on property values will be effectively nil. These findings may have
significant implications for future policy decisions with regard to PLC or similar
programs, and these are discussed in more detail in chapter 7.
Interestingly, however, when the distressed category was broken down into highly
and moderately distressed neighborhoods, I found that it was the lots in moderately
distressed neighborhoods that were driving the relationship between the PLC program
and property value increase. A closer look at this mechanism is illustrated by focusing on
the GWR analysis, which shows greater spatial detail in the variation of the significance
and magnitude of the effect of the PLC program as compared to the analysis of modified
Neighborhood Planning Districts. For instance, while South Philadelphia as a whole did
not show a significant effect of the PLC program at the Neighborhood Planning District
level, the GWR analysis shows the positive influence of the PLC program on property
values for certain South Philadelphia neighborhoods within the South region. Figure 4.4
provides a close-up map view, similar to Figure 4.3 but ‘zoomed in’ to these particular
neighborhoods (Point Breeze, Grays Ferry, and Girard Estates), where the neighborhood
boundaries are superimposed for visual reference.
75

Figure 4.4. Close-up of South Philadelphia GWR results

One can see from Figure 4.4 that a significant and positive effect of the PLC
program is evident for Grays Ferry and Girard Estates, as well as the southwestern
portion of Point Breeze that lies adjacent to these two neighborhoods, but not for the
remainder of Point Breeze. Notably, the Point Breeze neighborhood has for years been
one of the poorest in Philadelphia, and in the decades leading up to 2000 saw substantial
housing abandonment due to depopulation. During this time the neighborhood was
almost exclusively African American, with a very high crime rate as compared to the
remainder of the city. Since 2000, however, Point Breeze has been the center
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of some controversy over gentrification and new development, responding in part to
significant demographic changes over the past decade, while Grays Ferry and Girard
Estates have not (Graham, 2011; Gregory, 2011). Grays Ferry, though also home to
many of the city’s poor, is more racially diverse, has a lower crime rate, and has not
undergone substantial gentrification. Girard Estates is also more racially diverse than
Point Breeze, with substantially less abandoned housing, and a pocket of relatively
wealthy residents living in large, well-maintained homes in the southern portion of the
neighborhood.
It may be the case that in neighborhoods such as Point Breeze, the effect of the
PLC program on residential housing values was simply swamped by other,
neighborhood-level effects on property values. While the lack of impact from PLC may
reflect the long-term disinvestment in Point Breeze, it may also reflect the current
gentrification pressures. My thought here is that in neighborhoods undergoing
gentrification, where home prices have remained very low for a long time but are rising
rapidly due to the presence of wealthier home-buying migrants from other
neighborhoods, as well as developers, and where purchases by developers in particular
may be driven more by hopes of an improved future than by current physical conditions,
the influence of the PLC program won’t be detected because home prices across the
entire neighborhood will be on the rise. Thus, it is likely that the influence of the PLC
program will be felt most keenly not only in disadvantaged neighborhoods (where vacant
lots tend to predominate generally), but also where other dynamic influences on
residential property values, such as very high concentrated poverty and/or gentrification,
tend to be relatively moderate.
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The significant findings in Southwest and Eastern North Philadelphia may hint at
other program factors that might influence the impact of greening programs on
surrounding property values. Eastern North Philadelphia was the site of pilot PLC
projects prior to city-wide adoption of the program. The average year of greening of the
166 PLC lots in Eastern North Philadelphia is more than a year earlier than the average
year of greening of lots in other areas of the city (2003 vs. 2004). I believe this may
affect the influence of PLC in two different ways. First, it is possible that the positive
influence of PLC is felt more strongly with time. Second, it is also possible that the
longer tenure of the program in this neighborhood corresponds to a larger overall
percentage of lots being treated, which may increase the impact of the program.
This second interpretation may be supported by the results in Southwest
Philadelphia. The program was more recently implemented there (the average year of
treatment is 2005), but also more concentrated. By the end of the study, PLC lots in
Southwest Philadelphia had on average 41% of their surrounding vacant land (lots within
500 feet of the PLC Lot) also treated. By contrast, the analogous percentage for PLC lots
in Eastern North Philadelphia was 31%, whereas in Western North Philadelphia and
Northwest Philadelphia, the percentage of vacant lots nearby PLC lots that were also
treated was only 19%. This strongly suggests that factors related to implementation of
PLC, particularly the concentration of treated lots, may influence the program’s ultimate
impact on surrounding property values.
Surprisingly, the GWR results also show two small areas of significant negative
coefficients for POSTPLC. While these are more difficult to explain from a theoretical
standpoint, they may represent areas where the presence of PLC lots was seen as an
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indicator of a blighted neighborhood. The largest such area, just east of Girard College,
is an area that has seen an influx of college students from Temple University, which may
be impacting real estate values, again highlighting the potential for other neighborhood
dynamics to influence the effects of greening.
Conclusion
This analysis is, of course, not without limitations. First, the matching of control
lots to PLC lots was challenging. The choice of 250 ft buffer ‘rings’ to select candidate
control lots was somewhat arbitrary. Recall that these buffer parameters were selected to
identify control lots that were not so close to their respective PLC lots that they
themselves would be within the range of influence of PLC greening, but would still be
close enough to be considered residing in a similar urban environment to act as a control
case. It should also be noted that the use of this buffer means that PLC lots are clustered
in comparison to control lots. While this is done by necessity to prevent diffusion of
treatment, it also open the possibility of greater sensitivity to the effects of other
neighborhood developments, such that any newly developed portion of a neighborhood
may be closer to either PLC or control lots and thus influence results. I am at this point
unsure of the sensitivity of the results to this specific buffer parameterization. And
despite the fact that each PLC lot and its respective control lots were forced to reside in
the same TRF MVA category, substantial differences persisted between control and PLC
lots. PLC lots tended to be larger than control lots (Table 1), and the model results
indicate that PLC lots tended to have lower nearby residential property values as
compared to control lots (Table 2).
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It is notable that the process by which vacant lots are chosen for greening is not
random. As noted above, although lots are sometimes chosen for greening because of
their proximity to schools or commercial corridors, there are no explicit or published
criteria by which lots are selected for greening, other than the general guidelines
described above. Indeed, the process of lot choice for the PLC program is both
subjective and political in nature, carried out by a combination of program staff,
neighborhood residents, community and political leaders, which problematizes the
quantification and operationalization of the criteria for lot choice within a statistical
analysis. This latent mechanism of lot choice can not only be considered a potential
missing variable in the difference-in-differences model that may partially explain the
influence of greening on nearby property values, but also would be useful in choosing
appropriate control lots. That said, the specification of the model is intended to account
for the differences between the PLC and control lots – my hypothesis is related to the
moderating effect as expressed by the POSTPLC interaction term. Nonetheless, ideally it
would be best to have case (i.e. PLC) and control groups of lots that are indistinguishable,
apart from inclusion in the PLC program.
In addition, while the use of the TRF MVA data proved useful in investigating the
influence of the PLC program within different real estate market regimes, it is important
to note the these data are from 2008, dating to immediately after the time frame of the
housing sales data used in the analysis (1999-2007). It would be helpful to know the
TRF MVA category at the beginning of the time frame of analysis. It is possible, for
instance, that the neighborhoods in which the PLC program increased property values
were actually coded as lower on the MVA scale at the beginning of the study, and the
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PLC program actually caused the real estate market in those neighborhoods to become
healthier. Such a finding might suggest that the PLC program provides a strong
complement to other factors, such as access to transportation, that improve real estate
markets.
It is also worth noting that the lack of a significant finding of the effect of the
PLC program for a particular region (i.e. in any of the local models) is not definitive
evidence that the PLC program had no impact. Given that control lots were restricted to
a distance of 250 feet while property values were measured within 500 feet, some
diffusion of treatment is to be expected, and the model results should thus be interpreted
as conservative. It is possible that in these areas its impact was simply smaller and thus
not a large enough difference to be detected or that it was more localized and not detected
at the scale of this study.
In future research, I intend to incorporate other possible effects on changes in
residential property values, such as the demographic and crime characteristics of
neighborhoods. Though I sought to address these neighborhood-level influences
generally using fixed-effects within the difference-in-differences model, it would be
helpful to operationalize these theorized influences in the model in a specified manner.
As noted above, such characteristics may also serve to moderate the effect of the PLC
program, as crime, for example, has been found to do with the influence of parks on
property values (Troy & Grove, 2008). It may also be useful to consider both overall
amounts of vacant land and the concentration of PLC lots. In planning for the PLC
program, the Pennsylvania Horticultural Society tries to select larger spaces in the hopes
that they will have a greater impact. It seems reasonable that PLC might also have a
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greater impact in areas where a larger percentage of lots have been treated in comparison
to areas where they make up a small minority of vacant land. Another related factor to
consider lies in how the PLC program is implemented in different locations. The
Pennsylvania Horticultural Society manages the PLC program city-wide, but works with
many different community groups and subcontractors on actual implementation. It may
be that the strengths and weaknesses of those community partners also contribute to
whether or not the PLC program has a measurable impact.
These limitations and future research questions suggest that much work on
understanding the impact of vacant land greening programs on urban development
remains. However, the results of the present analysis lend substantial support to the use
and efficacy of urban vacant land greening programs. I find that an increase in residential
home prices is observed nearby greened vacant lots as compared to homes nearby vacant
lots that have not been greened. Though these results also suggest that the positive
influence of greening programs may be limited to certain neighborhoods with particular
socioeconomic preconditions, such findings should certainly be encouraging to municipal
governments of cities like Philadelphia, where the management of blight and vacant land
presents serious challenges to the ongoing economic vitality and livability of the city.
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CHAPTER 5
ENVIRONMENTAL IMPACTS OF THE PLC PROGRAM

This chapter outlines my approach to modeling environmental benefits of trees
planted through the PLC program. While greenspaces provide a wide range of
environmental benefits, as described in detail in chapter 2, I focus here on benefits
provided by the trees planted as part of the PLC program, with a particular focus on
reductions in energy use, stormwater runoff mitigation through interception, reduction in
air pollution through both deposition and avoidance of emissions, and CO2 mitigation
through both sequestration and avoidance of emissions. The focus on trees rather than
other potential environmental impacts was driven largely by data availability.
Data
This analysis relies on PLC records provided by the Pennsylvania Horticultural
Society (PHS). Since the program’s inception, PHS has tracked the number of trees
planted on each greened vacant lot. The number of trees planted has varied considerably
from year to year and lot to lot. Table 5.1 provides details on the total trees planted each
year. Because the PLC database did not track tree plantings by species, planting data
was supplemented by species-level information on trees ordered for PLC planting starting
in 2005. Between the years 2000 and 2010, 3,383 trees were planted as part of the PLC
program.
Methods
The basic approach is to model tree growth and mortality based on the initial
planting records. Those models of growth and mortality are then used to create PLC tree
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Table 5.1. Trees planted in PLC lots.
________________________________________________________________________
Year

Number of trees

2000

83

2001

116

2002

68

2003

277

2004

400

2005

420

2006

509

2007

611

2008

601

2009

65

2010

233

________________________________________________________________________
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inventories for each year from 2000 through 2010. Environmental benefits from the trees
are then derived for each year using the USDA Forest Service i-Tree software tools to
calculate energy reduction, air pollution removal, carbon sequestration, and stormwater
runoff reduction.
Tree species composition
PLC trees planted starting in 2005 were tracked by PHS based on species, while
prior to 2005 information is available only for number of trees planted. Because
quantification of benefits requires some amount of information on tree types, post 2005
plantings were used as a model for depicting species types used in prior plantings. For
using the i-Tree model (details of which are provided below), individual trees must be
identified if not by species then by type such as broadleaf deciduous large. I used the
2005-2010 tree species data to determine the overall tree type distribution. All tree
species fit into three types – broadleaf deciduous small, medium, and large (BDS, BDM,
and BDL, respectively). Overall, 45.2% of trees planted between 2005 and 2010 were
BDL, 31.4% BDM, and 23.4% BDS. I used these percentages to assign types to trees
planted between 2000 and 2004, thus trees planted between 2000 and 2004 were modeled
not by specific species but by assumed type. Each tree was then individually modeled for
growth and mortality over the ensuing study years.
Modeling tree mortality
Not every tree that is planted survives, and urban tree mortality rates can vary
based on tree size and age and the land use type on which the tree is planted (McPherson
et al., 2007; Nowak, Kuroda, & Crane, 2004). A recent meta-analysis of 16 studies of
street tree survival rates found that average mortality rates ranged from 3.5 to 5.1% per
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year while an accompanying field study of Philadelphia street trees found a 4.5%
mortality rate (Roman & Scatena, 2011). A US Forest Service survey of municipal
arborists in the Northeast region found that street tree mortality rates were reported at
2.8% per year for the first five years and dropped to .57% per year thereafter (McPherson
et al., 2007). A study of urban trees in Baltimore that included not only street trees but
also trees on other private and public property found an overall mortality rate of 6.6% per
year, with lower mortality on residential properties as compared to commercial and
industrial land uses and higher mortality for smaller trees as compared to larger trees
(Nowak et al., 2004). In the absence of any information on actual PLC tree survival
rates, I used the mortality figures from these three studies to model low, medium, and
high tree mortality rates for the purposes of modeling PLC tree survival. The low
mortality estimate used the Forest Service’s northeast tree study rates of 2.8% mortality
over five years and .57% mortality for later years (McPherson et al., 2007). The medium
mortality scenario employed the 4.5% mortality rate of the Philadelphia study (Roman &
Scatena, 2011). The high mortality rate used the size-based mortality estimates of the
Baltimore study, assigning annual mortality rates of 9% to trees smaller than 7.6 cm in
diameter at breast height (DBH) and 6.4% mortality to trees between 7.7 cm and 15.2 cm
in DBH (Nowak et al., 2004). For each year starting with its planting year, each tree was
assigned a random number between 0 and 1 and was considered to have survived that
year if the number was larger than the mortality rate estimate. For example, a newly
planted tree in the low mortality scenario was counted as surviving to the following year
if its randomly assigned number was greater than .028. Each tree is included in the
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inventory for the year in which it was planted and once a tree was modeled as having not
survived a year it was dropped from all subsequent years of the benefits analysis.
Modeling tree growth
While PHS did not keep exact records of tree sizes, all trees were ordered for
planting at a caliper size between 2 and 2.5 inches. While caliper size is not exactly the
same as DBH (it represents diameter at 1 foot in height as opposed to 4.5 feet for DBH),
it is the best estimate available for PLC trees at planting. Each tree was thus assumed as
planted with a DBH of 2 inches. Many factors influence tree growth rates including local
weather patterns and shading as well as the age of the tree – tree growth is not linear but
S-shaped, with low initial growth followed by higher rates of growth then low growth
late in life (McPherson et al., 2006, 2007). Philadelphia sits very close to the border of
the US Forest Services Northeast and Piedmont climate regions, and for its own estimates
of tree growth in studies of street trees in these regions, the US Forest Service took field
measurements and calculated estimated growth curves for trees in New York City and
Charlotte, NC to represent these regions, but did not publish the specifics of the growth
estimates (McPherson et al., 2006, 2007). The Forest Service has, however, published
growth rate estimates for street trees in Chicago, IL based on tree genera and size class
(Nowak, 1994), and these figures were used to estimate annual increases in DBH for PLC
trees.
Modeling environmental benefits
Environmental benefits were calculated using the US Forest Service’s i-Tree
Streets software package, formerly known as STRATUM. Released to the public in
2006, i-Tree Streets combines user-input tree inventory data with a series of scientific
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models developed by the Forest Service to estimate a range of environmental benefits
derived from street trees including reductions in energy use, air pollution mitigation,
carbon sequestration, and stormwater runoff reductions (McPherson, 2010). Each
inventory’s benefits are calculated based on the climate zone in which it is found, with
zone calculations being based on the conditions in a reference city. The Forest Service
recommends that cities that are near borders of climate regions or are for any reason
dissimilar to the reference city for the region in which they are located may be more
appropriately assigned to a different region based on similarity to its reference city
(McPherson, 2010). While Philadelphia is located within the Piedmont or South climate
zone, it is very near the border with the Northeast zone, and is closer in climate to New
York City, the Northeast reference city, than it is to Charlotte, NC, which serves as
reference city for the Piedmont region, so I used the Northeast region models for
calculating PLC benefits. The discussion below of i-Tree Streets methodologies is
derived from the US Forest Service’s Piedmont and Northeast Community Tree Guides,
which are indicated on the i-Tree Streets website to “describe the underlying research
methods and tree growth models used to develop benefit valuations of street trees within
the STRATUM application” (“i-Tree Archives,” n.d.)
Urban trees can reduce household energy use both directly through shading in
summer and acting as a windbreak in winter. They can also indirectly reduce energy use
through general climate effects that reduce temperatures in summer through both shading
and transpiration and act as general windbreaks in winter. While the direct effects are
generally stronger, they also depend on the location of trees relative to homes, and street
trees, such as those modeled by i-Tree Streets, are assumed to impact energy use
88

primarily through general climate effects (McPherson et al., 2006), and are reported as
separate calculations for reductions in electricity and natural gas use per year.
Reductions in stormwater runoff are modeled based on interception of rainfall by
leaves and increased infiltration of soil due to tree root structures. These calculations are
based on species, leaf and stem surface areas, foliage, and tree dimensions, and are
reported as gallons of rainfall intercepted annually.
Air pollution mitigation effects are modeled through direct uptake of pollutants by
trees and also indirect reductions in emissions from power plants as a result of decreased
energy use. The decreased energy effects are calculated based on regional utilities for
electricity and heating fuels. Pollutant uptake is calculated as hourly pollutant dry
deposition, a function of deposition velocity, canopy area, and pollutant concentration,
using pollutant concentrations for New York City from the US EPA. Trees can also
negatively impact air quality through the emission of biogenic volatile organic
compounds (BVOC’s), which were modeled using algorithms and base emission values
from peer reviewed research. (A full description of the modeling techniques used can be
found in McPherson et al., (2007), specific models were derived from Scott et al. (1995)
for direct uptake and Guenther, Monson, and Fall (1991) and Guenther, Zimmerman,
Harley, Monson, and Fall (1993) for BVOC emissions.)
Reductions in atmospheric carbon dioxide are measured in two ways: through
direct reductions as carbon dioxide is stored in tree biomass and through indirect
reductions related to decreased energy use. Reductions based on decreased energy use
are calculated based on the typical fuel mix used for energy generation in the Northeast
(McPherson et al., 2007). Trees can contribute to atmospheric carbon dioxide first
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through decomposition of existing biomass (after pruning, for example) and second
through emissions associated with tree maintenance, both of which are also modeled by iTree Streets.
Results
Of the 3,383 trees planted as part of the PLC program, the low mortality model
calculated 3,062 trees remained alive in 2010 while the high mortality model estimated a
2010 tree population of 2,404. Table 5.2 shows modeled tree population per year with
low, medium, and high mortality estimates.
Yearly reductions in household energy use started at a low of 0.7 MWh of
electricity and 337.3 th of natural gas in 2000 to a high of 43.4 MWh of electricity and
21,042.5 th of natural gas in the 2010 low mortality scenario. Overall, the low mortality
model estimates 176 MWh of electricity savings between 2000 and 2011 as a result of
PLC trees, while the high mortality model estimates 136.1 MWh. Total natural gas
savings were estimated at 87183.3 th in the low mortality model and 67,778 th in the high
mortality model. Table 5.3 indicates yearly energy savings modeled in each of the three
mortality scenarios.
Stormwater runoff reduction through interception over the 11-year period was
estimated between 1,501,309 gallons in the high mortality model and 1,959,098 gallons
in the low mortality model, with each year showing an increase in overall interception
amounts. Estimated rainfall interception figures for each year are displayed in Table 5.4.
Air pollution mitigation effects were stronger in pollution avoidance through
energy reductions than deposition, but ranged from net removal (deposition + avoidance
reductions – BVOC emissions) of 2865.9 lbs over 11 years in the high mortality model to
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Table 5.2. PLC tree population estimates for low, medium, and high mortality models
________________________________________________________________________
Year

Cumulative
planting to date

Low-mortality
population
estimate

Mediummortality
population
estimate

High-mortality
population
estimate

2000

83

83

83

83

2001

199

195

194

188

2002

267

260

259

238

2003

544

530

525

496

2004

944

921

908

853

2005

1,364

1,315

1,290

1,202

2006

1,873

1,790

1,738

1,590

2007

2,484

2,342

2,256

2,045

2008

3,085

2,887

2,757

2,471

2009

3,150

2,887

2,702

2,340

2010

3,383

3,062

2,813

2,404

________________________________________________________________________
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Table 5.3. Yearly estimated energy savings attributed to PLC trees
________________________________________________________________________
Year

Low
mortality
electricity
savings
(MWh)

Low
mortality
natural gas
savings
(therms)

Medium
mortality
electricity
savings
(MWh)

Medium
mortality
natural gas
savings
(therms)

High
mortality
electricity
savings
(MWh)

High
mortality
natural gas
savings
(therms)

2000

0.7

337.3

0.7

337.3

0.7

337.3

2001

1.6

798.9

1.6

796.8

1.5

771.2

2002

2.0

1,053.1

2.0

1,051.0

1.9

974.6

2003

4.2

2,140.1

4.1

2,120.6

3.9

2,023.5

2004

8.7

4,395.3

8.5

4,312.7

7.9

3,992.9

2005

12.6

6,351.5

12.2

6,162.4

10.9

5,536.8

2006

15.4

7,811.4

14.8

7,475.2

12.6

6,423.9

2007

21.9

10,960.5

20.5

10,251.6

17.1

8,603.6

2008

29.9

14,835.8

27.4

13,627.1

22.3

11,129.3

2009

35.6

17,456.9

32.1

15,748.6

26.1

12,824.8

2010

43.4

21,042.5

38.3

18,611.4

31.2

15,161.0

87,183.3

162.2

80,494.7

136.1

67,778.9

TOTAL

176

________________________________________________________________________
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Table 5.4. Yearly estimated rainfall interception by PLC trees
________________________________________________________________________
Year

Low-mortality
rainwater
interception
(gallons)

Medium-mortality
rainwater
interception
(gallons)

High-mortality
rainwater
interception
(gallons)

2000

3,933

3,933

3,933

2001

9,292

9,242

8,958

2002

12,342

12,292

11,321

2003

14,195

24,844

23,563

2004

64,234

62,903

55,932

2005

109,967

105,806

91,510

2006

145,112

137,729

115,406

2007

235,745

220,150

184,112

2008

352,061

325,057

265,767

2009

445,451

404,118

331,001

2010

566,766

502,504

409,806

TOTAL

1,959,098

1,808,578

1,501,309

________________________________________________________________________
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3709.9 lbs in the low mortality model. The largest pollutant-specific reductions were in
NO2 avoidance while the lowest were in VOC avoidance and S02 deposition. Table 5.5
depicts total deposition and avoidance reductions for each pollutant and expected BVOC
emissions in each of the mortality scenarios.
Reductions in carbon dioxide ranged from net reduction (reduction though
sequestration and avoidance less emissions from decomposition and maintenance) of
573,086 lbs over 11 years in the high mortality scenario to 736,570 lbs in the low
mortality scenario. Table 5.6 shows estimated impacts on atmospheric CO2 over the 11
year modeling period.
Discussion
These figures seem to indicate that PLC trees have conferred substantial
environmental benefits over the last decade. But just how significant are these numbers?
To put them in perspective, I will compare them to national statistics on consumption and
emissions.
The US Energy Information Administration’s Residential Energy Consumption
Survey (RECS) indicates that in 2005 there were 15.1 million households in the MidAtlantic region of the US, which consumed 41 billion kWh of electricity and 239 billion
cf of natural gas (U.S. Energy Information Administration, n.d.). Household
consumption rates were thus approximately 2.7 MWh of electricity (1MWh = 1000 kWh)
and 158.3 th of natural gas (100 cf = 1 th). Thus the low estimate of cumulative
electricity reduction due to PLC (from the high mortality model) of 136.1 MWh is
equivalent to annual electricity use of 50 Mid-Atlantic households while the natural gas
reduction of 67,778.9 th is equivalent to annual natural gas use of 428 households. These
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Table 5.5. Total 2000-2010 estimated air pollution benefits for PLC trees
________________________________________________________________________
Air pollution benefit

Low-mortality
scenario benefits
(lbs)

Medium-mortality
scenario benefits
(lbs)

High-mortality
scenario benefits
(lbs)

O3 deposition

537.3

493.0

407.3

NO2 deposition

228.8

210.0

173.4

PM10 deposition

262.2

240.6

198.9

86.1

79.0

65.2

NO22 avoided

1,729.7

1,603.6

1,348.4

PM10 avoided

114.0

105.6

88.8

VOC avoided

69.7

64.6

54.4

SO2 avoided

770.0

713.2

597.7

BVOC emissions

-87.9

-81.2

-69.2

SO2 deposition

NET POLLUTANT
3,709.9
3,428.4
2,865.9
REDUCTIONS
________________________________________________________________________
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Table 5.6. Total 2000-2010 CO2 mitigation by PLC trees
________________________________________________________________________
Atmospheric CO2
reductions and emissions

Low-mortality
scenario (lbs)

Medium-mortality
scenario (lbs)

High-mortality
scenario (lbs)

CO2 sequestered in
biomass

254,734

235,906

198,567

CO2 avoided through
energy reductions

527,489

488,581

410,198

CO2 released through
decomposition

-16,510

-15,110

-12,309

CO2 released through
maintenance activities

-29,143

-27,239

-23,370

Net CO2 reduction

736,570

682,138

573,086

________________________________________________________________________

benefits were not accrued evenly over the course of 11 years, however, as benefits
increased significantly each year, due to both increase in total number of trees through
new plantings as well as increase in benefits per tree due to tree growth. Indeed, more
than 22% of the cumulative energy benefits of PLC trees were accrued during the 11th
year of the high mortality model. To put this in perspective, the 11th year of the study in
the high mortality model had 17% of the trees if each year’s trees were counted
separately.
Cumulative air pollution effects in the high mortality model include reductions in
NO2 of 1,512.8 lbs and 198.9 lbs of particulate matter. The EPA estimates that annual
average nitrogen oxide emissions per passenger vehicle are 25.1 lbs and large particulate
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matter emissions are .14 lbs (US EPA Office of Transportation and Air Quality, 2005),
indicating cumulative 11-year tree benefits for the PLC equivalent to one year of
emissions of nitrogen oxides from 60 cars and one year emissions of large particulate
matter from 1,420 cars. As with energy benefits, air pollution benefits increased each
year, with the final year of the high mortality model accounting for more than 22% of all
energy avoidance benefits and over 27% of all deposition benefits.
The City of Philadelphia has recently committed itself to a green infrastructure
approach to reducing stormwater runoff to prevent combined sewer overflows (City of
Philadelphia, 2009; The Philadelphia Water Department, 2009), an approach that
includes many interventions of which greening vacant land is only one. Overall, the
Philadelphia Water Department’s goal is to reduce combined sewer overflows by 7.96
billion gallons per year (Garrison & Hobbs, 2011). In light of that figure, the interception
of 1.5 million gallons by PLC trees over 11 years (in the high mortality model) does not
seem like a significant amount, but again these numbers increase significantly with time,
such that the estimated rainfall interception for 2010, the last year of the study, was over
400,000 gallons, more than 27% of the 11-year cumulative estimate. Though this 2010
figure represents .02% of the overall desired reduction in stormwater runoff, that figure is
likely to continue to increase as PLC trees grow and increase in canopy size. The
Philadelphia Water Department estimates that annual rainfall on one acre in Philadelphia
is roughly 1 million gallons (The Philadelphia Water Department, 2009), indicating that
so far PLC trees have mitigated 1.5-2 years of rainfall on one acre of land. It should, of
course, also be noted that PLC lots likely have additional stormwater reduction benefits
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beyond tree canopy interception, given the lessening of soil compaction associated with
the treatment, which also increases infiltration into the soil (Yang & Myers, 2007).
The high mortality model estimated PLC trees to have reduced atmospheric CO2
by 573,086 lbs or approximately 260 metric tons. The World Bank estimate of per
capital CO2 emissions for the US in 2000 was 19.5 metric tons (data.worldbank.org),
suggesting that PLC trees have reduced CO2 equivalent to the annual emissions of 13.3
2000 US citizens. Given EPA estimated emissions of 9760 per passenger car per year
(US EPA Office of Transportation and Air Quality, 2005), PLC carbon sequestration is
also equivalent to the annual emissions of 58.7 cars.
Somewhat hidden in the aggregate benefits derived by the models is the relative
importance of older trees. It is well documented that larger trees tend to confer
significantly greater environmental benefits than smaller trees (Nowak et al., 2010), and
this is very much the case with PLC trees, as can be demonstrated in two ways. First,
looking just at the benefits derived from trees planted in the year 2000, these benefits
grow significantly between 2000 and 2010 even as the actual number of trees modeled as
remaining alive decreases. Table 5.7 shows the benefits derived from 2000 trees in the
year 2000 compared to those remaining alive in 2010 in the three scenarios, in each case
demonstrating greater benefits derived from fewer trees. The importance of older trees is
also demonstrated by the percentage of benefits derived from 2000 trees in 2010
compared to the percentage of trees modeled as living in 2010 that were planted in 2000.
While 2000 trees make up 1.5% of the living trees in 2010 in the high mortality scenario,
they represent 2.7 % of rainfall interception, 3.0% of air pollution mitigation, 2.8% of
carbon sequestration, 2.9% of electricity reduction, and 3.0% of natural gas reductions.
98

In the low mortality model, 2000 trees represent just 2.3% of living trees, but 4.0% of
rainfall interception, 4.3% of air pollution mitigation, 4.2% of carbon sequestration, and
4.4% of both electricity and natural gas reductions. These results highlight the
significance of older trees in accruing environmental benefits, and suggest that the
interim nature of the PLC program may in fact represent a significant weakness in
considering its potential for long-term environmental benefits.
These numbers tend to indicate relatively small environmental improvements
attributable to the PLC program with the potential for substantial increases as the trees
mature and grow or as the program expands to include more lots and more trees. Perhaps

Table 5.7. Comparison of annual tree benefits for year of planting and 10 years later
________________________________________________________________________
Benefits
Number of trees
Stormwater
Runoff
Net air pollution
mitigation
Net carbon
sequestration
Electricity
reduction
Natural gas
reduction

2000
83
3,933 gallons
12.1 lbs
2,475 lbs
0.7 MWh
337.3 th

2010 – low
mortality
70
22,389 gallons
41.4 lbs
7,905 lbs
1.9 MWh
932.2 th

2010 – medium
mortality
53
16,918 gallons
29.6 lbs
5,728 lbs
1.4 MWh
664.0 th

2010 – high
mortality
35
10,877 gallons
20.3 lbs
3,837 lbs
0.9 MWh
448.8 th

________________________________________________________________________
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more than anything these results suggest that the environmental impacts of PLC are
highly dependent on how long PLC lots remain undeveloped, as the older, larger trees
contribute significantly to environmental effects, even as their numbers decline each year.
Conclusion
This chapter puts actual numbers to the environmental benefits provided by the
PLC program, highlighting both the potential and the limitations of this program in terms
of promoting sustainability. The analysis is not without limitations, however. These
figures are derived from a range of series of models each of which provides an uncertain
estimate – of mortality, of growth, and of environmental benefits – it does not involve
any direct measurements of either trees or benefits.
Due in part to these modeling limitations, the environmental benefits are not
examined at the neighborhood level as were the economic impacts. Because of the
uncertainties associated with modeling mortality, and the assumptions that were made
about tree types prior to 2005, it would be inappropriate to assign benefits to specific lots
or specific sections of the city without more detailed information. That being said, it may
be reasonable to assume that city sections with more PLC lots will have also experienced
greater environmental benefits, thus using the modified section boundaries of the
economic analysis, environmental benefits were likely strongest in Eastern and Western
North Philadelphia and West Philadelphia.
In terms of promotion of sustainability, this analysis suggests that the PLC has
benefits when compared to the alternative of barren vacant lots overgrown with weeds,
but without managed trees. However, these results should also be considered relative to
other alternatives, such as vacant lots that are redeveloped into homes or vacant lots that
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are redeveloped into permanent greenspaces. In the case of redevelopment into homes,
assuming that PLC trees would be removed to make way for the buildings, it is clear that
environmental benefits would be diminished. The case of redevelopment into permanent
greenspace offers the opposite alternative – the promise of continued growth and
management of trees with increasing environmental benefits. Thus the PLC program can
be seen as neither the least nor the most environmental option for vacant land, but one
that nonetheless offers environmental benefits even when used as a purely interim
management option, especially if the alternative is to do nothing.
In terms of policy implications, this analysis says less about locations for
targeting the PLC program – though it suggests that these locations might be gauged on
differences in environmental conditions that were not mentioned here – and offers instead
guidance on the long-term development of PLC lots. In particular, it suggests that
environmental benefits would be maximized if new housing development were targeted
to either non-PLC lots, those lots that have been more recently greened, and greened lots
containing the fewest trees in an attempt to preserve the largest number of the largest
PLC trees.
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CHAPTER 6
SOCIAL JUSTICE IMPACTS OF THE PLC PROGRAM

Introduction
This chapter seeks to explore impacts of the PLC program along the social justice
dimension of sustainability. In particular, this chapter explores the distribution of public
greenspaces in Philadelphia, seeking to determine first whether or not there are disparities
in access based on race or socioeconomic characteristics, and second whether or not the
new greenspaces created by PLC impact any disparities in access.
Philadelphia’s sustainability plan, Greenworks Philadelphia, outlines a goal of
increasing the proportion of Philadelphia residents living within ½ mile of a greenspace
to 75% through the establishment of 500 acres of new greenspace by 2015 (City of
Philadelphia, 2009). While PLC lots may not be long-term greenspaces, nor are they
necessarily used in the same manner as official parks, the fact that many greenspace
benefits are accrued to nearby residents and do not necessarily require direct use to be felt
by community members, combined with the fact that park planning and implementation
is often a lengthy process, suggests that the PLC program may be a viable short-term
strategy for increasing greenspace access. Since the program’s inception, approximately
10% of PLC lots have been developed (Jost, 2010), suggesting that many lots may be
reasonably expected to remain green for some time. Furthermore, the fact that the largest
concentrations of vacant land are in poor communities suggests that it may be particularly
useful in providing access to traditionally underserved populations.
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Data
This analysis relies on four geographic datasets: currently existing public
greenspaces, actively maintained PLC lots, a street network dataset for the city of
Philadelphia, and census block group level demographics from the 2010 decennial
census. Information on currently existing public greenspaces was derived from a
combination of data provided by the Pennsylvania Horticultural Society (PHS) and
Philadelphia Parks & Recreation Department (PPR). PPR provided a baseline shapefile
of lands owned and managed by PPR that served as the basis of a shapefile of public
greenspaces. However, the PPR data suffered from two limitations: first, that there are
some public parks that are not owned by PPR and are thus not in the shapefile, including
lands owned by community groups and the federal government, and second, that not all
PPR lands are in fact greenspaces, as PPR lands include some senior centers as well as
some playgrounds that are fully paved and which may qualify as open spaces, but not
green ones. The PHS data, while incomplete with regard to all PPR lands, supplemented
the PPR data by including many public parks owned by entities other than PPR. All
properties in the PPR dataset were spot checked via Google Streetview to determine
whether or not they were green in the sense of being predominantly covered with
vegetation. Paved playgrounds and buildings were removed from the final shapefile of
greenspaces. Ultimately, 390 polygons were considered to be public greenspace,
comprising 5 large watershed parks, 281 smaller neighborhood parks, recreation centers,
and playgrounds, and 104 properties not included in the Parks and Recreation
Department data but existing as public greenspace. Figure 6.1 shows the distribution of
public greenspaces in Philadelphia.
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Figure 6.1. Map of public greenspaces in Philadelphia
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A shapefile of all actively maintained PLC lots was obtained from PHS in May
2010 and was used to determine the area and distribution of greened vacant lots. A street
centerline file created by the City of Philadelphia was downloaded from the Pennsylvania
Spatial Data Access center for use in establishing network distances from all parks and
PLC lots.
Racial and ethnic demographic information was obtained from the 2010 US
decennial census. In addition to total population figures, data were used on total
populations and percentages at the block group level for five groups: white nonHispanics, black non-Hispanics, Asian non-Hispanics, other non-Hispanics (including
other races or selection of multiple races), and Hispanics. Because income data from the
2010 American Community Survey is not readily available at the block group level, I
used two proxies available through the decennial census: housing ownership status and
female headed households. Households were considered female-headed-households if
they were coded by the census as family households headed by a female with no husband
present. This does not include women living alone or as heads of house in other family
or non-family configurations.
Methods
I attempted to address this question in three parts. First, I looked strictly at access
based on living within ½ mile walking distance of a greenspace, as that is the goal
expressed in Greenworks Philadelphia, the city’s official sustainability plan, released in
2009 (City of Philadelphia, 2009). However, this represents only one type of access to
greenspace. Park researchers have also pointed out the importance of measuring not just
whether or not there is nearby greenspace but also how much greenspace is nearby
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(Boone, Buckley, J Morgan Grove, & Sister, 2009; Sister, Wolch, & J. Wilson, 2009).
To that end I looked at not only a strict measure of access within ½ mile but also a
measure of total amount of greenspace within ½ mile. Though others have addressed this
question by looking at the size of the nearest park, I did not feel that this was an ideal
approach given the nature of the PLC program, which creates a large number of small
spaces, thus it seemed more appropriate to examine total amount of greenspace, which
still gets at the question of amount. The challenge of this approach is that the results may
be driven by some areas with exceptionally high amounts of greenspace, such as those in
proximity to the largest parks, and thus small but important differences in PLC
neighborhoods may be overlooked. The third approach represents a compromise between
the first two approaches, and continues to look at total greenspace access, but asks
whether block groups meet a particular threshold value in average amount of greenspace
access.
The first approach was to measure access using the criterion laid out in
Greenworks Philadelphia, namely the goal that all Philadelphians will ultimately live
within ½ mile walking distance of a publicly accessible greenspace. The ½ mile criterion
is depicted as walking distance within 10 minutes, and thus implies not a Euclidean ½
mile measure but a measure that takes into account actual travel paths along the street
network. Because network analysis is based on calculating distances from point
locations, I converted the greenspace and PLC lot polygon shapefiles to points based on
vertices. I then used the ArcGIS Network Analyst extension to calculate a ½ mile
“service area” for each greenspace – calculating a radius of ½ mile along the street grid
from each greenspace vertex along the street centerline, essentially coding every location
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in the city as within ½ mile walking distance if it falls within one of the service areas and
not within ½ mile walking distance if it does not fall within a service area.
To calculate actual numbers of people with or without access to greenspace, I
started from the assumption of even distribution of population within block groups. I
used the intersection feature to calculate what percentage of each block group was
included in a ½ greenspace buffer, and then applied this percentage to the block group
population as a whole. I followed the same procedure to measure the population of
residents who would be considered as having access if the PLC lots were also included as
greenspaces. I then used crosstabs to evaluate whether race or ethnicity was related to
greenspace access, both with and without PLC lots included in the category of
greenspace. For income variables, I assigned access/non-access values to households
rather than individuals.
To answer the second question about amount of greenspace, I converted the parks
and PLC shapefiles to 10’x10’ raster grids, with each square coded 1 if it is park or PLC
area and 0 otherwise. I then used focal statistics for each grid cell to calculate the number
of green cells within ½ mile. In this new raster of 10’x10’ cells, the value assigned to
each cell represents the amount of greenspace within ½ mile, in 100’s of square feet. I
performed zonal statistics by block group to assign an average amount of greenspace
value to each block group. Because I am looking only at greenspaces within the city
boundaries, average greenspace values would be skewed for cells near the border, as the
measures would not be counting any cells outside the city boundary. To address this, I
transformed the actual count of greened cells into an extrapolated count of green cells, in
which I calculated which percentage of cells actually counted within ½ mile were green,
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then assuming an equal distribution of greenspaces on the other side of the city boundary,
used that percentage to calculate the expected amount of greenspace within ½ mile. In
other words, I calculated first the number of green cells within ½ mile, then divided this
by the number of cells of any kind within ½ mile (as there are no cells outside the city
boundary), then multiplied this percentage by the number of cells that would be within ½
if the cell were not close to the city border.
I then calculated zonal statistics using 2010 census block groups as zones to
calculate the average amount of greenspace within ½ mile across all cells in the block
group. I then tested for an association between race/ethnicity, ownership status and
householder type with amount of greenspace by measuring correlations between amount
of greenspace access and block group demographics, comparing results when PLC lots
are included as greenspace to those calculated using just parks. I calculated bivariate
correlations between the sociodemographic characteristics and amount of greenspace
with and without PLC lots to test for association.
The third measure of access to greenspace is based on the idea of a standard
threshold for access. I selected 10 acres as the threshold value of interest for two reasons.
First, in looking at the distribution of acreage of greenspace access, just fewer than 75%
of block groups meet the 10 acre threshold based on public greenspace alone, which
made the threshold seem a reasonable amount of greenspace. And second, the average
increase in greenspace access for those block groups experiencing an increase was just
over 2 acres, so the 10 acre threshold seemed low enough that the PLC program would be
expected to push some block groups over the threshold without automatically ensuring
that any affected block group would meet it.
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Each block group was thus coded as either meeting the 10 acre threshold or not,
for both existing greenspaces and for existing greenspaces plus greened lots. I then used
logistic regression to calculate whether changes in block group demographics
(specifically percent non-Hispanic white, percent black, percent Asian, percent Hispanic,
percent renter-occupied, percent owner-occupied, and percent female-headedhouseholds) significantly affected the odds that a block group would meet the 10 acre
threshold. Results were compared between the greenspace-only and greenspace-plusgreened-lots models to see if the PLC program changed the relationship between block
group demographic makeup and likelihood of meeting the 10 acre threshold.
Results
Model 1 – Access defined by presence or absence of a greenspace
The first approach to measuring access based on a simple measure of proximity to
greenspace found first that over 85% of Philadelphia residents live within ½ mile walking
distance of a currently existing public greenspace. A map of greenspace access with and
without PLC lots (Figure 6.2) shows areas of low access distributed throughout the city.
The PLC program can be seen to close some of the gaps in central and western parts of
the city, but not the far portions of the northwest or northeast.
A breakdown by race shows that a larger percentage of black residents (88%)
have greenspace access than any other racial or ethnic group, with the lowest levels of
greenspace access found among Asians (80%) and whites (85%). These differences were
statistically significant (chi square =7,616, df=4 , p<.001). The economic characteristics
showed a similar trend, with a larger proportion of renting households having access than
owner-occupied households (87% versus 86%, chi square = 122, df =1, p<.001) and a
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Figure 6.2. Map of greenspace ½ mile service areas for parks and PLC lots
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larger percentage of female headed households having access than non-female headed
households (87.9% versus 86%, chi square =331, df =1, p<.001). Frequencies of access
to greenspace by racial and ethic groups are listed in Table 6.1. Frequencies of access to
greenspace by household types are listed in Table 6.2.
Adding PLC lots to the equation did not significantly change the pattern, though it
raised access overall from 85.6% to 88.6% for the population and from 86.4% to 89.2%
for households. Blacks remain disproportionally more likely to live within walking
distance of a greenspace than other racial groups, while Asians and whites maintain the
lowest levels of greenspace access (chi square = 18,955, p<.001). Renting and female
headed households also retain higher levels of access when compared to owner-occupied
and non-female headed households (chi square = 482, p<.001 for occupancy status and
chi square = 1,073, p<.001 for head of household). The frequencies of access to either a
public greenspace or a PLC lot within ½ mile walking distance are listed in Table 6.3 for
racial and ethnic characteristics and Table 6.4 for household types.
Model 2 – Access defined by total amount of greenspace access
While simple yes/no measures of greenspace access show racial differences
favoring minorities, renters and female headed households, the measure of total access
shows opposite results, where percent white is correlated with higher greenspace access
and percent black, Asian, Hispanic, renter-occupied and female-headed households all
negatively correlated with total amount of greenspace access. When PLC lots are
included as greenspaces, the strength of the relationships with percent white, percent
black, percent Hispanic, percent renter-occupied, and percent female-headed households
are decreased, but the relationships themselves do not disappear. Interestingly, percent
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Table 6.1. Frequencies of access to public greenspace within ½ mile walking distance of
residence based on race and ethnicity
________________________________________________________________________
Access (N)

Access (%)

No Access
(N)

No Access
(%)

Total

Black, non
Hispanic

566,739

88.0%

77,548

12.0%

644,287

White, non
Hispanic

469,842

83.5%

92,743

16.5%

562,585

Asian, non
Hispanic

76,391

80.0%

19,130

20.0%

95,521

Other, non
Hispanic

30,621

85.1%

5,381

14.9%

36,002

162,957

86.9%

24,654

13.1%

187,611

1,306,550

85.6%

219,456

14.4%

1,526,006

Hispanic
Total

________________________________________________________________________
Percentages are row percentages.
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Table 6.2. Frequencies of access to public greenspace within ½ mile walking distance of
residence based on household type
________________________________________________________________________
Access (N)

Access (%)

No Access
(N)

No Access
(%)

Total

Renter-occupied

239,274

87.0%

35,926

13.0%

275,200

Owner-occupied

278,990

86.0%

45,546

14.0%

324,536

Female-headed
household

118,371

87.9%

16,277

12.1%

134,648

Non-Femaleheaded household

399,887

86.0%

65,201

14.0%

465,088

________________________________________________________________________
Percentages are row percentages.
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Table 6.3. Frequencies of access to public greenspace or PLC lot within ½ mile walking
distance of residence based on racial and ethnic characteristics
________________________________________________________________________
Access (N)

Access (%)

No Access (N)

No Access (%)

Total

Black,
non
Hispanic

593,302

92.1%

50,985

7.9%

644,287

White,
non
Hispanic

476,276

84.7%

86,309

15.3%

562,585

Asian,
non
Hispanic

80,561

84.3%

14,960

15.7%

95,521

Other, non
Hispanic

31,629

87.9%

4,373

12.1%

36,002

Hispanic

170,166

90.7%

17,445

9.3%

187,611

TOTAL

1,351,934

88.6%

219,456

11.4%

1,526,006

________________________________________________________________________
Percentages are row percentages.
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Table 6.4. Frequencies of access to public greenspace or PLC lot within ½ mile walking
distance of residence based on household type
________________________________________________________________________
Access (N)

Access (%)

No Access
(N)

No Access
(%)

Total

Renteroccupied

248,058

90.1%

27,142

9.9%

275,200

Owneroccupied

286,796

88.4%

37,740

11.6%

324,536

Femaleheaded
household

123,366

91.6%

11,282

8.4%

134,648

Non-Femaleheaded
household

411,472

88.5%

53,616

11.5%

465,088

________________________________________________________________________
Percentages are row percentages.
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Asian has a stronger negative correlation with greenspace when PLC lots are included
than when they are not. The with- and without-PLC correlation coefficients are provided
in Table 6.5.
The distribution of total access to greenspace, perhaps not surprisingly, closely
mirrors the size distribution of existing parks, with high access in areas closest to the
largest parks. Inclusion of the PLC program increases total greenspace access for many
block groups, but maps of average access by block group with and without PLC (Figures
6.3 and 6.4) do not show any obvious differences in the overall pattern of greenspace
distribution.
When greenspace access is measured by whether or not the average amount of
greenspace within ½ mile of block group residents is 10 acres or more, 959 block groups
(71.8 % of total) meet the threshold based on public greenspace alone. When greenspace
is expanded to include PLC lots, 1,047 block groups (78.4%) meet the threshold,
indicating that 88 block groups are elevated beyond the 10 acre threshold due to the
additional greenspaces provided by PLC lots. The block groups meeting the 10 acre
threshold based on existing public parks are located throughout the city but show
significant gaps in North, South, West, Northwest, and Northeast Philadelphia. Block
groups that meet the threshold after accounting for PLC lots close portions of the gaps in
North, South, and West Philadelphia (Figure 6.5).
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Table 6.5. Correlation coefficients of census block group demographics with average
total amount of greenspace within ½ mile
________________________________________________________________________
Average Greenspace Access
Percent Black, non
Hispanic
Percent White,
non Hispanic

-.090**
.169***

Average Greenspace + PLC
Access
-.066*
.143***

Percent Asian, non
Hispanic

-.073**

-.087**

Percent Other, non
Hispanic

-.005

-.013

Percent Hispanic

-.103***

-.096***

Percent Renteroccupied

-.103***

-.083**

Percent FemaleHeaded Hhld

-.190***

-.164***

________________________________________________________________________
N=1333; *p<.05, **p<.01, ***p<.001
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Figure 6.3. Map of average amount of public greenspace within ½ mile of residences
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Figure 6.4. Map of average amount of public and PLC greenspace within ½ mile of
residences
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Model 3 – Access defined by threshold amount of greenspace access
Logistic regression using block group demographics to predict whether or not the
threshold value is met showed that block groups with higher percent percentages of
black, Hispanic, and female-headed households were associated with decreased
likelihood of meeting the threshold, while percent white, percent Asian, and percentage
of renter-occupied housing were not significantly related to likelihood of meeting the 10
acre threshold. The negative associations between percent black and Hispanic and
percent female-headed households and likelihood of meeting the threshold disappeared
when PLC lots were included in the greenspace calculation. The inclusion of PLC lots
increased the odds of meeting the 10-acre threshold for block groups with high
percentage of renter-occupied housing and high percentage white populations. The
inclusion of PLC lots also led to a significant decrease in the odds ratio for percent Asian,
indicating that block groups with higher Asian populations were less likely to meet the
10-acre threshold than other block groups. The odds ratios for all variables are provided
in Table 6.6.
Discussion
The results of this analysis show that while access to greenspace is somewhat
more complicated than it might seem, minorities and renters are more likely to live near
greenspace, but typically live near less greenspace than whites and homeowners. This is
fairly consistent with the findings of similar studies in Baltimore, MD (Boone et al.,
2009), Tampa, FL (Wendel, Downs, & Mihelcic, 2011), Indianapolis, IN (Lindsey et al.,
2001), and Sheffield, UK (Barbosa et al., 2007). The fact of current higher levels of
access to greenspace is not by itself evidence that there was no inequality involved in
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Figure 6.5. Map of block groups meeting the 10 acre greenspace threshold
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Table 6.6. Odds ratios for census block group demographics used to predict whether or
not the block group meets the 10 acre greenspace threshold
________________________________________________________________________
Meets threshold based on
public greenspaces

Meets threshold based on
public greenspaces + PLC lots

Percent Black, non Hispanic

.995**

.999

Percent White, non Hispanic

1.011***

1.004*

Percent Asian, non Hispanic

.986

.967***

Percent Other, non Hispanic

.991

.946

Percent Hispanic

.990**

.995

Percent Renter-occupied

.996

Percent Female-headed Hhld

.979***

1.007*
.996

________________________________________________________________________
For racial and ethnic variables, N=1333; for household types, N=1332; *p<.05, **p<.01,
***p<.001

greenspace provision, as today’s demographics do not necessarily reflect the conditions at
the time that parks were established (Boone et al., 2009). The question of bias in the
establishment of greenspaces is, however, separate from the question of equity in access,
which the City of Philadelphia has expressed as an important factor to consider in
greenspace development (City of Philadelphia, 2009; PennPraxis, 2010).
Though PLC does not change the relationships between racial and economic
variables and greenspace access, this model does show significant across the board
increases in access to greenspace attributed to the PLC program. Overall, more than
45,000 people and 16,000 households have access to some form of greenspace within ½
mile of their homes due to PLC who otherwise would have no greenspace
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access, bringing the city closer to its goal of providing greenspace access to all residents.
Though they may not operate strictly as parks, the other portions of this research as well
as research on the crime and health impacts of PLC (Branas et al., 2011) suggests that
this close proximity can be a significant benefit to neighborhood residents.
The results of the second two models make it clear that greenspace access has
multiple dimensions and that the measure of whether or not a resident lives within ½ mile
walking distance of a park only tells part of the story. When greenspace is measured
cumulatively, it is clear that significant racial and economic differences exist, with higher
non-white and renting populations living near less greenspace overall than whites and
property owners. Thus an equitable distribution of greenspaces might require not only
adding greenspaces to areas that don’t currently have them, but also adding new
greenspaces to areas that currently have few or small ones. It is in this second function
that PLC seems to have the most significant impacts in terms of equity, reducing
disparities based on race and property ownership. Though income is included in the
analysis only indirectly through the proxy of ownership, these results suggest that the
larger disparities are based on race rather than socioeconomic status. It should be noted,
though, that race and class are related, and these bivariate correlations do not attempt to
tease out the relative importance of race and class.
The threshold based model findings mirror the findings of the general access
model while showing the most significant differences in terms of reducing racial and
ethnic disparities in greenspace access. The fact that renters appear to have higher
likelihood of meeting the greenspace threshold when PLC lots are counted as greenspace
shows just how important a relatively small and diffuse program like PLC can be in
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helping to achieve equity goals. This assessment depends in part on just how equity is
defined. While equity can be expressed based on an assumption of equality in access, it
can also be expressed based on disproportionate access along a number of dimensions,
including desire and need (Talen & Anselin, 1998; West & Crompton, 2008). In terms of
greenspace, it is often acknowledged that poor residents may have a higher need for
greenspaces near their homes given lack of resources that could pay for recreational
alternatives such as gym membership or a car which would make more distant
greenspaces more accessible (Day & Wager, 2010). In this regard, the final scenario in
which poorer communities (as measured based on higher renter-occupancy) are more
likely to meet the 10 acre threshold can be seen as the most equitable scenario, and it is
achieved only through the influence of the PLC program.
Another important finding highlighted in both the average greenspace exposure
and threshold models is the fact that negative relationships between percent Asian and
greenspace access appear to increase in magnitude with the inclusion of PLC lots as
greenspace. The correlation coefficient in model 2 and the relative likelihood of meeting
the threshold are even lower for percent Asian when PLC lots are included than when
only official greenspaces are considered. To be sure, inclusion of the PLC program as a
greenspace does not actually lower any resident’s overall exposure to greenspace.
Rather, this finding reflects the fact that areas of high percentages of Asian residents tend
not to have increased access to greenspaces through PLC, and this fact combined with
increased access for other groups creates a stronger relative difference between Asians
and other racial and ethnic groups.
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Though this research did not specifically look at different patterns in equity based
on sections of the city, it is clear that increases in greenspace access were not evenly
distributed across sections of the city. As with environmental benefits, increases in
greenspace access are concentrated in the areas with the most PLC lots. From the results
of the threshold model in particular, it is clear that PLC had the greatest impact in closing
gaps in access in North Philadelphia and a small section of western South Philadelphia,
while gaps were only minimally addressed in West, Southwest, and Northwest
Philadelphia, and not at all addressed in Northeast Philadelphia, where only a handful of
vacant lots were treated through PLC. Further research might consider questions of
equitable distribution of greenspace within sections of the city to determine whether they
reflect global patterns of access or other, smaller scale neighborhood dynamics.
This research is not without its limitations. It relies on assumptions about
population distributions within block groups and uses a proxy for income rather than a
direct measurement. It generally treats all greenspaces the same, though certainly
greenspace type, quality, and maintenance can have a significant impact on whether or
not greenspaces act as amenities (Troy & Grove, 2008). This study relies on measures of
access based purely on proximity and does not consider other factors that might influence
access such as mobility of residents, walkability of neighborhoods, or social factors
which might make local greenspaces feel inaccessible despite physical proximity (Day &
Wager, 2010; Lindsey et al., 2001; Strife & Downey, 2009).
Perhaps the biggest limitation of this study is that it does not provide any measure
of use or the value that neighbors ascribe to greenspaces. This analysis operates under
the assumption that all residents will value access to greenspace, but there may be
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cultural differences in whether or not residents want to live near greenspaces that might
influence how equity is defined (Home, Bauer, & Hunziker, 2010; Talen & Anselin,
1998; Wicks & Crompton, 1988). Residents may also value different types of
greenspaces quite differently (Chen & Jim, 2010; Lindsey et al., 2001). Even if public
greenspaces are valued, that is no guarantee that residents will value PLC lots in the same
way. Additional research on resident responses to greenspaces in general and PLC lots in
particular would add an important perspective to this study, as would an analysis of
whether or not and how residents use PLC lots.
Despite these limitations, this analysis brings to light important questions about
greenspace provision in Philadelphia and highlights the potential of vacant land greening
initiatives for increasing equity in greenspace access. Development of new public parks
can be a lengthy and costly process (Harnik, 2010). Though greened vacant lots cannot
be expected to fill all of the roles of true public parks, they have the advantage of being
established more quickly and more cheaply. Combined with the fact that vacant land is
abundantly available in many cities, especially so in the blighted, low-income
communities that might be considered as having the highest need for greenspaces, these
findings suggest that greening programs such as PLC may go a long way as interim
strategies towards addressing inequalities while longer-term strategies are developed and
implemented.
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CHAPTER 7
PLC, REVITALIZATION, AND SUSTAINABILITY: TYING IT ALL TOGETHER

Introduction
So what does all this mean? I set out to address eight specific questions about the
economic, environmental, and social justice impacts of the PLC program and to address
some gaps in the literature on greenspaces. I also set out to address some larger questions
on sustainability, the relationship between sustainability and urban revitalization, and the
potential for tradeoffs between dimensions of sustainability. In this chapter, I will return
to these questions to synthesize the results of my research.
Specific Questions Regarding PLC
In Chapter 3, I laid out the eight questions that were addressed in this research:
1) Have property values increased for properties close to PLC lots in response to
the treatment as compared to properties close to nearby untreated lots?;
2) Does the influence of PLC on property values exhibit spatial nonstationarity?
3) By how much have trees planted through the PLC program reduced energy
use?
4) By how much have trees planted through the PLC program reduced stormwater
runoff?
5) By how much have air pollutants been reduced by trees planted through the
PLC program?
6) How much carbon has been sequestered as a result of trees planted through the
PLC program?
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7) How do the environmental benefits differ between lots that remain green for an
extended period of time and those that are only green for a short time? and
8) Has the PLC program increased greenspace access for underserved residents?
Each of these questions was either directly tested or modeled, and though PLC
was shown to have positive effects in each case, some represented larger effects than
others. In chapter 4, I demonstrated that property values surrounding PLC lots did
increase more than property values surrounding non-greened lots, but I also found that
this was not a universal occurrence. In fact, in a few areas property values surrounding
PLC lots actually decreased, whereas in others no impact was detected. The general
increase in property values after greening is consistent with decades of research on parks
and property values (Crompton, 2001a) as well as more limited studies of the PLC
program (Wachter, 2004; Wachter & Gillen, 2006). The spatial nonstationarity in the
economic impacts of PLC is also consistent with other findings, particularly those of Li
(2010) in Los Angeles and Troy and Grove (2008) in Baltimore, in which the generally
positive impact of parks on property values was moderated by other neighborhood
characteristics.
In chapter 5 I modeled a series of environmental impacts accrued by the trees
planted as part of PLC. While these models are not direct tests of the environmental
hypotheses, they are based on decades of peer-reviewed scientific research by the US
Forest Service (McPherson et al., 2006, 2007) and provide estimates of the benefits that
can be attributed to the PLC program. Overall, these models show a series of real but
modest impacts of the program, demonstrating also that these benefits are expected to
grow over time, with older trees contributing disproportionately to the PLC benefits. In
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particular, these findings show that while there are environmental benefits to the PLC
program, they may be limited given the interim nature of the program, especially in
comparison to more permanent greening efforts.
In chapter 6, I attempted to assess the equality of Philadelphia’s distribution of
public greenspaces and the effect of the PLC program in increasing access for
underserved groups. I showed that this is a more complicated question than it may at first
seem, with its answer depending on the choice of measurement of access. If measured
simply in terms of proximity to any public greenspace, Philadelphia’s distribution of
greenspaces favors minorities and the poor, and this continues to hold when PLC lots are
counted as greenspaces. But when access is measured as total amount of greenspace
within a short walk of home, differences become apparent, with more white and more
affluent areas having greater total amounts of nearby greenspace than minority and
poorer areas. These differences are lessened but not eliminated by the PLC program.
When access is measured based on proximity to a threshold amount of greenspace,
however, the story changes slightly. More white and affluent areas are more likely than
minority or poor areas to have access to at least 10 acres of greenspace, but this
difference disappears for blacks, Hispanics, and the poor when PLC lots are added to the
equation, suggesting that PLC lots may be an important tool in helping the city to meet its
equity goals, especially if some PLC lots are turned into permanent greenspaces.
Overall, these findings paint a picture of a program that has in fact conferred
benefits along all three dimensions of sustainability and has contributed to revitalization
in terms of increased property values in some communities. These benefits have not,
however, been the same in all neighborhoods. Economic benefits were strongest in
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Southwest, West, and Eastern North Philadelphia, while environmental benefits were
likely greatest in Western and Eastern North Philadelphia and greenspace access was
increased most in Western and Eastern North Philadelphia and a small section of South
Philadelphia. Rather, they seem to have depended on other neighborhood and program
factors including neighborhood conditions at the beginning of the program, program
implementation factors such as overall number and concentration of lots or length of time
participating in the program, and other internal and external pressures on both the
neighborhoods and the PLC program.
Contribution to the Greenspace Literature
This dissertation addresses several existing gaps in the greenspace literature.
Three gaps were identified in the literature: 1) the extent to which impacts, particularly
economic impacts, differ based on spatial location, 2) the extent to which existing
understandings of greenspace can be applied to temporary spaces such as PLC lots, and
3) the extent to which one program simultaneously meets a range of impacts. This
dissertation directly addresses all three of these gaps, though to a limited extent.
Location and the Impact of Greenspaces
Several researchers have questioned the extent to which the benefits of
greenspaces are felt evenly across different communities. Li (2010) questioned the use of
aspatial hedonic modeling techniques for measuring impacts of greenspaces on housing
values, showing that the impact was different in different communities, and that these
impacts differed systematically based on both neighborhood demographics and the
presence of other environmental amenities. Troy and Grove (2008) showed that the
impact of parks on property values in Baltimore differed between neighborhoods
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depending on the crime rates in surrounding communities. This dissertation similarly
found that economic impacts of greening differed significantly between neighborhoods.
Though it didn’t directly test the reasons for differences, it suggests that these may be
related to both location-specific factors such as neighborhood real estate market
characteristics and program-specific factors such as the concentration of greened lots in
any given community. This research provides significant support for the argument that
attempts to quantify the effects of greenspace should strongly consider potential
moderating effects that differ across locations.
Though they were not directly assessed, it is likely that environmental and social
justice impacts also differ based on spatial location. While my method of assessing
environmental impacts assumed that any given tree would have similar benefits wherever
it was planted, this is unlikely to be the case. Indeed, the urban forestry literature is clear
that energy benefits differ considerably based on tree planting locations, and that air
pollution benefits may also differ based on actual air quality, which is not uniform across
the city (Escobedo & Nowak, 2009; McPherson et al., 2006; McPherson & Rowntree,
1993). Testing of spatial nonstationarity in environmental impacts would depend on
direct measurement, rather than the modeling techniques used here, and may offer
additional insight into patterns of environmental benefit. Environmental benefits may
also differ based on location in that their impact may differ across areas even when the
specific benefit is the same. This is likely particularly true for stormwater runoff
mitigation. Philadelphia’s combined sewer system does not cover the entire city
(Philadelphia Water Department, 2009), meaning that while PLC trees might intercept
the same amount of rainfall regardless of location, the value of that rainfall interception
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may differ depending on the extent to which it prevents runoff from entering the
combined portion of the sewer system.
In terms of social justice and equity in access to greenspace, it is clear that the
location of PLC lots is a significant factor in the extent to which they provide more
greenspace to underserved populations. This was not directly assessed, but clearly
selection of lots to be greened in areas of low greenspace access will have a larger impact
in this regard than lots in areas which already have high levels of access.
The Impacts of Temporary Greenspaces
Another of the gaps in greenspace literature regarded the extent to which impacts
that have been primarily assessed for parks and tree plantings apply for more limited and
temporary programs such as PLC. The short answer seems to be that with regard to
economic and environmental impacts, they do. As far as the social justice analysis, the
specific questions asked in this dissertation do not address this question, since they
focused on equity in access, which is more a result of program implementation and
distribution than a reflection of any specific benefits attributable to the program.
The results of the economic analysis were generally consistent with research on
parks and other forms of permanent greenspaces in showing increased property values for
areas close to the new greenspaces (Crompton, 2001a). Whether the increase in property
values was a result of an actual amenity value ascribed to the lots (as is generally the case
with hedonic modeling of home prices near parks), or simply a reflection of reversing the
property value loss associated with blight cannot be determined specifically from this
analysis. It is, however, worth noting that Wachter’s (2004) study of the New
Kensington pilot program indicated an increase in adjacent property values after greening
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that was above and beyond simply mitigating the negative influence of the blighted lot,
suggesting that the increase in property values reflects some amount of amenity value
provided by the greened lots. To address this question further, it might be worth
comparing property values in proximity to PLC lots to property values in proximity to
parks, though this would likely need to apply different methods that those used here.
Though several new parks have been established in Philadelphia in recent years (Saffron,
2011), there have not been nearly as many parks as PLC lots nor have they been sited in
similar neighborhoods.
In terms of environmental benefits, while these modeled results do indicate that
trees planted in a temporary greening program provide benefits, they also leave room to
question the comparability of these benefits to those attributed to more permanent
greening programs. Though the i-Tree Streets model does indicate measurable and
meaningful environmental benefits, they are not particularly large. As in most studies of
trees, these results indicate that the majority of benefits are provided by older, larger trees
(Nowak et al., 2010), and therein lies the reason that the temporary nature of the program
may undermine its claims to provision of significant environmental improvements. After
ten years, even the oldest of trees planted through PLC are not modeled as being
particularly large – just under 15 cm DBH. This represents only 75% of the size of the
average tree in Philadelphia, which the US Forest Service measured to be 20.32 cm in a
2007 survey (Nowak, Hoehn III, Crane, Stevens, & Walton, 2007). That being said,
during the first decade of the PLC program, only approximately 10% of lots were in fact
developed (Jost, 2010), suggesting that many of these lots may in reality spend an
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extended period of time as greenspaces, with environmental benefits increasing
considerably as their trees continue to mature.
As far as social benefits, as noted above this dissertation did not directly address
the question of comparability between PLC lots and parks. Certainly the question of
equity in access to greenspaces is one that is more dependent on the actual distribution of
PLC lots than the nature of the lots themselves, another way in which this research does
not directly address similarities between PLC lots and parks or other greenspaces.
However, it should be noted that other recent research on PLC lots has shown them to
have positive impacts on some health and crime statistics (Branas et al., 2011), which
does support the other findings in this section that PLC lots may behave similarly to
parks, and thus supports the assumption in the social justice research that these lots, in
being similar to parks, can be legitimately looked at in assessing equity in access to
greenspaces.
Multiple Impacts Measured for a Single Program
The third gap I identified in the greenspace literature was the tendency for studies
to focus on a single set of benefits for any given greenspace or program. I attempted to
address this by measuring a range of different benefits from a single program. While the
shortcomings of this research described above apply here as well – specifically the fact
that I modeled rather than directly measured environmental benefits, this research again
contributes to a larger conversation and, combined with other recent research on the PLC
program, shows direct evidence that the range of benefits attributed broadly to
greenspaces are all present to some extent for the PLC program.
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In terms of direct benefits, this research demonstrates direct economic and equity
benefits from the PLC program and through modeling indicates environmental benefits of
rainfall interception, air pollution mitigation, carbon sequestration, and reduced energy
consumption. In combination with the Branas et al. (2011) study of crime and health, this
research shows direct evidence of the many benefits that have generally been ascribed to
greenspaces arising from a single program.
That being said, this research also calls into question the scale at which all of
these benefits are felt. Economic benefits were clearly not uniform across the study area;
rather they were positive in some areas, neutral or undetectable in others, and actually
negative in a small number of locations. The equity outcomes of the program are also
tied to location, with greater increases in equity associated with lots being greened in
underserved communities and communities with higher percentages of minority and poor
residents. Spatial differences were also found in the crime and health benefits of PLC by
Branas and colleagues (2011), with decreases in vandalism attributable to PLC in only
one section of the city, decreased reports of stress in one section of the city, and increased
reports of exercise in another. Overall, this shows that a wide range of benefits are
directly attributable to the program broadly, but that not all benefits are experienced in
every location where the program has been implemented.
Sustainability and Revitalization
In addition to the eight specific questions I set out to test and the gaps in the
literature I hoped to address, this research was also intended to speak to larger questions
about urban sustainability and revitalization. In Chapter 3, I described this research
endeavor as built on three broad hypotheses. First, that the PLC program has positive
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benefits along all three dimensions of sustainability. Second, that PLC contributes to
neighborhood revitalization efforts. And third, that these benefits may not be felt equally
in all neighborhoods and that there may be tradeoffs between them with important
implications for program implementation. These questions are all broadly seeking to
contribute to understanding the relationship between urban sustainability and urban
revitalization.
The PLC Program, Sustainability, and Revitalization
Overall, this research provides strong evidence that the PLC program contributes
to sustainable urban development, incurring benefits along all three dimensions of
sustainability. It contributes to economic development through increases in property
values for homes surrounding greened lots that are attributable to the greening efforts.
These increasing property values are also indicators that the PLC program has
contributed to neighborhood revitalization. It has also become common practice to
attribute economic value to the environmental benefits of greening programs. Numerous
reports have sought to quantify the cost savings associated with environmental
improvements (Economy League of Greater Philadelphia et al., 2010; Nowak et al., 2010,
2007). Without seeking to discredit this research, I would argue that these benefits do not
directly contribute to economic development or neighborhood revitalization on the
neighborhood scale, representing as they do potential savings to municipalities –
assuming that they would alternatively spend money to ameliorate the problems – and
any contribution of those savings to the specific neighborhood would likely be quite
indirect and small relative to the overall savings. The one exception that may represent a
significant economic benefit in neighborhoods would be the reductions in energy use
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attributable to the PLC trees. These reductions would translate into direct economic
benefits for residents as reductions in utility costs. Though not directly measured here,
the extent to which utility bills have decreased due to PLC plantings is an interesting
question and may be worthy of further study.
The environmental modeling also demonstrates benefits of the PLC program in
terms of the environmental preservation dimension of sustainability. Through reductions
in household energy use, mitigation of stormwater runoff due to rainfall interception,
improved air quality, and decreased atmospheric CO2, the PLC program addresses many
of the environmental problems facing the city. However, the actual numbers associated
with these environmental improvements are fairly small relative to the magnitude of the
problems. Perhaps the most significant environmental benefit of PLC is the rainfall
interception and stormwater reduction, which helps the city to meet its ambitious goal of
managing the first inch of rainfall on site for all properties and significantly reducing
combined sewer overflow events (The Philadelphia Water Department, 2009). That
being said, the stormwater benefits attributed to PLC trees ranged from a low estimate of
the 11-year total of 1.5 million gallons in the high-mortality tree scenario to a high
estimate of 1.96 million gallons in the low-mortality model. Though these estimates
should be seen as low because they do not consider the increased infiltration of
stormwater due to lessened soil compaction (Yang & Myers, 2007), these figures
represent a mere drop in the bucket in the face of the Philadelphia Water Department’s
need to reduce runoff by more than 7 billion gallons per year (Garrison & Hobbs, 2011).
So while every gallon counts and the PLC program clearly contributes to other
environmental improvement efforts being made throughout the city, its relative
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environmental impact may not be as large as the figures by themselves seem to imply.
And it should also be noted that the continuation and especially growth of these benefits
depends in large part on the future development, or not, of PLC lots – a potential conflict
between economic and environmental PLC outcomes.
The analysis of access to greenspaces also shows that PLC has positive impacts
along the social justice dimension of sustainability by increasing the amount of
greenspace within ½ mile of underserved residents. One of the significant challenges to
both urban revitalization and sustainability has been social justice, as revitalization and
environmental improvements may lead to gentrification and displacement of existing
residents (Dooling, 2009). While gentrification is often a concern when property values
rise, displacement of residents is not necessarily a given. This research did not directly
measure gentrification, but it is interesting to note that the one area of high PLC
concentration that is also currently experiencing gentrification pressure – the Point
Breeze neighborhood in South Philadelphia – is an area where economic benefits were
not detected from the PLC program, suggesting that the broad increases in property
values are being driven by different forces altogether. While PLC can currently be said
to have increased greenspace access in underserved communities, the extent to which this
remains true will depend on the rate at which PLC lots are ultimately developed,
signaling the potential for future tradeoffs between economic and social justice benefits
of PLC.
Benefit Tradeoffs and Policy Implications
The results of the environmental and social justice analyses as described above
both hint at the potential for tradeoffs between benefits of the PLC program, if not now
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then in the future. The potential for conflicts between the different dimensions of
sustainability has long been identified as one of the primary challenges to sustainable
development (Campbell, 1996), as there may be inherent conflicts between the differing
sets of objectives. These can be seen in the PLC example especially as economicenvironmental and economic-social justice conflicts. Though these tradeoffs are
generally with respect to long-term neighborhood changes, this research also highlights
the potential for tradeoffs between benefits depending on policy decisions about program
implementation. Given that the City of Philadelphia, like many other cities, is
experiencing severe fiscal distress, policy decisions need to be made about how best to
implement PLC that may have implications for the different benefits of PLC. Indeed, the
PLC program has already proved vulnerable to municipal budget cuts (Shields, 2010),
and thus it is worth exploring how this research informs policy decisions about program
implementation and the potential impacts on program benefits.
One of the classic conflicts of sustainable development is the one between
economic development and environmental preservation (Campbell, 1996). Indeed, it is
often questioned whether long-term environmental sustainability would ever be
compatible with economic growth, as economic growth promotes resource extraction and
development of natural areas (Lélé, 1991; D. Richardson, 1997). This conflict is not new
to community greening either, where it has been discussed largely with regard to
community gardens. The typical trajectory of this conflict is one of a distressed
neighborhood with blighted vacant lot(s). As the scenario has been known to unfold,
neighbors create a community garden for the dual purpose of managing blight and
growing food. Over time, the neighborhood improves and now the lot becomes valuable
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for development, often with the result of one fewer community garden (Smith & Kurtz,
2003).
With regard to the PLC program, the potential concern is that economic benefits
of PLC, if they help to increase property values enough to spur significant new
development, will ultimately lead to the development of PLC lots and the loss of the
environmental benefits they provide. At this point, this is more of a long-term than
present concern, as only 10% of PLC lots have so far been removed from the program
due to development of the properties (Jost, 2010). Given that the environmental benefits
of PLC lots increase considerably the longer the lots remain greened, the conflicts
between economic development and environmental improvement may also be
manageable if some number of older greened lots are prioritized to remain undeveloped,
with development prioritized on more newly-greened or ungreened lots. Obviously many
factors contribute to site selection for new development, but this research does indicate
that it may be worthwhile to consider the environmental benefits currently provided by
different sites among the many other considerations, particularly with regard to land that
is owned by the City.
Economic benefits may also conflict with equity benefits in the long term. This
could happen in two ways. First, as noted above, to the extent that the PLC program
leads to increased property values, it has the potential to lead to gentrification. Though
there is currently limited evidence to suggest that gentrification is more of an issue in
high-PLC neighborhoods than others (indeed, neighborhoods where PLC lots have been
show to have an impact are primarily still in the “distressed” real estate market category),
the potential for this to become an issue can not be ignored. Aside from the immediate
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equity concern of displacement, gentrification of PLC neighborhoods could also change
the calculations with regard to racial and economic dimensions of access to greenspace.
If the minority and poor areas that now have increased greenspace access due to PLC
should experience an influx of white and middle or upper class residents, the distribution
of greenspaces might become less equitable along racial and economic dimensions. The
second potential conflict between economic development and equity is that, even in the
absence of gentrification, long term economic benefits may promote development on
PLC lots, as discussed above. In addition to removing the environmental benefits
provided by the lots, this development would decrease the overall amount of greenspace
available to neighborhood residents and in this way could alter the racial and economic
balance of greenspace access. Unlike the environmental benefits, this could not be
addressed by prioritizing certain lots for development, though it could be addressed if
ungreened lots were incorporated into PLC at a rate equal to the removal of PLC lots to
development, assuming that new lots were treated in close proximity to the new
development. Alternately, it could be addressed in part if new developments were
required to include some amount of publicly accessible greenspace.
There is also potential for conflict between social justice and environmental
impacts. Though I framed social justice in this research specifically around distributions
of greenspace, it may enter into the discussion of the PLC program in other ways. One
area of potential conflict might relate to use of PLC lots. If these lots are in fact used as
community gathering spaces, this may have negative implications for environmental
benefits. For example, this would be particularly true for lots that could be contoured for
increased stormwater retention, as the contouring could make them less amenable to use.
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But even in typical PLC lots, heavy use could easily lead to increased soil compaction,
which would decrease stormwater infiltration. Use might also increase the potential for
vandalism or unintentional damage to trees, which could lessen their positive impacts.
Another potential conflict between equity and environment may be implicated in the
environment-economy conflict discussed above. If there is a tradeoff between
developing PLC lots and enjoying environmental benefits, and residents have a
preference for development, this would raise additional questions of social justice and
self-determination for neighborhood residents.
An interesting long-term question to consider with regard to sustainability is
whether there are tradeoffs based on scale. While I have previously discussed scale in
terms of neighborhood versus city-wide benefits, here I am thinking of city versus
regional sustainability. In my introductory chapter, I noted that urban sustainability and
revitalization are seen as important responses to suburban sprawl and its severe
environmental consequences (Dagger, 2003). This adds another dimension to the
economic-environmental conflict described above. If development reduces the amount of
greenspace in the city thus potentially worsening the urban environment, but it does so
while inducing suburban residents to move to the city, does it in fact lead to
improvements in the regional environment? While this regional question is well beyond
the scope of this analysis, it is an interesting question that highlights just how complex
the interactions can be between different benefits of sustainability and revitalization
initiatives based on location and scale.
In addition to these potential long-term tradeoffs between program benefits, the
potential for short-term tradeoffs is highlighted when the potential policy implications of
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these findings are explored. In particular, the results of the economic analysis suggest
that PLC may have strongest benefits when it is implemented in certain types of
neighborhoods or in a more concentrated fashion. But targeting program
implementation, given the limited funding available for PLC and the fact that PLC has so
far treated only a fraction of all vacant lots in the city, may raise concerns with regard to
equity. While the economic study is not definitive with regard to targeting suggestions,
two sets of recommendations are at least somewhat supported by the study: first, that
PLC should focus on moderately distressed neighborhoods, and second, that it should be
implemented in a highly concentrated fashion. These recommendations, however,
disregard the other potential benefits of the program, and could result in negative
consequences especially with regard to equity. For example, if lots are greened only in
moderately distressed neighborhoods, then other neighborhoods, especially highly
distressed neighborhoods, would lose out on other potential benefits, including the
environmental benefits described here, the potential health and crime benefits described
by Branas et al. (2011), and the potential economic benefits of improved commercial
corridor success that were identified by Econsult Corporation (2009). If alternate means
are used to choose target neighborhoods, but the program is still targeted in an effort to
create areas of high concentration of PLC lots, this may have implications for equity in
terms of the overall distribution of greenspaces. Equity, by contrast, might better be
served by spreading PLC lots throughout neighborhoods that are currently underserved
by public greenspaces. Targeting may also be relevant with regard to environmental
benefits, particularly with regard to stormwater runoff, where the value of reduced
stormwater would be especially high within the combined sewer catchment area. There
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is no simple easy answer for prioritizing benefit types, but making informed policy
decisions requires an understanding of the potential tradeoffs being made, and thus this
research has important implications for policy makers as they consider how to move
forward with the PLC program.
In Green2015, the plan for 500 new acres of official public greenspace released in
2010 (PennPraxis, 2010), these many potentially competing factors are discussed in detail
to inform the siting of new parks. While specific site recommendations are not made,
Green2015 provides a series of maps highlighting high priority areas for parks based on a
range of criteria. This research suggests that a similar approach may be valuable for
planning even the interim treatment of vacant lots as greenspaces. For example, while no
one set of criteria would be a reasonable means of making all PLC planning decisions,
the existence of any areas that would address priority goals along all three dimensions of
sustainability (such as moderately distressed areas within the combined sewer catchment
with low greenspace access and a low concentration of currently greened vacant lots)
might indicate some places where tradeoffs would be minimized.
Limitations and Future Directions for Research
Limitations
While this research offers many insights into the impacts of the PLC program, it
must also be acknowledged to have several limitations. Chapters 4, 5, and 6 detail some
of the limitations of the individual analyses, which relate to the availability of data and
operationalization of the key concepts in this analysis. Each analytical approach was
driven largely by the available data, resulting in some cases in indirect measures being
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used. In all cases, only a limited number from much larger list of potential outcomes
were assessed.
While I used property values as a proxy for economic benefits and neighborhood
revitalization, this is only one potential means of operationalizing this. While this is
consistent with other research that has sought to measure neighborhood revitalization
(Galster, Tatian, & Accordino, 2006; Galster et al., 2004), it likely does not fully
encompass what is meant by the term. In some neighborhoods, sales prices might be kept
artificially low as a result of subsidies to build low-income housing, thus sales price may
not even adequately reflect the true market value of all properties. Other factors that
might be considered signs of revitalization could include population growth, new housing
development, housing renovations, or general increases in sales and real estate activity.
Beyond population and housing characteristics, the list of variables might also focus on
factors more closely related to economic development such as potential increases in
business activity – either though increased revenues or sales or the establishment of new
businesses (or slowing of business losses). Qualitative data on neighborhood conditions
or resident attitudes might also be important to truly make an assessment regarding
revitalization.
In the economic analysis, methodological limitations include the challenges of
identifying appropriate control lots and the potential for diffusion of treatment, in which
property values surrounding control lots increase due to proximity to PLC lots. Though I
attempted to include most appropriate factors in the selection of control lots, the spatial
challenge is particularly hard to overcome – choosing lots close to PLC lots ensures
similar neighborhoods, but also increases the likelihood that PLC lots influence
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properties surrounding control lots. Choosing lots far away from PLC lots decreases the
similarity between treatment and control lots, lessening the ability of the analysis to tease
out the specific impact of PLC. It was my hope that in choosing a moderate distance
from PLC lots for control groups, I erred on the side of caution, in that it is more likely
that real impacts would be overlooked than that non-existent impacts would be found.
The economic analysis was also limited in that it highlighted only some potential
factors that contribute to differences across neighborhoods, and there are likely other
differences in program implementation that were not included, such as the actual group
overseeing implementation, other programs happening in the neighborhoods, and other
neighborhood-specific factors such as crime. The potential influencing factors that were
identified, such as concentration of the PLC program, were evaluated after the fact and
not tested as causal mechanisms.
The environmental analysis was limited first and foremost in that the benefits
were modeled rather than measured directly. The modeling rests on several assumptions
– some on my part regarding growth and mortality of PLC trees, and many others that
were made by the US Forest Service and incorporated into the i-Tree Streets software
package. I attempted to address some of these concerns by exploring three different tree
mortality scenarios, but I did not complete a formal sensitivity analysis for either the
growth or mortality estimates. The environmental analysis was also limited in that it
focused solely on the benefits accrued from trees planted in PLC and not benefits from
other vegetation – primarily grass but also shrubs and flowers – or benefits from
landscaping. As previously noted, some stormwater benefits were expected based on
decreased soil compaction through tilling of the upper inches of soil and the spreading of
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new topsoil (Yang & Myers, 2007). Additionally, while the vast majority of PLC lots
were graded flat, a small number were contoured with swales in an attempt to manage a
greater amount of stormwater onsite. None of these additional benefits were measured in
this analysis. Data limitations prevented direct measurement of changes in tree canopy
cover due to the PLC program or assessment of the impact of PLC on the urban heat
island effect.
The primary limitation of the equity analysis is that it rests on the assumption that
PLC lots are similar to and provide benefits similar to parks. Though this assumption
was to an extent supported by other findings – especially the economic findings and the
research of Branas et al. (2011) – and by anecdotal evidence that neighbors use PLC lots
as gathering places and event spaces, no study has been done that actually examines
neighbor attitudes towards or use of PLC lots. If residents do not in fact value PLC lots
in the same way that they value parks – and particularly if they value them less – then the
distribution of PLC lots cannot be said to contribute equally to that of parks in
determining equity in access to greenspaces. Lacking this additional research, I argue
that the ancillary health, safety, and economic benefits attributed to PLC still support the
idea that the lots provide some, if not all, of the benefits of parks, and thus they can serve
as temporary measures to increase greenspace as more equitable long-term solutions are
explored. In the equity assessment, I would also have liked to assess equity in tree
canopy coverage, which is related to but not the same as greenspace access.
Philadelphia’s neighborhoods have wide variations in tree canopy coverage (O’NeilDunne, 2010), but I was not able to find high enough quality data to reliably assess
increases in coverage attributable to PLC.
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While this research provides more information for understanding the potential
complementary and conflicting relationship between sustainability and revitalization,
neither of these facets were directly measured. In particular, the findings were used to
highlight potential current and long-term tradeoffs between benefits of the program based
on program implementation and longer-term development patterns, but the extent to
which these tradeoffs have actually been felt was not explored. The analysis did not track
changes in program implementation over the study time period, and thus hasn’t analyzed
whether or not any of those changes has had implications for the benefits of the program.
Future Directions
These limitations suggest several potential future directions for study to build on
the advances made here. In the economic analysis, it would be valuable to explore
additional causal mechanisms for neighborhood differences or potential moderators or
mediators of PLC effects. These would include factors related to program
implementation, the concentration of PLC lots, demographic characteristics, and crime
rates. It would also be valuable to include information on other revitalization efforts such
as new housing development, other greening efforts, and other community development
efforts such as public art programs. From the economic development perspective, it
would be further interesting to explore additional benefits from the program, such as
exploring in greater detail the positive impacts on commercial corridor success that were
found by Econsult Corporation (2009) and whether or not they exhibit spatial
nonstationarity, and looking at any population changes in the neighborhoods surrounding
PLC lots to see if the neighborhoods have grown to any extent.
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In terms of environmental benefits, it would be interesting to supplement the
modeled results with actual measurements of tree growth and mortality. Though this
would still not provide actual measurements of environmental benefits, it would provide
greater certainty with regard to the assumptions guiding the modeling of benefits. As
noted above, it would also be valuable to incorporate additional modeling of stormwater
benefits provided by the lot landscaping.
A possible future direction for understanding social justice implications of PLC
would be to incorporate qualitative work on resident attitudes towards PLC lots and,
where possible, quantitative measures of actual use of lots. Knowing how residents
actually experience the changes in the physical makeup of their neighborhoods may have
significant implications with regard to social justice. And of course there are many other
potential economic, environmental, and social justice outcomes that could be measured,
many of which I described above in the discussion of limitations.
Many of the findings indicated that program implementation choices greatly
influence both the types of impacts resulting from PLC and the locations where those
impacts are felt. As previously noted, there are only very loose criteria in place for
choosing lots for inclusion in the PLC program, and many lots meet those criteria and yet
have not been selected (these made up the population of potential control lots used in the
economic analysis). Given that the lot location choices appear to greatly influence not
only who benefits from the PLC program but also to what extent, a more in depth
analysis of the implementation of the program, especially with regard to how sites are
selected and whose opinions are considered in the decision-making process, could add
additional insight into the program impacts, especially those pertaining to social justice.
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Conclusions
Overall, this research demonstrates a wide range of benefits resulting from the
PLC program, benefits which contribute to both neighborhood revitalization and urban
sustainability. But that simple statement, while true, belies the complexity of these
results, in which benefits are felt differently across neighborhoods and may in fact
conflict with each other over both the short and long terms. Providing a simple greening
treatment to blighted vacant lots increases the value of surrounding properties, though it
does so more in moderately distressed neighborhoods and those in which the largest
percentages of vacant lots have been greened. Trees planted through the program
improve the environment through reductions in household energy use, mitigation of
stormwater runoff, removal of air pollution, and carbon sequestration, but these benefits
are relatively small, especially due to the relative youth and small size of the trees in
question. Concentrated in poor, distressed neighborhoods, PLC lots contribute to a more
equitable distribution of greenspaces in the city as they increase total amounts of nearby
greenspaces for relatively underserved minorities and the poor.
Though these benefits provide evidence that the program is valuable in the
communities it serves, they may also have policy implications. If benefits are
experienced more strongly in some parts of the city than others, or if one type of benefits
are stronger in one location while another type of benefits are stronger in another,
questions must be answered about how best to prioritize program implementation. This
research does not directly measure these potential tradeoffs, but represents a starting
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point for a dialogue to consider how implementation choices might affect the distribution
of program outcomes.
As a representative of a new wave of municipal programs that use large-scale
greening efforts to address urban decline and promote sustainability, the PLC program
shows great promise as a tool for managing blight and improving neighborhoods.
Though the PLC program in its exact form is unique to Philadelphia, the general idea of
using greening interventions is gaining traction and garnering significant attention in
cities across the US and in Europe, thus the implications of this research extend well
beyond its potential to influence policy on the PLC program alone. Rather these findings
may have broad significance for cities looking to pursue revitalization and sustainability,
suggesting that the two can be coupled with meaningful results on both fronts.
As more and more cities develop and pursue sustainability agendas, there will be
a greater need for programs that can be implemented at low cost across large geographic
areas and with the potential to meet a wide range of objectives. This research suggests
that greening programs targeting vacant land may be one means of doing that. Perhaps
more than anything else, this research highlights a changing role for vacant land in
municipal policy, even in the most distressed shrinking cities. Though traditionally
approached as problems to be solved, vacant lots, when seen as potential sites for
greening programs like PLC, are now more and more appearing to be potential
neighborhood assets, with the ability to serve as catalysts in the creation of healthier,
wealthier, and more sustainable communities.
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