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ABSTRACT

SCHOOLAYRD RENOVATIONS IN THE CONTEXT OF URBAN GREENING:
INSIGHT FROM THE BOSTON SCHOOLYARD INTIATIVE, BOSTON, MASSACHUSETTS
May 2011

KATE TOOKE, B.A., DARTMOUTH COLLEGE
M.ED., LESLEY UNIVERSITY
M.L.A., UNIVERSITY OF MASSACHUSETTS AMHERST

Directed by: Professor Robert L. Ryan

Twenty years ago the public schoolyards in Boston, Massachusetts were in a deplorable
state: most were entirely paved, seriously neglected and used predominantly for parking. Since
1995, the Boston Schoolyards Initiative (BSI) has worked to transform these spaces into vibrant
environments of recreation and learning. Renovations typically include adding play structures,
gardens, murals and seating that can engage children at recess or support an educational
activity. Recent research has shown that BSI renovations have had a positive impact on student
academic performance (Lopez, Jennings and Campbell, 2008), but little attention has yet
focused on how these revived and greened spaces have contributed to citywide urban greening
efforts and to the environmental quality of their surrounding neighborhoods. This study uses
design plans and GIS data to compare pre- and post-renovation canopy cover and pervious
surfaces at 12 BSI schools. Data analysis included both an examination of the percent increase in
canopy cover and pervious surfacing as well as exploration of the spatial configuration of green
space and play space within the newly designed schoolyards. Data indicates that overall BSI
renovations have a slightly positive impact on canopy cover and pervious surfacing, but gains
are not uniform and many schools are left not meeting citywide goals for canopy cover and
pervious surfacing. In addition, schoolyard designs emphasized traditional play structures and
paved spaces, subordinating opportunities for children to interact with vegetation. Although
eight school renovations included an outdoor classroom with natural features, only one
provided any space for children to interact more informally with vegetation. Schools are
organized into five different typologies based on the proportions of spaces they contain and
spatial configurations, and one typology is recommended as a model for future renovations. In
conclusion, this study addresses the challenges and constraints facing urban schoolyard
renovations and proposes a framework for integrating recommendations in an iterative
experimental manner.

KEYWORDS: Urban greening, pervious surfaces, canopy cover, urban schoolyards, schoolyard
reform, schoolyard design, children and nature, children and vegetation, spatial
configuration in design.
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CHAPTER|

INTRODUCTION

The Schoolyard Transformation Movement

In recent years schoolyards have become an exceedingly popular topic in the world of
education. Advocates of experiential and outdoor instruction have joined with nutritionists,
athletes and proponents of organic agriculture to champion “outdoor classrooms” that engage
students in healthy, playful learning. Recess, once banished from the school-day due to
overloaded curricular mandates and the need for more “seat time,” has returned to pedagogical
favor (Robert Wood Johnson Foundation, 2010). Teachers weary of test-based lesson plans are
looking for opportunities to enrich lessons with activities outside the classroom. As a result,
schoolyards, particularly the paved and neglected enclosures often associated with urban
schools, have come into focus as places of great potential within the school landscape (Rivkin,
1997; BSI, 2010). Beyond individual schools, cities are beginning to regard public schoolyards as
both important nodes in their open space and recreation network and targets of greening
efforts (National Wildlife Federation, 2010).

In this social climate, projects transforming schoolyards are incredibly diverse, ranging
from the installation of a few play structures to the planting of an “edible schoolyard” that
serves an educational and nutritional function (Center for Ecoliteracy, 1999). Most projects
engage members of the school community, local residents and design professionals in the
process of deciding what elements to include and how to include them. Although resources are
available for independent schools or towns, numerous non-profit organizations now partner

with municipalities to aid in the process of transforming schoolyards. These partner



organizations identify priority sites, mobilize funding, facilitate meetings, advise design
development and act as a clearinghouse for resources and information. The city of Boston
claims one of the oldest such collaborations: the Boston Schoolyard Initiative (BSI). Established
in 1995 to consolidate many grassroots efforts happening throughout the city, the BSI has
completed over 78 schoolyard renovations to date (BSI, 2010). Similar organizations in New York
City, Washington DC, Chicago, Denver, the San Francisco Bay area and other urban centers are

operating with equal industry (Rivkin, 1997).

The Urban Greening Movement & Boston

At the same time degraded environmental conditions in many urban centers has caught
society’s eye. Worldwide, the percentage of people living in cities is growing, and the UN
projects that more than two-thirds of the world’s population will live in an urban area by 2050
(UN, 2008). This increasing urbanization puts tremendous pressure on urban ecosystems (REF).
A relatively new scientific field called “urban ecology” has recently sprung up aiming to
understand the natural systems of urban areas, the services they provide for humans and the
threats that face them (Urban Ecology Institute, 2010). Research in this burgeoning field has
brought recognition that planting shade trees, rain gardens and other vegetation provides
valuable ecosystem services such as decreasing heat island effect and stormwater runoff (EPA,
2008; Stormwater Center, 2011), which in turn has brought political attention to urban greening
efforts. Although cities vary significantly in their leadership of these efforts, most US
municipalities are now spending some political (if not always financial) capital on tree planting
projects, vacant lot transformation, park additions and improvements and other greening

initiatives.



The city of Boston, Massachusetts, has a long and illustrious history of urban greening.
In the late 19" century, Frederick Law Olmsted’s Emerald Necklace park system put Boston on
the map as one of the first cities to establish a comprehensive greenway system. Although the
park system still exists as a tremendous resource for Boston residents, by the late 20" century
attention began to focus on the many neighborhoods of Boston without easy access to these
large green spaces. Non-profit organizations such as the Boston Natural Areas Network (BNAN),
Earthworks and the Urban Ecology Institute (UEl) have spearheaded the formation of
community gardens and pocket parks as well as the maintenance of urban wild areas in
underserved neighborhoods of the city for the past several decades. In 2006, the Urban Ecology
Institute initiated a several-year study documenting the state of the urban forest in Boston,
mapping canopy cover in each of Boston’s neighborhoods and creating detailed records of the
health of all public street trees (UEI, 2008). This research, and the ensuing report, inspired a
collaborative between dozens of local environmental non-profit organization and the city of
Boston called Grow Boston Greener (GBG). Officially announced in 2007 by Boston’s Mayor
Menino, GBG’s goal was to plant 100,000 trees by the year 2020 in order to increase the city’s
tree canopy to 35% by 2030. Although the program installed 4,000 trees within the first two
years, unfortunately it lost funding in early 2009 and the work has been continued piecemeal by
several area environmental non-profits.

Despite the slowing of the Grow Boston Greener initiative, Boston’s urban forest has
recently become the focus of two separate teams of academic researchers. Both teams have
received funding from the National Science Foundation (NSF) as part of their Urban Long Term
Research Area exploratory (ULTRA-Ex) grant program. One team, BUM-ULTRA-Ex which is based
at Harvard University, is looking primarily at the carbon sequestration potential of Boston’s

urban forest. The other, BMA-ULTRA-Ex which is based at the University of Massachusetts



Amherst, aims to understand how urban greening projects like Grow Boston Greener and the
Urban Ecology Institute’s Cityroots program are impacting the ecological and public health of
the city. The BMA-ULTRA-Ex team includes ecologists, hydrologists and social scientists who are
currently conducting studies as diverse as bird and bug counts, behavioral observations, water
guality monitoring, land cover mapping and volunteer surveying. Both research teams are
hoping to leverage the research generated during this two-year exploratory grant to win a

longer 15-year grant enabling the continued study of urban ecology in Boston.

Thesis Goals

Although data regarding both the educational benefits of quality schoolyards and the
environmental benefits of urban greening projects abounds, little scholarly research has focused
on connecting these two themes. By studying the renovation of urban public school grounds in
Boston, Massachusetts, this thesis aims to understand the way in which schoolyard
transformation projects affect their surrounding city environment. It explores changes in overall
pervious surfacing and canopy cover on school sites that have engaged the Boston Schoolyard
Initiative program, asking specifically what configurations of play structures and vegetation most
contribute to urban greening efforts. The goals are (1) to establish a benchmark for how
ecologically beneficial current urban schoolyard renovations are and (2) to develop sound
recommendations to policy-makers and designers for creating schoolyards that not only support

children, but also truly advance urban environmental and public health.



Thesis Organization

The body of this thesis begins with a literature review which explores the relationships
between children and the natural environment as well as the impacts of play activities on child
development and then applies these theories to understand the potentials of and challenges
facing green schoolyards. The literature review also addresses current thinking about urban
ecology, urban greening efforts and what is known about how canopy cover and pervious
surfacing affect urban environmental and public health. The literature review concludes with the
specific research questions that spring from the literature and guide the study. Chapter Il,
Methodology, first gives readers an understanding of the Boston Public School system and the
Boston Schoolyard Initiative before explaining how specific schools were chosen for this study. It
then explains how data about pervious surfaces, canopy cover and spatial configurations were
generated for the selected schools. Chapter IV, the Results and Discussion, present the data
generated for pervious surfaces, canopy cover and spatial configurations and evaluate this data
in the context of scholarly literature and current thinking. Finally, the Conclusions offer
recommendations to the Boston Schoolyard Initiative and similar organizations about how to

use and build upon this research.



CHAPTER I

LITERATURE REVIEW

This literature review explores the relationships between children and the natural
environment as well as the impacts of play activities on child development and then applies
these theories to understand the potentials of and challenges facing green schoolyards. It
concludes with a discussion of urban ecology, urban greening efforts and what is known about

how canopy cover and pervious surfacing affect urban environmental and public health.

Children and Nature

In the past decade the term “nature deficit disorder” has come into vogue to describe
the relative disassociation that many children, particularly those growing up in urban areas,
have with the natural environment (Louv, 2005). Although the disconnect between children and
nature is partially attributed to the largely built character of our surroundings, child advocates
are increasingly identifying television, video games, computers and other indoor entertainment
media as the primary culprits. A recent study by the Kaiser Family Foundation and Stanford
University found that children ages 8-18 now spend an average of 7.5 hours per day using
entertainment media and less than an hour outside (2010). Youth who spent more time using
media also reported lower grades and lower levels of personal contentment than those who
engaged in more diverse activities. Although nature deficit disorder is not officially recognized
as a disease by the American Medical Association, child advocate and founder of the Children
and Nature Network, Richard Louv (2005) has gathered research that links nature deficit to
some of the most troubling childhood trends, including increases in obesity, attention disorders

and depression.



The growing clamor and concern over what happens to children who don’t get enough
of nature begs the question: what benefits do natural environments give children? A growing
body of research addresses exactly this question. Yale University child psychologist Stephen
Kellert (2005) asserts that nature is important to children’s development in every major way —
intellectually, emotionally, spiritually, socially and physically. First and foremost, children exhibit
an innate preference for nature (Simmons, 1994; Nabhan and Trimble, 1994). They identify with
and express preference for scenes of trees, parks and other vegetated spaces because they
perceive opportunities for recreation, exploration or creative play. Having positive youthful
experiences in natural settings builds environmental ethic and can contribute to a lifelong
commitment to maintaining a healthy environment (Tanner, 1980; Nabhan and Trimble, 1994).
In fact, any affirmative exposure to vegetation as a child has been shown to have a positive
influence on lifelong attitudes towards plants and the environment (Harvey, 1989).

Beyond general preferences and experiences, children develop particular attachments
to specific natural places (Hart, 1979). In a comprehensive review of literature examining place
use and place attachment in children ages six to seventeen, Chawla (1992, p.81) finds that “in
behavior mapping, children and adolescents are rarely observed to spend even as much as 15%
of their time in neighborhood woods, fields, undeveloped waste places or waterways, yet these
are their most frequently elected favorite places.” This place attachment to nature despite
infrequent use indicates that children hold certain natural places dear.

Finally, a growing body of research has suggested that nature has restorative benefits
for the human brain, which improves cognition (Kaplan, Ryan and Kaplan, 1998). Experiences in
nature and views of nature reduce stress, clear one’s head and make it easier to concentrate on
difficult tasks (Hartig et al, 1991; Tenneson and Cimprich, 1995). Although much of this research

has focused on adults, a recent study of 100 high schools found higher standardized test scores



and graduation rates among students whose classrooms had views including larger quantities of
nature, i.e. trees, shrubs and other vegetation (Matsuoka, 2008). Similar studies of elementary
students have discovered that proximity to, views of and daily exposure to natural settings
reduced stress in children (Wells and Evans, 2003) as well as increased children’s ability to focus,
improving their cognitive functioning (Wells, 2000). Contact with nature may have particular
benefits for special populations: children with attention deficit disorder (ADD) have reduced
symptoms after activities in natural environments and when they have regular access to greener

environments (Taylor, Kuo and Sullivan, 2001).

Children and Play

Common sense and a wide body of research supports the notion that play facilitates
physical development (Burdette and Whitaker, 2005). But what is the relationship between
playing and cognitive or emotional development? The answer to this question may lie partially
in evolution: a significant difference between humans and other primates is the length of time
human children engage in play behaviors while growing up (Washburn, 1972). Humans play, on
average, 2-4 times as long as our primate counterparts, and evolutionary scientists maintain
that this longer play period contributes to the greater plasticity and complexity of our brains
(Washburn, 1972). In other words, engaging in play is the original human school, the tool by
which human children challenge their brains to grow. Psychologists agree that children learn by
exploring their world and each other in play activities (Moore, 1986). Jean Piaget’s
sensorimotor/adaptive model of intellectual development has long been a standard framework
for understanding the way in which children learn from play. Piaget argued that children first

assimilate, i.e. transform objects into items that fit their own needs and conceptions. As children



continue to explore through play, they accommodate, i.e. modify some of their mental
structures to meet the demands of the environment (Piaget, 1954). Children’s understanding of
reality is based on this iterative process of using fine and gross motor skills to explore the
environment, adjusting their mental perceptions of what surrounds them and then re-exploring
(Piaget, 1954 as noted in Herrington, 1997). A current theory in pediatric medicine holds that
the problem solving that occurs in free play promotes the integration of attention and other
cognitive functions such as planning, organizing, sequencing and decision making, all of which
are key to later academic success and independent life (Burdette and Whitaker, 2005).

In addition to the cognitive advantages, there is some consensus that play is an
important tool for developing social skills, culture and community (Hart, 1979; Burdette and
Whitaker, 2005). In fact, as far back as the 1890’s, popular psychology held that play was the
“work” of young people: children who engaged in active playful exploration grew into good
citizens while those who disengaged from their “profession” would stray into delinquency
(Solomon, 2005). Children foster both creativity and negotiation skills in cooperative play while
independent playing activities support the development of feelings of competence
(Huttenmoser, 1995; Moore, 1986).

In the school environment, most free play opportunities traditionally occur at recess.
Unfortunately, recess has become a somewhat rare commodity in American public schools: 40
percent of US school districts have reduced or eliminated recess in order to devote more time to
core academics (Robert Wood Johnson Foundation, 2010). New evidence is emerging to refute
this logic. A recent study of 11,000 third graders found that those who had more recess time
behaved better in the classroom and were likelier to learn more (Barros et al, 2009). In addition,

school principals overwhelmingly believe that recess has a positive impact on academic



achievement in their schools because students listen better after recess and are more focused in

class (Robert Wood Johnson Foundation, 2010).

The Evolution of Playgrounds

Beliefs in the importance of play for the development of youth came to the surface in
the late 19" century when social activists within increasingly dense American and European
cities began to fund the construction of playgrounds. The year 1906 saw the formation of the
Playground Association of America, which launched playgrounds into the public realm and
fielded the first debates over safety (Solomon, 2005). Standard playgrounds included features
like swing sets, seesaws, slides, monkey bars, and jungle gyms on a flat dirt, paved or grassy
surface surrounded by a fence. Despite dynamic proposals such as Play Mountain by Isamu
Noguchi in 1933, the landscapes of urban playgrounds and schoolyards remained almost
entirely static though the second world war.

During the German occupation of Denmark in the early 1940s, Danish architect C. Th.
Sorenson proposed and implemented a series of Adventure Playgrounds in Denmark. Meant to
serve as an antidote to the climate of political control, these urban spaces were almost entirely
fluid; children were free to creatively manipulate the environment and build whatever they
wished with the tools and recycled materials on hand (Solomon, 2005). The idea of Adventure
Playgrounds spread abroad post war, gaining particular momentum in England in the 1950’s.
Although the term gathered some currency in the United States, and a few Adventure
Playgrounds were constructed, the idea never fully flourished on this side of the Atlantic. The
reason has much to do with American (mis)perceptions of what constitutes safety and risk

(Solomon, 2005). As Americans became more risk-adverse, safety guidelines emerged and

10



manufacturers stepped in with commercial products. Unfortunately, “Americans put so much
trust into equipment that they failed to realize that the equipment alone did not constitute a
playground.” (Solomon, 2005, p.43) Although a limited artistic movement supported by the
Museum of Modern Art (MoMA, New York) and several independent sculptors emerged in the
1950’s, the eclectic modern play installations they put forth remained very much the exception,
and most playgrounds “remained blacktopped, uninspiring accumulations of the same
equipment that had been around for decades” (Solomon, 2005, p. 42).

In the late 1960s and early 1970s, some designers began to call attention to the dismal
conditions of American playgrounds. Architect Richard Dattner, a prominent playground activist,
charged,

“The typical New York Playground (which is typical of 99 percent of all the playgrounds
in the United States) could not be a more hostile environment for children’s play if it
had been designed for the express purpose of preventing play. Characteristically, it is an
unbroken expanse of concrete or asphalt pavement, punctuated by the forlorn presence
of metal swings, a slide, and some seesaws. Not only does this design lack any possibility
for real play, the most interesting activities are prohibited anyway by signs saying “NO”
in huge letters, followed by a list of all the things children like to do.” (As quoted in
Solomon, 2005, p.54)

Dattner went on to design and install an Adventure Playground in Central Park as wells
as several other non-conventional playgrounds (Solomon, 2005). A collaborator of Dattner’s,
landscape architect Paul Friedberg designed and installed derivatives of the Adventure
playground at several public housing developments in New York City. Again, these “designer
playgrounds” remained very much the exception rather than the norm. In fact, as the 1970s
ushered in big business and ever growing concerns over “safety” and liability, playground reform
was generally reduced to the installation of a generic commercial “post and platform” structure.

Playground historian Susan Solomon calls this the “McDonald's model” in which ubiquitous,
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uniform, sterile equipment is cordoned off from the world by a “menacing fence” which
proclaims to adults and children that “today’s playground has no real setting” (Solomon, 2005,
p.82). In addition, many educators agree that the homogenization of play environments has

decreased the educational and developmental value of play (Herrington, 1997).

The Potential of Greened Schoolyards

Within this climate, a groundswell of educators, parents, social activists and non-profit
advocacy agencies have begun clamoring for change in our nation’s playgrounds and
schoolyards (Solomon, 2005). Some have merged with the food security movement to create
dynamic, edible environments that engage children in the process of growing food (Centre for
Ecoliteracy, 1999). Others have adopted the original tenants of the Adventure Playground or
joined forces with muralists, mosaic artists and sculptors to craft vibrant, unique spaces
(Solomon, 2005). A significant arm of the playground reform movement advocates for the
“greening” of playgrounds and, more specifically, schoolyards. The Washington Environmental
Yard in Berkeley, CA became a pioneer in the 1970s, illustrating the potential of green
environments surrounding schools (Moore and Wong, 1997). Although the green schoolyards
movement is still in relative infancy, a growing body of research is delving into the contexts,
impacts and implications of re-thinking school grounds. This research is beginning to tell a
promising story of benefits for students, teachers and broader communities.

As might be expected, the bulk of research focuses on students. Children who attend
schools with greened schoolyards have more volume and variety of play opportunities (Barbour,
1999; Moore, 1996; Tranter and Malone, 2004) because vegetated environments are more fluid

and support a diverse range of dramatic and creative play (Kirkby, 1989; Tranter and Malone,
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2004). These diverse play opportunities foster cooperation, collaboration and communication
that build valuable social skills (Titman, 1994) and create more welcoming, inclusive social
environments for children of all types (Dyment and Bell, 2008). Conversely, children and
teachers report less boredom in greened schoolyards and less negative and aggressive behaviors
than are typical of paved schoolyards (Dyment, 2005). In terms of physical health and safety, the
increased level of play activity associated with greened schoolyards may account for decreased
levels of obesity among these populations (Bell and Dyment, 2006; Dyment, Bell and Lucas,
2009) and greened schoolyards are generally considered safer than their asphalt counterparts
(Chesky, 2001; Dyment, 2005). Finally, the opportunity to explore and manipulate green school
environments builds stronger relationships with the natural world, leading to the formation of
lifelong environmental awareness and stewardship (Bell, 2001; Tranter and Malone, 2003;
Dyment, 2005) and stimulating higher levels engagement and reflection as citizens (Mannion,
2003).

Perhaps most important in today’s social climate are the potential cognitive benefits of
greened schoolyards. Several studies have shown that children who attend greened schools
perform better academically than their peers who play in un-renovated schoolyards (Lopez,
2009; Leiberman and Hoody, 1998; Simone, 2002) and are generally more engaged in learning
(Dyment, 2005). Improved academic performance is likely due in large part to teacher reports
of increased opportunities for learning and curriculum development in outdoor environments
(Dyment, 2005; Center for Ecoliteracy, 1999; Moore and Wong, 1997) and reduced problems
with classroom management (Leiberman and Hoody, 1998). It may also be related to the way
that natural environments encourage diverse types of activities that child psychologists believe

support cognitive development in children (Herrington, 1997).
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Finally greened schoolyards can play a significant role in the surrounding community. In
most cases, the process of schoolyard renovation has taken a bottom-up approach, engaging
students, teachers, parents, neighbors, local civic organizations and other stakeholders in the
planning initiative. An analysis of the Boston Schoolyard Initiative’s public-private partnership
model found that although overcoming civic cynicism was difficult, the bottom-up, citizen-driven
approach ultimately created a better schoolyard and strengthened the school and neighborhood
community (Lopez et al, 2008). Once renovated, the school grounds can become a significant
community resource, providing space for children to play when school is not open and offering
healthy green space for neighbors to gather (Barker, 1994). These green spaces can contribute
to overall urban greening efforts by connecting wildlife corridors or greenways and adding
habitat that supports biodiversity (National Wildlife Federation, 2010).

Although the potential benefits of greened schoolyards are clear, the context of the
schoolyard, implementation of the plan or ongoing management issues can raise challenges that
can suppress the full realization of benefits. Concluding a study of 45 greened schools in
Toronto, Dyment (2005, p39) writes: “Many [informants] believed that important aspects of
greening initiatives remained ‘untapped’, ‘under-realized’ or ‘under-explored’.” She continues,
“Not surprisingly, what was a challenge for one project proved to be an opportunity for
another...the most commonly reported barriers were: 1) availability of funding, 2) demands on
time, 3) difficulty in maintenance, and 4) lack of teacher involvement [while] the key factors
[enabling] projects were: 1) human resources (students, teachers, parents and principals), and
2) funding.” Using comments from interviews as well as policy analysis, Dyment creates a long
list of recommendations for ameliorating these challenges applicable for Toronto as well as

other school districts.
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Urban Ecology and Ecosystem Services

The growing body of research on schoolyard greening is beginning to paint a picture of
benefits for students, teachers and broader communities, yet significant holes remain. In
particular, little attention has focused on the ecological impacts of renovated urban schoolyards.
Exploring the contributions of schoolyard renovations to environmental health requires an
understanding of how ecology functions within urban environments. Urban ecology is a
relatively new field that strives to understand the natural systems of urban areas, the services
they provide for humans and the threats that face them (Urban Ecology Institute, 2010). This
field grew in part out of a body of literature pointing to negative environmental and public
health conditions within cities.

Perhaps the most infamous of these conditions is heat island effect, the phenomenon of
urban and suburban areas experiencing elevated temperatures compared with their out-lying
rural surroundings. Heat islands occur because the dark, paved and metallic surfaces associated
with cities capture and re-radiate heat from the sun more than vegetated and moist
environments (EPA, 2008). Cities with a population greater than 1 million people have been
found to have an annual mean air temperature 1.8 to 5.4 degrees Farenheit warmer than their
surroundings (Oke, 1997), and this difference can be as large as 22 degrees Farenheit on a clear
calm summer night (Oke, 1987). These warmer temperatures increase cooling load and related
energy use (Akbari, 2005) which in turn leads to higher air pollution rates and greenhouse gas
emissions (EPA, 2008). Increased air pollution is known to be connected with increased asthma
rates and other respiratory diseases (Levy, 2003). In addition, heat island effect exacerbates the
effects of heat waves resulting in general discomfort, increased respiratory ailments and above

average rates of mortality in sensitive populations (CDC, 2006). Finally, hot pavement and
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rooftop surfaces can heat stormwater runoff, elevating temperatures in streams, rivers, ponds
and lakes which affects aquatic health (EPA, 2008).

In response to the myriad negative effects of heat islands on urban environmental and
public health, the U.S. Environmental Protection Agency recommends mitigation through adding
trees and vegetation, green roofs and cool roofing/paving materials (EPA, 2008). A review of
several hundred studies of urban greening found that greened urban areas, such as urban parks,
are an average of 1° C cooler than non-green sites (Bowler et al., 2010). This is because daytime
air temperatures beneath both individual trees (Georgi and Zafiriadis, 2006; Golden et al., 2006)
and clusters of trees (Taha et al., 2007; Souch and Souch, 1993; Sashua-Bar and Hoffman, 2000;
Streiling and Matsarakis, 2003) are lower than temperatures in surrounding urban open areas.
Surfaces shaded by trees or other vegetation are 20 to 45 degrees Farenheit cooler than
unshaded surfaces (Akbari et al., 1997) and evapotranspiration by vegetation can reduce peak
summer air temperatures by 2 to 9 degrees Farenheit (Huang, Akbari and Taha, 1990). Besides
mitigating heat island effects, other benefits of canopy cover in urban areas include reducing
emissions of hydrocarbons involved in ozone formation (Scott et al. 1999), control of
stormwater runoff (Xiao et al. 1998), and increasing pavement longevity (McPherson et al.
1999).

A second major ecological condition within urban environments concerns stormwater
runoff due to high levels of impervious surfacing. Impervious surfaces have long been associated
with the intensity of an urban environment (Brabec, Shulte and Richards, 2002), and the
associated loss of forested lands, wetlands and other open spaces that normally absorb and
clean stormwater in the natural system changes both the quality and quantity of stormwater
runoff (Brabec, Shulte and Richards, 2002). In urban environments high levels of paved,

impervious surfacing mean that a majority of precipitation from rain and snowmelt events
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cannot percolate into the ground. Instead, runoff accumulates debris and pollutants as it flows
over paved surfaces, and then overwhelms and contaminates natural waterways at discharge
sites (EPA, 2010). The resulting increased pollutant load and sedimentation of streams causes
adverse conditions for fish as well as plants and other naturally-occurring aquatic life,
exacerbates flooding and creates unsafe public health conditions for humans interacting with
the water (EPA, 2010).

Arnold and Gibbons (1996) identify impervious surfaces as an important indicator of
environmental quality because, although the impervious surface does not itself directly
generate pollution, it prevents the natural cleansing of water through percolation and instead
conveys pollutants directly to waterways. Scientists differ in their opinions about how much
impervious surface in a watershed affects stream quality. May et al (1997) contend that the
“physical, chemical and biological characteristics of streams change with urbanization in a
continuous rather than threshold fashion” (p.491), while Scheuler (1994) reviewed eleven
studies of imperviousness and water quality and determined that stream quality declines
significantly at a threshold of 10-15% imperviousness. As most cities and even suburban areas
are significantly more impervious than this threshold, ecologists, landscape architects and
planners are beginning to consider a variety of new stormwater management techniques. These
include replacing traditional pavement with pervious paving options such as block pavers and
porous asphalt as well as installing rain gardens that help to impound and clean stormwater
flowing off paved urban areas.

Recognition that planting shade trees, rain gardens and other vegetation provides
valuable ecosystem services such as decreasing heat island effect and stormwater runoff, has
brought political attention to urban greening efforts. In 2007 Boston’s Mayor Menino

announced an initiative called Grow Boston Greener (GBG), which involved a goal of planting
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100,000 trees by the year 2020 to increase the city’s tree canopy to 35% by 2030. The program
installed 4,000 trees within the first two years, but unfortunately lost funding in early 2009.
Continued work is happening in Boston at the grassroots level through organizations such as the
Urban Ecology Institute (UEI) Cityroots program, Earthworks and the Boston Natural Areas
Network (BNAN). As these organizations work mostly to green and “tree up” vacant lots and
public spaces, the Boston Schoolyards Initiative (BSI) is leading the charge to address the public
school sites. However, because the goals of the BSI aren’t explicitly about urban greening, little
attention has been paid to how the renovated spaces function ecologically or what ecosystem
services they provide. We don’t know much about how school communities and designers have
chosen to balance play equipment and ball courts with “outdoor classroom” features, how they
have integrated ecosystem services into new plans. We need this information to understand
what impacts BSI renovations have had on the ecological health of the surrounding city and its
residents. As municipal and school budgets tighten, the advocates for schoolyard reform will
need sound and diverse arguments for the ways in which transforming schoolyards can
positively impact larger urban communities. This thesis will attempt to fill these gaps by

answering the following questions.

Research Questions

1. How has the Boston Schoolyard Initiative contributed to urban greening efforts and
environmental quality in Boston?
e What gains in vegetation and tree canopy result from BSI renovations?

e What gains in pervious surfaces result from BSI renovations?
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e What impact do these gains have on neighborhood and city-wide canopy cover,
open space and hydrology?
How are the traditional play structures, vegetation and outdoor classroom features
configured in BSI schoolyards?
e What patterns emerge across many schools and many designers?
e What proportions of BSI renovations are devoted to traditional play
areas/structures versus “outdoor classrooms”?
How can an understanding of BSI configurations and contributions to urban greening

inform future schoolyard renovations in Boston and other urban areas?
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