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Trees contribute to many social and health benefits for citizens when trees are
planted appropriately and maintained into maturity. A healthy tree canopy cover
layer should be enjoyed by all residents no matter their location or income level.
While many communities and organizations have developed robust tree program
and provide free trees, homeowners have difficulty imagining what mature trees
might look like and what the benefits of the trees would be to them. This thesis
strives to develop design methods to support homeowner decision-making for tree
planting. A case study focused on the selected front yards of residential homes in
the Galway Elementary School walk zone will be used to document these
methods. The research is focused on how to demonstrate tree placement to
homeowners, tree benefits and but also bring to their attention the opportunities
offered to make the process simple and rewarding for the future of their children

and the neighborhood.



IMPROVING TREE CANOPY COVER WITHIN SINGLE-FAMILY
RESIDENTIAL FRONT YARDS AND THE CASE FOR NEIGHBORHOOD
TREES: CASE STUDY: GALWAY ELEMENTARY SCHOOL DISTRICT

By

Daniel James Bentley

Thesis submitted to the Faculty of the Graduate School of the
University of Maryland, College Park, in partial fulfillment
of the requirements for the degree of
Master of Landscape Architecture
2023

Advisory Committee:
Dr. David Myers, Chair
Dr. Byoung-Suk Kweon
Dr. Deni Ruggeri



Dedication

This thesis is dedicated to my children, who love the forest. May the delight they
get from the presence of trees be accessible to all children, near and far. To my

wife, for without her love and support, this never would have been possible.



Acknowledgements

David Myers, my committee chair, and inspiration for this big idea. We share a
love of trees. | am eternally grateful for his help in maintaining my focus and for

having confidence in my abilities as a writer and researcher.

Dr. Kweon who was part of my committee and helped me to focus on the small
but most important things that make this idea work. Thank you for sharpening my

gaze.

Dr. Ruggeri was also part of my committee. Thank you for helping me to see the

gaps and how to fill them for the greater good of both people and trees.



Table of Contents

DEUICALION ...ttt ettt iii
ACKNOWIEAGEMENTS ...ttt bbbt bt e nte s iiii
TabIE OF CONTENES.......ccviiiiieietc et ettt e b s ennens ivw
List 0f ABDreVIations............oiuiiiii e \
LISt OF FIQUIES. ..t vi
LISt OF TADIES ... bbb s viii
Chapter L: INtrOAUCTION ....ovviveiiiec ettt nbe s srnnen 1
Chapter 2: LIterature REVIEW .........couiiiiieiieiisiee sttt st snanens 4
Existing Montgomery County Tree PrOgrams .........cocoeerrueeeeeererreresesieeesesesneseeesesens 4
RIght Of WAy PrOgrams.......coviiieeiiiisenis ettt et nnn s 7
OFNEE PrOGIaMS .. vttt ettt et b ettt b ettt bbbt abens 9
PrECEABNT PrOJECES ... vttt ettt ettt sttt b et b 10
Tree Canopy BENEFILS ..o s s 13
Environmental BENETILS ........cooiiiciiiiieie e s 14
o To T L 21T 1] ) USRS 18
HEAIth BENETILS ... e e 20
Educational BENETILS .........cciiiiiieeii et e 21
Literature REVIEW SUMMAIY .....cviviiieiiiieieesiet s s 22
Chapter 3: Case STUY ........c.eiiiieriricieeeest ettt sttt ettt e 24
ST SEIBCTION ...t bbb 24
Site INVENtOry and ANAIYSIS .....c.coviuieiuiiiirieiee et e 29
Methods for Sample Selection of Single-Family Detached Properties..........c..cccoevve.. 39

Front Yard Vegetation Structure and Tree Species Selection............... .41
Chapter 4: Design Interventions and Results..............ccccccoevenenee .44
Section 1: Design Intervention EXamPples.........ccccoeoiiiiinniene e 44
Case Study 1: 3204 Cordoba St. (0 - 25 % Canopy COVEN).......ccccererervrueerenereniesennns 51
Case Study 2: 3054 Memory Ln. (25 - 50 % Canopy COVEN).....ccccccevviereriervierineens 60
Case Study 3: 12308 Palermo Dr. (50 - 75 % Canopy COVEr) ......cccovevvivrisenenanns 66
Case Study 4: 12416 La Plata St. (75 - 100 % Canopy COVEr) .......c.ccceecervrrreeeennn. 72
Section 2: Design Intervention Examples - 16 Remaining Properties............cccceceevvuene 76
Chapter 5: Discussion and CONCIUSIONS.........cciveiriierieinie s e 81
Summary Implications for BENEitS........cccvviiiiiriiiiinie e 82
LIMITAEIONS ..ttt bbbt bbb 83
FUINEE RESEAICH ...ttt ettt 83
BB IIOGIAPNY: 1ttt e 85



List of Abbreviations
FARMS - Free and Reduced Meals Program
FBCMP — Fairland Briggs Chaney Master Plan
MCDEP - Montgomery County Department of Environmental Planning
MCDNR - Montgomery County Department of Natural Resources
MCPD - Montgomery County Planning Department
MCPS — Montgomery County Public Schools
MDOT - Maryland Department of Transportation
MNCPPC — Maryland National Capital Park and Planning Commission

MOCO TCL — Montgomery County Tree Canopy Law



List of Figures

Figure 1: Reforest MONtgOMEry LOQGO .......coueeriiiiriririiieiet et e 5
Figure 2: Tree MONTGOMENY LOQO ...cviveriiieriiieiiterisieessieesie e ss st ssenees 7
Figure 3: Montogomery County Dept of Transportation............c.ccoeveveierisiesiesvessiessennans 8
FIQUIe 4: PEPCO LOQO. .. cuiiieiiiieiiiieisiee et ettt bt sa et e b e se e saenanens 8
Figure 5: Tree Planting Guides from various cities and municipalities. .............cccccceeeeene 11
Figure 6: Benefits OF TS ...ocoi i 14
Figure 7: 1-Tree graphic depicting tree canopy stormwater benefits. ..........ccocoevriierennae 15
Figure 8: Calverton neighborhood canopy. Galway Elementary School is shown as a
Va1 G (0T T SRRSO 16
Figure 9: Calverton neighborhood canopy heat island maps. Galway Elementary School
IS SNOWN @S @ WHILE 10Q0 ....vvieiieece e s 16
Figure 10: Fairland Briggs Chaney Master Plan (FBCMP, 2023).........cccccoeeeinnnrercennns 26
Figure 11: FBCMP Scope and INterventionS .........ccovvuevrieiereisinriesieesieesieesesseseseseese s 27
Figure 12: Topography of Galway Elementary and Calverton Neighborhood. ... ..30
Figure 13: Galway Tributary and Project SCOPe.........c.cocoeeverrnneeieirirneenes .31

Figure 14: Impervious Surfaces...........cccccervnnee. .32
Figure 15: Roads and Streets ................ .32

Figure 16: Sidewalks and Driveways....

Figure 17: Buildings .......ccccovvvvvvvrieinnn. .32
Figure 18: Tree Canopy. ..... .34
Figure 19: Parks and Trails. ..35
Figure 20: Soils.........cocv.ee. .36
Figure 21: Streams..... .36
Figure 22: Forest........ccccccoenenenae ...36

Figure 23: Green Infrastructure ................... ...36

Figure 24: Aerial image of Project SCOpe.........cccovvvreerciirinnen .37
Figure 25: Tree Canopy loss within project scope 2013-2018. .. .38
Figure 26: Project Focused Scope and 20 selected lots ................. ..39

Figure 27: Current tree canopy coverage with chosen lots shown.

Figure 28: Vegetation structural [ayers...........cccovrrriinninnceeienesseees .42
Figure 29: Native T1 and T2 tree species examples suggested for Maryland ........ .42

Figure 30: Tree species planted by Tree Montgomery in fiscal year 2015 - 2021. ..........43
Figure 31: Property data MeasUremMENt ArEas. ..........cuvueerreereeisreessreeseeesseesensessssesensenses 48
Figure 32: Canopy measurements before design interventions .........ccccoceeevervvevsieiieenene, 54
Figure 33: GIS canopy measurements before and after design interventions................... 54
FIQUIE 341 ST VIBW ...t ettt ettt 54
Figure 35: Photoshop perspective renderings showing proposed tree plantings. ............. 54
Figure 36: EXIStING @EITAL.........ciiviirieiiieiies e e 55
Figure 37: Photoshop aerial renderings showing proposed tree plantings............cccocevue. 55
Figure 38: Project scope focused location of 3204 Cordoba St.........cccccccveievvveriieivnnne, 56
Figure 39: Aerial location of proposed trees relative to the existing structure. ................ 57

vi



Figure 40: Overall benefits in each category of data measurement from the two proposed

tree plantings at 3204 COrdoba St..........ouiueuriririririce e 58
Figure 41: Air quality benefits of the two trees over the 25-year span..... ...58
Figure 42: Carbon sequestration over a 25-year span from plantings. .
Figure 43: Canopy measurements before design interventions. ...........
Figure 44: Canopy measurements after design interventions. ....
FIQUIE 45: SIrEET VIEW .....vcevcieieicceses e st .62
Figure 46: Photoshop perspective renderings showing proposed tree plantings. ... .
FIQUIE 47: ACTIAI VIBW ...ttt .62
Figure 48: Photoshop aerial renderings showing proposed tree plantings.... .
Figure 49: Project scope focused location of 3054 Memory Lane .........cccccceeeee. .63

Figure 50: Aerial location of proposed trees relative to the existing structure. ................ 63
Figure 51: Overall benefits in each category of data measurement from the two proposed

tree plantings at 3054 MemOTY LN, ......ccoiuiiiiniicci e e 64
Figure 52: Air quality benefits of the two trees over the 25-year span..... .64
Figure 53: Carbon sequestration over a 25-year span from plantings. .... .64
Figure 54: Canopy measurements after design interventions. .... .67
FIQUIE 55 SIIEEL VIBW. ...ttt .67
Figure 56: Photoshop perspective renderings showing proposed tree plantings. ... .67
FIQUIE 57: ALTIAI VIBW. ..ottt ettt s 68
Figure 58: Photoshop aerial renderings showing proposed tree plantings............cccccevu.. 68
Figure 59: Project scope focused location of 12308 Palermo Drive............cccccceevirirecunne. 69
Figure 60: Aerial location of proposed trees relative to the existing structure. ................ 70
Figure 61: Overall benefits in each category of data measurement from the two proposed

tree plantings at 12308 Palermo DIIVE. ... et 70
Figure 62: Air quality benefits of the two trees over the 25-year span...........c.c.coveveuene. 70
Figure 63: Carbon sequestration over a 25-year span from plantings. .........cc.cccoveeuene. 71
Figure 64: Before canopy measurements before design interventions. ..............cccocceuee. 73
Figure 65: After canopy measurements after design interventions. .............ccoceevveerennnn 73
Figure 66: Before existing Street VIBW ..........cooiieiiiiiiieie st e 73
Figure 67: After Photoshop perspective renderings showing proposed tree plantings. .... 73
FIQUIe 68: ABTIAI VIBW. ....ovcieiceiiceieeis et st en s 74
Figure 69: Photoshop aerial renderings showing proposed tree plantings. ...........ccccccoeen. 74
Figure 70: Project scope focused location of 12416 La Plata Street..........c.ccccccoeevriricune. 74
Figure 71: Aerial location of proposed trees relative to the existing structure. ................ 75

vii



List of Tables

Table 1: Abbreviations for sample 10t SEleCtioN. ..........cccoeriiirieiie e 45
Table 2: Abbreviation codes fOr @reas. .........cceverriiiiinir s 46
Table 3: Tree size codes for data COHECtiON. ...........oveeirinricee e 47
Table 4: Plan metrics Showing BEfOre.........cccoeivieiieiiicie e 53
Table 5: Plan metrics ShOWING after.........ccco i s 53
Table 6: Structural Metrics DEfOre........ ..o s 53
Table 7: Structural metrics after: Estimated 25-year T1 canopy levels are shown in red.53
Table 8: Plan metrics showing before design interventions...........cccevevveceneinniesnsinenenns 60
Table 9: Plan metrics showing after design interventions. .........ccococevireiencinssiesesenens 60

Table 10: Structural metrics before and after design interventions. ....
Table 11 Structural metrics before and after design interventions. Estimated 25-year T1
canopy levels are shown in red. ..........cocoeevvnnninnee
Table 12: Plan metrics before design interventions. .........cccovovveiinviene e 66

Table 13: Plan metrics after design interventions. Plantable area for T 1 trees, shown in
red, has decreased due to new T1/T2 tree plantings. .......ccccoevrvveriierisenis e 66
Table 14: Structural metrics before design iNterventions ............cccceevvvveeenr s 66

Table 15: Structural metrics after design interventions. Estimated 25-year tree canopy

levels are SNOWN IN TEA. .........ciiici e sre s
Table 16: Plan metrics before design interventions. .
Table 17: Plan metrics after design interventions. Plantable area for T 1 trees, shown in
red, has decreased due to new T1/T2 tree plantings. .........c.cccoeuenene.

Table 18: Structural metrics before and after design interventions. .............cccccovvrrenne. 72
Table 19: Structural metrics before and after design interventions. Estimated 25-year T1
canopy levels are SNOWN N FEA. .....cvvviiieiiieeee e e 72

viii



Chapter 1: Introduction

This thesis explores how tree canopy cover can be maximized in front yards of
single-family homes within underserved communities, specifically in elementary
school walk zones. Research suggests that a healthy tree canopy can lead to
better environmental health, physical health, and better educational outcomes for
children. In addition to social benefits for humans, trees and other vegetation also
provide many environmental benefits and ecosystem benefits such as air pollution
reduction, stormwater mitigation, and an increase in biological diversity.
However, tree canopy cover is inequitably distributed across geographic areas,
with poorer communities typically having less tree canopy than richer ones. Thus,
there is a need to increase tree canopy in these neighborhoods. Governments, such
as Montgomery County, Maryland have developed a variety of tree planting
programs to increase tree canopy, and in particular front yards, to address both
these social inequities and to increase environmental benefits afforded by trees to
meet overall environmental goals. This thesis addresses how to increase tree
canopy in front yards to maximize the benefits for children. It uses selected
properties within the case study area of Galway Elementary School to
demonstrate a method for both 1) documenting the benefits of tree canopy cover
and 2) persuading homeowners to take advantage of county tree planting

programs.

The case study area is the school walk zone within a half mile of Galway
Elementary School in Silver Spring Maryland. Tree canopy cover is inequitably

distributed throughout Montgomery County, Maryland. Located in the western



portion of our county, this area has lower tree cover and tree health is poorer
overall in these areas. The children attending the schools in these areas deserve to
have a healthy tree canopy within their neighborhoods that can lead to better
environmental health, physical health, and educational outcomes for not only
them but amongst all the residents within the walk zone and throughout the

extended community as well.

The overall application of this research is a desktop design method that can be
used to reach residents in these areas and to facilitate healthy tree plantings for the
future of these elementary school walk zones. Using tools such as ArcGIS Pro, I-
Tree, and Photoshop, we can use data analytics and virtual proposals to document
for residents the opportunities for front yard tree plantings but also the long-term
benefits of planting these trees now. There is a gap between the available trees
and the long-term success of these plantings within these underserved areas. This
thesis strives to fill that gap and move forward with a plan to increase the
frequency with which trees are planted in these communities. This desktop design
method and brochure can then be applied to other areas of the county and

throughout the country as well.

This thesis is organized into five chapters. This first chapter serves as an
introduction to the topic and acts as a roadmap. The second chapter discusses the
literature surrounding precedent projects abroad, existing programs in our area,
and the benefits of increased tree canopy cover. The third chapter introduces site
selection, inventory, and analysis for the selected neighborhood and the

elementary school. The fourth chapter introduces the design interventions and



proposed steps to build a successful tree-planting plan for the proposed residential
yards. The fifth chapter is a discussion and conclusion of the proposed changes

and further steps that can be taken to ensure tree canopy health for years to come.



Chapter 2: Literature Review

Chapter 2 is divided into three sections. Section one discusses selected
Montgomery County existing tree programs that are focused on increasing tree
canopy cover in the county. Section two identifies representative precedent
projects and canopy cover solutions applied in other cities and townships across
the country. The third section discusses the benefits of trees from an
environmental, health, social, and educational aspect. These four areas of benefit

were most relevant to this project and were chosen as specific areas of focus.

Existing Montgomery County Tree Programs

Within Montgomery County there exist several programs for helping citizens
achieve tree canopy goals within their private lots but also within the right-of-way
properties adjacent to their front yards. These programs strive to increase tree
canopy in urban and urbanizing areas of Montgomery County. Properties in
Montgomery County’s priority funding areas are eligible to apply for free trees
from Reforest Montgomery. Priority funding areas are home to 98% of the
county’s residents, but just 36% of the county’s tree canopy. By working together
to plant trees in these urban areas, they can cool buildings, prevent flooding,
reduce stress, and improve the quality of life for all the county's residents.
(Reforest Montgomery, 2023) They offer property owners a wide array of
incentives to simply plant trees within the county as well. From free shade trees,
discounts on native trees, free reforestation, and guidance on all aspects of tree
plantings they work with the community to increase canopy coverage in a variety

of ways and in a variety of locations from private lawns to parkland.
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Figure 1: Reforest Montgomery Logo

The fund that supports these programs is the Forest Conservation Fund, which is
generated by certain development projects that need to meet the requirements of
the Forest Conservation Law. In 1991, the state of Maryland passed the Forest
Conservation Act to regulate the removal of forests by certain types of projects
and also to grow new forests in the state. In 1992 Montgomery County passed its
own Forest Conservation Law. The primary requirement of this new law was that
developers set forth a forest conservation plan which settles a forest mitigation
requirement for an existing development project. Some development projects
meet the requirement by paying a “fee-in-lieu payment” which generates funds to
be used in the Reforest Montgomery program. The fund charges $1.30 per square
foot of developed space and uses these funds to increase plantings in much-
needed areas throughout the county. To date, they have collected funds to reforest
68 acres of forest within the county. By working with partners of the program
they have been able to stretch that amount to plant 90 acres of reforested property.
In 2020 they incorporated preexisting programs such as “Shades of Green” and

“Leaves for Neighborhoods” into Reforest Montgomery. These programs now lie



under the umbrella of Reforest Montgomery and all their resources have been
used to advance this new program. The program recently set a new goal of “No
Net Loss of Forest” in Montgomery County which strives to see the amount of
forest planted be greater than the amount of forest acres cleared. They passed the
No Net Loss of Forest amendment in April 2023 to strengthen the Forest

Conservation Law to help achieve the goal in the coming years.

A resource that Montgomery Planning uses to project changes to forest cover
within Maryland is the Maryland Forest Study released in 2022 by the Hughes
Center for Agro-Ecology. The University of Maryland’s School of Agriculture
and The Chesapeake Conservancy contributed to the report, which strives to lay
out strategies and goals for monitoring forest canopy cover within our state. With
this, they can underscore the importance of planting and protection efforts across
the state with the goal of achieving no net loss of forest cover in the very near
future. The report found that significant canopy loss took place between 2013 and
2018 across the state specifically in areas of high development. They also mention
invasive species spread and fragmentation from over-development as key

concerns.

Another important program within Montgomery County is Tree Montgomery.
Tree Montgomery is a free program to plant shade trees across Montgomery
County, Maryland. The goal is to plant shade trees and increase tree canopy to
provide a wide array of benefits for the community. They strive to focus on
planting shade trees specifically on private property within the county. To date,

they have planted more than 7,500 trees with a growing number being planted



every year. By simply filling out an application, visiting with a properly trained
urban forest technician in their yard, and selecting trees they can receive shade
trees at no cost. Most importantly they provide follow-up inspections to consult
with homeowners on tree health, maintenance techniques, and suggestions for a
healthy tree moving forward. The program, which is run by the Maryland
Department of Environmental Protection, is a very successful one and even has a

slight wait for new customers desiring shade trees.

e

e
MONTGOMERY

Figure 2: Tree Montgomery Logo

Right Of Way Programs

Trees that are growing in the Right of Way in Montgomery County are the
property of the county and the agency in charge is the Montgomery County
Department of Transportation. The county is responsible for the health and
maintenance of these trees. MCDOT maintains over 250,000 trees in the
dedicated county right of way and another 200,000 in rural areas. The county
plants approximately 2,000 trees per year and it is done so on a request basis.
Citizens can call and request a planting and a county arborist will inspect the

property for appropriate species and location. Acceptable major trees shall be 8' to



12" tall and have a minimum trunk caliper of 1 3/4" - 2" as measured 6" above
ground level. They shall be branched at a point approximately 60% of the total
height of the tree above ground. Major tree species will grow to a minimum of 40’
at maturity. Acceptable minor trees shall be 8' to 10” and have a minimum caliper
of 1" - 1 1/2" measured 6" above ground level. Minor tree species grow to a
maximum of 35’. Minor species are only planted directly under power lines.
(MCDOT - 2023) The size and species of the trees in these cases are important to
distinguish. “Right tree right place” is an important concept when planting

beneath power lines or in certain right-of-way conditions.

mcooT ¥4 pepco

Figure 3: Montogomery County Dept of  Figure 4: Pepco Logo
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Montgomery County's right of ways are important to this thesis topic in that they
make up such a large plantable area of the lots we are choosing to focus on. Some
of these lots have over 1,000 sqg. ft. of ROW in between the private lot and the
street. In some cases, these areas represent the best possible location for new
plantings. In other cases, they already contain large healthy trees that can be
further prioritized and possibly worked into a sidewalk layout for the

neighborhood further down the line.

As previously mentioned, certain considerations should be taken concerning
power line location and new tree plantings. Although these areas of open lawn are
plantable, we must take care to consider utility infrastructure when planning for
the future expansion of the tree limbs and roots. Furthermore, PEPCO has full
decision-making power when it comes to determining how to maintain and trim
the trees near energized lines. This activity is not regulated by Montgomery
County so communicating with PEPCO during initial planting plans would be

ideal to avoid unnecessary removal or limb cutbacks in the future.

Other Programs

These three aforementioned programs are specifically important to this thesis.
However, other programs exist within Montgomery County and Maryland for tree
plantings as well. They include Marylanders Plant Trees and Tree-Mendous,
programs run by the Maryland Forest Service, Backyard Buffers, a streamside
buffer-focused program handled by MCPD, Raincapes, operated by the

Montgomery County Department of Environmental Protection which focuses on



stormwater mitigation plantings, and the Maryland Urban and Committee Forest
Grant, which is a volunteer group of citizens, professionals, and government
officials united to protect and enhance Maryland’s forest ecosystems through
plantings on public land. Each of these programs serves a different purpose and
can also be appropriately applied to increase canopy in special situations. For this

thesis, the first three programs are of special importance.

Precedent Projects

Across the country, many cities are beginning to see the benefits of planting more
trees, both in urban environments but also in the suburban sprawl surrounding
their inner-city areas. Through overdevelopment, many of these cities have lost
considerable tree canopy cover and it is noticeable when looking at map data as
well as viewing properties from the ground. This has had a drastic effect on many
aspects of city and suburban life such as increased heat extremes, less
biodiversity, and an increase in issues with overworked urban stormwater
systems. These city planting guides and plans vary in many ways and serve only
to begin the process of solving the multi-faceted issue of lost canopy cover within
these cities. Many cities have plans in place, but where they do exist, many of
those plans fall short in one way or another. Policy, funding, and maintenance
issues can all play roles in slowing the development of these tree canopy
programs. These guides are designed primarily to help municipalities assess the
state of their urban forest, identify management concerns, and chart a path

forward, step by step, toward long-term sustainability. (Leff, 2016)
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A GUIDE TO WASHINGTON STATE'S URBAN
TREE CANOPY

Tree Planning and Planting = Seattle’s
CAMPAIGNS Urban Forest
Stewardship Plan
Seattle,
Washington, USA

Tree strategy

A Guide for Reforesting
Cities and Towns

Figure 5: Tree Planting Guides from various cities and municipalities.

These plans often outline more than just the physical tree plantings. They include
steps to create neighborhood and national awareness, increase volunteerism,
cultivate partnerships between municipalities, create multi-jurisdictional natural
resource plans, integrate federal agency goals, support collaborative research, and
establish open-access tools for community members. Furthermore, they stress that

in addition to trees on public land, these guides also cover trees on private
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property, which represents the majority of land area in most communities and, as
such, are a critical component of the urban forest. (Leff, 2016) This is crucial to
the development of my thesis as | am focusing on these private property front
yards. They make up a large amount of the plantable area within my project scope
and thus are crucial to maximizing tree canopy in western Montgomery County
moving forward.

One important aspect of these urban forestry guides is to recognize the inequitable
distribution of current tree canopy cover and strive to make reparations for past
policy decisions and funding shortcomings. The city of Seattle’s Urban Forestry
Core Team recognizes that not all residents in Seattle experience environmental
progress equally. People of color in their city are more likely to live near polluted
sites, suffer from environment-related health problems, and have less access to
healthy fresh food and open space. They continue to work to create a city where
all residents benefit equally from their environmental achievements. (Seattle 2020
UFMP) This is the case in many U.S. cities and is also a focus topic of my thesis.
The neighborhood scope in my project is one that has been historically
underserved. I chose my site specifically to align with Montgomery County’s
efforts to implement structural and environmental changes in this Calverton
neighborhood through the Fairland Briggs Chaney Master Plan. These changes
are long overdue and should make progress towards not only increasing canopy
coverage but providing citizens in this area with much-needed improvements in
access, connectivity, and enhanced comfort and safety. Within the FBCMP there

are recommendations provided for improvements in land use, zoning, housing,
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transportation, community health, parks, trails and open space, the environment,

community facilities, and historic preservation. (FBCMP, 2023)

Most of these cities have similar goals when planning for an increase of the
canopy cover within the urban and suburban scope. Along with increasing
canopy, they can include reducing greenhouse gas emissions, enhancing green
infrastructure, reducing citywide building energy use, improving air quality, and
creating green jobs for the future. Not surprisingly by increasing tree canopy
coverage to above 30% these other goals are met simultaneously. Meeting that
single target would help advance half of all the other targets in all five of the other
categories mentioned. (Leff, 2016) The benefits of trees are numerous and well-
documented. Both environmentally and socially, trees can positively affect the

lives of citizens in many, many ways.

Tree Canopy Benefits

The benefits of trees are numerous. From human health and biodiversity to
improved water quality and increased property values, the benefits can be
measured in a myriad of ways. Trees also benefit people in ways that cannot be
measured, such as a sense of community in a neighborhood and eco-education for
school-age children who can learn to plant trees, harvest acorns, and build
birdhouses. Trees build relationships with the land we inhabit and provide a bit of
green in an often-endless concrete skyline. Therefore, maintaining a healthy tree
canopy within the suburban sprawl is essential for a healthy population and a

bright future.

13
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Figure 6: Benefits of Trees

Environmental Benefits

The environmental benefits of trees have been well-documented in recent years.
Green infrastructure in urban areas provides goods and services and supports
resilience in the system. They also form a connected network of multi-functional,
predominantly undeveloped land that supports ecological and social activities and
processes Green school areas can amplify the connectivity of the major green
infrastructure by acting as steppingstones for species flow. (Ioja et al., 2014)
Trees maintain healthy biodiversity when moving through the mosaic of suburban

homes that are present in the western portions of Montgomery County. Without

14



these patches of green, animals such as Sitka deer, songbirds, pollinators, and
native wildlife would be unable to navigate the patchwork we have created
through overdevelopment.

Trees also prevent water pollution through increased stormwater filtration. Urban
tree canopy cover offers stormwater control and water quality benefits for
municipalities in the Chesapeake Bay watershed and can extend many riparian
forest buffer functions to urban settings. They interact with the urban hydrologic
cycle by intercepting incoming precipitation, removing water from the soil via
transpiration, enhancing infiltration, and bolstering the performance of other
green infrastructure technologies. Research has shown that trees can play a
substantial role in reducing stormwater runoff via canopy interception loss,
transpiration, facilitating infiltration, and by coupling trees with other green

infrastructure technologies. (Berland et al., 2017)

Precipitation

Canopy intercepion ]
and Evaporation

\ Transpiration

Y FRoots Take Up Soil
Moistu asing|

Runoff Storage

Figure 7: 1-Tree graphic depicting tree canopy stormwater benefits.
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They also reduce weather extremes in local neighborhoods by shading homes
during the summer and blocking winds in the dry Maryland winter. Heat extremes
during summer months are an increasing problem in neighborhoods with lower
levels of tree canopy coverage. Heat exhaustion and stroke are very serious side
effects of exposure to prolonged high temperatures and affect these underserved
areas much more often than in wealthy neighborhoods with denser canopy
coverage. People who may not have sufficient resources to operate air
conditioning in their homes may also live in neighborhoods that lack the cooling
benefits of urban trees, thereby compounding their vulnerability to extreme heat

events. (Jennings & Gaither, 2015)

Figure 8: Calverton neighborhood Figure 9: Calverton neighborhood canopy
canopy. Galway Elementary School is heat island maps. Galway Elementary
shown as a white logo School is shown as a white logo

The benefits that trees provide can help cities and countries meet 15 of the 17
internationally supported United Nations Sustainable Development Goals.

(Turner-Skoff & Cavender, 2019) They are one of the best and simplest solutions

16



to climate change and the aesthetics and beauty provided are an added bonus.
Trees also remove a tremendous amount of air pollution. It is estimated that from
the contiguous United States, urban trees remove 711,000 metric tons of air
pollution each year. Air pollution is a major environmental concern in most major
cities across the world. Urban trees and shrubs offer the ability to remove
significant amounts of air pollutants and consequently improve environmental
quality and human health. (Nowak et al., 2006) Previous research has
demonstrated that many woody species accumulated particulate matter and
suggested that PMz2.s accumulation capacity increases as a tree matures, and a
diverse planting of species augments the trapping of particulate matter. (Turner-
Skoff & Cavender, 2019) A genetically diverse mature tree canopy in the
Calverton neighborhood would have a very profound effect on the amount of
particulate matter cleaned from the air. Front yards are a perfect location for these
future mature trees. Even one mature tree in each yard would have a great impact,
and we have the opportunity to do much more than that. Trees act as a sink for
CO:2 by fixing carbon during photosynthesis and storing excess carbon as
biomass. The net long-term CO2 source/sink dynamics of forests change through
time as trees grow, die, and decay. Urban forests can play a significant role in
helping to reduce atmospheric carbon dioxide levels. Urban forests likely will
have a greater impact per area of tree canopy cover than non-urban forests due to
faster growth rates, increased proportions of large trees, and possible secondary
effects of reduced building energy use and consequent carbon emissions from

power plants. (Nowak & Crane, 2002) This combined with the stormwater
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mitigation, surface cooling, and biodiversity maintenance that urban trees provide

makes them a necessary tool in improving the environment for the long term.

Social Benefits

Trees play a critical role for people and the planet. Numerous studies have
demonstrated that the presence of trees and urban nature can improve people's
mental and physical health, children's attention and test scores, property values in
a neighborhood, and beyond. Trees cool our urban centers. Trees are essential for
healthy communities and people. (Turner-Skoff & Cavender, 2019) People feel
more comfortable and at ease when in shaded, open areas of trees as compared to
areas of hardscapes and non-living things. Values are realized by the people that
own the trees, by people nearby, and by society in general. People plant, maintain,
conserve, and covet trees because of the values and benefits generated. (Coder,
2011) Simply put, a majority of people love trees.

Other important social benefits are significant but not ones that come to mind
quickly when thinking of canopy benefits. Trees reduce wind speed and thus
heating costs in winter. By also shading homes in the intense heat of summer it
can reduce air conditioning usage by huge amounts. Tree canopy is typically more
effective at reducing land and air temperatures than grass or other vegetative
cover. (Jenerette et al., 2016) Controlling unnecessary energy usage from these
utilities is another side effect of trees being placed near homes. We can
substantially reduce the imprint this neighborhood has on the electrical grid by

properly placing these canopy trees near homes.
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Trees also buffer pedestrians from traffic. In the case of the Calverton
neighborhood, this is very true for the front yards of the homes within this study.
Children playing in the front yards can have another important feature to block
them from unsafe traffic and the noise and pollution that come along with that.
The beauty and aesthetic value of the trees also go without saying. The trees
proposed in this thesis will simply make the neighborhood a more beautiful place
to live. With beauty and added aesthetics comes one of the most significant
benefits for homeowners, increased property values. Studies about trees and
residential property values have evaluated a range of urban forest and landscape
conditions in single-family homes. Although there have been a few exceptions,
homes with trees are generally preferred to comparable homes without trees, with
the trend across studies being a price increase of about seven percent. Decades of
research findings indicate that property values are consistently higher with

the presence of trees. There are a few studies that show modest or no results, but
even fewer show any negative price effect for city trees. In studies where distance
effects can be measured, properties closest to naturalistic parks and greenspace
have the greatest value. (Wolf, 2008) The effect of increased tree canopy within
the Calverton neighborhood over the next 25 years could have far-reaching
benefits for homeowners within the project scope. However, one important note
to consider is that by raising property values in the area, we could see detrimental
effects as well. Gentrification is a real problem in this area moving into the future.
As property values increase closer to urban centers, buyers could see the value of

these neighborhoods within close driving distance to huge urban hubs, like
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Baltimore and Washington D.C. Urban planners must attempt to reduce
gentrification by offering these benefits to current homeowners and the existing

community.

Health Benefits

Green spaces provide ecosystem services that are vital to public health. Studies
across the U.S. show beneficial results related to coping with stress, improving
resilience, enhancing self-discipline, and reducing symptoms of depression. For
example, natural features (e.g., vegetation) around homes showed a significant
positive relationship with strategies to cope with stress for mothers of children,
suggesting that participants may find relief in aesthetic surroundings. (Jennings &
Gaither, 2015) Implementing trees as a health intervention in a community is a
long-term, even multi-decade, investment. Urban forestry and health professionals
could work together to better integrate human health outcomes into urban forestry
best practices. (Wolf et al., 2020) Activities in natural outdoor environments are
intuitively known to be good for mental and physical health. These health benefits
are obvious to those who live in well-canopied neighborhoods. The air is cleaner,
cooler and promotes physical and mental healing. There is a very long-established
view that personal contact with plants, animals, and natural green surroundings
can benefit human health and well-being. The value of this is being seen as
increasingly important as the human habitat becomes more urbanized. They also
help to moderate the effects of other physical environmental factors by acting as a
biological buffer. Contact with nature and contacts with animals and plants can

have a powerful -therapeutic or preventative effect on many people, by reducing
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stress and helping to improve both mental and physical ability. Moreover, access
to natural green spaces, particularly if they are conveniently close to work or
home, may provide a supportive setting for physical exercise and restorative
relaxation. (Nilsson et al., 2011) An increased sense of community and well-being
is a beneficial side effect of these health benefits. When people feel better outside,
they go outside more often. When neighbors are in their front yards more often,
interaction, conversation, and recreation are guaranteed by-products.

These landscapes can also heal the community over the long term. Horticultural
therapy has its origins in the -rehabilitation of British and American soldiers
returning from the Second World War. Distinct values of horticulture to support
the healing process include people’s physical dependency on plants (related to
harvesting crops for food), observing beauty, nurturing life, and social interaction.
(Nilsson et al., 2011) Overall health benefits of greener communities are well

documented and something to invest in for the future of equitable landscapes.

Educational Benefits

In the United States, schools serving urban, low-income students are among the
lowest performing academically. Previous research in relatively well-off
populations has linked vegetation in schoolyards and surrounding neighborhoods
to better school performance even after controlling for important confounding
factors, raising the tantalizing possibility that greening might boost academic
achievement. We also must look a bit at types of cover since this thesis is strictly

determining benefits of planting trees within already grassed lots. In recent
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studies, trees show significant positive relationships with achievement, but grass
and shrubs show null or even negative relationships. (Kuo et al., 2018)

Trees are an essential part of healthy living, and we are finding this is true in how
children perform at school. A recent study found that schools with more trees had
a higher percentage of proficient or advanced scores in Mathematics and Reading
standardized tests after controlling for school size, student teacher ratio, and free
lunch enrollment. However, not all types of landscapes have the same beneficial
properties. Large expanses of land, “featureless landscapes,” including large areas
of campus lawns and athletic fields have negative effects on academic
performance. These results may help to guide the decisions made by landscape
architects on the basis of evidence when they plan new and renovate existing
schools. (Kweon et al., 2017) The benefits of an extended suburban tree canopy
into the surrounding neighborhood would hopefully have the same effect for the
children who walk or bike to school on a daily basis. The more time they spend in

a green environment before and after school, the better.

Literature Review Summary

The following is a listing of important takeaway principles that are useful for the

implementation of the case study.

®  Green school yards provide a better learning environment for all children.
(Kuo et al., 2018)

®  Social and environmental context is important in mediating relationships
between vegetation and academic achievement and the need to consider
these disparities in supporting academic success through urban vegetation

management. (Hodson & Sander, 2021)
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®  There are beneficial associations between longer time spent in green
spaces and behavioral indicators for attention deficit and hyperactivity
disorders. (Amoly et al., 2014)

®  “In between spaces” and “out of bounds” areas are key in allowing
children to engage in self-directed play and can help deal with
overcrowded school yards. (Aminpour et al., 2020)

®  There is clear research pointing to the positive correlation between greater
amounts of trees on campuses and higher academic performance. (Kweon
etal., 2017)

®  Positive correlations were found between green classroom views and
positive feelings of comfort and acceptance. (Lindemann-Matthies et al.,
2021)

®  There are different perceptions of trees amongst several demographic
groups within different Washington D.C. communities. (Leets et al., 2022)

®  Findings indicate that the spatial distribution of street trees in the
immediate vicinity around the schools in certain cities studied closely
mirrors the pattern of socioeconomic distress in those same cites. (Paddle
& Gilliland, 2018)

®  Neighborhoods with lower socioeconomic status and larger populations of
underserved race/ethnicity residents had less tree canopy cover overall.
(Zhang et al., 2022)

In summary, the literature review documents 1) the existing Montgomery County

tree program 2) precedent tree programs in cities 3) benefits of trees including

environmental, health, social, and educational aspects.
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Chapter 3: Case Study

Chapter 3 is divided into four sections. Section one discusses the site selection
process and how that process shaped the direction of the thesis. Section two
discusses the site inventory. Abiotic, biotic, and cultural inventories were
completed at a broad scope to understand the context of the final case study area.
The third section analyzes this inventory and introduces the interventions and
measures that will be discussed in Chapter 4. Section four outlines the method of
selecting twenty sample single-family lots for determining metrics and design
interventions . ArcGIS Pro was used for the mapping and analysis for these site
inventory sections with some data being collected from Montgomery Planning

and other sources.

Site Selection

The initial goals were to select a topic around tree canopy and children’s access to
green spaces. Initially, I wanted to design tree canopy cover solutions for an
elementary school yard and grounds. As a father, a child’s access to healthy trees
is something | value for my own kids but also recognize as being important for all
children no matter the age, demographic, or geographical location. As | began to
investigate area schools and their tree canopy coverage, | inevitably ended up
researching ongoing projects and plans for Montgomery County. As a former
MNCPPC employee, | contacted several people at Montgomery Planning to get
further information about several projects. The one that stood out to me the most
was the Fairland Briggs Chaney Master Plan. This multi-dimensional plan, which

is taking place in western Montgomery County, focuses on enhanced transit
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service and its connectivity with community uses, enhanced comfort and safety
for all users living, working, or visiting the plan area, and strategic redevelopment
opportunities to strengthen existing neighborhoods and amenities.
Recommendations are provided for land use, zoning, housing, transportation,
community health, parks, trails and open space, the environment, community
facilities, and historic preservation. (FBCMP, 2023) During this search process, |
was simultaneously investigating low-income school areas and those with high
numbers of children enrolled in the county's free lunch program. | hoped by using
these criteria | could find the schools with the children most in need of help. It led
me to several schools close to the Prince Georges” County border but still lying in
Montgomery County. When matched up with the FBCMP, four schools with
FARMS enrollment over 60% stood out. Burnt Mills Elementary, Fairland

Elementary, Greencastle Elementary, and Galway Elementary.
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Figure 10: Fairland Briggs Chaney Master Plan

(FBCMP, 2023)

Of these four schools, Greencastle was the only elementary school residing within
the FBCMP boundary. However, all four schools were close enough to the plan
outline to use some research from the FBCMP. Initially, Greencastle Elementary

was my choice for the planned schoolyard design and intervention.
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Figure 11: FBCMP Scope and Interventions

The Fairland Briggs Chaney Master Plan includes several overarching goals to

improve the lives of the community within their plan scope. They include,

®  Establish an emphasis on community gateways and activity centers as
compact, high-density mixed-use centers focused on: frequent transit
service; safe pedestrian movement; greater tree canopy and ‘cool’ surfaces
at summer hot spots; and attractive community gathering spaces.

®  Transition Briggs Chaney Road into a compact, mixed-use ‘Main Street’
corridor that serves as a community gateway focused on transit service,
expanded housing and shopping choices, community gathering spaces, and
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cultural and historic landmarks.

®  Prioritize US-29 (Columbia Pike) as a ‘transit-first” corridor that provides
frequent, convenient regional connections from the plan area to Silver

Spring, Washington D.C., Columbia, and Baltimore.

®  Complete a network of greenways with a continuous inner and outer loop
of trails and paths connecting parks, open spaces, community facilities,
and bus stops, with neighborhoods both within and beyond the master plan

area.

®  Establish an East County Resilience Hub as a community center for daily
community needs and a destination for reliable electricity, water,
temporary shelter, food, indoor heating and cooling, social services, and
fellowship during public emergencies.

®  Support a healthy community food system that includes healthy grocery
and dining destinations, farmers' markets, community gardens, and an
Agricultural-Technology Park for agricultural education and

demonstration.

One additional note is that for convenience, | chose this area because | live about
fifteen minutes from the location, making research, site photos, and
documentation much easier. Upon visiting the schools | singled out as possible
choices, | began leaning more toward Galway Elementary as a final choice. Its
location on top of the hill, lack of trees throughout the site, and location near
single-family homes made it a strong contender. However, something very
unexpected happened as | drove around the neighborhood after visiting the school
grounds. | saw that the lack of tree canopy was present at the school but also
became very aware that the lack of tree cover in the front yards of those single-
family homes near the school was even more striking. A vast majority of these

single-family home front yards had little or no trees to speak of, and this includes
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understory plantings. | began to realize that this could potentially be a very
interesting thesis topic. Why was the tree canopy level so low in these front
yards? What could be done to increase the tree canopy level? And...what were
the steps for making these changes for the overall benefit of the children within
this neighborhood? 1 began to shift my scope to these single-family front yards
and to develop a plan to persuade homeowners to take advantage of county tree-
planting programs that | knew were already present within Montgomery County.
Dr. Myers was kind enough to share prior research into a project that looked at
decreasing lawn and increasing plant coverage within single-family front yards
from 2004. | also realized that this type of desktop design intervention could be
applied to several neighborhoods along the western edge of Montgomery County.
Furthermore, single-family residential yards make up a much higher amount of
land use than a single elementary school property, amplifying not only the amount
of canopy that could be added to the area but also drastically increasing the
number of school children that could benefit from this design intervention. With
my thesis design idea firmly rooted and neighborhood scope chosen, I set out to
do site inventory and analysis on a neighborhood walk zone surrounding Galway

Elementary School.

Site Inventory and Analysis

Galway Elementary School sits in a unique location topographically. It resides
directly on the dividing line between Maryland’s Piedmont region and the Coastal
Plain. This is very evident when walking in the schoolyard and the surrounding

neighborhood.
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Topography

Topography (2 ©)
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200 - 300° Galway Elementary sits
300- 400 — on the top of a slight

rise looking down to
the east and the
neighborhood beyond.
The line seperating the
piedmont from the
coastal plain actually
moves directly through
this site and the
surrounding landscape.
This makes this
location unique and
could present several
design opportunities.
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Figure 12: Topography of Galway Elementary and Calverton Neighborhood.

This regional dividing line presented some design opportunities but also some
potential issues. Stormwater flowing down into the neighborhood is very heavy at

times and it is already a notoriously bad tributary for the Anacostia watershed.
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Figure 13: Galway Tributary and Project Scope.

Tree canopy coverage could go a long way towards dealing with many of these
pollutants that run down the neighborhood streets and onward to the Chesapeake
Bay. The project scope also contained large amounts of impervious surfaces,
roads, and driveways, further amplifying the need for some stormwater mitigation

techniques, which the trees could help to provide.
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Impervious Surfaces Roads
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Figure 14: Impervious Surfaces Figure 15: Roads and Streets

Sidewalks / Driveways Buildings
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Driveways
A large residential
neighborhoood lies just
to the south of
Galway Elementary
"2 which acts as the main
feeder neighborhood
for students attendin
GE. Most of the residen-
tial buildings are single
family homes but a few
along Cherry Hill Rd.
are townhomes. The
shopping center and
office park buildings
are large with adjoining
parking lots.

Many roads within
our project scope do
not include sidewalks
7 asis typical for
neighborhoods within
the Silver Spring area
There could be
opportunities to im
prove upon this to
increase access and
walkability. Drive-
ways are located at
most residences in the
neighborhc
surrounding Galway
Elementary as well.

Figure 16: Sidewalks and Driveways Figure 17: Buildings

Obviously, the tree canopy inventory was a crucial piece of data to be collected
and analyzed for this project. However, | also collected data on forest layers
(separate from tree canopy) streams, soils, park trails, and existing green
infrastructure. All of these proved to be important data sources for analyzing the
role an increased tree canopy would play within the project scope. Parks are an

important category to mention. Directly behind Galway Elementary and at the
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center of the school walk zone, is Calverton-Galway Local Park. The park is
rather large for the area and is used on a daily basis for its sports fields,
playgrounds, and circuitous paved walking trails. It represents a destination for
residents of the neighborhood and contains many large canopy trees that act as
connectors for the biodiversity within the broken, overdeveloped landscape that
surrounds it. An additional network of street trees and front yard canopy additions
would serve well to assist in connecting it to the already existing patches of green

like Calverton-Galway Local Park.
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Tree Canopy
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Canopy Tree canopy data is
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prove tree canopy cov-
erage, we must focus
in on not only the Gal-
way Elementary school
landscape but also the
surrounding neighbor-
hoods and front yards
of the residents with
low tree canopy cov-
erage. Views from the
front of the school can
be improved as well as
those trees throughout
the neighborhood as a
whole.
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Figure 18: Tree Canopy.
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Parks / Trails
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Parks / Trails

The nearby Calverton/
Galway Local park

is one of the largest
parks in the region. It
includes several play-
grounds, sports fields,
pavilions and ample
parking. It sits directly
adjacent to Galway
Elementary and is
used by many resi-
dents on a daily basis.
A circuitous path runs
through the park and
it is well maintained.
There are some prob-
lem areas where water
is known to collect on
site.
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Figure 19: Parks and Trails
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Soils
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Soils within our project
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resides on the dividing
line of the piedmont
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soil may change sig
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The small water bodies
found within the project
scope are mostly present
to the north and south of
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Elementary. However the
most prominent stream
corridors fall within CG
Local park just to the
west. During significant
rain events these streams
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life. They also make for
unique ecological
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is mainly focused
within the parks and
buffers found spotted
throughout the area,
However, areas directly
adjacent to Galway
Elementary have
considerable forest
coverage and can be
used as a stepping stone
to designing a more re-
silient forest canopy
within the community.
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Figure 20: Soils Figure 21: Streams
Forest Green Infrastructure
LEGEND LEGEND
Fores [ Forest Green Green Infrastructure
Infrastructure
Gahay s (B Forest cover in this area The green infrastructure

corridors present with-
in the project scope are
mostly found in low ly-
ing areas surrounded by
some tree canopy cov-
erage. These connecling
areas provide habitat
for wildlife, recreational
outlets for communi
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from the urban heat.
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Figure 22: Forest

Figure 23: Green Infrastructure

These eleven GIS maps represent the important pieces of abiotic, biotic, and

cultural data sets that provide context for the final project scope.
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Figure 24: Aerial image of Project Scope.

The Calverton Galway neighborhood is a varied site that contains many
individual areas, or yards, within one large project scope. In this study, the author
is viewing each single-family front yard as its own site and therefore subject to its

own site inventory, analysis, and design intervention.
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Figure 25: Tree Canopy loss within project scope 2013-2018.

Tree canopy loss within the project scope was up to as high as 5% from 2013 to
2018. In recent years, tree loss has continued due to development, road expansion,
and removal by homeowners. This area is due to experience many changes
through the Fairland Briggs Chaney Master Plan in the coming years. One of the
things that the plan does not directly address in detail is the need for more tree
canopy throughout the project scope. Although it is mentioned several times
throughout the paper, tree loss is overlooked as a solution to many of the issues in
this area.

Front yards in this neighborhood and even beyond the project scope lines are very
much lacking in tree canopy overall. These front yards are ideal locations for
planting mature trees for future canopy growth. Planting trees could address heat
island, stormwater overflow, loss of habitat, and neighborhood aesthetics that

have been lost with the removal of older trees.
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Methods for Sample Selection of Single-Family Detached Properties

The GIS investigation and documentation of the overall project scope provides
overall context . While there are many interventions that could be employed in the
area to solve tree cover in the various land uses, the focus of this research is single
family detached front yards. Thus the site investigation focus on a smaller area to
successfully convey the design interventions. It is intended that they could be
replicated throughout the project scope and, also, throughout the western portion
of Montgomery County or other similar detached single family house settings.
The initial scope selection was based on the elementary school students attending
Galway Elementary School, and the walk zone set aside by MCPS. | then chose to
mainly focus on an area within a half mile of the school and then on individual

lots of varying tree canopy coverage.

o

Deer Park

Figure 26: Project Focused Scope and 20 selected lots
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Figure 27: Current tree canopy coverage with chosen lots shown.

These lots were chosen to represent varying levels of tree canopy coverage and to
be distributed to represent many streets and pockets of the neighborhood. I used
ArcGIS Pro to sample many of the lots within the project scope and determine
their current tree canopy coverage. The Montgomery Planning data used was part
of a 2018 tree canopy study. By checking this data against satellite imagery and
street photos | was able to determine that many of the lots had lost trees that were
shown as still present within the GIS data. | cross-referenced data to the best
extent possible and chose lots, developed four classes of canopy categories, and

compiled twenty property samples that represented each of the four classes of
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canopy categories. The canopy cover classes are 0-25%, 25-50%, 50-75%, and
75-100% front yard tree canopy coverage. | then decided that the sampling size
would be twenty lots or five from each percentage category. By choosing lots
with varying levels of canopy, | imagined we could have different levels of
strategy for planting trees. Some of these lots would only allow for one T1,
canopy, tree to be planted but with other plantings such as T2, mid-story tree or a
Shrub layer. The patches of lawn and other plantings could be added to maximize

habitat building and species diversity.

Front Yard Vegetation Structure and Tree Species Selection

Four vertical layers were uses to describe the structure of the vegetation: T1
denoted mature canopy trees; T2 denote mature mid story trees; S denote a shrub
layer of vegetation up to about 9 feet and the H or herbaceous layer denoted
vegetation 3 feet and below including lawns The goal was to highlight the
plantable area for T1 trees, those that would grow to an estimated eight of 20 ft. or
greater. However, offering solutions on the shrub (S) or small tree levels (T2)

would also prove useful to fill patches not occupied by the larger trees.
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Figure 29: Native T1 and T2 tree species examples suggested for Maryland
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landscapes. Keep in mind that this is a partial list of species available and does not

represent all of the lower layers of the forest canopy layer model such as shrubs.

To maintain a diverse population of tree species, widely accepted industry guidelines suggest that no
more than 30% of new plantings should be in the same taxonomic family, no more than 20% in the
same genus, and no more than 10% in any one species. The most commonly planted family was
Fagaceae (oaks and beech) at 25%, the genus was oaks at 24%, and the species was red maple at 12%.

Figure 30: Tree species planted by Tree Montgomery in fiscal year 2015 - 2021.

Below are the abbreviations used for data collection and presentation. These
abbreviations will be broken down and explained in the design interventions

section of the paper, including lot metrics, data, and photos.
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Chapter 4: Design Interventions and Results

Chapter 4 is organized into three sections. The author selected twenty (20) total
samples with five(5) samples per each canopy coverage class. Section 1 provides
examples of design intervention for one sample from each of the four classes for
typical front yards to provide an in-depth documentation of before and after
images and benefit documentation. Section 2 provides a summary documentation
of selected measures and the existing plan metrics for the other remaining sixteen
(16) front yard samples for four(4) samples in each of the four (4) coverage
classes. Section 3 provides an example of an illustrative brochure that utilizes
information from the samples to create a document that can be used to persuade

homeowners to utilize County tree resources.

Section 1: Design Intervention Examples

Once the neighborhood and individual lots were selected for analysis and
intervention it was time to start analyzing data about the lots on an individual

basis.

To properly measure canopy growth data, several measurements were needed.
Many of them overlapped, but this was necessary to calculate the plantable area
over property owned by either the homeowner or the Maryland Department of
Transportation. This would allow us to quickly assess plantable areas for large T1
trees in the private lawn area and the right of way. Increasing canopy coverage
from large trees is the goal of this thesis and so this number is essential to

understand and measure. The breakdown of the metrics in this way was important
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to determine certain square footage numbers that were needed to determine the
maximum plantable area within each lot. Each code in Figure 13 is represented by
a four-letter abbreviation and they each pertain to a different area of the single-
family front yard lots. Figures 15 - 17 below show how | subtracted or added
landscape values to reach the very important value of PLNT(T1). This value
represents the area that is not covered by impervious surface, road, or existing T1
tree canopy. This value is the plantable area for large T1 trees within this
individual lot project scope. That is the value | wanted to measure from each lot to
gain an overall acreage of the neighborhood plantable area and determine the
number of trees that could potentially be planted here if we maximized our efforts
to cover the open, unplanted lawn area. However, this does not mean that we
can’t plant permanent T2 trees here beneath the T1 canopy or even shrub layers to
maximize the biodiversity of each lot. In fact, these multi-layered and diverse
species planting plans should be considered wherever possible, or with
homeowners who would like to take a more rewilding approach to their front

yards.

Table 1: Abbreviations for sample lot selection.

CANL1 — Canopy Over Property

CAN?2 — Canopy Over Lawn and ROW Only
CBF — Chesapeake Bay Foundation

H — Herbaceous / Grass

IMPV — Impervious Surfaces

PLNT — Plantable Area

PLNT(T1) — Plantable Area — CAN2
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PLOC — Pedestrian Level of Comfort
PROP - Property

ROAD - Road

ROW - Right of Way

S - Shrubs

T1-Tier 1 Plants — Large Tree

T2 —Tier 2 Plants — Small Tree

Table 2: Abbreviation codes for areas.

Codes

Note: All Property Areas are front yard only.

PROP Property Area (Pvt Lawn + ROW,+ ROAD + IMPV)
IMPV Sidewalk + Driveway

ROW Grass Right of Way
ROAD 1/2 Road Directly Adjacent To Property

CAN1 Canopy Over PROP
CAN2 Canopy Over Pvt Lawn And ROW Only

PLNT Plantable Area (PROP - (ROAD + IMPV))
PLNT(T") [Plantable Area - CAN2
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Table 3: Tree size codes for data collection.

T'  |Tier 1 Plants (Large Tree)
T’ |Tier 2 Plants (Small Tree)
S Shrubs

H |Herbaceous / Grass

Each tier is out of 100% coverage
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NOTE: All Property
measurements are

Front Yard Only

PROP = Property Area
(Pvt Lawn + ROW + Rd + IMP)

IMPV = [mpervious Surface
(Sidewalk + Driveway)

CAN2 = Canopy
(Canopy Over Pvt
Lawn and ROW)

" = Plantable Area

P-(RD + IMP))

PLNT(T")= Plantable Area
1% Trees (PL1 - CAN 2)

Figure 31: Property data measurement areas.

ROW = Right Of Way
(Grass Right Of Way)

ROAD = Road
(% Road Directly
Adjacent To Lor)

CAN1 = Canopy
(Canopy Over PROP)

To properly determine plantable area
and canopy coverage over the lawn,
several categories had to be measured
and subsequently subtracted from the
total. The goal was to determine the
plantable area for T1 trees over the lawn
area, which is PLNT(TZ1) shown here in

red outline.



After determining the values, | was looking for each individual lot | began
measuring several lots in the neighborhood. As mentioned, | wanted to find
twenty lots that represented the four categories of differing tree canopy levels.
This would allow me to offer different suggestions for each of these different
categories. Assuming each lot would fall into one of these four categories | would
then have a base plan to approach for each of the lots. For example, if the lot was
in the 0 to 25” tree canopy category I would suggest planting two to four T2 trees,
depending on square footage, that would eventually grow to T1 size. This is an
important distinction to make as well. Planting a large canopy tree as a sapling
qualifies it at that time as a T2 tree. Many T2 trees become T1 trees, but many do
not. Crape Myrtles will always be a T2 tree due to their maximum size and
growth pattern. Tulip Poplars are T2 trees at the time of planting but grow to
become T1 canopy trees at the upper end of the layer spectrum. It is important to
categorize these trees appropriately to allow the data to be collected in an accurate
manner. Figure 12 above explains this forest layer relationship.

Now that we understand this, we can propose different interventions for each lot
according to the different needs. As mentioned above, lots with large swaths of
plantable turf area will be used to maximize space for eventual T1 trees. Lots in
the category of 75 to 100% canopy cover could also have space for eventual T1
trees as the older existing canopy dies off in the coming years. However, we can

also plant T2 trees here depending on the health of the existing canopy or the
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desires of the homeowner as far as layout and use of space. Herbaceous ground
cover and shrub layers also perform necessary ecosystem services in a layered
landscape. Pollinators can use these understory plants as a food source, and they
beautify yards in a way that large canopy trees cannot. Remember however that
the goal of this thesis is to maximize the planting of T1 canopy trees and ensure
that they grow to a healthy height to perform the services that this neighborhood
needs them for. Furthermore, the diverse set of tree species available from
Montgomery Planning and other plant sources throughout the county will ensure
the greatest possible success of this program | am implementing.

Another part of achieving this goal of maximizing tree canopy and the main goal
of this thesis is to document the benefits of these trees and persuade homeowners
to take advantage of county tree planting programs. | hoped to do this through a
series of brochures that could be handed out to residents during a face-to-face
consultation in their individual front yards. This thesis is very much a design of a
desktop method that can be used by Montgomery Planning to reach these
homeowners and provide them with this information. There exists a large gap
between the available trees in county nurseries and the desire by homeowners to
plant them. Many residents are not even aware that these programs exist or that
they have options for free healthy trees at little or no cost to them. | am striving to
close this gap and fill these open turf lots with healthy trees for the future of the
neighborhoods that perhaps don't even know they have poor existing canopy

infrastructure.
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Case Study 1: 3204 Cordoba St. (0 - 25 % Canopy Cover)

For each of the four categories I chose one lot to use as an example for the
graphic that would be included in the brochures for the homeowners of the
Calverton neighborhood. The property representing category one is 3204 Cordoba
St. This lot has very little existing plant material in the front yard. I have
suggested that in these types of yards, we can plant two or three, or even four
trees that will grow to T1 height over time. Filling the gaps with other plantings
on the shrub or herbaceous levels is also good but was not the focus of these
graphic representations. Below you can see the before and after depictions of the

yard and the changes in square feet of coverage for each category.

The plan metrics represent the total area in square feet of each of the categories.
These category abbreviations are broken down in Figure 13 above. The
measurements were taken in ArcGIS Pro and represent only the front yard. The
front corners of the house were used as guides to measure straight out to the
existing property sidelines and out to the road. The structural metrics represent the
percentage of coverage that each of the layer categories currently provides. These
numbers can go as low as 0% and as high as 100%. The 1 Year and 25 Year
projections in this case are if no changes are made to the current landscape. An
existing street photograph, aerial photograph, GIS lot aerial, and location within
the project scope map are provided for each property. We can see that on this lot

that the current T1 canopy cover is 0%, the T2 canopy layer is at 5%, the shrub
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layer (S) is at 5% and the herbaceous layer (H) is at 90%. That last category of
herbaceous (H) includes the turf lawn area that we are attempting to decrease over

time.

Next, I researched the tree species available through Montgomery Planning’s Tree
Montgomery Program and chose the trees | felt would best serve this sight
moving forward. For this sight, | chose Acer rubrum and Amelanchier alnifolia. |
used Photoshop to digitally render the trees into the landscape to allow the
homeowner to see the possible spacing and aesthetic of the trees within the scope
of the yard. This technique was also applied to the aerial photo and the GIS aerial
as well. Plan metrics were adjusted for estimated growth through the ArcGIS Pro
platform and the numbers were recorded. Structural metrics were estimated for
the 1 Year and 25 Year timelines and included in the Structural Metrics Table
within the graphic. As you can see, these two trees alone can increase canopy
coverage greatly over time and provide many benefits when they reach maturity.
The T1 category of coverage will have increased from 0 to around 55% over the
span of 25 years and potentially even more if the trees are properly maintained,
pruned, watered, and accompanied by understory plantings to increase

biodiversity.
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Plan Metrics Plan Metrics

Code Total Area (Sq Ft) Code Total Area (Sq Ft)
PROP 5197 PROP 5197

IMPV 1084 IMPV 1084

ROW 791 ROW 791

ROAD 984 ROAD 984

CAN1 0 CAN1 1763

CAN2 0 CAN2 1763

PLNT 3129 PLNT 3129

PLNT(TY) (3129 PLNT(T')  [1366

Table 4: Plan metrics showing before

Table 5: Plan metrics showing after

Plantable area for T1 trees, shown in red, has increased due to new T1/T2 tree

plantings.

Structural Metrics

Structural Metrics
Before Current % 1Year 25 Year
T 0 0 0
T 5 5 10
S 5 7 20
H 90 90 90

After Current % | Year 25 Year
T 0 10 55
T 5 20 20
S 5 10 25
H 90 90 70

Table 6: Structural metrics before.
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Table 7: Structural metrics after:
Estimated 25-year T1 canopy levels are
shown in red.



Figure 32: Canopy measurements before ~ Figure 33: GIS canopy measurements
design interventions before and after design interventions

Figure 34: Street view Figure 35: Photoshop perspective renderings
showing proposed tree plantings.
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Figure 36: Existing aerial ) Figure 37: Photoshob aerial renderings
showing proposed tree plantings.
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Figure 38: Project scope focused location of 3204 Cordoba St

With these metrics in hand, we can then utilize the I-Tree program to estimate the

benefits each tree or trees as a group can provide over this 25-year span. This I-

Tree program calculates metrics and ecosystem benefits such as stormwater

benefits, air pollution benefits, energy consumption savings, and air quality index

improvements. These numbers can translate to real savings over time for

homeowners from a home energy consumption standpoint and the ecosystem

services cannot be overstated. Below we can see graphics taken from the I-Tree

program that shows the aerial location of the trees relative to the existing

structure, a breakdown over time of benefits, and an explanation of these benefits

in detail.
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Figure 39: Aerial location of proposed trees relative to the existing structure.
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Figure 40: Overall benefits in each Figure 41: Air quality benefits of the two
category of data measurement from the trees over the 25-year span.
two proposed tree plantings at 3204
Cordoba St
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Figure 42: Carbon sequestration over a
25-year span from plantings.
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Over the next 25 years, if cared for, these 2 trees will:

® provide a total of $567 worth of overall benefits.

® intercept a total of 15,665 gallons of rainfall and help avoid 1,780 gallons

of stormwater runoff.

®  conserve a total of 1,652.2 Kilowatt-hours of electricity and reduce
consumption of heating fuel by 52.8 therms.

® remove 39 pounds of air pollutants.

®  reduce atmospheric carbon dioxide (CO2) by a total amount of 10,033

pounds.

These I-Tree graphics, illustrations, and data sets would be included in the
brochure that is provided for each property within the project scope of the Galway
Elementary School district. When implemented at each property the overall
environmental and social benefits would be profound for the area's school
children and the citizens of the entire neighborhood. By personalizing the data
and Photoshop illustrations | believe we can truly affect the decision-making

process of the citizens and show them the benefits these trees can offer.
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Case Study 2: 3054 Memory Ln. (25 - 50 % Canopy Cover)
Case study two involves a lot slightly different from case study one.

Plan Metrics Plan Metrics

Code Total Area (Sq Ft) Code Total Area (Sq Ft)
PROP 3468 PROP 3468

IMPV 622 IMPV 622

ROW 100 ROW 100

ROAD 952 ROAD 952

CAN1 470 CAN1 1612

CAN2 401 CAN2 1483

PLNT 1894 PLNT 1894

PLNT(TY) [1493 PLNT(TY) [411

Table 8: Plan metrics showing before design  Table 9: Plan metrics showing after design

interventions.

interventions.

Plantable area for T1 trees, shown in red, has decreased due to new T1/T2 tree

plantings.
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Structural Metrics _
Structural Metrics
Bef?re Current % 1Year 25 Year After Current % 1Year 25 Year

T 21 23 30 T 21 24 72

T 5 7 10 e 20 25 7

S 5 5 7 S 5 5 18

H 84 84 84 H 81 83 24
Table 10: Structural metrics before and Table 11 Structural metrics before and
after design interventions. after design interventions. Estimated 25-

year T1 canopy levels are shown in red.

Figure 43: Canopy measurements before  Figure 44: Canopy measurements after design
design interventions. interventions.
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Figure 45: Street view Figure 46: Photoshop perspective renderings showing
proposed tree plantings.

Figure 47: Aerial view Figure 48: Photoshop aerial renderings
showing proposed tree plantings.
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Figure 49: Project scope focused location of 3054 Memory Lane

Figure 50: Aerial location of proposed trees relative to the existing structure.
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Figure 51: Overall benefits in each
category of data measurement from the
two proposed tree plantings at 3054
Memory Ln.

Figure 52: Air quality benefits of the
two trees over the 25-year span.
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Figure 53: Carbon sequestration over a
25-year span from plantings.
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Case Study 3: 12308 Palermo Dr. (50 - 75 % Canopy Cover)

Plan Metrics

Code Total Area (Sq Ft)
PROP 6163

IMPV 897

ROW 1254

ROAD 1217

CAN1 2895

CAN2 2458

PLNT 4049

PLNT(T') |1591

Table 12: Plan metrics before design
interventions.

Plan Metrics

Code Total Area (Sq Ft)
PROP 6163

IMPV 897

ROW 1254

ROAD 1217

CAN1 3575

CAN2 3331

PLNT 4049

PLNT(T') |718

Table 13: Plan metrics after design
interventions. Plantable area for T 1 trees,
shown in red, has decreased due to new
T1/T2 tree plantings.

Structural Metrics
Before Current % 1Year 25 Year
T 40 42 55
T 10 17 5
S 2 3 5
H 90 90 30

Structural Metrics
After Current % 1Year 25 Year
T 40 43 75
T 23 26 9
s 2 3 10
H 90 90 80|

Table 14: Structural metrics before design
interventions

Table 15: Structural metrics after design
interventions. Estimated 25-year tree
canopy levels are shown in red.
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Figure 54: Canopy measurements before | Figure 54: Canopy measurements after design
design interventions interventions.

Figure 55: Street view. Figure 56: Photoshop perspective renderings showing
proposed tree plantings.
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Figure 57: Aerial view. Figure 58: Photoshop aerial renderings
showing proposed tree plantings.

68



Deer Park

Figure 59: Project scope focused location of 12308 Palermo Drive.
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Figure 60: Aerial location of proposed trees relative to the existing structure.
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Figure 61: Overall benefits in each
category of data measurement from the
two proposed tree plantings at 12308
Palermo Drive.
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Figure 62: Air quality benefits of the
two trees over the 25-year span
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Figure 63: Carbon sequestration over a
25-year span from plantings.
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Case Study 4: 12416 La Plata St. (75 - 100 % Canopy Cover)

Plan Metrics Plan Metrics
Code Total Area (Sq Ft
(Sa Ft) Code Total Area (Sq Ft)

PROP 5741 PROP 5741

IMPV 829 IMPV 829

ROW 1101 ROW 1101

ROAD 1124 ROAD 1134

CAN1 3000 CAN1 3285

CAN2Z2 2608 CAN2 3005

PLNT 3778 PLNT 3778

PLNT(T') [1170 PLNT(T") (773
Table 16: Plan metrics before design Table 17: Plan metrics after design
interventions. interventions. Plantable area for T 1 trees,

shown in red, has decreased due to new
T1/T2 tree plantings.

Structural Metrics Structural Metrics
Before Current % 1Year 25 Year After Current % 1Year 25 Year
T 76 77 29 T 76 77 90
e 5 5 10 T 5 5 20
s 22 22 27 S 22 22 27
H 63 63 59 H 60 62 54
Table 18: Structural metrics before and Table 19: Structural metrics before and
after design interventions. after design interventions. Estimated 25-

year T1 canopy levels are shown in red.
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Figure 64: Before canopy measurements Figure 65: After canopy measurements after
before design interventions. design interventions.

Figure 66: Before existing Street view Figure 67: After Photoshop perspective renderings
showing proposed tree plantings.

73



Figure 69: Photoshop aerial renderings

Figure 68: Aerial view. showing proposed tree plantings.
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Figure 70: Project scope focused location of 12416 La Plata Street.
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Figure 71: Aerial location of proposed trees relative to the existing structure.
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Figure 73: Overall benefits in each
category of data measurement from the
two proposed tree plantings at 12416 La
Plata St.
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Figure 74: Air quality benefits of the two
trees over the 25-year span.
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Figure 75: Carbon sequestration over a 25-
year span from plantings.

Section 2: Design Intervention Examples - 16 Remaining Properties

Section 2 provides a summary documentation of selected measures and the
existing plan metrics for the other remaining sixteen (16) front yard samples for
four (4) samples in each of the four (4) coverage classes. These are documented in

Figures 76-79.
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0 - 25 % Coverage

B 3204 Cordoba St. Silver Spring
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Figure 76: Single-family front yards containing 0-25% existing tree canopy cover.
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25 - 50 % Coverage

3205 Galway Pl. Silver Spring MD 20904
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Figure 77: Single-family front yards with 25-50% existing tree canopy cover.
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Figure 78: Single-family front yards with 50-75% existing tree canopy cover.
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75 - 100 % Coverage

A 12209 Galway Dr. Silver Spring MD 20904
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Figure 79: Single-family front yards with 75-100% existing tree canopy cover.
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Chapter 5: Discussion and Conclusions

Designing tree canopy program and procedure that support tree cover solutions
for underserved urban communities within Montgomery County Public School
landscapes and surrounding neighborhoods will lead to long term benefits for
students and healthier environments for those communities overall. Most
importantly, developing a methodology that includes showing homeowners both
the data and images of proposed plantings will potentially influence them to plant
more trees and to improve their home landscapes as well as the broader
ecosystem. Montgomery County has effective programming to provide
community members access to free and healthy shade trees for planting on their
private properties. They make the process of applying, consulting, and following
up easy to navigate. What is missing is a methodology and process that relatively
quickly communicates both how trees will benefit the homeowner and what they
will look like post planting. This thesis achieves that goal by developing a method
to provide the homeowner with both information on benefits and a visual of
proposed plantings. The county needs to make community members aware of the
benefits of these canopy trees and that they are available from these programs,

free of charge.
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Summary Implications for Benefits

What would be the results if this method was employed in the case study? The
following demonstrates possible benefits from such a project. Tree Montgomery
only plants trees from October 15th to May 1st, which means that there is
approximately 6 months of actual planting time for tree crews. Accounting for
weather and other factors, that’s about 150 days. Two 2-man crews working 8-
hour days could hypothetically plant 20 trees a day accounting for equipment,
unloading, travel etc. There are 1500 single family homes within the project
scope. That means that in that time span you could plant 3000 trees, which means

planting 2 trees per home.

Thus, over 25 years, the benefits of planting 2 trees per home within our

project scope equals...

o $2,437,500 in total financial savings for the community
o 210,375 pounds of air pollutants removed.

o 32,712,000 pounds of atmospheric CO2 reduced.

o 4,318,500 gallons of stormwater runoff avoided.

o 5,759,250 kilowatt hours of electricity saved.

o 7,599,150 gallons of rainfall intercepted.

32,712,000 pounds of atmospheric CO2 is equivalent to 16,356 tons. That is
equivalent to 16,356 gasoline powered cars driving half a h/ear\.
7,599,150 gallons of rainfall is equal to 16 Olympic sized swimming pools of

water saved over that 25-year span.
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5,759,250 kilowatt hours of electricity is enough energy on average to power 575

homes for a full year.

The effects of a program like this would be felt in many ways community wide.
The best part is the benefits would only increase and grow with the strengthening

of all these neighborhood trees and thus also the ecology of these front yards.

Limitations

Time and detailed field work are limitations of this study and the author notes this
may change the actual inventory of vision on the sample sites. In addition ,the
timeline of the Fairland Briggs Chaney Master plan could influence effectiveness
of tree planting projects. The plan is a massive undertaking for the county and to
convince them to change planning goals or divert funds could prove difficult at
this juncture. The availability of trees and the waiting period for programs such as
Tree Montgomery could slow progress, and Montgomery County Planning’s time

and workforce limitations could influence the acceptance of these interventions.

Further Research

This project is intended to contribute supporting tree planting in one of the most
common land use types: single family detached housing. The case study presented
in the research should be applied in similar communities in order to help address
problem facing many communities. Further research is warranted. As mentioned

previously, a circulation study is highly recommended and would go a long way
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towards solving other issues such as limited plantable area in right of ways.
Hopefully these design interventions can persuade homeowners to plant more
trees which in turn can help achieve long-term canopy growth and project success
within these communities. A solar study could also go a long way towards
maximizing efficiency of these plantings should help homeowners balance solar
panels installs and tree planting. The choice of trees would change many aspects
of these benefits and so a detailed study of specific benefits of varying species
withing this project would help to clarify benefits and maximize overall success

of this and all future planting projects.
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