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EXECUTIVE SUMMARY
This report describes the Trees for Healthy Kids and Community pilot project at Mitchell
Elementary School (Mitchell) in Golden, Colorado. It provides documentation of the project’s
origins, planning, implementation, and outcomes and is designed to serve as a replicable model
for strategic community tree planting and education for use by other communities.
The goal of Trees for Healthy Kids and Community is to ensure lasting, replicable, positive
change in environmental health at Mitchell. The project was a partnership among the Institute for
Environmental Solutions (IES), Mitchell, Jefferson County Schools, City of Golden, Confluent
Design, and Xcel Energy.
Mitchell faces multiple environmental challenges due to its proximity to Colorado Highway 93.
Without a physical barrier between the school and highway, Mitchell’s campus was fully
exposed to particulate and gaseous airborne pollutants from the highway, noise pollution from
the highway, and wind. Concerns about the potential impact on students’ health and the
environment were a key motivator in the Mitchell administration and PTA’s decision to seek
environmental and human health improvements. In establishing a vegetative barrier between
Mitchell’s campus and Highway 93, the IES Trees for Healthy Kids and Community project
addressed the school’s environmental and human health concerns while optimizing the
environmental benefits of trees.
Prior to developing a landscape plan, IES conducted an environmental analysis of the planting
site to identify environmental concerns and improvement targets. The purpose of the Mitchell
Environmental Analysis was to assess indicators of environmental quality and evaluate the
effectiveness of strategic tree selection and planting as an approach to improving environmental
health at Mitchell.
In response to the environmental analysis, the Mitchell Project Advisory Committee determined
specific objectives and priorities for a comprehensive short and long-term planting plan.
Priorities included reducing highway noise, mitigating air pollution from Highway 93, reducing
the impact of wind, managing stormwater, and providing educational opportunities for the
students. The Phase One landscape design focused on using strategic tree selection and
placement along the school’s northern and western fence lines to create a vegetative buffer
between Highway 93 and Mitchell. The long-term landscape plan will transform the entire
Mitchell campus into an educational, natural playground that offers additional opportunities for
tree planting, vegetative management, outdoor learning areas, and environmental improvement.
On May 1, 2011, over 50 community volunteers gathered to plant 40 trees on the Mitchell
campus, completing the first phase of Trees for Healthy Kids and Community. Months of
collaboration and planning went into making this day a success.
An integrated educational program accompanied the Trees for Healthy Kids and Community
project. The educational program had four major objectives:
•

Introduce community forestry to the Mitchell educational
Scientific solutions for a better environment
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curriculum in an age-appropriate way.
•

Plan and host educational learning centers for student
volunteers during the planting event on May 1, 2011.

•

Create and display educational signage around the school
campus informing readers of environmental and human
health benefits of trees.

•

Incorporate outdoor educational opportunities in the
long-term planting plans.

The Trees for Healthy Kids and Community program is being incorporated into the school’s
educational program, and IES anticipates continued support from Mitchell and the PTA. IES
intends to build on this wonderful project foundation by implementing additional programs in
other Colorado communities. The collaboration and commitment from all involved in the project
was tremendous and, in large part, the root of our success. The IES Trees for Healthy Kids and
Community project was designed so that other communities can easily replicate and implement
this program.

Scientific solutions for a better environment
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INTRODUCTION AND OVERVIEW
ABOUT THIS REPORT
This report describes the Trees for Healthy Kids and Community pilot project at Mitchell
Elementary School (Mitchell) in Golden, Colorado. The Institute for Environmental Solutions
(IES) initiated the Trees for Healthy Kids and Community project as a part of The Tree Project:
Integrated Urban Environmental Improvement Through Tree Selection and Management. The
purpose of The Tree Project is to improve the environment of Colorado’s urban areas through
proper tree selection and management.
The Trees for Healthy Kids and Community Final Report documents the project’s origins,
planning, implementation, and outcomes. An extensive environmental analysis, highlighting the
ecosystem services provided by the tree planting, is also included as an attachment. This report
is designed to serve as a replicable model for strategic community tree planting and education for
use by other communities.
ABOUT IES
IES is a Denver-based nonprofit organization that engages stakeholders to deliver technically
sound solutions to complex environmental and human health problems – without unwanted side
effects. IES tackles problems such as climate change, community health, ozone air pollution,
and contaminants from pharmaceuticals and personal care products in waterways that do not lend
themselves to traditional regulatory solutions.
The IES Process

The IES approach to environmental improvement is objective, practical, and cost-effective. IES
confronts multi-faceted environmental issues that others believe are too complicated or too
difficult to address. By maintaining a commitment to science and collaborating with people of
different backgrounds, perspectives, and interests, IES provides lasting solutions for Colorado’s
most pressing environmental problems. Through elaborate research and groundbreaking projects,
IES provides Colorado communities with opportunities to make quantifiable and measurable
impacts to improve the environment.
Scientific solutions for a better environment
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THE TREE PROJECT
The Tree Project, one of IES’s major on-going programs, is dedicated to improving the
environment of Colorado’s urban areas through proper tree selection and management. The Tree
Project helps communities, businesses, and individuals to cost-effectively achieve multiple
environmental improvement objectives. The Project’s environmental outcomes include reduced
air pollution, improved stormwater management, increased energy conservation, and improved
water quality. These benefits lead to better community and environmental health and invigorated
local economies.
Trees – properly selected and planted – can reduce
energy and water consumption, improve air quality,
mitigate the effects of global warming, and provide
many other environmental and human health benefits.
Planting trees and other vegetation is frequently
suggested to achieve multiple benefits; however, a
multidisciplinary, scientific analysis is needed to
evaluate the actual improvements and long-term costs.
It is especially important in Colorado’s prairie
ecosystem – where native trees are historically limited
in their diversity and density – to know which planting
practices are effective and sustainable in the long-term.
The Tree Project assesses vegetation benefits under
various scenarios to establish optimal urban tree
selection, planting, and maintenance guidelines for
practical, cost-effective environmental and economic
improvement.
THE ISSUE: TREES AND THE URBAN ENVIRONMENT
The Tree Project began with concerns about rapidly growing Colorado Front Range
communities, their impact on limited natural resources, and the perceived need for an
interdisciplinary, scientifically sound approach to mitigating environmental degradation.
Strategic tree selection, planting and maintenance is one of the potential solutions. IES has
researched and developed ways to measure the many environmental benefits and costs associated
with planting and maintaining trees.
Environmental quality in the urban Front Range communities of Colorado is increasingly
challenged by the stress of population growth, resource consumption, habitat loss, and pollution.
The State’s economy has limited resources to implement solutions to regional environmental
problems. Therefore, improving and protecting our environment requires technically sound and
cost-effective strategies. The Front Range needs solutions with broad benefits and minimal
negative externalities. For more information, visit the IES website and download the Tree
Project’s Phase 2 Final Report (www.i4es.org/treeproject).
Scientific solutions for a better environment
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ABOUT TREES FOR HEALTHY KIDS AND COMMUNITY
PROJECT OVERVIEW
The Trees for Healthy Kids and Community project addressed environmental and human health
concerns at Mitchell in Golden, Colorado. Mitchell’s campus lacked a physical barrier to
Highway 93, leaving the area fully exposed to air and noise pollution, stormwater runoff, and
wind. Health risks associated with these environmental conditions prompted Mitchell’s
administration and Parent-Teacher Association (PTA) to seek a permanent solution. In
establishing a vegetative barrier between the Mitchell campus and Highway 93, the project
addressed the school’s environmental and human health concerns, while optimizing the
environmental benefits afforded by trees. IES, Mitchell, PTA Grounds and Garden Committee,
Jefferson County Schools, and City of Golden have instituted Trees for Healthy Kids and
Community to implement cost-effective, integrated, long-term solutions to Mitchell’s challenges
through strategic tree planting combined with education and outreach.
GOALS AND OBJECTIVES
The goal of Trees for Healthy Kids and Community is to ensure lasting, replicable, positive
change in environmental health at Mitchell.
Project Objectives:
•

Design and implement a strategic tree-planting initiative in collaboration with stakeholders,
including members of the community served by the project, volunteers from surrounding
neighborhoods, experts in related technical disciplines, and partner organizations.

•

Develop a model for strategic community tree planting and education for replicable use by
other communities.

•

Ensure long-term environmental and human health benefits to the Mitchell community by
coordinating with existing successful educational programs and the PTA.

•

Educate the Mitchell community on environmental and human health benefits of trees including improvements to air quality, stormwater management, and physical and mental
health.

•

Increase awareness of community forestry’s multiple benefits through utilization of
appropriate public communication channels such as print and electronic media, planting day
activities, permanent signage, and project documents.

•

Evaluate the project and produce a final report that documents the project’s origins, planning,
implementation, and outcomes.

Scientific solutions for a better environment
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METHODOLOGY
The planning strategy for Trees for Healthy Kids and Community is based on the previously
stated project goals and objectives, extensive community and stakeholder involvement, financial
support, and a detailed project timeline.
COMMUNITY AND STAKEHOLDER INVOLVEMENT
The Trees for Healthy Kids and Community pilot project was a partnership between:

•

Institute for Environmental Solutions

•

Mitchell Elementary School

•

City of Golden

•

Jefferson County Schools

•

Xcel Energy

•

Confluent Design

Pictured from left to right: Ryan Moore (IES), Dave
High (City of Golden), Kevin Lyles (Confluent Design),
Shanda Vangas (Xcel Energy)

Stakeholder and community involvement was essential in the planning phase of the project.
Addressing the concerns of those involved during the planning period generates excitement,
enthusiasm, and long-term support. The Mitchell Project Advisory Committee (MPAC) was
established to steer the broad direction of the project and provide technical advice and guidance
for project design, implementation, and evaluation. The MPAC was comprised of city and
county government employees, community representatives, and industry professionals.
Recruiting interested, reliable, and enthusiastic stakeholders had a significant impact on the
project’s achievements and overall success. Having a project advisory committee allowed a
diversity of perspectives and ideas to have a voice in the decision-making process.
Communication within the MPAC was integral to the success of the project’s comprehensive
planting plan, volunteer program, planting day event, and educational programs. Each
stakeholder committee member brought something unique to the table that helped ensure longterm support and success for the Trees for Healthy Kids and Community pilot project at Mitchell.
To view the MPAC meeting agendas and learn about how the project progressed from the
beginning phases to post-planting evaluation, see Attachment A.

Scientific solutions for a better environment
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PROJECT OUTLINE AND TIMELINE
The Mitchell Project Timeline (Attachment B) presents each component of the project on a
timescale extending from January – July 2011. The project had three major segments:
environmental analysis, educational program, and volunteer tree planting event. Collaboration of
the MPAC was instrumental in the timeline’s construction.
Early in the planning process, the MPAC set the tree planting date for the morning of Sunday,
May 1, 2011. Determining the planting date early in the planning process allowed the timeline to
evolve around crucial project tasks such as ordering plant materials, scheduling tree delivery, and
recruiting volunteers
FUNDING
A combination of in-kind contributions, cash, and material donations funded Trees for Healthy
Kids and Community at Mitchell. Project costs, including in-kind contributions, totaled $21,490.
Xcel Energy provided IES with a grant equaling a majority of the project’s funding, $15,190.
An additional cash contribution was provided by the City of Golden. Jefferson Country Schools
provided utility support for the Mitchell campus’ irrigation system. Kevin Lyles of Confluent
Design provided his landscape architect services as an in-kind contribution. The Mitchell PTA
provided refreshments and lunch for volunteers on planting day.

Student volunteer waters one of the newly planted trees at Mitchell on May 1, 2011.

Scientific solutions for a better environment
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IMPLEMENTATION
SITE ASSESSMENT
Prior to developing a landscape plan, IES conducted an environmental analysis of the planting
site to identify environmental concerns and improvement targets. The purpose of the Mitchell
Environmental Analysis was to assess indicators of environmental quality and evaluate the
effectiveness of strategic tree selection and planting as an approach to improving environmental
health at Mitchell.
Mitchell faces multiple environmental challenges due to its proximity to Colorado Highway 93.
Without a physical barrier between the school and highway, Mitchell’s campus was fully
exposed to particulate and gaseous airborne pollutants, noise pollution, and wind. Concerns
about the potential impact on students’ health and the environment were a key motivator in the
Mitchell administration and PTA’s decision to seek environmental and human health
improvements.
The MPAC identified the following as
environmental improvement objectives:
•

Improve air quality

•

Reduce noise pollution

•

Reduce impact of wind

•

Improve stormwater management

•

Optimize water conservation

View from Mitchell’s main building looking out onto Highway 93,
known for its regular heavy commuter and commercial traffic.

The Mitchell Environmental Analysis includes an evaluation of air quality, noise pollution, wind,
water consumption, and stormwater runoff volume and pollutant control.
To view the complete Mitchell Environmental Analysis, see Attachment C.
DESIGNING A PLANTING PLAN
In response to the site assessment, ideal tree species and planting locations were identified to
meet environmental and human health improvement targets and optimize the benefits of the tree
planting. IES, Landscape Architect Kevin Lyles, and City of Golden Forester Dave High
developed a comprehensive landscape plan to support Mitchell in reaching its objectives.

Scientific solutions for a better environment
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Strategic short and long-term landscape plans were developed with input from stakeholders and
industry professionals, including Air Quality Meteorologist W. Gale Biggs and City of Golden
Deputy Director of Public Works Anne Beierle. Phase One of the planting plan was based on the
environmental improvement targets identified by the MPAC and on strategic landscape practices
designed to maximize environmental benefits. The long-term plan includes specifics for the
transformation of existing landscape features into educational nature areas.
Mitchell Phase One Planting Plan
The Phase One landscape design focused on strategic tree selection and placement along the
school’s northern and western fence lines, creating a vegetative buffer between Highway 93 and
Mitchell. The buffer will:
•

Mitigate highway air pollution on campus by absorbing and
intercepting pollutants and disrupting and diverting the
natural airflow.

•

Reduce highway noise pollution by absorbing sound waves.

•

Act as a natural barrier to winds.

•

Contribute to stormwater management by intercepting and
slowing the flow of precipitation.

•

Conserve water by selecting native, drought-tolerant species.

To view a map of the Mitchell Elementary Phase One Planting Plan and Tree Species Selection,
see Attachment D.
Planting locations of each species were designated to best meet the environmental needs of the
school. A mix of deciduous and evergreen species created a varied vegetative barrier, offering
the Mitchell campus year-round protection from wind, air pollution, and noise. The species mix
will contribute to slowing the volume and flow of precipitation by intercepting rainfall yearround. All of the species planted at Mitchell are drought-tolerant and will maximize water
conservation benefits.
Mitchell Long-Term Planting Plan
The long-term landscape plan will transform the entire Mitchell campus into an educational,
natural playground that offers additional opportunities for tree planting, vegetative management,
outdoor learning areas, and environmental improvement. The plan divides the campus into
zones based on geographical features and proposes environmental education opportunities for
each zone. For example, the area on the north side of the school building contains a stormwater
collection basin. This area could be turned into a natural wetland habitat. The area on the
southeast side of campus is overrun with a variety of native species. This area has the potential
to become a native prairie learning area.
Scientific solutions for a better environment
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PLANTING DAY
PREPARATIONS
Preparations for the tree planting
began months prior to the planting
event date. Tree species were
identified, sourced, and ordered in
February 2011. It was critical to
order the trees well in advance so
the supplier would have enough
time to gather and deliver the
exact tree species requested. The
MPAC began staging planting day
supplies and materials in April
2011. Project funding was used to
hire a contractor to prepare the
tree pits ahead of time. This saved
hours of labor on planting day and
made the volunteer experience
more enjoyable, as participants
were able to focus on planting
trees rather than preparing tree
pits.
To view the Trees for Healthy
Kids and Community Planting
Supply Check-List, see Attachment
F.

Long-term Landscape Design for Mitchell
Data Source: Kevin Lyles, Confluent Design
(See Attachment E for enlarged version)

LONG-TERM MAINTENANCE
IES and Dave High developed a maintenance plan that will help ensure the long-term survival
and health of the trees. The maintenance plan includes guidelines for watering, mulching, and
pruning. It also includes a tree maintenance schedule.
For a complete copy of the Trees for Healthy Kids and Community Tree Maintenance Plan, see
Attachment G.

Scientific solutions for a better environment
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EVENT DAY ORGANIZATION
On May 1, 2011, over 50 community volunteers gathered to plant trees on the Mitchell campus,
completing the first phase of Trees for Healthy Kids and Community. Months of planning went
into making this day a success. The event began with the MPAC arriving early to setup and
prepare for the arrival of volunteers. Volunteer signup began at 9:00 a.m. and was followed by
an opening ceremony, in which Mitchell Principal Ryan West, IES Executive Director Carol
Lyons, and Xcel Energy Director of Corporate Giving Shanda Vangas all spoke about the
project.
The ceremony was followed by a “How to Plant a Tree” training session conducted by Dave
High. The remainder of the morning was spent digging, mulching, placing, and watering the
young native trees. Throughout the day, kids had the opportunity to visit environmental
education tables set up in the school’s gymnasium. To wrap up the day, volunteers were led to
the school cafeteria where the Mitchell PTA provided a delicious lunch.
To view an official copy of the Event Day Agenda, see Attachment H.

Dave High, City of Golden Forester, teaches volunteers the
proper way to plant a tree on May 1, 2011.

Tracy Fletcher, Mitchell PTA representative and MPAC member,
serves lunch to hungry tree-planters on May 1, 2011.

VOLUNTEER COORDINATION
IES and the Mitchell PTA organized a volunteer recruitment and training plan to attract
volunteers from the Mitchell community. Educational recruitment messages and flyers were
distributed to Mitchell parents, faculty, and students to encourage participation in the project.
Volunteers were needed for event setup and breakdown, planting trees, hosting educational
centers, and serving lunch. In meetings leading up to the event, the MPAC determined that 4050 efficient and enthusiastic volunteers would be ideal. Having a balance of volunteers and
undertakings ensured that everyone would be satisfied with their level of involvement and
participation.	
  
	
  	
  
See Attachment I to view volunteer recruitment flyers and outreach communications.
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IES Executive Director Carol Lyons and IES Project Manager
Amory Ledyard sign-in volunteers and hand out event day t-shirts
on May 1, 2011.

Mitchell Principal Ryan West and a volunteer work together to plant
a tree on May 1, 2011.

Upon arrival, volunteers were directed to the registration table, where they signed-in, received a
nametag and complimentary project t-shirt, and were informed of the day’s proceedings.
Volunteers were divided into teams of approximately 5 people. Each team was in charge of
working together to plant 3-4 trees. Dave High and Kevin Lyles were available to provide
technical assistance to make sure volunteers planted the trees properly.	
  	
  
VOLUNTEER SATISFACTION AND EVALUATION
One of the most important parts of working with stakeholder volunteers is to show appreciation
for their efforts. IES designed and produced commemorative t-shirts for volunteers to wear
during the planting day and take home. The t-shirts connected volunteers to the event and created
a sense of camaraderie among all participants. The Mitchell PTA also provided volunteers with a
complimentary lunch after the tree planting.
During the week following the planting event, IES collaborated with the Mitchell PTA to create
and distribute volunteer evaluation surveys, which were administered using the school’s online
communication tool. The surveys thanked participants for their time and asked for input on how
satisfied they were with their experience volunteering for the Trees for Healthy Kids and
Community project.
The survey comprised of leading statements for which volunteers were asked to rate their level
of agreement on a scale of one (strongly disagree) to five (strongly agree). At the end of the
survey, volunteers were asked to share additional comments and suggestions. Statements
included:
“I thought the event was well-organized and efficient.”	
  
“I had the support and guidance I needed to accomplish
my volunteer activities.”
“This volunteer opportunity increased my awareness of
the benefits of strategic tree planting.”	
  

Scientific solutions for a better environment
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“I was satisfied with the variety of activities for adults
and children.”
“I would volunteer for activities sponsored by the
Institute for Environmental Solutions again.”
To view the complete version of the Trees for Healthy Kids and Community Volunteer Survey,
please see Attachment J.

IES Executive Director Carol poses with children and adult
volunteers after successfully planting a tree on May 1, 2011.

	
  	
  	
  	
  	
  	
  	
  	
  

Results from the surveys provided thoughtful
insights on ways to improve future Trees for
Healthy Kids and Community projects. Results
indicated that there were positive aspects of the
project but also room for improvement. Over
90% of surveyed participants strongly agreed
that the event was well organized and efficient,
that they had the support and guidance
necessary to complete their designated
volunteer activities, and that they were satisfied
with the variety of activities for adults and
children. About 95% of participants agreed
that this volunteer opportunity increased their
awareness of the benefits of strategic tree
planting and they would likely volunteer again.

	
  

Volunteers take a break from digging at the Trees for Healthy Kids
and Community planting event on May 1, 2011.

Young volunteers pose with their shovels at the Trees for Healthy
Kids and Community tree planting event on May 1, 2011

The Mitchell Volunteer Survey results prompted IES to brainstorm better ways to communicate
the benefits of strategic urban forestry at volunteer events, develop a more in-depth volunteer
training session to incorporate additional details about the species being planted and the
background behind the strategic landscape plan, expand the educational program to reach out to
parents, and include ‘tree facts’ and other educational material on commemorative items.
Scientific solutions for a better environment
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COMMUNICATIONS
Publicity helped IES get the word out about the project, promote the planting event, educate
local residents on the benefits of community trees, and gain exposure as a leading environmental
organization in Colorado.
IES used press releases and social media to broadcast project updates throughout the planning
and implementation phases. The MPAC networked with media contacts to get the project as
much exposure as possible. Several printed news articles broadcasted the project, including
publications in the Golden Transcript and the Denver Post. This media exposure will be helpful
for the ongoing success of the project.
To view the IES Trees for Healthy Kids and Community Press Release, see Attachment K. To
view printed news articles about the project, see Attachment L.

EDUCATIONAL PROGRAM
An integrated educational program accompanied Trees for Healthy Kids and Community Project
at Mitchell. The educational program had three major objectives:

•

Introduce community forestry to the Mitchell
educational curriculum in an age-appropriate
way.

•

Plan and host educational learning centers for
students during the planting event on May 1,
2011.

•

Create and display educational signage around
the school campus informing readers of
environmental and human health benefits of
trees.

•

Incorporate outdoor educational opportunities
in long-term planting plans.
Mitchell students expressed their points of view and attitudes
about trees and the environment using various forms of poetry.

CLASSROOM EDUCATION
IES coordinated with the Environmental Learning for the Future (ELF) program, already in place
at Mitchell, to engage students, parents, and teachers to learn about the benefits of trees and how
individuals can make a difference in community health and the environment. The school’s
parent-driven ELF program offered a great opportunity to tie in the educational components of
16
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the tree planting. IES and the Mitchell PTA developed interesting and interactive programs to
incorporate into the school’s existing curriculum. During the months leading up to the tree
planting, each teacher provided a half-hour of age-appropriate lessons and activities in support of
the project.

Mitchell students expressed their points of view and attitudes about
trees and the environment using various forms of poetry.

	
  	
  	
  	
  	
  

As part of the “Three Cheers for Trees” project, a Mitchell student
uses drawings and descriptions to depict the benefits of trees in their
community.

	
  

The sixth graders completed a lesson called “Poet Tree,” in which students expressed their points
of view and attitudes about trees and the environment using various forms of poetry. Students
were asked to name some of the benefits they derive from trees and forests. They were then
asked to express their perceptions by writing a poem in the shape of a tree. The students
gathered to analyze their own and other people’s poetry to discover its full meaning.
The fourth graders completed a lesson called
“Three Cheers for Trees,” in which they were
instructed to describe the benefits of trees in
their community. The premise behind this
lesson is that most people plant trees to provide
fruit, beauty, or shade. But the benefits of trees
– especially in urban settings – go far beyond
those things.
Trees provide social,
environmental, and economic benefits as well.
In this lesson, students were informed of these
benefits including enhanced quality of life,
improved air and water quality, and reduced A Mitchell class learns about the significance of tree rings.
energy costs. Each student created a “Three Cheers for Trees” bulletin board showing the
benefits of trees. The bulletin board included a list of benefits that trees provide and drawings or
pictures that depict these benefits. The impressive array of bulletin boards was posted
throughout the school for all to learn from.
To view complete Environmental Learning for the Future lesson plans used as part of the Trees
for Healthy Kids and Community Educational Program, see Attachment M.
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PLANTING DAY LEARNING CENTERS
A variety of hands-on learning activities were provided for kids on tree planting day. The
purpose of the learning centers was to provide young volunteers with opportunities for
involvement beyond planting trees. While the educational centers were well-planned,
interesting, and informative, the kids were much more intrigued by helping out with planting,
mulching, and watering the trees.
EDUCATIONAL SIGNAGE
In addition to incorporating community forestry lesson plans into the school’s curriculum, the
PTA created educational posters (Attachment N) about the functions of community trees using
information provided by IES. The posters communicated how trees improve air quality, save
energy, and reduce stormwater runoff. The posters were displayed throughout the school’s front
lobby to inform students, parents, and teachers of the tree planting and its purpose.

Mitchell’s front lobby displays educational posters about the
environmental benefits of trees.

Student volunteers visit learning centers on planting day, May 1, 2011

LONG-TERM LEARNING OPPORTUNITIES
The long-term landscape plan for the future includes ecologically diverse learning areas such as
woodlands and wetlands that could provide additional environmental education opportunities.
Mitchell has also initiated a long-term educational investment in the tree planting with the new
“Adopt a Tree” program, created by Kevin Lyles. This program, which will commence in the
fall of 2011, assigns each classroom one of the trees planted on May 1, 2011. The students will
be responsible for learning about and caring for their class’s tree. The guidelines include a
species description, photo, care guidelines, and “do’s and don’ts” for each tree.
For a full copy of the “Adopt a Tree” program, see Attachment O.
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PROJECT EVALUATION AND SUCCESS MEASUREMENT
EVALUATION OF PROJECT GOALS AND OBJECTIVES
A strategic short and long-term tree-planting plan was successfully developed with input from
stakeholders and industry professionals.
The plan addressed specific environmental
improvement targets identified by the Mitchell community, including mitigating air and noise
pollution from the adjacent highway, reducing the impact of wind, and improving stormwater
flow quantity and quality. The short-term plan has been completed with the help of volunteers
from the Mitchell community. The long-term plan, which includes the transformation of existing
landscape features into educational nature areas, is contingent on funding.
Collaboration and communication was an integral part of the Trees for Healthy Kids and
Community project. IES assembled a project committee of stakeholders that provided guidance
and advice as the project progressed. Including representatives from different stakeholder groups
ensured that all viewpoints were understood and encouraged long-term support for the project.
Each stakeholder committee member brought something unique to the table that helped make the
project a huge success.
A comprehensive educational program accompanied the tree planting. The Mitchell PTA
expanded on the existing Environmental Learning for the Future program to include lessons on
the benefits of community forestry. The faculty and PTA plan to continue teaching these lessons.
One of the most surprising and valuable parts of the project was the impressive enthusiasm and
leadership provided by the school community. The Mitchell Principal Ryan West and the PTA
were very involved in the planning process and educational program.
The Trees for Healthy Kids and Community project has already had a tremendous impact on the
Mitchell community. The collaborative efforts of IES, Mitchell, the City of Golden, Jefferson
County Schools, Confluent Design, and Xcel Energy created strong community support and
appreciation for the project. The volunteer tree-planting event brought community members
together to connect over something they care about. The educational program garnered a strong
interest in the benefits of community forestry. The environmental and health impact of the tree
planting will continue to grow as the trees mature.
“The difference felt by our community was immediate. Almost
every visitor new to our building comments on how great the
campus looks and the families that have been around here for
years notice a big improvement.” -Mitchell Principal Ryan
West
LESSONS LEARNED
While assembling the project committee and connecting community groups, IES learned that
there is a strong interest among community and local government in this type of program.
However, there is a lack of communication and organization between these groups, which is
Scientific solutions for a better environment
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necessary to implement urban forestry projects that benefit the community. IES has an excellent
opportunity to connect, organize, and encourage collaboration among these groups and to
facilitate these sorts of projects into action.
The enthusiasm for urban forestry projects lies in a genuine concern for the environment and in
the tangible results that participants can see and touch. Having the ability to participate in tree
planting, watch trees grow, and realize the positive impact that trees have on the environment
and human health encourages long-term support and appreciation for the project.
Stakeholder involvement is essential. Addressing the concerns of those involved in the project
generates excitement, enthusiasm, and long-term support. IES was able to validate a principle
that we already understand: there is no substitute for having everyone at the table from the
planning phases through the implementation of the project.
Careful planning is rewarding. The Trees for Healthy Kids and Community project is a success
because IES began planning by preparing a very detailed outline and timeline. Following
established guidelines allowed IES to meet all project goals and objectives.
The results of the volunteer evaluation surveys have prompted IES to brainstorm better ways to
communicate the benefits of strategic urban forestry at volunteer events. While the educational
program for the students was incredibly successful, it might be useful to develop ways to educate
parents as well.

CONCLUSION
The IES Trees for Healthy Kid and Community project achieved its goals on time and on budget
while delivering valuable lessons and much enjoyment to all involved. There is strong potential
for other groups to replicate the success of the IES Trees for Healthy Kids and Community
project. By focusing on planning and stakeholder collaboration, integrated environmental
improvement through community forestry can be achieved for a very moderate investment of
time and money.

FOR MORE INFORMATION
PLEASE CONTACT:
Institute for Environmental Solutions
761 Newport Street
Denver, CO 80220-5554
www.I4ES.org
Solutions@i4es.org
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ATTACHMENT A

TREES FOR HEALTHY KIDS AND COMMUNITY
Project Advisory Committee Meeting
Monday, February 7, 2011, 1:00 – 2:00 p.m. MST
Mitchell Elementary School, Conference Room
201 Rubey Drive, Golden, CO 80403
AGENDA
Introductions
Review Meeting Agenda
Overview of Project Timeline/Calendar
- Meeting schedule
- Schedule planting day event date(s)/time
Planting Site Evaluation and Preparation
- Review plot plan and develop planting ideas / plans
Educational Program
- Discuss educational goals.
Volunteer Recruitment and Training
- Begin planning volunteer program.
Next Steps
Next meeting: Open for Discussion
February 7, 2011
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TREES FOR HEALTHY KIDS AND COMMUNITY
Project Advisory Committee Meeting
Monday, February 21, 2011, 1:00 – 2:00 p.m. MST
Mitchell Elementary School, Conference Room
201 Rubey Drive, Golden, CO 80403
AGENDA
Review Meeting Agenda
Planting Plan and Tree Species Review
Educational Program
- Environmental Learning for the Future (ELF)
- Planting day activities
Volunteer Recruitment and Training
- Begin planning volunteer program.
- What would make a successful volunteer day?
Event Day Organization
- Public Safety
- Schedule
Sustainability Plan
Next meeting: Date/Time, Agenda
February 21, 2011
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TREES FOR HEALTHY KIDS AND COMMUNITY
Project Advisory Committee Meeting
Tuesday, March 14, 2011, 1:00 – 2:00 p.m. MST
Mitchell Elementary School, Conference Room
201 Rubey Drive, Golden, CO 80403
AGENDA
Review Meeting Agenda
Tree Planting Preparation
- Updates
- Materials/supplies (What do we have? What do we need?)
- Environmental Analysis
Volunteer Recruitment and Training
- Begin planning volunteer program
- Outreach during parent-teacher conferences
- Commemorative items
Event Day Organization
- Schedule
- Ceremony and announcements (Xcel presentation)
Communication / PR
Educational Program
Next meeting: Date/Time, Agenda
March 14, 2011

1

TREES FOR HEALTHY KIDS AND COMMUNITY
Project Advisory Committee Meeting
Tuesday, April 8, 2011, 1:00 – 2:00 p.m. MST
Mitchell Elementary School, Conference Room
201 Rubey Drive, Golden, CO 80403
AGENDA
Review Meeting Agenda
Tree Planting Preparation
- Updates
- Materials/supplies (What do we have? What do we need?)
- Long-term maintenance
Volunteer Recruitment and Training
- Recruitment / sign-up
- Planting day management / organization
- Training (volunteer informational hand-out)
- Commemorative items
Educational Program
- Planting day activities
- Long-term classroom education (ELF)
Event Day Organization
- Planting day agenda review
Communication / PR
Post Project Evaluation
Next meeting: Date/Time, Agenda
April 8, 2011
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TREES FOR HEALTHY KIDS AND COMMUNITY
Project Advisory Committee Meeting
Monday, May 9, 2011, 1:00 – 2:00 p.m. MST
Mitchell Elementary School, Conference Room
201 Rubey Drive, Golden, CO 80403
AGENDA
Review Meeting Agenda
Long-term Maintenance Plan
Volunteer Surveys
Plaque
Xcel Visit to Mitchell
Final IES Project Report to Xcel Energy Foundation
Project Wrap-up; Future Follow-up
Many thanks to all committee members for all of the excellent work you put into the successful
Trees for Healthy Kids and Community project!
May 9, 2011
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ATTACHMENT B
TREES FOR HEALTHY KIDS AND COMMUNITY - MITCHELL ELEMENTARY, GOLDEN, CO
Draft Project Timeline
Prepared by Amory Ledyard on 1/4/2010
January
Planning	
  and	
  Analysis
1/1	
  -‐	
  1/7 1/8	
  -‐	
  1/14 1/15	
  -‐	
  1/21 1/22	
  -‐	
  1/31 2/1	
  -‐	
  2/7
Environmental	
  Analysis
1.	
  Evaluation	
  of	
  preliminary	
  indicators	
  of	
  environmental	
  quality	
  at	
  planting	
  site.
2.	
  Summarize	
  	
  environmental	
  conditions	
  at	
  site.
3.	
  	
  Submit	
  draft	
  environmental	
  analysis	
  report	
  to	
  team	
  for	
  review
4.	
  Team	
  Revisions
5.	
  	
  Re-‐draft	
  
6.	
  	
  Second	
  team	
  review	
  period.
7.	
  	
  Final	
  Environmental	
  Analysis

Site	
  Evaluation	
  and	
  Preparation
1.	
  Recruit	
  volunteer	
  Landscape	
  Architect
1.	
  Consult	
  with	
  Lanscape	
  Architect	
  for	
  big	
  picture	
  planting	
  ideas	
  /	
  plans
2.	
  Develop	
  specific	
  planting	
  plan
3.	
  Select	
  tree	
  species	
  in	
  collaboration	
  with	
  City	
  of	
  Golden	
  Forester
4.	
  Consult	
  with	
  Landscape	
  Architect	
  to	
  select	
  planting	
  locations.
5.	
  Design	
  a	
  plan	
  for	
  maintenance	
  and	
  ensure	
  irrigation	
  facilities	
  are	
  up-‐to-‐date.
6.	
  Order	
  30-‐40	
  trees.	
  Hire	
  contractor	
  to	
  prepare	
  tree	
  pits	
  ahead	
  of	
  time.	
  
1.	
  Plan	
  meetings	
  with	
  partners	
  and	
  produce	
  meeting	
  schedule.

Meeting	
  Schedule

Educational	
  Program
1.	
  Meet	
  with	
  project	
  partners	
  to	
  discuss	
  educational	
  goals	
  for	
  project	
  and	
  dev.	
  plan.
2.	
  Develop	
  integrated	
  educational	
  program.
3.	
  Design	
  edu.	
  activities	
  for	
  planting	
  day	
  event,	
  after-‐school	
  program	
  and	
  site	
  signs.
4.	
  Produce	
  educational	
  materials.

Volunteer	
  Recruitment	
  and	
  Training
1.	
  Plan	
  volunteer	
  program	
  with	
  projet	
  partners.
2.	
  Procure	
  volunteer	
  rewards	
  (refreshments,	
  commemorative	
  and	
  educational	
  items).
3.	
  Recruit	
  sponsors.
1.	
  Create	
  training	
  program	
  that	
  will	
  prepare	
  volunteers	
  to	
  lead	
  tree	
  planting	
  teams.
2.	
  Produce	
  training	
  materials.

Training

5.	
  Plan	
  and	
  organize	
  volunteer	
  effort.
6.	
  Identify	
  and	
  train	
  tree	
  planting	
  leaders.	
  

Recruitment

Event	
  Day	
  Organization
1.	
  Secure	
  dates	
  and	
  times	
  of	
  planting	
  events.
2.	
  Notify	
  key	
  people	
  of	
  prospective	
  dates.

Dates	
  and	
  Time

1.	
  Stage	
  materials	
  (shovels,	
  work	
  gloves,	
  mulch	
  and	
  what	
  else?)
2.	
  Coordinate	
  with	
  contractor	
  to	
  ensure	
  tree	
  pits	
  are	
  set.

Prepare	
  for	
  Tree	
  Planting

Volunteer	
  Management
1.	
  Dev.	
  plan	
  to	
  organize	
  registration,	
  planting	
  procedures	
  and	
  communications.	
  
2.	
  Plan	
  how	
  to	
  delegate	
  volunteer	
  tasks.
3.	
  Plan	
  how	
  to	
  moniter	
  volunteer	
  information,	
  satisfaction	
  and	
  evaluation.

Event	
  Day	
  Schedule
1.	
  Plan	
  event	
  day	
  schedule.
3.	
  Organize	
  ceremony?
4.	
  Obtain	
  refreshments	
  and	
  supplies.
1.	
  Research	
  public	
  safety	
  requirements/regulations.
2.	
  Develop	
  public	
  safety	
  plan.

Public	
  Safety

Communications
1.	
  Determine	
  how	
  to	
  publicize	
  event.	
  

Announcements	
  

1.	
  Determine	
  who	
  to	
  invite	
  and	
  how	
  to	
  invite	
  them.

Invitations
Event	
  Day	
  Hand-‐outs	
  and	
  Distributions
1.	
  Determine	
  what	
  sorts	
  of	
  publications	
  to	
  use.
2.	
  Develop	
  content	
  of	
  publications.
3.	
  Submit	
  drafts	
  for	
  team	
  reviews.
4.	
  	
  Team	
  review	
  period
5.	
  Prepare	
  materials	
  for	
  print.

1.	
  Configure	
  a	
  plan.
2.	
  Implement.
3.	
  Report.

Replicable	
  Model

1.	
  Review	
  outline	
  and	
  assign	
  sections	
  to	
  team	
  members.
2.	
  Submit	
  first	
  drafts	
  for	
  team	
  review.
3.	
  Team	
  review	
  period.
4.	
  Revise	
  sections.
5.	
  Submit	
  second	
  drafts.
6.	
  Assemble	
  final	
  report.
7.	
  Submit	
  final	
  report	
  for	
  team	
  review.
8.	
  Second	
  team	
  review	
  period.
9.	
  Complete	
  final	
  report	
  and	
  prepare	
  for	
  publication.

Final	
  Report

1.	
  Measure	
  quantitative	
  environmental	
  health	
  improvements	
  after	
  planting.
2.	
  Draft	
  surveys	
  to	
  measure	
  volunteer	
  satisfaction.
3.	
  Team	
  review	
  of	
  surveys.
4.	
  Print	
  surveys.
5.	
  Distribute	
  surveys,
6.	
  Evaluate	
  survey	
  results
7.	
  Evaluate	
  project.

Evaluation

1.	
  Final	
  report	
  outline	
  and	
  timeline.
2.	
  Begin	
  documentation	
  for	
  replicable	
  model.
3.	
  Develop	
  project	
  evaluation	
  criteria.

Plan	
  for	
  Evaluation	
  and	
  Documentation

Project	
  Documentation
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I.

INTRODUCTION

The goal of Trees for Healthy Kids and Community is to create lasting, replicable, positive
change in environmental health at Mitchell Elementary School (Mitchell) in Golden, CO.
Mitchell faces multiple environmental challenges due to its proximity to Colorado Highway 93.
Specific challenges identified at Mitchell include:
•
•
•

Particulate and gaseous airborne pollutants from the highway
Noise pollution from the highway
Strong wind

The school lacks a physical barrier between the campus and Highway 93, leaving the campus
fully exposed to air and noise pollution and wind from the north and northwest. Concerns about
the potential impact on students’ health and the environment prompted the school administration
and Parent-Teacher Association (PTA) to seek a solution to these problems. In establishing a
vegetative barrier between the Mitchell campus and Highway 93, the IES Trees for Healthy Kids
and Community project addresses the school’s environmental challenges while optimizing the
environmental benefits provided by trees.
Important additional benefits include:
•
•

Stormwater runoff quality and quantity control
Water conservation optimization

IES, Mitchell, the PTA Grounds and Garden Committee, Jefferson County Schools, Confluent
Design, and the City of Golden collaborated to implement cost-effective, integrated, long-term
solutions to these challenges by combining strategic tree selection and planting with education
and outreach.
II.

PURPOSE

The purpose of this report is to assess indicators of environmental quality and evaluate the
effectiveness of strategic tree selection and planting as a solution to improving environmental
health at Mitchell. This analysis includes an evaluation of air quality, noise pollution, wind,
stormwater volume and pollutant control, and water consumption.
III.

SITE DESCRIPTION

Mitchell is located in Golden, Colorado in the Rocky Mountain Foothills west of Denver. The
campus is on Rubey Drive between South Table Mountain and Highway 93. The school was
constructed in 1998 and has little vegetative landscaping. Due to its proximity to Highway 93,
Mitchell faces multiple environmental and health challenges.
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The campus receives full, direct sunlight throughout the day and faces northern and northwestern
winds. The soil mixture at Mitchell is moderately to severely compact and contains mostly clay
and rock. Other soil considerations on the Mitchell campus include indications of soil layer
disturbance, evidence of recent construction, presence of construction debris, and poor drainage.
Figure 1 divides the Mitchell campus into landscape zones, each with categorical attributes that
possess the potential to optimize additional tree function and benefits.
Figure 1. Mitchell Elementary Campus by Zone – Golden, CO, February 2011
Data Source: Kevin Lyles, Confluent Design

The existing landscaping of Zone 1A/1B, located along Rubey drive, includes turf shrubs and
clustered evergreen trees. The grade of this landscape zone is moderate to flat, with eastern
exposure. Zone 2A/2B, located in the center of the school’s front parking lot, has irrigated
landscaping with turf and scattered deciduous trees. The grade is nearly flat. Zone 3 is an active
3
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play area for the school. This area encompasses a baseball field, two playgrounds, and turf grass.
The grade of this zone ranges from flat to steep, with western exposure along Rubey Drive and
northeastern exposure between the two playgrounds. This zone has very little vegetation aside
from a few recently planted deciduous trees east of the upper playground. Zone 4 contains a
detention basin north of the school, where stormwater runoff is collected and stored. A
reinforced concrete pipe collects stormwater at the north end of the parking lot and directs it into
the basin. Zone 5A/5B provides a landscape buffer between the active play areas and the
surrounding residential development. The landscape grade is moderate to steep, with southern
exposure in Zone 5A and eastern exposure in Zone 5B. Pasture grasses and some noxious weeds
dominate this area. A few native trees and invasive plants are scattered throughout Zone 5A/5B
(Lyles)i.
IV.

ENVIRONMENTAL IMPROVEMENT OBJECTIVES

The Mitchell community has long been concerned about the potential health impacts of gaseous
and particulate air pollution, noise pollution, and wind, illustrated in Figure 2. Winds from the
west and north carry particulate and gaseous air pollution from vehicular traffic on Highway 93
onto the Mitchell campus. Mitchell’s main building blocks the natural flow of air over the
ground surface, creating a pool where polluted air stagnates (Biggs)ii. The sounds of the wind
and vehicles passing by on Highway 93 and Rubey Drive may cause uncomfortable and agitated
conditions for children and adults who spend time in the outdoor recreation areas on campus.
Figure 2. Mitchell Environmental Concerns - Golden, CO, Spring 2011
Data Source: Institute for Environmental Solutions
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A.

GOAL: IMPROVE AIR QUALITY

Poor air quality is an on-going concern in the metro Denver region. Air pollution can cause
damage to landscape and ecosystem processes and negatively impact human health. Health risks
associated with air pollutants include: asthma, reduced lung function, lung damage, bronchitis,
cancer, and brain and nervous system damage. Air pollution can be especially harmful to
younger and older populations, particularly those individuals with pre-existing health conditions
(EAP)iii .
The Federal Clean Air Act of 1970 established the National Ambient Air Quality Standards
(NAAQS), which identify and set regulations for specific criteria pollutants. Carbon monoxide
(CO), ozone (O3), sulfur dioxide (SO2), nitrogen dioxide (NO2), and particulate matter (PM-10)
are among these pollutants of concern (CDPHE)iv. In excess, each of these criteria pollutants can
be detrimental to human health and the environment.
Table 1. The Federal Clean Air Act of 1970 National Air Quality Standards: Criteria Pollutants
Data Source: CDPHE, Colorado Air Quality Data Report 2010

CO: This colorless, odorless gas is formed when carbon in fuel is not burned completely. It
is a component of motor vehicle exhaust, which contributes about 50 percent of all CO
emissions nationwide. High concentrations of CO generally occur in areas with heavy traffic
congestion. In cities, as much as 85 percent of all CO emissions may come from automobile
exhaust. CO affects the central nervous system by depriving the body of oxygen. Health
effects vary at different concentrations but include fatigue, chest pains, impaired vision,
reduced brain function, headaches, dizziness, and confusion. At high concentrations, CO is
deadly. Special concern exists for healthy young children because of increased oxygen
requirements that result from a higher metabolic rate.

O3: Depending on its location in the atmosphere, ozone can have either harmful or beneficial
effects on human health and the environment. In the stratosphere, ozone creates a protective
layer that blocks the sun’s ultraviolet rays from harming life on Earth. Ground-level ozone
(smog) is created by a chemical reaction between oxides of nitrogen (NOx) and volatile
organic compounds (VOCs) in the presence of sunlight. Motor vehicle exhaust, which emits
both NO and VOCs, is a major source of ground-level ozone; however, trees may also
contribute. Exposure to ground-level ozone can cause serious, long-term impairment of lung
function. Active children are at the highest risk of ozone exposure because they often spend
extended periods of time playing outdoors during summer months, when ozone production
levels are highest.

SO2: Sulfur dioxide gas is formed when fuel that contains sulfur (e.g. oil, coal, natural gas) is
burned and when gasoline is extracted from oil. Sulfur dioxide dissolves in water vapor to
form acid, and interacts with other gases and particles in the air to form sulfates and other
products that can be harmful to people and their environment. High concentrations of sulfur
dioxide can cause permanent lung damage, respiratory illness, and cardiovascular disease.
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Asthmatic children and adults who are active outdoors are the most at risk.

NO2: Nitrogen dioxide is formed when nitrogen and oxygen in the air are combined in high
temperature combustion. In Denver, about 36 percent of NO2 emissions come from motor
vehicles. Elevated concentrations of NO2 cause respiratory distress, degradation of
vegetation, clothing, and visibility, and increased acid deposition. Nitrate aerosols, which
result from nitric oxide and nitrogen dioxide combining with water vapor in the air, have
been consistently linked to Denver's visibility problems.

Particulate Matter: Particulate pollution is a mixture of microscopic solid and liquid
particles suspended in the air, such as dust, smoke, soils, organic chemicals, allergens, soot,
and other microscopic particles. These small particles can enter the body and reach deep into
the lungs and bloodstream, causing myriad health complications. The majority of particulate
matter pollution comes from miscellaneous sources affected by earth-moving and windblown disturbances. A busy highway generates a significant amount of particulate pollution.

Air Quality at Mitchell 	
  
According to the Colorado Department of Transportation (CDOT) Traffic Information Report for
Highway 93 in 2010, the annual average daily traffic count for vehicles passing Mitchell
between mile reference point 0 (intersection of Route 6 and Clear Creek Canyon Road) and mile
reference point 1.4 (intersection of Highway 93 and Golden Gate Canyon Road) was
approximately 23,500 vehicles (CDOT)v. Accurate vehicle counts between these reference
points are available on the CDOT webpage. This area is illustrated in Figure 3. Of the 23,500
vehicles passing by Mitchell daily, approximately 7.3 percent (1,715) were trucks. CDOT
predicts that by 2020, the annual average daily traffic count for this location will increase to
approximately 27,380 vehicles. Table 2 describes the average annual pollution emissions of
carbon monoxide and nitrogen oxides by vehicles on Highway 93 between mile reference point 0
and 1.4. This is not a measurement of air quality at Mitchell but rather a measurement of source
pollution. Emissions data for this 1.4-mile stretch contributes to total area emissions, for which
there is not accurate data. Vehicles traveling on nearby roads and other sources will also
contribute to total emissions impacting Mitchell.
The highway pollution emitted between mile reference point 0 and 1.4 may affect the
environmental and human health conditions at Mitchell. Winds from the north and northwest
carry pollutants from the highway to the school campus, creating a stagnant air pool in front of
the main school building. This pool temporarily stores highway pollutants, making conditions in
the parking lot and play areas potentially harmful to human health (Biggs) ii.
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Figure 3. Mile Reference Point 0 to Mile Reference Point 1.4, Highway 93, Golden, CO.

Table 2. Average Annual Pollution Emissions of CO and NOx by Vehicles on Highway 93 Between
Mile Reference Point 0 and 1.419, Golden, CO, 2010
Data Source: USEPA, Emission Facts: Average Annual Emissions and Fuel Consumption for
Passenger Cars and Light Trucks, 2000. CDOT, Vehicle Traffic Volumes and Truck
Weights on Colorado State Highways, 2010.

Pollutant

Annual Avg.
Daily Traffic
2010
Passenger Cars
CO
21,785 cars
NOx

Emission
Rate per
(g/mi)
20.9

21,785 cars

1.39

Light Trucks
CO
1,715 trucks

27.7

NOx

1.81

1,715 trucks

Calculation

Annual Pollution
Emitted from H93
(0-1.419)

(21,785 cars) x (1.4 mi x 20.9
g) x (365 days/year) x (1 lb/454
g)
(21,785 cars) x (1.4 mi x 1.39g)
x (365 days/year) x (1 lb/454 g)

519,000 pounds of
carbon monoxide

(1, 715 trucks) x (1.4 mi x 27.7
g) x (365 days/year) x (1 lb/454
g)
(1, 715 trucks) x (1.4 mi x 1.81
g) x (365 days/year) x (1 lb/454
g)

54,200 pounds of
carbon monoxide

Scientific solutions for a better environment
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The emission rates displayed in Table 2 are averages for the entire in-use fleet determined in
April 2000. Newer cars and trucks will emit less pollution and use less gasoline; older cars and
trucks may emit more pollution and use more gasoline. The emission rates assume an average,
properly maintained vehicle on the road in July 2000, operating on typical gasoline on a warm
summer day (72-96 degrees F). Emissions may be higher in very hot or very cold weather.
(USEPA).vi While not listed in Table 2, ground-level ozone, sulfur dioxide, and particulate
matter from vehicles on Highway 93 also negatively impact Mitchell’s local environment, see
Table 1.
Impact of Urban Trees on Air Quality
Trees improve air quality by directly removing particulate pollutants from the air by intercepting
them on leaf surfaces and by absorbing gaseous pollutants (O3, CO, SO2, and NO2) during
photosynthesis through the leaf stomata (Nowak)vii . When properly cared for and maintained,
trees have the ability to improve air quality by:
•
•
•
•
•

Moderating air temperatures
Increasing oxygen levels
Intercepting and trapping particulate matter air pollution
Absorbing gaseous pollutants
Binding or absorbing water-soluble pollutants on leaf surfaces
(The IES Tree Project Phase 2 Final Report)

Trees may also be a detriment to air quality through the emission of VOCs, which can contribute
to ground-level ozone formation when combined with sunlight and NOx. Strategic tree selection
and planting is crucial to optimizing the impact of trees on air quality, since VOC production and
ozone absorption varies significantly by species (The IES Tree Project Phase 2 Final Report).
Using Trees to Improve Air Quality at Mitchell
Trees can serve as a physical buffer between pollution sources, such as highways, and places
where people work and play. This essential function of trees is especially relevant at Mitchell,
considering the lack of any physical barrier between the school and Highway 93. Proper
placement of trees is fundamental to improving air quality at Mitchell. Certain tree species
planted as barriers along roadways and parking lots can be particularly effective at reducing
particulate and gaseous airborne pollution. In addition, trees can efficiently serve as filters to
street debris and other pollutant emissions. For more detailed information on the ways in which
trees can improve air quality, please consult The IES Tree Project Phase 2 Final Report.
IES has identified several strategies to improve air quality at Mitchell with urban forestry:
•
•

Increase the number of healthy, large, and long-lived tree species. This will help
increase pollution removal and optimize the positive effect of each tree.
Sustain the existing tree cover to help maintain pollution removal levels.
Scientific solutions for a better environment
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•
•
•

Plant low-maintenance trees to minimize pollution emissions from maintenance
activities.
Plant trees to shade parked cars and reduce vehicular VOC emissions.
Select tree species that will best optimize environmental improvement objectives. At
Mitchell, including evergreen trees in the mix will provide year-round removal of
particulate matter.
(IES City of Golden Strategic Tree Planting Plan for Environmental Improvement)

B.

GOAL: REDUCE NOISE POLLUTION

Noise pollution is defined as unwanted or disturbing sound that interferes with normal activities
(USEPA)viii. Studies show that there are direct links between noise and health. Excessive noise
can have adverse effects on the physical and psychological health of children, which is related to
learning and behavior. According to the EPA, noise can pose a serious threat to a child’s
physical and psychological health, including learning and behavior. For example, noise can
interfere with speech and language, and impair learning and hearing. Other problems associated
with excessive noise include increased stress levels, high blood pressure, hearing loss, and lost
productivity.
Noise is measured by the intensity and frequency of sound waves that hit the ear. Volume of
sound is measured in decibels (dB). The greater the number of decibels, the louder the noise and
the more harmful it is to hearing ability. In schools the critical effects of noise are speech
interference, disturbance of information extraction, message communication, and annoyance.
For outdoor playgrounds the sound level of the noise from external sources should not exceed 55
dB (WHO)ix. Noise levels above 85 dB, such as the sounds of busy traffic, can be hazardous to
human health (USEPA)viii. The 55 dB recommendation is based less on safety and more on
comfort, reduced stress, less annoyance due to noise, and less effort needed to listen and
understand what is happening in the environment. During a child’s developmental stages, it is
important to keep noise at a comfortable level, less than 55 dB.
Noise Pollution at Mitchell
Noise pollution occurring from Highway 93 and Rubey Drive pose comfort and health concerns
for students at Mitchell. IES conducted a noise evaluation of Mitchell’s front outdoor
playground. The purpose of this noise evaluation was to characterize noise conditions and
establish baseline measurements for future efforts to quantify the environmental impacts of the
IES Trees for Healthy Kids and Community project. Noise readings were taken in April and May
2011 at varying 15-minute intervals throughout the day, see Table 3. Readings were taken with a
Quest Electronic M-27 Noise Logging Dosimeter, provided by Bethany Messersmith of
CoorsTek, Inc.

Scientific solutions for a better environment
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Table 3. Noise (dB) Readings, Mitchell Elementary, April – May 2011, Golden, CO
Date and Time

Environment

Max dB

Average dB

4/27 10:30-10:45 a.m.
4/27 2:35-2:50 p.m.
4/27 5:00-5:15 p.m.
5/11 10:30-10:45 a.m.
5/11 2:30-2:45 p.m.
5/11 5:00-5:15 p.m.
5/18 9:35-9:50 a.m.
5/18 12:15-12:30 p.m.
5/18 5:00-5:15 p.m.
5/25 9:05-9:20 a.m.
5/25 2:10-2:25 p.m.
5/25 4:45-5:00 p.m.

Mitchell
Mitchell
Mitchell
Mitchell
Mitchell
Mitchell
Mitchell
Mitchell
Mitchell
Mitchell
Mitchell
Mitchell

84.3
87.9
106.6
74.2
92.8
88.6
78.6
79.5
92.7
72.0
90.1
93.7

56.0
63.2
60.9
54.4
63.5
59.4
52.2
54.5
61.1
54.9
58.0
55.5

While average noise readings did not reach the dangerous levels that could cause permanent
hearing and/or health damage, the average readings remained above the WHO’s recommendation
of 55 dB for outdoor playgrounds. Cars, garbage trucks, and school buses passing along Rubey
Drive as well as occasional wind gusts contributed most to the high noise level readings. The
highest noise level reading was recorded at 106.6 dB, which is equivalent to the noise produced
by a chainsaw or a rock concert. Instantaneous exposure to high noise levels, such as 105 dB
and above, is considered hazardous could cause permanent hearing damage (CDC)x.
Using Trees to Reduce Noise Pollution at Mitchell
Vegetative noise buffers composed of strategically selected tree species can reduce noise by
approximately five to ten decibels. This decrease could reduce noise by up to 50 percent to the
human ear (USDA National Agroforestry Center)xi. The USDA National Agroforestry Center
has researched and published comprehensive guidelines for using trees as noise buffers. USDANAC recommendations include:
•
•
•
•
•
•
•
•

Use plants with dense foliage. A diversity of tree species, with a variety of foliage
shapes and sizes within the noise buffer may also improve noise reduction.
Foliage of the plants should persist from the ground up. A combination of shrubs and
trees may be necessary to achieve this effect.
Evergreen varieties that retain their foliage will give better year-round protection.
Use taller trees.
Plant trees and shrubs as close together as the species will allow.
Plant the noise buffer close to the noise source, rather than close to the area being
protected.
The length of the tree belt should be twice as long as the distance from the road to the
recipient of the noise.
The buffer should extend equal distance in both directions parallel to the road.
(USDA National Agroforestry Center)xi
Scientific solutions for a better environment
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C.

GOAL: REDUCE IMPACT OF WIND

Wind, at varying speeds, can cause a number of environmental issues, including carrying
airborne pollutants far from the source, contributing to noise pollution, causing environmental
disturbances, and creating a stressful atmosphere.
Wind at Mitchell
Wind is the natural horizontal motion of the atmosphere. It occurs when warm air rises, and cool
air comes in to take its place. Wind disperses and transports pollutants from the source to areas
that may not otherwise have been affected (USEPA)xii. IES and the Mitchell community
identified winds prevailing from the north and west as a contributor to air pollution and noise on
campus. Table 4 provides average wind speed and temperature data taken from a home weather
station located in residential neighborhood on the western side of Highway 93 from Mitchell.
While this data is not necessarily representative of actual conditions on the Mitchell campus, it
provides a general indication of weather conditions in the area.
Table 4. Wind Speed and Temperature Data, Near Mitchell Elementary, Golden, CO
Data Source: Mt. Ridge. Foothills West of Golden, Golden, CO Weather Station
Month / Year
JAN 2010
FEB 2010
MAR 2010
APR 2010
MAY 2010
JUN 2010
JUL 2010
AUG 2010
SEP 2010
OCT 2010
NOV 2010
DEC 2010

Average Wind Speed
(mph)
1.2
1.1
2.5
2.6
2.8
2.3
2.4
2.6
2.0
2.4
1.4
1.5

Max Wind Speed
(mph)
46.0
45.0
43.0
50.0
57.0
36.0
38.0
34.0
32.0
57.0
45.0
65.0

Average Temperature
(° F)
33.9
29.3
40.8
47.0
52.8
68.5
72.1
71.7
66.6
54.4
40.8
38.7

Using Trees to Reduce Wind at Mitchell
Properly selected and positioned tree species can reduce the impact of wind and moderate air and
ground temperatures. When strategically planted, trees have the ability to act as a windbreak,
shade surfaces, and conserve energy.
IES identified strategies that will optimize shade and reduce the impact of wind:
•

Plant evergreens on the northern / western edge of the area being protected to provide
summer shade and winter wind protection.
Scientific solutions for a better environment
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•
•
•

Increase canopy cover to reduce ambient air temperature.
Use large, full, evergreen trees to create a year-round windbreak.
Select and plant trees that provide wind relief and may also reduce noise pollution.
(IES City of Golden Strategic Tree Planting Plan for Environmental Improvement)

D.

GOAL: IMPROVE STORMWATER MANAGEMENT

Stormwater runoff occurs when precipitation does not permeate into the ground. As stormwater
flows over the ground surface, it accumulates debris, chemicals, and other pollutants that could
contaminate water quality if not properly treated (USEPA)xiii . Unlike wastewater and sewage,
stormwater is not treated before entering waterways and areas of human contact. Adequate
stormwater management and control is essential to providing a healthy and safe environment.
Using Urban Trees to Improve Stormwater Management at Mitchell
Strategically planted trees can function as a natural stormwater management tool by slowing the
flow and decreasing the volume of runoff and reducing the pollutant load as stormwater
percolates into the ground. A typical medium-sized tree can intercept as much as 2,300 gallons
of rainfall per year. Trees that are in-leaf year round have the capacity to intercept the most
rainfall and provide the most environmental and health benefits. Broadleaf evergreens and
conifers intercept more rainfall than deciduous species where winter rainfall patterns prevail
(USDA Forest Service)xiv. IES has researched ways in which strategic tree selection and planting
can improve stormwater pollutant control. Specific strategies include:
•
•

•

Choose species that are in-leaf when precipitation is greatest for the region.
Select species with architectural features that maximize interception, such as large
leaf surface area and rough surfaces that store water (e.g. conifers intercept more
precipitation than similarly sized deciduous trees).
Increase tree canopy and improve maintenance of existing trees.
(IES City of Golden Strategic Tree Planting Plan for Environmental Improvement)

At Mitchell, the ground consists of mostly compact clay and rock and exhibits poor drainage
abilities. A reinforced concrete pipe at the north end of the parking lot collects stormwater from
the school building and parking lot and directs it into a detention basin north of the school in
Zone 4, where it is temporarily stored, see Figure 1. Planting trees along the northern fence line
of campus would contribute greatly to Mitchell’s stormwater management practices. While
stormwater flow and pollutant control isn’t one of the top environmental priorities of Mitchell, it
is an additional benefit of properly selected and placed trees that will help reduce costs and keep
a clean environment in the long run.

Scientific solutions for a better environment
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E.

GOAL: OPTIMIZE WATER CONSERVATION

Colorado’s Front Range has a semi-arid and dry climate. Water-use efficiency and conservation
is critical in the urban Front Range community, where access to water resources is limited.
Water conservation efforts are important in meeting long-term water supply needs, sustaining
environmental health, and maintaining quality of life standards (CWCB)xv.
Using Urban Trees to Conserve Water at Mitchell
The soil composition at Mitchell consists mostly of clay and rock and has poor drainage abilities.
Selecting native, drought-resistant trees accustomed to Colorado’s climate is very important for
the long-term health and survival of trees planted at Mitchell. In a place where access to water is
limited, planting species with low water consumption requirements is essential.
IES has identified several strategies that can help improve water conservation:
•
•
•
•

Plant drought-tolerant or xeric trees.
Use water-saving, efficient irrigation methods.
Water in the evenings or early morning. Do not over-water.
Maximize energy-saving benefit of trees to reduce power plant water consumption
(IES City of Golden Strategic Tree Planting Plan for Environmental Improvement)

V.

MITCHELL PLANTING PLAN

IES, in collaboration with the City of Golden Forester Dave High, and Landscape Architect
Kevin Lyles, researched and developed a comprehensive, strategic landscape plan that will
support Mitchell in reaching its environmental improvement objectives.
Phase One – Mitchell Planting Plan
The Phase One landscaping approach for Zone 1A/1B is based on observed environmental
improvement targets and on strategic landscape design practices that will maximize
environmental benefits. The landscape design focuses on using strategic tree selection and
placement along the school’s northern and western fence lines to create a vegetative buffer
between Highway 93 and Mitchell Elementary, see Figure 4. The tree buffer will:
•
•
•
•
•

Mitigate highway air pollution on the school campus by absorbing and intercepting
pollutants and disrupting and diverting the natural airflow.
Reduce highway noise pollution by absorbing sound waves.
Create a calm and controlled environment by diverting winds prevailing from the
north and west.
Contribute to on-site stormwater management by intercepting and slowing the flow of
precipitation.
Conserve water by selecting native, drought-tolerant species.
Scientific solutions for a better environment
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Tree species were carefully and strategically selected to optimize environmental benefits and to
minimize potential negative impacts, such as increased air pollution. Similarly, planting
locations of each species have been designated to best meet the environmental needs of the
school. A mix of conifer and evergreen varieties along with a few select deciduous trees will
create a vegetative barrier, offering the Mitchell campus year-round protection from wind, air
pollution, and noise. IES predicts that as the trees mature to form a full vegetative buffer, the
average wind speed, air pollution levels, and noise on the Mitchell campus will decrease. The
mix of conifers and evergreens will contribute to slowing the volume and flow of precipitation
by intercepting rainfall year-round. The planting plan only includes drought-tolerant species that
will maximize water conservation benefits.
Long-term Mitchell Planting Plan
The remaining landscape zones offer opportunities for tree planting and vegetative management,
outdoor learning areas, and additional environmental improvement. Figure 5 illustrates the
proposed long-term strategic landscape plan for Mitchell.
The long-term landscape design recommends increased tree canopy and shade in the parking lot.
The intention in area encompassing the ball field is to provide shade and create a secondary wind
buffer for the upper and lower playgrounds. The design purpose in the area north of the school
building is to improve water quality and stormwater management by creating a vegetative swale
that supports native plants. This area also provides an opportunity to transform the stormwater
detention basin into a wetland educational area that could support a native riparian plant
community. The southeast corner of campus will focus on enhancing the ecological integrity of
the existing native plant community by creating a prairie learning area. The completion of the
long-term landscape design is contingent on future interest by the Mitchell community and
availability of funding.
VI.

CONCLUSION

As part of the Trees for Healthy Kids and Community project objective to achieve lasting,
replicable, positive change at Mitchell, IES and the Mitchell Project Committee plan to monitor
the environmental benefits of the trees as they mature. A tree maintenance plan has been
instituted and will help ensure the long-term survival and health of the trees. The Phase One
planting plan allows the Mitchell community to reach its environmental improvement objectives
through strategic tree selection and management.

Scientific solutions for a better environment
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Figure 4. Mitchell Elementary Planting Plan and Tree Species Selection– May 1, 2011
Data Source: Kevin Lyles, Confluent Design
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Figure 5. Long-term Landscape Design Concept for Mitchell Elementary – Golden, CO
Data Source: Kevin Lyles, Confluent Design
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ATTACHMENT F
TREES FOR HEALTHY KIDS AND COMMUNITY
Planting Day Supplies / Materials List
Materials
Mulch
Stakes
Sledge hammers (driving in support stakes)
Hoses
Rakes
Work gloves
Spade shovels
Flat blade shovels
Loppers, pruners?
Bolt Cutter
Hay Hooks
Wire, Straps, Wire Cutters
Utility knives (for cutting twine, rope, plastic,
and small circling roots)
Wheelbarrows
Plastic trash barrels
Tent
Tables
Food/Refreshments
T-Shirts
Name tags, markers
First aid kit
Microphone / PA system, extension cord

Name
Dave
Dave
Dave, Kevin
Steve and Dave
Steve, Volunteers (BYO)
IES, BYO
Dave, Steve, Volunteers (BYO)
Steve, Volunteers (BYO)
Ask Dave
Kevin
Kevin
Kevin
Dave, Kevin, Steve
Dave (1), Tracy (1), Ryan (1), Mitchell,
Volunteers (BYO)
Steve (4)
Tracy, Amory
Mitchell (Ryan)
PTA (coffee, water, light refreshments, lunch)
IES
IES
Mitchell (Ryan)
Ryan

Volunteers - What to Bring:
Dress for the weather (layers)
Re-usable water bottle
Gardening gloves
Hat
Closed-toe shoes
Sunscreen
Shovel (optional)
Rake (optional)
Wheelbarrow (optional)
*Please label tools
Amory Ledyard, Research Associate, IES, Amory@I4ES.org
Scientific solutions for a better environment

INSTITUTE FOR ENVIRONMENTAL SOLUTIONS

ATTACHMENT G
TREES FOR HEALTHY KIDS AND COMMUNITY
Tree Maintenance Plan
Regular tree maintenance is important to keep trees healthy so they can provide the most
environmental benefits. Having a long-term maintenance plan can be very helpful with
providing a long and healthy life for your tree.

Watering Guidelines
•

Always water trees deeply and slowly, within the drip line – the circle formed by the tips
of the branches farthest from the trunk. Apply water so it moistens the critical root zone
within the drip line to a depth of twelve inches.

•

Maintain consistent soil moisture. Drought stressed or over-watered trees are more
vulnerable to disease and insect infestations, as well as branch dieback.

•

How much water does my tree need?
Each time you water, apply ten gallons of water per inch of tree diameter. For example, a
one-inch tree will require ten gallons of water each time it is watered. For mature trees
ten inches in diameter or more, apply fifteen gallons of water per inch of tree diameter.
Tree diameter can be measured along the trunk at six inches above the soil line. Be
sensitive to certain tree species that require different amounts of water.

•

How Often Should I Water?
First Two Years - Root Establishment Phase:
Root establishment generally takes place during the first two growing seasons of a newly
planted tree. Newly planted trees require light, frequent irrigation for faster root
establishment. Native or drought tolerant trees will not physically become drought
tolerant until the root system is fully established.
§

A newly planted tree should be watered once per week during the growing
season, depending on weather and soil conditions. See above guidelines for
information on how much to water. Newly planted trees in turf irrigation
zones and clay soils may not require supplemental water during the irrigation
season since overwatering is as potentially damaging as a lack of water.

§

During the winter months, newly planted trees need to be watered at least
once or twice per month. Water only when the temperature is above 40
degrees Fahrenheit and no snow cover exists.
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After First Two Years:
Once the root system is fully established, trees will require less frequent watering to
flourish and expand canopy growth.
§

During the growing season, trees should be watered twice per month
depending on weather and soil conditions.

§

During the winter months, trees should be watered once per month when
temperatures are above 40 degrees Fahrenheit. It is always a good idea to
water trees during the day so that the water has enough time to soak in before
nightfall brings cooler temperatures.

Mulching Guidelines
Mulch is a valuable asset to newly planted trees and is critical to maintaining soil moisture. A
proper mulch bed provides many services to the tree including water retention, preventing
weeds, avoiding soil compaction, and reducing lawn mower damage.
•

Spread mulch to a diameter of at least three feet and depth of three to four inches around
the base of the tree (within the drip line).

•

Leave a six-inch space between the mulch bed and trunk of the tree.

•

Always be sure there is a substantial mulch bed surrounding the base of your tree. Not
only will this help your tree get the moisture it needs, it will also keep dangerous lawn
mowers from coming too close to the base of your tree.

•

Mulch materials may include woodchips, bark, leaves, and evergreen needles.

Pruning Guidelines
Structural training is an integral part of establishing a tree with a strong trunk and sturdy, wellspaced branches. Proper structural training of a tree beginning in its early growth stages help to
make it resilient to adverse weather conditions.
First Two Years - Root Establishment Phase:
During the root establishment phase, canopy growth will be slow to minimal. At this
point, pruning should be limited to removing broken or torn branches. A qualified
professional should do pruning.
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Minimizing Damage from Lawn Mowers
One of the biggest threats a newly planted tree faces is damage from lawn mowers and string
trimmers. A substantial mulch bed surrounding the base of the tree will help keep lawn mowers
blade at a safe distance.

Tree Maintenance Schedule
Establishing a long-term tree maintenance schedule and assigning maintenance tasks can be
extremely helpful in making sure your tree has a healthy and long life.
Example of long-term maintenance schedule:
Time Period
May 1, 2011
May 1, 2011 – October 31
2011

November 1, 2011 – April 30,
2012

May 1, 2012 – October 31
2012

November 1, 2012 – April 30,
2013

Maintenance Activity
− Plant, water, mulch trees.
− Apply 10 gallons of water
per inch of tree diameter
once per week.
− Sustain mulch bed around
base of tree.
− Remove dead or broken
branches
− Apply 10 gallons of water
per inch of tree diameter
once per month.
− Sustain mulch bed around
base of tree.
− Remove dead or broken
branches
− Apply 10 gallons of water
per inch of tree diameter
once per week.
− Sustain mulch bed around
base of tree.
− Remove dead or broken
branches
− Apply 10 gallons of water
per inch of tree diameter
once per month.
− Sustain mulch bed around
base of tree.

Person in Charge
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May 1, 2012 – October 31
2012

− Remove dead or broken
branches
− Apply 10 gallons of water
per inch of tree diameter
once per week.
− Sustain mulch bed around
base of tree.
− Remove dead or broken
branches

Resources
City of Golden Forester, Dave High
Landscape Architect, Confluent Design, Kevin Lyles
Colorado State Forest Service: http://csfs.colostate.edu/pages/watering.html
David Whiting, Extension Consumer Horticulture Specialist, Dept. of Horticulture & LA,
Colorado State University Extension: http://www.ext.colostate.edu/mg/gardennotes/635.html
Arbor Day Foundation: http://www.arborday.org/trees/tips/mulching.cfm
--
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ATTACHMENT H

Trees for Healthy Kids and Community
PLANTING DAY AGENDA
Sunday, May 1, 2011, 9:00 a.m. – 12:00 p.m. MST
Mitchell Elementary School
201 Rubey Drive, Golden, CO 80403
1. Set-up

8:00 – 9:00

2. Volunteer Sign-in (refreshments provided)

8:45 – 9:10

3. Opening Ceremony –

9:10 – 9:30

Ryan West – Principal, Mitchell Elementary School
Carol Lyons - IES
Ceremonial Tree Planting & Picture
4. “How to Plant a Tree” – Volunteer Training Session

9:30 – 10:00

Demonstration by Dave High, Golden City Forester
5. Plant Trees!
10:00 – 11:30
Technical Advisors:
Dave High, Golden City Forester
Kevin Lyles, Confluent Design
Steve Arnold, Jefferson County Schools
6. Environmental Education activities for Kids
9:00 – noon
7. Lunch
11:30 – noon

1

ATTACHMENT I

Trees for a Healthy Kids and Community
Thanks to the Institute for Environmental Solutions (IES) and a
generous grant from the Xcel Energy Foundation, we are launching
“Trees for Healthy Kids and Community Project” at Mitchell
Elementary! The project will use strategic tree selection and planting
to improve air quality, reduce noise pollution and enhance health and
the environment at Mitchell.

Come Plant a Tree with M.E.!
(Mitchell Elementary)

We need volunteers to help with planning, educational programs, and
planting. Please save the follow dates and watch for up-coming
volunteer opportunities!
Spring Cleaning at Mitchell Elementary • Monday, April 25th
Come Plant a Tree with M.E. • Sunday, May 1st
Get in the action now! Join the tree committee by contacting
Tracy Fletcher at fletcherfamily96@msn.com or 303.777.8239
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ATTACHMENT J
TREES FOR HEALTHY KIDS AND COMMUNITY
Volunteer Survey
On a scale of 0-5, please provide your opinion on the following questions in regards to
volunteering for “Trees for Healthy Kids and Community.” If you would like to be added to our
email list, please provide your contact information below.
Name:
Address:
Telephone:
Email:
012345-

N/A
Strongly Disagree
Disagree
Somewhat Agree
Agree
Strongly Agree

I thought the event was well organized and efficient.
0

1

2

3

4

5

I had the support and guidance I needed to accomplish my volunteer activities.
0

1

2

3

4

5

I was satisfied with the variety of activities for adults and children.
0

1

2

3

4

5

This volunteer opportunity increased my awareness of the benefits of strategic tree planting.
0

1

2

3

4

5

After today’s experience, I would volunteer for activities facilitated by the Institute for
Environmental Solutions again.
0

1

2

3

4

5

If you have any additional comments or suggestions please use the space provided below:
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ATTACHMENT K

FOR IMMEDIATE RELEASE
January 26, 2011

For further information, contact:
Jack Hoopes (303) 249-9103

IES TREE PROJECT RECEIVES XCEL ENERGY FOUNDATION GRANT
(Denver, Colorado) The Institute for Environmental Solutions (IES) has been awarded a
$15,190 grant from the Xcel Energy Foundation for the Trees for Healthy Kids and
Community Project designed to use strategic tree selection and planting to improve air quality
and reduce noise for school children at Mitchell Elementary School in Golden, Colorado. The
completed project will serve as a model for other Colorado communities seeking cost-effective
ways to improve environmental quality at elementary schools and other locations.
For years, parents and administrators at Mitchell Elementary School recognized that the school’s
close proximity to busy U.S. Highway 93 contributed air pollution and noise on school grounds.
Concerns about potential impacts on children’s health from breathing polluted air prompted
school officials and PTA members to seek a solution to the problem. IES, a leading expert in the
use of trees for environmental improvement, working with school administrators and PTA
members, and city and county officials, conceived the project to address the problem.
The goal of the Trees for Healthy Kids and Community Project is lasting, positive change in
environmental health at Mitchell Elementary. The project involves strategic tree planting with
extensive cooperation among stakeholders, including experts in related technical disciplines,
members of the community, and volunteers from surrounding neighborhoods.
IES will analyze the Mitchell site to select the best tree species and planting locations for optimal
environmental benefit. Volunteers will plant 30 to 40 trees on the school’s grounds in the spring.

1

Once matured, the trees will provide an effective vegetative barrier between the school and U.S.
Highway 93.
-moreBecause of their ability to absorb harmful gases, trees have been shown to be an effective means
of reducing ozone pollution and improving overall air quality. IES has conducted extensive
research into the ways in which certain tree species provide the best benefit in terms of improved
air quality, reduced noise pollution, reduced stormwater runoff, moderated air temperature, and
aesthetic appeal. Research findings will be used in selecting trees for the Trees for Healthy Kids
and Community Project to optimize benefits for Mitchell Elementary School.
Upon completion, IES will evaluate the project and produce a final report that will enable other
communities to replicate the effort for their benefit.
“We are extremely appreciative of the Xcel Energy Foundation for enabling this project, which
will improve the environmental health of the Mitchell Elementary School children,” said Carol
Lyons, IES Executive Director. “Once this project is complete, we will have demonstrated a
cost-effective, practical means for improving air quality in Colorado.”
The effort is part of the larger “Tree Project: Integrated Urban Environmental Improvement
through Tree Selection and Planting” initiated by IES in 2005. Through this project, IES and its
partners have characterized the effects of urban forests on the environment and applied
knowledge gained to improve tree selection and planting. The Xcel Energy Foundation has
supported the Tree Project since its beginning.
The Institute for Environmental Solutions (IES) is a Denver-based non-profit organization
dedicated to addressing complex environmental challenges. IES uses sound, independent science
to find potential solutions, develop objective evaluation methods, implement strategies, and
measure and demonstrate costs and effectiveness. IES’s approach emphasizes integration across
technical disciplines and inclusion of all potential stakeholders throughout project design and
implementation
For more information about the Tree Project or IES, please visit www.i4es.org.
2
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ATTACHMENT N

ATTACHMENT O
Mitchell Elementary
Trees for Healthy Kids and Community • Adopt a Tree • Kindergarten
Your tree is a WHITE FIR (ABIES CONCOLOR)
White Fir is a beautiful evergreen tree native to the higher elevations of southwest Colorado, up to an elevation
of 10,000 feet. This tree has a very conical form with blue-green needles that are soft to the touch. White Firs
are sometimes used as Christmas trees due to their beautiful form, color, and scent. This tree prefers moist
soil and is usually found in canyons and moist hillsides. With ideal conditions, this tree can get 60 feet tall and
30 feet wide. We have planted this tree on east-facing slopes which offer more moisture and a bit of wind
protection. Ongoing supplemental water is recommended.
What your tree looks like….
	
  

	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  

	
  

	
  
How to care for your tree…
Do’s
•
•
•
•
Don’ts

Do read to the tree
Do talk to the tree
Do pull weeds that are around or near the tree
Do let the PTA Grounds and Garden Group know if there anything wrong with the tree

•
•
•

Don’t water the tree. It is getting special care from our Golden City Forester
Don’t hang anything from the tree
Don’t pull or hang from the branches

Mitchell Elementary
Trees for Healthy Kids and Community • Adopt a Tree • XX grade
Your tree is a Fort McNAIR RED BUCKEYE (ESCULUS x CARNEA 'FT McNAIR')
The Fort McNair Buckeye is a hybrid of the horse chestnut and buckeye (both native to the eastern United
States), with beautiful pinkish red flower stalks in late spring. This tree is drought tolerant but prefers moderate
soil moisture. It can reach a height of 35 feet and a spread of 25 feet in good conditions. Ongoing
supplemental water is recommended.
	
  
What your tree looks like….
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  

	
  
	
  
How to care for your tree…
Do’s
•
•
•
•

Do read to the tree
Do talk to the tree
Do pull weeds that are around or near the tree
Do let the PTA Grounds and Garden Group know if there anything wrong with the tree

Don’ts
• Don’t water the tree. It is getting special care from our Golden City Forester
• Don’t hang anything from the tree

•

Don’t pull or hang from the branches

	
  
	
  

Mitchell Elementary
Trees for Healthy Kids and Community • Adopt a Tree • XX Grade
Your tree is a COMMON HACKBERRY (CELTIS OCCIDENTALIS)
The Western Hackberry is a very hardy shade tree well adapted for urban settings. Native to the Midwest, it is
related to the native Netleaf Hackberry, Celtis laevigata var. reticulata. Mature trees have a vase-shaped form
similar to the American Elm, reaching up to 60 feet in height. Its corky bark is distinctive. This tree is drought
tolerant but prefers moderate soil moisture. Supplemental water is recommended during periods of extended
drought.
	
  
What your tree looks like….
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  

	
  

	
  
How to care for your tree…
Do’s
•
•
•
•

Do read to the tree
Do talk to the tree
Do pull weeds that are around or near the tree
Do let the PTA Grounds and Garden Group know if there anything wrong with the tree

Don’ts
• Don’t water the tree. It is getting special care from our Golden City Forester
• Don’t hang anything from the tree

•

Don’t pull or hang from the branches

	
  

Mitchell Elementary
Trees for Healthy Kids and Community • Adopt a Tree • XX Grade
Your tree is a RUSSIAN HAWTHORN (CRATAEGUS AMBIGUOUS)
The Russian Hawthorn is a very hardy ornamental tree with small white flowers and bright red fruits. Its
twisting branches with short, stiff thorns provide good habitat for nesting birds. The Russian Hawthorn will get
up to 25 feet tall and wide. Supplemental water is recommended during periods of extended drought.
What your tree looks like….

	
  
How to care for your tree…
Do’s
•
•
•
•

Do read to the tree
Do talk to the tree
Do pull weeds that are around or near the tree
Do let the PTA Grounds and Garden Group know if there anything wrong with the tree

Don’ts
• Don’t water the tree. It is getting special care from our Golden City Forester
• Don’t hang anything from the tree
• Don’t pull or hang from the branches

Mitchell Elementary
Trees for Healthy Kids and Community • Adopt a Tree • XX Grade
Your tree is a KENTUCKY COFFEETREE (GYMNOCLADUS DIOICUS)
The Western Hackberry is a very hardy shade tree well adapted for urban settings. Native to the eastern half
of the United States, female Kentucky Coffeetrees produce large seed pods with beans that look like coffee
beans. Leaves are double-compound, giving the tree a very coarse appearance in winter. Since this tree is
very drought tolerant, we have planted them on south-facing slopes. Supplemental water is recommended
during periods of extended drought.

What your tree looks like….

	
  

How to care for your tree…
Do’s
•
•
•
•

Do read to the tree
Do talk to the tree
Do pull weeds that are around or near the tree
Do let the PTA Grounds and Garden Group know if there anything wrong with the tree

Don’ts
• Don’t water the tree. It is getting special care from our Golden City Forester
• Don’t hang anything from the tree
• Don’t pull or hang from the branches
	
  

Mitchell Elementary
Trees for Healthy Kids and Community • Adopt a Tree • Grade
Your tree is a WICHITA BLUE JUNIPER (JUNIPERUS SCOPULORUM 'WICHITA BLUE')
Wichita Blue Juniper is a cultivar of the native Rocky Mountain Juniper, which can be found in the dry foothills
and mesas of Colorado, up to 8,500 feet in elevation. It is a very drought adapted tree, so we have planted
several Wichita Blue Junipers on the south and west facing slopes. This tree will grow to a height of 20 feet
and a width of 10 feet. Very drought tolerant, but supplemental water is recommended during periods of
extended drought.

What your tree looks like….

WI

	
  

How to care for your tree…
Do’s
•
•
•
•

Do read to the tree
Do talk to the tree
Do pull weeds that are around or near the tree
Do let the PTA Grounds and Garden Group know if there anything wrong with the tree

Don’ts
• Don’t water the tree. It is getting special care from our Golden City Forester
• Don’t hang anything from the tree

•

Don’t pull or hang from the branches

Mitchell Elementary
Trees for Healthy Kids and Community • Adopt a Tree • 4th Grade
Your tree is a BRISTLECONE PINE (PINUS ARISTATA)
Limber Pine is a tough, slow growing, adaptable evergreen tree native to the higher elevations of Colorado and
New Mexico. It is usually found in the subalpine zone to an elevation of 11,000 feet. Its bushy, irregular form
and dark needles is very distinctive. Bristlecone Pine is a very slow growing tree, which is an adaptation for
the difficult growing conditions of its native range. This species offer some of the oldest living organisms found
on earth, with some trees estimated at 4,000 years old. Very drought tolerant, but supplemental water is
recommended during periods of extended drought. Be careful to avoid over-watering.

What your tree looks like….

	
  

How to care for your tree…
Do’s
•
•
•
•
Don’ts

Do read to the tree
Do talk to the tree
Do pull weeds that are around or near the tree
Do let the PTA Grounds and Garden Group know if there anything wrong with the tree

•
•
•

Don’t water the tree. It is getting special care from our Golden City Forester
Don’t hang anything from the tree
Don’t pull or hang from the branches

Mitchell Elementary
Trees for Healthy Kids and Community • Adopt a Tree • 2nd Grade
Your tree is a VANDERWOLF LIMBER PINE (PINUS FLEXILIS 'VANDERWOLF')
Bristlecone Pine is a tough, adaptable evergreen tree native to the higher elevations of the western United
States. It naturally grows in dry, rocky soils from the upper montane to treeline, and can be seen along Trail
Ridge Road in Rocky Mountain National Park. This tree is called Limber Pine because of its flexible twigs that
can be tied into knots. Vanderwolf is a cultivar of the native species and can grow 40 feet tall and 20 feet wide.
Very drought tolerant, but supplemental water is recommended during periods of extended drought. Be careful
to avoid over-watering.
What your tree looks like….

	
  
How to care for your tree…
Do’s
•
•
•
•

Do read to the tree
Do talk to the tree
Do pull weeds that are around or near the tree
Do let the PTA Grounds and Garden Group know if there anything wrong with the tree

Don’ts
• Don’t water the tree. It is getting special care from our Golden City Forester
• Don’t hang anything from the tree
• Don’t pull or hang from the branches
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I.

INTRODUCTION

The goal of Trees for Healthy Kids and Community is to create lasting, replicable, positive
change in environmental health at Mitchell Elementary School (Mitchell) in Golden, CO.
Mitchell faces multiple environmental challenges due to its proximity to Colorado Highway 93.
Specific challenges identified at Mitchell include:
•
•
•

Particulate and gaseous airborne pollutants from the highway
Noise pollution from the highway
Strong wind

The school lacks a physical barrier between the campus and Highway 93, leaving the campus
fully exposed to air and noise pollution and wind from the north and northwest. Concerns about
the potential impact on students’ health and the environment prompted the school administration
and Parent-Teacher Association (PTA) to seek a solution to these problems. In establishing a
vegetative barrier between the Mitchell campus and Highway 93, the IES Trees for Healthy Kids
and Community project addresses the school’s environmental challenges while optimizing the
environmental benefits provided by trees.
Important additional benefits include:
•
•

Stormwater runoff quality and quantity control
Water conservation optimization

IES, Mitchell, the PTA Grounds and Garden Committee, Jefferson County Schools, Confluent
Design, and the City of Golden collaborated to implement cost-effective, integrated, long-term
solutions to these challenges by combining strategic tree selection and planting with education
and outreach.
II.

PURPOSE

The purpose of this report is to assess indicators of environmental quality and evaluate the
effectiveness of strategic tree selection and planting as a solution to improving environmental
health at Mitchell. This analysis includes an evaluation of air quality, noise pollution, wind,
stormwater volume and pollutant control, and water consumption.
III.

SITE DESCRIPTION

Mitchell is located in Golden, Colorado in the Rocky Mountain Foothills west of Denver. The
campus is on Rubey Drive between South Table Mountain and Highway 93. The school was
constructed in 1998 and has little vegetative landscaping. Due to its proximity to Highway 93,
Mitchell faces multiple environmental and health challenges.

Scientific solutions for a better environment

2

INSTITUTE FOR ENVIRONMENTAL SOLUTIONS
The campus receives full, direct sunlight throughout the day and faces northern and northwestern
winds. The soil mixture at Mitchell is moderately to severely compact and contains mostly clay
and rock. Other soil considerations on the Mitchell campus include indications of soil layer
disturbance, evidence of recent construction, presence of construction debris, and poor drainage.
Figure 1 divides the Mitchell campus into landscape zones, each with categorical attributes that
possess the potential to optimize additional tree function and benefits.
Figure 1. Mitchell Elementary Campus by Zone – Golden, CO, February 2011
Data Source: Kevin Lyles, Confluent Design

The existing landscaping of Zone 1A/1B, located along Rubey drive, includes turf shrubs and
clustered evergreen trees. The grade of this landscape zone is moderate to flat, with eastern
exposure. Zone 2A/2B, located in the center of the school’s front parking lot, has irrigated
landscaping with turf and scattered deciduous trees. The grade is nearly flat. Zone 3 is an active
3
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play area for the school. This area encompasses a baseball field, two playgrounds, and turf grass.
The grade of this zone ranges from flat to steep, with western exposure along Rubey Drive and
northeastern exposure between the two playgrounds. This zone has very little vegetation aside
from a few recently planted deciduous trees east of the upper playground. Zone 4 contains a
detention basin north of the school, where stormwater runoff is collected and stored. A
reinforced concrete pipe collects stormwater at the north end of the parking lot and directs it into
the basin. Zone 5A/5B provides a landscape buffer between the active play areas and the
surrounding residential development. The landscape grade is moderate to steep, with southern
exposure in Zone 5A and eastern exposure in Zone 5B. Pasture grasses and some noxious weeds
dominate this area. A few native trees and invasive plants are scattered throughout Zone 5A/5B
(Lyles)i.
IV.

ENVIRONMENTAL IMPROVEMENT OBJECTIVES

The Mitchell community has long been concerned about the potential health impacts of gaseous
and particulate air pollution, noise pollution, and wind, illustrated in Figure 2. Winds from the
west and north carry particulate and gaseous air pollution from vehicular traffic on Highway 93
onto the Mitchell campus. Mitchell’s main building blocks the natural flow of air over the
ground surface, creating a pool where polluted air stagnates (Biggs)ii. The sounds of the wind
and vehicles passing by on Highway 93 and Rubey Drive may cause uncomfortable and agitated
conditions for children and adults who spend time in the outdoor recreation areas on campus.
Figure 2. Mitchell Environmental Concerns - Golden, CO, Spring 2011
Data Source: Institute for Environmental Solutions

Scientific solutions for a better environment
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A.

GOAL: IMPROVE AIR QUALITY

Poor air quality is an on-going concern in the metro Denver region. Air pollution can cause
damage to landscape and ecosystem processes and negatively impact human health. Health risks
associated with air pollutants include: asthma, reduced lung function, lung damage, bronchitis,
cancer, and brain and nervous system damage. Air pollution can be especially harmful to
younger and older populations, particularly those individuals with pre-existing health conditions
(EAP)iii .
The Federal Clean Air Act of 1970 established the National Ambient Air Quality Standards
(NAAQS), which identify and set regulations for specific criteria pollutants. Carbon monoxide
(CO), ozone (O3), sulfur dioxide (SO2), nitrogen dioxide (NO2), and particulate matter (PM-10)
are among these pollutants of concern (CDPHE)iv. In excess, each of these criteria pollutants can
be detrimental to human health and the environment.
Table 1. The Federal Clean Air Act of 1970 National Air Quality Standards: Criteria Pollutants
Data Source: CDPHE, Colorado Air Quality Data Report 2010

CO: This colorless, odorless gas is formed when carbon in fuel is not burned completely. It
is a component of motor vehicle exhaust, which contributes about 50 percent of all CO
emissions nationwide. High concentrations of CO generally occur in areas with heavy traffic
congestion. In cities, as much as 85 percent of all CO emissions may come from automobile
exhaust. CO affects the central nervous system by depriving the body of oxygen. Health
effects vary at different concentrations but include fatigue, chest pains, impaired vision,
reduced brain function, headaches, dizziness, and confusion. At high concentrations, CO is
deadly. Special concern exists for healthy young children because of increased oxygen
requirements that result from a higher metabolic rate.

O3: Depending on its location in the atmosphere, ozone can have either harmful or beneficial
effects on human health and the environment. In the stratosphere, ozone creates a protective
layer that blocks the sun’s ultraviolet rays from harming life on Earth. Ground-level ozone
(smog) is created by a chemical reaction between oxides of nitrogen (NOx) and volatile
organic compounds (VOCs) in the presence of sunlight. Motor vehicle exhaust, which emits
both NO and VOCs, is a major source of ground-level ozone; however, trees may also
contribute. Exposure to ground-level ozone can cause serious, long-term impairment of lung
function. Active children are at the highest risk of ozone exposure because they often spend
extended periods of time playing outdoors during summer months, when ozone production
levels are highest.

SO2: Sulfur dioxide gas is formed when fuel that contains sulfur (e.g. oil, coal, natural gas) is
burned and when gasoline is extracted from oil. Sulfur dioxide dissolves in water vapor to
form acid, and interacts with other gases and particles in the air to form sulfates and other
products that can be harmful to people and their environment. High concentrations of sulfur
dioxide can cause permanent lung damage, respiratory illness, and cardiovascular disease.
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Asthmatic children and adults who are active outdoors are the most at risk.

NO2: Nitrogen dioxide is formed when nitrogen and oxygen in the air are combined in high
temperature combustion. In Denver, about 36 percent of NO2 emissions come from motor
vehicles. Elevated concentrations of NO2 cause respiratory distress, degradation of
vegetation, clothing, and visibility, and increased acid deposition. Nitrate aerosols, which
result from nitric oxide and nitrogen dioxide combining with water vapor in the air, have
been consistently linked to Denver's visibility problems.

Particulate Matter: Particulate pollution is a mixture of microscopic solid and liquid
particles suspended in the air, such as dust, smoke, soils, organic chemicals, allergens, soot,
and other microscopic particles. These small particles can enter the body and reach deep into
the lungs and bloodstream, causing myriad health complications. The majority of particulate
matter pollution comes from miscellaneous sources affected by earth-moving and windblown disturbances. A busy highway generates a significant amount of particulate pollution.

Air Quality at Mitchell 	
  
According to the Colorado Department of Transportation (CDOT) Traffic Information Report for
Highway 93 in 2010, the annual average daily traffic count for vehicles passing Mitchell
between mile reference point 0 (intersection of Route 6 and Clear Creek Canyon Road) and mile
reference point 1.4 (intersection of Highway 93 and Golden Gate Canyon Road) was
approximately 23,500 vehicles (CDOT)v. Accurate vehicle counts between these reference
points are available on the CDOT webpage. This area is illustrated in Figure 3. Of the 23,500
vehicles passing by Mitchell daily, approximately 7.3 percent (1,715) were trucks. CDOT
predicts that by 2020, the annual average daily traffic count for this location will increase to
approximately 27,380 vehicles. Table 2 describes the average annual pollution emissions of
carbon monoxide and nitrogen oxides by vehicles on Highway 93 between mile reference point 0
and 1.4. This is not a measurement of air quality at Mitchell but rather a measurement of source
pollution. Emissions data for this 1.4-mile stretch contributes to total area emissions, for which
there is not accurate data. Vehicles traveling on nearby roads and other sources will also
contribute to total emissions impacting Mitchell.
The highway pollution emitted between mile reference point 0 and 1.4 may affect the
environmental and human health conditions at Mitchell. Winds from the north and northwest
carry pollutants from the highway to the school campus, creating a stagnant air pool in front of
the main school building. This pool temporarily stores highway pollutants, making conditions in
the parking lot and play areas potentially harmful to human health (Biggs) ii.
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Figure 3. Mile Reference Point 0 to Mile Reference Point 1.4, Highway 93, Golden, CO.

Table 2. Average Annual Pollution Emissions of CO and NOx by Vehicles on Highway 93 Between
Mile Reference Point 0 and 1.419, Golden, CO, 2010
Data Source: USEPA, Emission Facts: Average Annual Emissions and Fuel Consumption for
Passenger Cars and Light Trucks, 2000. CDOT, Vehicle Traffic Volumes and Truck
Weights on Colorado State Highways, 2010.

Pollutant

Annual Avg.
Daily Traffic
2010
Passenger Cars
CO
21,785 cars
NOx

Emission
Rate per
(g/mi)
20.9

21,785 cars

1.39

Light Trucks
CO
1,715 trucks

27.7

NOx

1.81

1,715 trucks

Calculation

Annual Pollution
Emitted from H93
(0-1.419)

(21,785 cars) x (1.4 mi x 20.9
g) x (365 days/year) x (1 lb/454
g)
(21,785 cars) x (1.4 mi x 1.39g)
x (365 days/year) x (1 lb/454 g)

519,000 pounds of
carbon monoxide

(1, 715 trucks) x (1.4 mi x 27.7
g) x (365 days/year) x (1 lb/454
g)
(1, 715 trucks) x (1.4 mi x 1.81
g) x (365 days/year) x (1 lb/454
g)

54,200 pounds of
carbon monoxide

Scientific solutions for a better environment

34,500 pounds of
oxides of nitrogen

3,650 pounds of
oxides of nitrogen
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The emission rates displayed in Table 2 are averages for the entire in-use fleet determined in
April 2000. Newer cars and trucks will emit less pollution and use less gasoline; older cars and
trucks may emit more pollution and use more gasoline. The emission rates assume an average,
properly maintained vehicle on the road in July 2000, operating on typical gasoline on a warm
summer day (72-96 degrees F). Emissions may be higher in very hot or very cold weather.
(USEPA).vi While not listed in Table 2, ground-level ozone, sulfur dioxide, and particulate
matter from vehicles on Highway 93 also negatively impact Mitchell’s local environment, see
Table 1.
Impact of Urban Trees on Air Quality
Trees improve air quality by directly removing particulate pollutants from the air by intercepting
them on leaf surfaces and by absorbing gaseous pollutants (O3, CO, SO2, and NO2) during
photosynthesis through the leaf stomata (Nowak)vii . When properly cared for and maintained,
trees have the ability to improve air quality by:
•
•
•
•
•

Moderating air temperatures
Increasing oxygen levels
Intercepting and trapping particulate matter air pollution
Absorbing gaseous pollutants
Binding or absorbing water-soluble pollutants on leaf surfaces
(The IES Tree Project Phase 2 Final Report)

Trees may also be a detriment to air quality through the emission of VOCs, which can contribute
to ground-level ozone formation when combined with sunlight and NOx. Strategic tree selection
and planting is crucial to optimizing the impact of trees on air quality, since VOC production and
ozone absorption varies significantly by species (The IES Tree Project Phase 2 Final Report).
Using Trees to Improve Air Quality at Mitchell
Trees can serve as a physical buffer between pollution sources, such as highways, and places
where people work and play. This essential function of trees is especially relevant at Mitchell,
considering the lack of any physical barrier between the school and Highway 93. Proper
placement of trees is fundamental to improving air quality at Mitchell. Certain tree species
planted as barriers along roadways and parking lots can be particularly effective at reducing
particulate and gaseous airborne pollution. In addition, trees can efficiently serve as filters to
street debris and other pollutant emissions. For more detailed information on the ways in which
trees can improve air quality, please consult The IES Tree Project Phase 2 Final Report.
IES has identified several strategies to improve air quality at Mitchell with urban forestry:
•
•

Increase the number of healthy, large, and long-lived tree species. This will help
increase pollution removal and optimize the positive effect of each tree.
Sustain the existing tree cover to help maintain pollution removal levels.
Scientific solutions for a better environment
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•
•
•

Plant low-maintenance trees to minimize pollution emissions from maintenance
activities.
Plant trees to shade parked cars and reduce vehicular VOC emissions.
Select tree species that will best optimize environmental improvement objectives. At
Mitchell, including evergreen trees in the mix will provide year-round removal of
particulate matter.
(IES City of Golden Strategic Tree Planting Plan for Environmental Improvement)

B.

GOAL: REDUCE NOISE POLLUTION

Noise pollution is defined as unwanted or disturbing sound that interferes with normal activities
(USEPA)viii. Studies show that there are direct links between noise and health. Excessive noise
can have adverse effects on the physical and psychological health of children, which is related to
learning and behavior. According to the EPA, noise can pose a serious threat to a child’s
physical and psychological health, including learning and behavior. For example, noise can
interfere with speech and language, and impair learning and hearing. Other problems associated
with excessive noise include increased stress levels, high blood pressure, hearing loss, and lost
productivity.
Noise is measured by the intensity and frequency of sound waves that hit the ear. Volume of
sound is measured in decibels (dB). The greater the number of decibels, the louder the noise and
the more harmful it is to hearing ability. In schools the critical effects of noise are speech
interference, disturbance of information extraction, message communication, and annoyance.
For outdoor playgrounds the sound level of the noise from external sources should not exceed 55
dB (WHO)ix. Noise levels above 85 dB, such as the sounds of busy traffic, can be hazardous to
human health (USEPA)viii. The 55 dB recommendation is based less on safety and more on
comfort, reduced stress, less annoyance due to noise, and less effort needed to listen and
understand what is happening in the environment. During a child’s developmental stages, it is
important to keep noise at a comfortable level, less than 55 dB.
Noise Pollution at Mitchell
Noise pollution occurring from Highway 93 and Rubey Drive pose comfort and health concerns
for students at Mitchell. IES conducted a noise evaluation of Mitchell’s front outdoor
playground. The purpose of this noise evaluation was to characterize noise conditions and
establish baseline measurements for future efforts to quantify the environmental impacts of the
IES Trees for Healthy Kids and Community project. Noise readings were taken in April and May
2011 at varying 15-minute intervals throughout the day, see Table 3. Readings were taken with a
Quest Electronic M-27 Noise Logging Dosimeter, provided by Bethany Messersmith of
CoorsTek, Inc.
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Table 3. Noise (dB) Readings, Mitchell Elementary, April – May 2011, Golden, CO
Date and Time

Environment

Max dB

Average dB

4/27 10:30-10:45 a.m.
4/27 2:35-2:50 p.m.
4/27 5:00-5:15 p.m.
5/11 10:30-10:45 a.m.
5/11 2:30-2:45 p.m.
5/11 5:00-5:15 p.m.
5/18 9:35-9:50 a.m.
5/18 12:15-12:30 p.m.
5/18 5:00-5:15 p.m.
5/25 9:05-9:20 a.m.
5/25 2:10-2:25 p.m.
5/25 4:45-5:00 p.m.

Mitchell
Mitchell
Mitchell
Mitchell
Mitchell
Mitchell
Mitchell
Mitchell
Mitchell
Mitchell
Mitchell
Mitchell

84.3
87.9
106.6
74.2
92.8
88.6
78.6
79.5
92.7
72.0
90.1
93.7

56.0
63.2
60.9
54.4
63.5
59.4
52.2
54.5
61.1
54.9
58.0
55.5

While average noise readings did not reach the dangerous levels that could cause permanent
hearing and/or health damage, the average readings remained above the WHO’s recommendation
of 55 dB for outdoor playgrounds. Cars, garbage trucks, and school buses passing along Rubey
Drive as well as occasional wind gusts contributed most to the high noise level readings. The
highest noise level reading was recorded at 106.6 dB, which is equivalent to the noise produced
by a chainsaw or a rock concert. Instantaneous exposure to high noise levels, such as 105 dB
and above, is considered hazardous could cause permanent hearing damage (CDC)x.
Using Trees to Reduce Noise Pollution at Mitchell
Vegetative noise buffers composed of strategically selected tree species can reduce noise by
approximately five to ten decibels. This decrease could reduce noise by up to 50 percent to the
human ear (USDA National Agroforestry Center)xi. The USDA National Agroforestry Center
has researched and published comprehensive guidelines for using trees as noise buffers. USDANAC recommendations include:
•
•
•
•
•
•
•
•

Use plants with dense foliage. A diversity of tree species, with a variety of foliage
shapes and sizes within the noise buffer may also improve noise reduction.
Foliage of the plants should persist from the ground up. A combination of shrubs and
trees may be necessary to achieve this effect.
Evergreen varieties that retain their foliage will give better year-round protection.
Use taller trees.
Plant trees and shrubs as close together as the species will allow.
Plant the noise buffer close to the noise source, rather than close to the area being
protected.
The length of the tree belt should be twice as long as the distance from the road to the
recipient of the noise.
The buffer should extend equal distance in both directions parallel to the road.
(USDA National Agroforestry Center)xi
Scientific solutions for a better environment
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C.

GOAL: REDUCE IMPACT OF WIND

Wind, at varying speeds, can cause a number of environmental issues, including carrying
airborne pollutants far from the source, contributing to noise pollution, causing environmental
disturbances, and creating a stressful atmosphere.
Wind at Mitchell
Wind is the natural horizontal motion of the atmosphere. It occurs when warm air rises, and cool
air comes in to take its place. Wind disperses and transports pollutants from the source to areas
that may not otherwise have been affected (USEPA)xii. IES and the Mitchell community
identified winds prevailing from the north and west as a contributor to air pollution and noise on
campus. Table 4 provides average wind speed and temperature data taken from a home weather
station located in residential neighborhood on the western side of Highway 93 from Mitchell.
While this data is not necessarily representative of actual conditions on the Mitchell campus, it
provides a general indication of weather conditions in the area.
Table 4. Wind Speed and Temperature Data, Near Mitchell Elementary, Golden, CO
Data Source: Mt. Ridge. Foothills West of Golden, Golden, CO Weather Station
Month / Year
JAN 2010
FEB 2010
MAR 2010
APR 2010
MAY 2010
JUN 2010
JUL 2010
AUG 2010
SEP 2010
OCT 2010
NOV 2010
DEC 2010

Average Wind Speed
(mph)
1.2
1.1
2.5
2.6
2.8
2.3
2.4
2.6
2.0
2.4
1.4
1.5

Max Wind Speed
(mph)
46.0
45.0
43.0
50.0
57.0
36.0
38.0
34.0
32.0
57.0
45.0
65.0

Average Temperature
(° F)
33.9
29.3
40.8
47.0
52.8
68.5
72.1
71.7
66.6
54.4
40.8
38.7

Using Trees to Reduce Wind at Mitchell
Properly selected and positioned tree species can reduce the impact of wind and moderate air and
ground temperatures. When strategically planted, trees have the ability to act as a windbreak,
shade surfaces, and conserve energy.
IES identified strategies that will optimize shade and reduce the impact of wind:
•

Plant evergreens on the northern / western edge of the area being protected to provide
summer shade and winter wind protection.
Scientific solutions for a better environment
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•
•
•

Increase canopy cover to reduce ambient air temperature.
Use large, full, evergreen trees to create a year-round windbreak.
Select and plant trees that provide wind relief and may also reduce noise pollution.
(IES City of Golden Strategic Tree Planting Plan for Environmental Improvement)

D.

GOAL: IMPROVE STORMWATER MANAGEMENT

Stormwater runoff occurs when precipitation does not permeate into the ground. As stormwater
flows over the ground surface, it accumulates debris, chemicals, and other pollutants that could
contaminate water quality if not properly treated (USEPA)xiii . Unlike wastewater and sewage,
stormwater is not treated before entering waterways and areas of human contact. Adequate
stormwater management and control is essential to providing a healthy and safe environment.
Using Urban Trees to Improve Stormwater Management at Mitchell
Strategically planted trees can function as a natural stormwater management tool by slowing the
flow and decreasing the volume of runoff and reducing the pollutant load as stormwater
percolates into the ground. A typical medium-sized tree can intercept as much as 2,300 gallons
of rainfall per year. Trees that are in-leaf year round have the capacity to intercept the most
rainfall and provide the most environmental and health benefits. Broadleaf evergreens and
conifers intercept more rainfall than deciduous species where winter rainfall patterns prevail
(USDA Forest Service)xiv. IES has researched ways in which strategic tree selection and planting
can improve stormwater pollutant control. Specific strategies include:
•
•

•

Choose species that are in-leaf when precipitation is greatest for the region.
Select species with architectural features that maximize interception, such as large
leaf surface area and rough surfaces that store water (e.g. conifers intercept more
precipitation than similarly sized deciduous trees).
Increase tree canopy and improve maintenance of existing trees.
(IES City of Golden Strategic Tree Planting Plan for Environmental Improvement)

At Mitchell, the ground consists of mostly compact clay and rock and exhibits poor drainage
abilities. A reinforced concrete pipe at the north end of the parking lot collects stormwater from
the school building and parking lot and directs it into a detention basin north of the school in
Zone 4, where it is temporarily stored, see Figure 1. Planting trees along the northern fence line
of campus would contribute greatly to Mitchell’s stormwater management practices. While
stormwater flow and pollutant control isn’t one of the top environmental priorities of Mitchell, it
is an additional benefit of properly selected and placed trees that will help reduce costs and keep
a clean environment in the long run.
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E.

GOAL: OPTIMIZE WATER CONSERVATION

Colorado’s Front Range has a semi-arid and dry climate. Water-use efficiency and conservation
is critical in the urban Front Range community, where access to water resources is limited.
Water conservation efforts are important in meeting long-term water supply needs, sustaining
environmental health, and maintaining quality of life standards (CWCB)xv.
Using Urban Trees to Conserve Water at Mitchell
The soil composition at Mitchell consists mostly of clay and rock and has poor drainage abilities.
Selecting native, drought-resistant trees accustomed to Colorado’s climate is very important for
the long-term health and survival of trees planted at Mitchell. In a place where access to water is
limited, planting species with low water consumption requirements is essential.
IES has identified several strategies that can help improve water conservation:
•
•
•
•

Plant drought-tolerant or xeric trees.
Use water-saving, efficient irrigation methods.
Water in the evenings or early morning. Do not over-water.
Maximize energy-saving benefit of trees to reduce power plant water consumption
(IES City of Golden Strategic Tree Planting Plan for Environmental Improvement)

V.

MITCHELL PLANTING PLAN

IES, in collaboration with the City of Golden Forester Dave High, and Landscape Architect
Kevin Lyles, researched and developed a comprehensive, strategic landscape plan that will
support Mitchell in reaching its environmental improvement objectives.
Phase One – Mitchell Planting Plan
The Phase One landscaping approach for Zone 1A/1B is based on observed environmental
improvement targets and on strategic landscape design practices that will maximize
environmental benefits. The landscape design focuses on using strategic tree selection and
placement along the school’s northern and western fence lines to create a vegetative buffer
between Highway 93 and Mitchell Elementary, see Figure 4. The tree buffer will:
•
•
•
•
•

Mitigate highway air pollution on the school campus by absorbing and intercepting
pollutants and disrupting and diverting the natural airflow.
Reduce highway noise pollution by absorbing sound waves.
Create a calm and controlled environment by diverting winds prevailing from the
north and west.
Contribute to on-site stormwater management by intercepting and slowing the flow of
precipitation.
Conserve water by selecting native, drought-tolerant species.
Scientific solutions for a better environment
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Tree species were carefully and strategically selected to optimize environmental benefits and to
minimize potential negative impacts, such as increased air pollution. Similarly, planting
locations of each species have been designated to best meet the environmental needs of the
school. A mix of conifer and evergreen varieties along with a few select deciduous trees will
create a vegetative barrier, offering the Mitchell campus year-round protection from wind, air
pollution, and noise. IES predicts that as the trees mature to form a full vegetative buffer, the
average wind speed, air pollution levels, and noise on the Mitchell campus will decrease. The
mix of conifers and evergreens will contribute to slowing the volume and flow of precipitation
by intercepting rainfall year-round. The planting plan only includes drought-tolerant species that
will maximize water conservation benefits.
Long-term Mitchell Planting Plan
The remaining landscape zones offer opportunities for tree planting and vegetative management,
outdoor learning areas, and additional environmental improvement. Figure 5 illustrates the
proposed long-term strategic landscape plan for Mitchell.
The long-term landscape design recommends increased tree canopy and shade in the parking lot.
The intention in area encompassing the ball field is to provide shade and create a secondary wind
buffer for the upper and lower playgrounds. The design purpose in the area north of the school
building is to improve water quality and stormwater management by creating a vegetative swale
that supports native plants. This area also provides an opportunity to transform the stormwater
detention basin into a wetland educational area that could support a native riparian plant
community. The southeast corner of campus will focus on enhancing the ecological integrity of
the existing native plant community by creating a prairie learning area. The completion of the
long-term landscape design is contingent on future interest by the Mitchell community and
availability of funding.
VI.

CONCLUSION

As part of the Trees for Healthy Kids and Community project objective to achieve lasting,
replicable, positive change at Mitchell, IES and the Mitchell Project Committee plan to monitor
the environmental benefits of the trees as they mature. A tree maintenance plan has been
instituted and will help ensure the long-term survival and health of the trees. The Phase One
planting plan allows the Mitchell community to reach its environmental improvement objectives
through strategic tree selection and management.
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Figure 4. Mitchell Elementary Planting Plan and Tree Species Selection– May 1, 2011
Data Source: Kevin Lyles, Confluent Design
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Figure 5. Long-term Landscape Design Concept for Mitchell Elementary – Golden, CO
Data Source: Kevin Lyles, Confluent Design
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