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1 EXECUTIVE SUMMARY

EXECUTIVE

UMMARY

Boulder is a thriving community which consistently ranks
among the best places to live in America. Resources
from Forbes to Gallup sing Boulder’s praises; beautiful
natural scenery, a robust economy, and the healthy
lifestyle of Boulder residents. Boulder is home to many
PhDs as well as numerous startups and corporate giants
including Google, Microsoft, and Threadless. It’s also a
major government research hub, home to the National
Center for Atmospheric Research and the National
Institute of Standards and Technology.

Pristine natural surroundings offer easy access to
mountainstreamsand lush forests. Withmore than43,000
acres of open space, 151 miles of trails, 60 parks, and
the Boulder Creek Path, which runs through the middle
of town, this outdoor paradise promotes access to year-
round recreation, including hiking, fishing, biking, and
rock climbing. The community enjoys delicious local
cuisine and farm-to-table eateries. Boulder’s population
has one of the lowest obesity rates (12.4%) of American
cities (Riffkin, 2014), rated 10th in the 2016 overall
Community Well-Being Rankings (Gallup-Healthways),
and has been the nation’s fittest community since 2009.

“The city will support, promote and, in some
cases, requlate the protection of healthy existing
trees and the long term health and vitality of
the urban forest in the planning and design of
public improvements and private development.
The city will encourage overall species diversity,
native and low water demand tree species
where appropriate.”

— Boulder Valley Comprehensive Plan

What Do
We Want?

\

How Do We
Get There?

.

Boulder residents strongly support environmental
protections. In 2013, Boulder became one of the first
32 cities chosen to participate in 100 Resilient Cities
(100RC). Resilience is the ability to prepare for and
respond effectively to stress. Resilient communities
pledge to preserve the quality of life today and
improve their legacy for future generations. By any
metric, Boulder is a premier city with beautiful natural
amenities, strong environmental values, and a quirky
yet highly-skilled workforce. In sum, the people of
Boulder are healthy, motivated, and educated. Urban
trees support the active, outdoor lifestyle of residents.

An urban forest is the collection of trees that grow within
a city or town. A resilient urban forest supports the
resilience of the community. Stewardship of Boulder’s
urbanforestisanimportant partof theresiliencestrategy.
Boulder’s urban forest currently provides an overall
average canopy cover of 16% (2,773 acres) (Urban Tree
Canopy Assessment, 2015) and includes approximately
650,000 trees on public and private land. Along with
their aesthetic and socio-economic contribution, trees
serve as a buffer to many environmental stressors by
providing cooling shade, energy savings, cleaner air,
wildlife habitat, and vital protection for creeks and
streams by reducing stormwater runoff.

The Urban Forest Strategic Plan (UFSP) provides long-
term management goals for increasing community
safety and preserving and improving the health, value,
and environmental benefits of this natural resource. The
structure of the UFSP are based on the understanding of
what we have, what we want, how we get there, and
how we are doing. This structure, referred to as adaptive
management, is commonly used for resource planning
and management (Miller, R.W.) and provides a good
conceptual framework for urban forest programming.
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Table 1: Land Cover Classes

Land Cover Class
Canopy
Impervious
Pervious

Water

Total

Acres Percent
2,773 16%
5,724 33%
8,198 47%

755 4%

17,450 100%

2
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What Do We Have?

The development process for the UFSP involved a
comprehensive review and assessment of:

e Existing urban forest resources, including
composition, value and environmental benefits;

e Community vision, including those expressed by
the Boulder Valley Comprehensive Plan, Boulder
Resiliency Plan and Boulder Climate Action Plan;

e Guiding documents, including ordinance and
tree protection policies, development and
construction standards, and preservation
requirements; and

e Forestry operations, including funding and
current service levels for both in-house and
contracted forestry staff.

The review process established that Boulder has built
a strong foundation for an exceptional urban forestry
program. The community has made an outstanding
commitment to planting, preserving and promoting
the care of trees and other natural resources. Much
of Boulder’s urban forest, including approximately
650,000 trees and 2,773 acres of canopy, is located on
private property. The overall urban forest tree canopy
is providing more than $876,000 in annual benefits to air
quality, carbon sequestration, and avoided stormwater
runoff (Urban Forest Resource Analysis, 2015).

In addition to 600,000 privately owned trees, nearly
50,800 community trees are located on streets, parks,
and public Right-of-Way (ROW) (Urban Forest Resource

Analysis, 2015). These city-managed trees are providing
approximately 24 percent of all canopy cover (4 percent
of overall Boulder acreage)and nearly $5.2 million
each year in environmental services ($700,000) and
increased property values ($4.5 million). To replace this
public resource with trees of a similar size and species
would cost nearly $110 million (Urban Forest Resource
Assessment, 2015).

Boulder’s Forestry Division exemplifies professionalism
in their dedication to high-level standards in the
management of the urban forest. The division employs
seven full-time professionals who regularly participate
in training and industry events to stay abreast of current
advancements. They are dedicated to increasing the
sustainability and resilience of the urban forest.

Forestry operations are robust and focused on best
management practices (BMPs), emerging industry
solutions, and the prudent application of available
resources. In addition to standard services, like
rotational pruning, tree removal and replacement,
storm response, development review, and responding to
customer service requests, Boulder’s forestry operations
include several exemplary programs that meet or exceed
industry recommendations These programs include a
Tree Safety Inspection Program (TSIP), Integrated Pest
Management (IPM), wood debris management and an
arborist licensing program.

Since 2013, the personnel, training, equipment and
budget to support these activities have not kept pace,
leading to longer pruning cycles, delayed responses and
deferred maintenance.

The unique climate of the Front Range poses many

challenges to the growth and survival of trees. At an
elevation of 5,430 feet, there are few native tree species
in this high desert region. Those trees that have been
naturalized and cultivated in Boulder’s urban forest face
a constant barrage of threats, including temperature
extremes, late spring freezes, snowstorms, flooding and
drought.

Boulder was the first city in Colorado to identify the
presence of emerald ash borer (EAB). This devastating
pest is 100 percent deadly to untreated ash trees. EAB
is responsible for the death of hundreds of millions
of trees in more than 30 states. Ash trees account for
more than 25 percent of Boulder’s urban tree canopy
and provide a significant contribution o environmental
and socio-economic services to the community. It is
estimated that there are more than 70,000 ash trees in
Boulder, valued at approximately $18 million (including
public, private and naturalized sites).

Since the identification of EAB in 2013, Boulder Forestry
has been at the forefront of the state’s EAB management
program. Over the next two to five years, EAB will have
a significant direct budgetary impact on Boulder and
private residents. Although Boulder Forestry is providing
pesticide treatments for many larger established ash
trees, alluntreated ash are expected todie from EAB over
the next five years. As a result, Boulder is anticipating
a 25 percent loss in existing tree canopy (with as much
as 32 percent loss in some neighborhoods).



Table 2: Benchmark Values

Boulder's Public Tree Resource

What Do We Want?

In addition to forestry staff, there are multiple
stakeholders, internal and external, who play a role
in the planning, design, care and advocacy of the
urban forest. The development of the UFSP included
considerable outreach to engage and collaborate with
forestry professionals, city leadership and the community.

Outreach included surveys, pop-up Tree Story Stations,
a public open house, interviews with managing
stakeholders, and technical working group meetings.
Everyone who participated played a role and provided
input for the development of the UFSP.

Overwhelmingly, stakeholders expressed the desire to
preserve and grow tree canopy. While the reasons were
varied, most participants recognize and appreciate the
environmental services and contribution to the quality
of life that the urban forest provides.

Many participants were aware of EAB and that trees are
being removed as a result. Yet most respondents were
not aware of the extent and gravity of the issue that is
expected to result in the loss of 25 percent (~775 acres)
of existing tree canopy.

Recognizing that the transformed canopy will have
a considerable economic, social and environmental
impact for decades to come, the UFSP suggests a goal
of no-net-loss in overall tree canopy by 2037.

<S9s» [EXECUTIVESUMMARY 4

Realizing this goal will require a consolidated effort
from the community, actions include:

e Engaging and preparing the community for
canopy loss;

e Developing citywide and neighborhood planting
plans;

e Setting minimum requirements for species
diversity and large-stature trees;

e Planting 600 public trees each year;

e Facilitating the planting of 2,025 trees on private
property each year; and

e Monitoring canopy cover for gains and losses.

While unquestionably devastating, managing the losses
from EAB is a relatively short-term problem within the
long-term, perpetual stewardship of Boulder’s trees. An
urban forest is a dynamic resource, constantly growing
and responding to the environment and the care it
receives.

The preservation and care of existing and new trees
requires planning and sustainable resources to promote
forest health, longevity, and greater resilience over
time.
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Recognizing this, stakeholders also identified areas of
focus for the long-term stewardship of Boulder’s urban
forest, including:

e Maintenance and preservation of existing trees on
both public and private property;

e Increased outreach and engagement with the
Boulder community;

e Opportunities for volunteers and neighborhood
leaders;

e Greater collaboration with local, regional, and
state partners; and

e Sustainable funding.

Finally, the Boulder Valley Comprehensive Plan (BVCP)
is the unifying document that communicates the
community’s vision for the future, identifies core values,
and provides departmental master plans with clear plan
components. The BVCP identifies specific values that
are particularly relevant to the urban forest including
great neighborhoods and open spaces, environmental
stewardship and climate action, physical health,
safety, and well-being, with sustainability as a unifying
framework to meet environmental, economic and social
goals. The principle of sustainability drives the overall
framework of the BVCP and the UFSP.

How Do We Get There?

The UFSP identifies four goals for preserving the safety,
health, value, services, and resiliency of Boulder’s
urban forest. The goals are supported through priorities
and actions:

e Plan, including a priority to establish a no-netloss

canopy goal of 16 percent by 2037. Additional
priorities and actions include monitoring canopy
cover for gains and losses, developing citywide
and neighborhood planting plans, creating design
strategies for maintaining irrigation to young
trees during drought, and establishing minimum
requirements for species diversity and large
stature trees.

Manage, including priorities and actions to
consolidate all public tree care under Boulder
Forestry, excluding trees managed by Boulder's
Open Space and Mountain Parks (OSMP). Additional
priorities and actions include, temporarily
increasing annual planting budgets, facilitating
and incentivizing tree planting on private property,
continuing toimplement the EAB response strategy,
securing dedicated and sustainable funding to
ensure that forestry operations meet community
safety expectations, requiring protections for
wildlife and critical habitat, and collaborating
with regional partners for cost-sharing and bulk
pricing.

Protect, including an emphasis on trees as
essential infrastructure. Additional priorities
and actions include best management practices,
industry standards for tree care, strengthen
public tree protection, add protections for private
trees, revise professional standards for tree care
companies, water-efficient irrigation systems, and
an enhanced role for forestry in development and
construction projects.

e Engage, including priorities and actions to
communicate  measurable and  objective
information, facilitate understanding of urban
forest challenges and canopy goals, expand the
opportunities for community involvement in
activities and plan-making processes, and to
partner with the community on projects to broaden
support and funding for the urban forest.

The UFSP provides long and short-term strategies for
the next 20 years to ensure that Boulder’s urban forest
successfully aligns with the community’s vision for a
safe, sustainable, and resilient resource. Since Boulder
can only directly affect public trees, (24 percent of all
canopy cover), the plan recognizes that community
engagement is integral to success.

How Are We Doing?

The long-term success of the UFSP will be measured
through the realization of plan goals and demonstrated
through the increased value and services provided by the
urban forest. The plan identifies measurable actions,
potential partners, relative cost and desirable time
frames for priorities and actions. However, the UFSP
is intended to be a dynamic tool that can and should
be adjusted in response to available resources and
emerging opportunities. One of the greatest measures
of success for the UFSP will be its level of success in
meeting community expectations for the care and
preservation of Boulder’s urban forest.
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PRIORITIES

® Develop and implement a 20-year Planting Plan for
he 16%/

Eublic trees to support t urban tree canopy cover

y 2037.

@ Participate in an inter-departmental Urban Ecosystems

Management Strategic planning process to integrate
ecosystem protection and monltoring across urban,
agricultural and wildland systems.

Create an Urban Forest Emergency Response Plan for
citywide coordination to ensure appropriate coverage and
minimize risk to the public.

Establish a dedicated, sustained Fundir;:g source beyond
the departmental budget for Boulder Forestry operations
to increase the level of service to meet the community’s

high standards.

Expand the Public Tree Planting program to support
eﬂ%rts toward the goal of 16% canopy by 203;

Shift management responsibility for all trees in Eublic
street ROW and around public buildings under Boulder
Forestry to maximize advantages in expertise and scale.

Increase investment in proactive, preventative
maintenance by exploring options to increase the
frequency of pruning events for public street trees.

Refine the Integrated Pest Management (IPM) Program
to improve tree health while minimizing cost and negative
impacts to ecosystems and the public.

Streamline the Tree Safety Inspection Program (TSIP)

to manage risk and minimize City exposure to claims as
well as reduce the financial and logistical costs on forestry
operations.

Continue implementation of the EAB response strategy
to maintain public safety, ecosystem services, and forest
function in the face of unprecedented canopy loss.

Transition to a common software Asset Management
System to allow efficient forestry business processes
across city work groups and provide essential baseline data
for strategic forest management.

Continue to explore all wood utilization options to
improve resiliency to increased cost or disappearance of
any single waste stream.

Explore the expansion of the Commercial Tree Program
(CEFP) beyond the immediate downtown area to maintain
urban tree canopy, protect property and better manage
public safety issues.

Develop a staff succession plan within Forestry to
encourage continual professional development and
facilitate transitions in leadership to minimize disruption
to operations.

Deliver a State of the Urban Forest ReEort biennially for
elected officials, key urban forest stakeholders, and the

public.

Strengthen Boulder Forestry’s role in all city CIP projects
to minimize damage to tree assets and canopy loss.

Strengthen existing city requirements for trees on
Public Property to increase tree protection, improve
site preparation and strengthen tree species diversi’?/
requirements to maintain the urban tree canopy an
increase forest resiliency.

Strengthen existing and develop new city requirements
for Private Property to increase tree protection, improve
site preparation and strengthen tree species diversi’?/
requirements to maintain the urban tree canopy an
increase forest resiliency.

Revise licensing requirements for all tree care companies
performing tree work in Boulder to improve public safety
and tree health.

Provide the community with balanced and objective
information to assist them in understanding the problems,
alternatives and options to achieve the Boulder urban tree
canopy goal.

Partner with the community on projects to broaden
knowledge, support and funding for the Boulder urban
tree canopy goal.

Develop and expand opportunities for communi'a/
involvement in the commitment to achieve the Urban

Tree Canopy goal.

Involve theJJublic on the analysis, alternatives and
recommendations for further urban forestry related
planning processes and potential code changes.
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Introduction

In 2016, Boulder contracted with the Davey Resource
Group to develop an Urban Forest Strategic Plan (UFSP)
to specifically address the unique challenges and
opportunities Boulder’s urban forest will face over the
next 20 years.

Boulder's urban tree canopy cover was measured as 16
percent in 2013. Urban tree canopy cover is the layer of
leaves, branches, and stems of all trees that cover the
ground when viewed from above. A significant goal of
this Plan is to maintain Boulder’s 16 percent urban tree
canopy cover. This goal was established because the
urban forest faces many new threats, and will diminish
quickly without proactive measures.

To achieve this 16% canopy goal, the time to
act is now. Boulder is losing tree canopy at an
alarming rate due to pests uch as EAB, severe
weather events, and urban development.

There are approximately 650,000 trees in Boulder’s
urban forest. Of those trees, 50,800 are publicly owned
street trees and park trees. These public trees are

managed by Boulder, primarily through the Boulder
Forestry Division. In Boulder, public trees have an
appraised replacement value of over $110 million. That
figure represents the cost to replace all the public trees
with trees of comparable species, health and size.
The urban forest also includes hundreds of thousands
of trees on commercial, private and naturalized areas
throughout Boulder.

Challenges and opportunities have emerged that require
a proactive management approach and a long-term
planning strategy to preserve the health, sustainability,
and services of trees and canopy cover. The UFSP
is important because it explains the many different
policies, plans and actors that are involved in the
management of the urban forest. The UFSP strengthens
Boulder's ability to effectively provide the core forestry
management services focused on safety, emergency
response and sustainability. Cohesion between city staff
and the public is vital because successful urban forest
management demands a wide-reaching community
effort.

& Gl H\ Ry Pl P58
Boulder also contracted with Two Forks Collective to
coordinate community engagement during the planning
process. Davey Resource Group is comprised of experts
in arboriculture and urban forestry, and Two Forks
Collective are experts in community engagement. Both
firms are essential to the realization of Boulder’s goal
to preserve the existing citywide 16 percent urban tree
canopy cover because Boulder can only directly affect
public trees (24 percent of overall tree canopy cover).
Therefore, community buy-in must occur to impact
the remaining private trees (76 percent of overall tree
canopy cover).

W ¢ <t e
o ¢ it

Who owns the 650,000 trees
in Boulder's Urban Forest?

50,800 are public.
~600,000 are private.

ALL trees contribute to the
urban tree canopy.
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Services of Urban

Trees & Canopy Cover

Trees in the urban forest work continuously to mitigate
the effects of urbanization and development and protect
and enhance lives within the community in many ways.
Healthy trees are vigorous, producing more leaf surface
and canopy cover area each year.

The amount and distribution of leaf surface area are
the driving forces behind the urban forest’s ability to
produce services for the community (Clark et al, 1997).
Services include:

e Health and Wellness;
e Reducing Atmospheric Carbon;
e Improving Air Quality;

e Capturing Stormwater Runoff and Improving
Water Quality;

e Benefits to Wildlife;
e Aesthetic and Socio-economic Services; and

e Lessening Energy Demand.
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Health and Wellness

Exposure to nature, including trees, has a healthy
impact on humans, such as reduced symptoms of
Attention Deficit Disorder (ADD), and faster recovery
from surgery (Ulrich, 1984). Additional benefits include:

e Fortification of human health;

e Reduced illness, decreased reliance on
medication, and quicker recovery from injury or
illness;

e Higher test scores;
e Increased worker productivity; and
e Reduced symptoms of ADD.

The importance of green spaces in urban areas and

the role they play in reducing crime and aggressive
behavior has been recognized by sociologists.
Research shows that the greener a building’s
surroundings are, the fewer total crimes. This is
true for both property crimes and violent crimes.
Landscape vegetation around buildings can mitigate
irritability, inattentiveness, and decreased control
over impulses, all of which are well-established
psychological precursors to violence. Residents in
public housing reported 25 percent fewer domestic
crimes when landscapes and trees were planted near
their homes (Kuo, 2001).

A study of individuals living in 28 identical high-
rise apartment units found residents who live near
green spaces had a stronger sense of community,
better mental health, coped better with stress
and hardship, were less aggressive and violent and

managed problems more effectively than those living
away from green space (Kuo, 2001).

Besides offering children a place to play, natural settings
contribute to child development in at least four critical
areas. Children who spend time in green settings have
improved:

e Creativity;
e Imagination and cognitive function; and

e Intellect.

Children with ADD experienced reduced symptoms
when exposed to green environments and spending
time in nature (Faber, 2009).

A Potential Natural Treatment for Attention-Deficit/Hyperactivity Disorder:
Evidence From a National Study (Frances E. Kuo, and Andrea Faber Taylor)

Objectives. We examined the impact of relatively “green” or natural settings on attention-deficit/hyperactivity
disorder (ADHD) symptoms across diverse subpopulations of children.

Methods. Parents nationwide rated the aftereffects of 49 common after-school and weekend activities on
children’s symptoms. Aftereffects were compared for activities conducted in green outdoor settings versus those
conducted in both built outdoor and indoor settings.

Results. In this national, non-probability sample, green outdoor activities reduced symptoms significantly more
than did activities conducted in other settings, even when activities were matched across settings. Findings were
consistent across age, gender and income groups; community types; geographic regions; and diagnoses.

Conclusions. Green outdoor settings appear to reduce ADHD symptoms in children across a wide range of
individual, residential, and case characteristics.




Reducing Atmospheric Carbon

Governments are paying particular attention to climate
change and the effects of greenhouse gas (GHG)
emissions. As energy from the sun (sunlight) strikes
the earth’s surface, it is reflected back into space as
infrared radiation (heat). Greenhouse gases absorb
some of this infrared radiation and trap this heat in the
atmosphere, increasing the temperature of the earth’s
surface.

Many chemical compounds in the earth’s atmosphere
act as GHGs, including methane (CH,), nitrous oxide
(N,0), carbon dioxide (CO,), water vapor, and human-
made gases and aerosols. As GHGs increase, the amount
of energy radiated back into space is reduced, and
more heat is trapped in the atmosphere. An increase
in the average temperature of the earth and results in
changes in weather, sea levels, and land-use patterns
commonly referred to as “climate change.” In the last
150 years, since large-scale industrialization began,
the levels of some GHGs, including CO,, have increased
by 25 percent (U.S. Energy Information Administration,
2014).

The USDA Forest Service Urban Ecosystems and Social
Dynamics Program recently led the development
of an Urban Forest Project Reporting Protocol.
Incorporating methods of the Kyoto Protocol and
Voluntary Carbon Standard, the protocol establishes
methods for calculating reductions, provides guidance
for accounting and reporting, and guides urban forest
managers in developing tree planting and stewardship
projects that could be registered for GHG reduction
credits (offsets). The protocol can be applied to urban

tree planting projects within municipalities, campuses,
and utility service areas anywhere in the United States.

Trees and forests reduce atmospheric carbon dioxide
(CO,) in two ways:

e Directly, through growth and carbon
sequestration; and

e Indirectly, by lowering the demand for energy.

Trees and forests directly reduce CO, in the atmosphere
through growth and sequestration of CO, in woody and
foliar biomass. Indirectly, trees and forests reduce CO,
by lowering the demand for energy and reducing the CO,
emissions from the consumption of natural gas and the
generation of electric power. In fact, the shade from a
single tree can save the same amount of energy as what
ten room-size air conditioners need to run for 20 hours
a day (Forest Service Pamphlet no. FS-363, as cited in
Sherer, 2006).

e One mature tree can absorb as much as 48
pounds CO, annually and provides enough O, to
support two human beings (McAliney, 1993); and

e Projections from computer simulations indicate
that 100 million mature trees in U.S. cities (three
trees for every other single-family home) could
reduce annual energy use by 30 billion kWh,
reducing nine million tons per year in carbon
dioxide emissions from power plants (Dwyer et
al., 1992).

oA\
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Trees are powerful living infrastructure in their ability
to store large amounts of carbon in their wood, and
continue to add carbon as they grow. Although forests
do release some carbon dioxide from natural processes
such as respiration and decay, a healthy forest typically
stores carbon at a greater rate than it releases carbon.
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Improving Air Quality
Trees improve air quality in five fundamental ways:

e Lessening particulate matter (e.g., dust and
smoke);

e Absorbing gaseous pollutants;
e Providing shade and transpiring;

e Reducing power plant emissions by decreasing
energy demand among buildings; and

e Increasing oxygen levels through photosynthesis.

Trees protect and improve air quality by intercepting
particulate matter (PM,,), including dust, pollen, and
smoke. The particulates are filtered and held in the
tree canopy until precipitation rinses the particulates
harmlessly to the ground. Trees absorb harmful gaseous
pollutants like ozone (0O,), nitrogen dioxide (NO,) and
sulfur dioxide (SO,). Shade and transpiration reduce the
formationof O,, whichiscreatedat higher temperatures.
Scientists are now finding that some trees may absorb
more volatile organic compounds (VOCs) than previously
thought (Karl, T. 2010; Science Now, 2010). VOCs are
carbon-based particles emitted from automobile
exhaust, lawnmowers and other human activities. The
Hidden Values of Landscaping demonstrates that the
Urban Tree Canopy (UTC) provides air quality services
valued at more than $500,000 in Denver and $1.7 million
to the entire Denver metro area (Johnson et al., 2017).

The Urban Tree Canopy Assessment conducted for
Boulder revealed that the Urban Tree Canopy annually
removes 278,780 pounds of particulate matter and
harmful gaseous pollutants (valued at $22,631).




Removal of Air Pollutants

Cities and some natural processes produce air pollution
including smoke, dust, carbon monoxide and smog.
Poor air quality harms human and natural health.
Leaves are the primary tool trees use to remove air
pollutants.

Trees remove gaseous air pollution primarily by uptake
via leaf stomata, though some gases are removed by
the plant surface.

Once inside the leaf, gases diffuse into inter cellular
spaces and may be absorbed to form acids or react
with inner-leaf surfaces. Trees also remove pollution
by intercepting airborne particles.
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During normal opening of stomate pores (above), smog
pollutants such as chlorine, sulfur dioxide and fluorides
may enter. The tree uses some of these materials as
food, and releases others into the air or soil.

In this way, trees receive vital nutrition and also help
purify the air.
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Capturing Stormwater Runoff

Stormwater is water that occurs from precipitation
events and snow melt. Stormwater can soak into
vegetation and soil (infiltration), collect on the surface
and evaporate, or runoff and end up in nearby rivers,
streams, or other bodies of water.

Trees and forests augment traditional stormwater
management infrastructure and reduce the risk of
flooding. This protects water quality in creeks, rivers,
ponds, and lakes by reducing the impact from nonpoint
source pollutants (Matteo et. al., 2006). Specifically:

e Interception of rainfall in tree canopy reduces the
risk of flooding by slowing rainfall and providing a
greater opportunity for infiltration;

e Tree root zones, which often extend well beyond
canopy, promote infiltration of stormwater and
increase the water holding capacity of the soil; and

e Slowing rainfall and increasing infiltration
preserves soil quality by reducing erosion,
especially on slopes and bare soils.

Trees intercept rainfall in their canopy, which acts as a
mini-reservoir (Xiao et al, 1998). During storm events,
this interception reduces and slows runoff. In addition
to catching stormwater, canopy interception lessens
the impact of raindrops on barren soils. Root growth and
decomposition increase the water holding capacity and
infiltration rate of soils allowing for greater absorption
of rain and snowmelt (McPherson et al, 2002). Each of
these processes greatly reduces the flow and volume
of stormwater runoff, avoiding erosion and preventing
sediments and pollutants from entering the water.

Trees in urban areas protect water quality by reducing
the amount of runoff from the more frequent but
less extreme storm events that are responsible for
most annual pollutant runoff. Infiltrating and treating
stormwater runoff on site can reduce runoff and pollutant
loads by 20 to 60 percent (Johnson et al., 2017). The
extensive fibrous root systems of trees also hold soil in
place, reducing further impacts on water quality due to
erosion.

Planting trees in and adjacent to ROW provides a
unique opportunity to increase the effectiveness of grey
and green stormwater systems. Existing stormwater
management systems are not always adequate to
accommodate runoff. When a system is overtaxed, peak
flows can blow manhole covers from the ground and back
up stormwater. Where existing systems are challenged
by common stormwater events, planting additional trees
is a cost-effective way to improve functional capacity.
To reduce pressure on existing systems and increase
capacity, cities must consider every available option,
especially using trees, to help manage stormwater.
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Improving Water Quality

Urban stormwater runoff is a major source of pollution
for surface waters and riparian areas, threatening
aquatic and other wildlife as well as human populations.
Requirements for stormwater management are
becoming more stringent and costly. Reducing runoff and
incorporating urban trees in stormwater management
planning has the added benefit of reducing the cost
of stormwater management, including the expense
of constructing new facilities necessary to detain and
control stormwater as well as the cost of treatment to
remove sediment and other pollutants.

While Colorado has numerous river systems, more water
leaves the state than remains within it. More than 60
percent of naturally flowing water leaves the state
and is consumed by downstream users (Johnson et al.
2017). Of the approximately 40 percent that remains,
local landscapes only use approximately 3 percent of
all water consumed in Colorado (Johnson et al. 2017).

Extensive research conducted worldwide provides
evidence that stream degradation occurs with as
little as 10 percent impervious cover. During storms,
accumulated pollutants are quickly washed off and
rapidly delivered to aquatic systems as stormwater
runoff. In a typical small-scale storm event (0.5 inch),
highly concentrated and polluted stormwater would,
without interference, flow directly into Boulder’s
waterways (Johnson et al., 2017). These small storms
are responsible for most of the pollutant washout, also
known as the first flush effect. Urban stormwater runoff
is the second most common source of water pollution
for lakes and estuaries and the third most common
source for rivers nationwide.
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Stormwater Management

Trees and forests are a natural, cost-efficient, and
highly effective part of a stormwater management
program. Many communities are turning to trees to
help solve their stormwater issues in a more holistic
manner. Engineered and natural stormwater systems
that incorporate and take advantage of the natural
benefits provided by trees and forests are proving to
be a cost-effective and sustainable treatment method.
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Benefits to Wildlife

Trees provide important habitats for numerous birds,
insects (including honeybees) and other animal species.
Their greatest contributions include:

e Preservation and optimization of wildlife
habitat; and

e Increase in movement corridors for wildlife.

Furthermore, trees and forest lands provide critical
habitat (for foraging, nesting, spawning, etc.) for
mammals, birds, fish and other aquatic species.

Trees can offer pollinators a valuable source of flowering
plants. By including an array of flowering trees that
provide pollen and nectar in the urban forest, honeybees
are provided with additional food sources.

Fragmentation not only causes loss of the amount of
habitat, but by creating small, isolated patches it also
changes the properties of the remaining habitat. At
some point when the larger forest is highly fragmented,
there are no longer adequate corridors for native forest
plants and wildlife. In fact, habitat fragmentation can
reduce biodiversity by 75 percent and impairs key
ecosystem functions by decreasing biomass and altering
nutrient cycles (Haddad et al., 2015).

Some urban adaptable species benefit from the mosaic
of green spaces even when “forest” wildlife species
are negatively impacted by fragmentation, such as
squirrels.

Forest Fragmentation

Wildlife corridors (left) link habitats while fragmented
forests (right) lead to a decline habitat quality.

To enhance wildlife habitat, numerous communities
have developed programs to preserve valuable existing
natural areas and to restore the habitat on degraded
lands. Restoration of urban riparian corridors and their
linkages to surrounding natural areas have facilitated
the movement of wildlife and dispersal of flora (Dwyer
et al., 1992). Usually habitat creation and enhancement
increase biodiversity and complement many other
beneficial functions of the urban forest. These findings
indicate an urgent need for conservation and restoration
measures to improve landscape connectivity, which will
reduce extinction rates and help maintain ecosystem
services (Haddad et al., 2015).

-




Aesthetic and

Socio-economic Services

While perhaps the most difficult to quantify, aesthetic
and socio-economic services from trees may be among
their greatest contributions, including:

e Beautification, comfort and aesthetics;

e Increase in shade and privacy;

e Opportunities for recreation;

e Increased community walkability;

e Reduction in violence;

e Creation of a sense of place and history; and
e Increased property values.

Some of these services are captured as a percentage
of property values, through higher sales prices where
individual trees and forests are located. While some of
the services of forests are intangible and/or difficult to

quantify (e.g., the impacts on physical and psychological
health, crime, and violence), studies provide empirical
evidence that these services do exist (Kaplan, 1989;
Ulrich, 1986). There is limited knowledge about the
physical processes at work, and their interactions make
quantification imprecise. In addition, trees and forests
have positive economic services for retailers. There
is documented evidence that trees promote better
business by stimulating more frequent and extended
shopping and a willingness to pay more for goods and
parking (Wolf, 2007).

Trees also increase public and private property values.
Every dollar invested in a residential landscape yields a
$1.35 (135%) return for property values (Johnson et al.
2017). Ahigh to excellent quality landscape is estimated
to increase property values as much as 10 percent.
Research has shown a 7 percent higher rental rate for
commercial offices having high quality landscaping.
Especially well-kept large street trees add a 3-15
percent value to a home and continue to appreciate in
value over time (Johnson et al. 2017).
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Lessening Energy Demand

Urban trees and forests modify climate and conserve
energy in three principal ways:

e Producing shade for dwellings and hardscape
reduces the energy needed to cool the building
with air conditioning (Akbari et al., 1997);

e Tree canopies engage in evapotranspiration,
which leads to the release of water vapor from
tree canopies and cools the air (Lyle, 1996); and

e Trees in dense arrangements may reduce mean
wind speed and solar radiation below the top of
the tree canopy by up to ~90 percent compared
to open areas (Heisler and DeWalle 1988).

An urban heat island (UHI) is an urban area or
metropolitan area that is significantly warmer than its
surrounding rural areas due to human activities.

Trees reduce energy use in summer by cooling the
surrounding areas and shading-built environments.
Shade from trees reduces the amount of radiant
energy absorbed and stored by hardscapes and other
impervious surfaces, thereby reducing the heat island
effect, a term that describes the increase in urban
temperatures in relation to surrounding locations.
Transpiration releases water vapor from tree canopies,
which cools the surrounding area. Evapotranspiration,
alone or in combination with shading, can help reduce
peak summer temperatures by 2-9 degrees Fahrenheit
(1-5 degrees Celsius) (Huang et al., 1990). The
energy-saving potential of trees and other landscape
vegetation can mitigate urban heat islands directly
by shading heat-absorbing surfaces, and indirectly

through evapotranspirational cooling (McPherson, 1994).
Studies on the heat island effect show that temperature
differences of more than 9 degrees Fahrenheit (5 degrees
Celsius) have been observed between city centers
without adequate canopy cover and more vegetated
suburban areas (Akbari et al, 1997).

Trees also reduce energy use in winter by mitigating
heat loss. Trees reduce wind speeds by up to 50 percent
and influence the movement of warm air and pollutants
along streets and out of urban canyons. By reducing air
movement into buildings and against conductive surfaces
(e.g., glass and metal siding), trees reduce conductive
heat loss from buildings, translating into potential annual
heating savings of 25 percent (Heisler, 1986).

Three trees properly placed around the home can save
$100-5250 annually in energy costs. Shade from trees
significantly mitigates the urban heat island effect -
tree canopies provide surface temperature reductions
on wall and roof surfaces of buildings ranging from 20-
45 degrees and temperatures inside parked cars can be
reduced by 45 degrees. Reducing energy use has the
added bonus of reducing carbon dioxide (CO,) emissions
Trees reduce energy use in
buildings by creating shade
and evapotranspiring in the hot

summer months.

Trees also reduce energy use
in buildings by blocking cold
winter winds.




Figure 1: Cooling Effect of Tree Shade (Balogun et al., 2014)
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Figure 2: Impact of Trees and Vegetation (Akbari, 2002)
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Block Hot Summer Sun

Trees lower energy demand in summer by providing
shade to the built environment (Figure 1). Because
there are many different tree species, trees with
appropriate sizes, densities, and shapes are available
for almost any shading situation. Trees also provide
shade for windows that would otherwise receive
direct sunlight. This lower energy demand means that
less energy is consumed from the power plant and less
pollution is created (Figure 2).

Processes Results
Direct Reduces Less
,’ Shade Trees |——| Reduces 1 Demand at  |—» Energy
Py A/C Use Power Plants Consumed
1 v
= Area Lower CO,,
g 2 Sources | NO, and
FE Emit Less VOC Levels
 —
Tree-Shaded Reduces Slo“:s Lower
All Vegetation ——»| Outdoor |—»| Reaction [—»1  Ozone
""" Unshaded Temps Rates Levels
Jan Feb
Remove Pollutants
(Dry Deposition)
Block Cold Winter Winds Evapotranspiration
Winds make winter cold significantly worse. Trees Trees cool the air through a process called
can block the chilling effects of winter winds to keep evapotranspiration.
a house warmer in winter. The most effective way . . s
Evapotranspiration is the combination of two

is to plant a windbreak, a band of evergreen and
deciduous trees and shrubs located perpendicular to
the prevailing winds. The best windbreaks block the
wind close to the ground as well as higher up.

processes which occur simultaneously: evaporation and
transpiration. Both of these processes release moisture
into the air and lower surrounding temperatures.
This means that buildings near trees experience
cooler temperatures and require less energy for air
conditioning.
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What Do We

Have?

Community

Boulder is located 25 miles northwest of Denver,
Colorado, in Boulder Valley where the Rocky Mountains
meet the Great Plains. To the west, iconic sandstone
slabs of the Flatirons provide a scenic backdrop and
multiple recreational opportunities.

The environment plays a significant role in urban
forestry. The elevation, precipitation rates, temperature
extremes and soil condition all affect what tree species
grow, how they grow and levels of stress. At an altitude
of 5,430 feet above sea level, Boulder is considered the
high desert.

The climate is dry to semi-arid, typical for much of the
Front Range. The high elevation fosters a mild climate
with very little humidity in the summer and winter
months. The warmest month is July with an average
daytime temperature of 87 degrees Fahrenheit. January
is the coldest month in Boulder, with an average daytime
high of 45 degrees Fahrenheit. Boulder receives an

annual average rainfall of 21 inches and snowfall of
89 inches. Precipitation patterns are influenced by the
Flatirons' rain shadow effect, which dries the air as it
passes over the Front Range.

Historically, Boulder had very few trees. Originally the
area was a largely treeless plain. In 1871, a tree-planting
program as initiated which established the beginning of
Boulder's urban forest (University of Colorado, 2018).

As of 2017, Boulder had approximately 46,094 housing
units, 108,707 residents, and 100,148 jobs. About 30,000
students attend the University of Colorado (CU). Over
the next 25 years, the area is projected to add about
6,500 housing units, 19,000 residents and 19,000 jobs.
CU student enrollment could increase by a range of
5,000 to 15,000 additional students by 2030. Boulder's
population is expected to continue the trend of growth
(Table 3).

Outdoor recreation activities abound in and near
Boulder, including biking, hiking, rock climbing, and
snow sports. Boulder manages over 45,000 acres of
land, including 151 miles of trails within the Open

Space and Mountain Parks Department, and more than
60 city parks, including sports fields, playgrounds,
neighborhood parks and community gardens.

The people of Boulder value nature and personal health.
Outdoor camps and organized recreation activities are
popular with community members. Since 2009 Boulder
has been the nation’s fittest community, with only 12.4
percent of residents reported to be obese (Gallup-
Healthways Wellbeing Index, 2016).

Boulder has earned a reputation for working proactively
to reduce the city’s environmental impacts with
established city programs to:

e Combat climate change;
e Reduce energy waste;

e Promote the health of urban farming and natural
ecosystems;

e Support the production of local foods;

e Reduce, recycle and compost waste, with an aim
of zero waste;

e Conserve water and maintain water quality; and
e Reduce the use of pesticides on public property.

The community’s outdoor lifestyle, environmental
stewardship and high quality of life make Boulder
an attractive location for established and emerging
businesses.

The city has a culture of innovation and entrepreneurial
support that helps businesses thrive, and the University
of Colorado Boulder (CU) hosts more than a dozen
federal research labs and growing companies in a variety



of industries. Boulder has an identity as a welcoming
and inclusive community with a culture of creativity
and innovation. The city actively supports businesses
through the Economic Vitality Program, which provides
information and assistance to Boulder companies.
Boulder is frequently recognized for its quality of life as
well as its business climate. Recent accolades include
no. 1 Best Community for Physical Well-Being, no. 1 Most
Active City in the U.S., and no. 4 Best City to Launch a
Startup in 2016 (Bouldercolorado.gov). Through these
traits and actions, it is clear that Boulder is a community
dedicated to resilience.

Table 3: Boulders Population

Year Population
1870 343
1880 3,069
1890 3,330
1900 6,150
1910 9,539
1920 11,006
1930 11,223
1940 12,958
1950 19,999
1960 37,718
1970 66,870
1980 76,685
1990 86,098
2000 94,213
2010 97,385
2014 105,112
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Chart 2: Rent vs Own

Own (48%)

~_ Rent (52%)

I have a beautiful cottonwood tree in
my backyard that is very old. The tree
Was the original homestead tree. My
family has done all we can to keep
the tree healthy and alive. I feel very
spiritually attached to this tree.

~Submission to Boulder Tree Stories
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What is the Urban

Forest?

Urban forests come in a variety of different shapes,
types and sizes. Urban forests include trees found in
urban parks, street trees, landscaped plazas, gardens,
creek and ditch corridors, greenways, wetlands, private
property and commercial and industrial campuses.
Urban forests, through the many ecosystem services
they provide, form a network of green infrastructure
that strengthens a community.

Boulder is nestled in a beautiful, natural setting,
surrounded by wildlife and stunning landscape. Much
of the area outside of Boulder is managed by Boulder's
Open Space and Mountain Parks. These open space
trees, located as a buffer between Boulder and nearby
development, provide many ecosystem services to the
region. These trees are part of natural forest areas,
largely outside of Boulder's city limits. As such, for the
purpose of this UFSP, the Open Space and Mountain
Parks trees are not considered part of the urban forest.

The map to the right shows tree canopy (green) across
the City of Boulder. Canopy on Open Space and Mountain
Parks properties (gray) are not managed by Boulder
Forestry.

Map 2: Canopy in Boulder and

Open Spaces and Mountain Parks

[ ] city Limits
B Tree Canopy
" Open Water

Open Space
and Mountain
Parks Properties




Parks and Public
Plaza Trees?

Included in the
UFESP.

Street Trees?

Included in the
UFESP.

Open Spaces and
Mountain Parks

Trees?
Not included in
the UFSP.
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The park trees and public plaza trees
found on city-owned property, such
as those around Evert Pierson Kids'
fishing pond, are the responsibility
of the Boulder Foresty. These trees
are included in the urban forest.

The urban forest includes street
trees found on tree lined avenues.
The trees in the public streets
rights-of-way are the responsibility
of Boulder Forestry.

For the purpose of the UFSP, the
many beautiful trees in the open
space and mountain parks that
surround Boulder are considered
their own separate entity. As
such, they are not included in the
calculations of ecosystem services
or urban forest metrics.

2.2



/[

WHAT DO WE HAVE? [

23

History of Urban

Forestry in Boulder

As Boulder’s population grew from its incorporation
in 1871, city leaders developed strategies to manage
growth and preserve historic and natural resources. In
1959, Boulder voters approved the “Blue Line” city-
charter amendment, which restricted city water service
to altitudes below 5,750 feet to protect the scenic
flatirons from development.

In 1961, residents overwhelmingly voted in favor to
establish the Boulder Parks and Recreation Department
(BPRD). Today, BPRD manages more than 1,800 acres of
urban parkland.

Boulder’s dynamic climate, which includes high-speed
wind events, drought, drastic temperature drops, and
high summer temperatures, limits the palette of tree
species that can be grown in the community. In addition,
recent large-scale snow storms and unseasonable freeze
events have caused tree damage to species thought to
be adapted to the area.

Due to the unique climate of the Front Range, there are
few naturally occurring native trees, and most heritage
trees in the community are the legacy of ranches and
early settlements. Riparian areas have some native
vegetation such as cottonwoods and boxelder, but also
include substantial populations of naturalized species,
such as green ash.

Over time, community tree planting has significantly
added to the tree resource, where it is important to
acknowledge that these trees would not thrive without

the care of adjacent property owners and city staff.
Because 92 percent of all trees are on private property,
it is critical that the community is educated and
motivated to provide for their trees.

In the 1970s, Dutch Elm Disease (DED), an invasive
pathogen, spread rapidly through the urban forest,
resulting in the removal of over 1,000 public elm trees.
The sudden decline of elms necessitated the first
systematic tree removal program beginning in 1972.

Following the hiring of the first city forester in 1973,
an outbreak of Mountain Pine Beetle hit in Boulder’s
open space and mountain park areas. Several in-house
crews were mobilized to address the outbreak. Once
the threat dissipated, crews transitioned to providing
care for all public street and park trees.

By 1975, Boulder Forestry had a crew of three full-time
staff as well as two field crews tasked with removing elms
and other dying street trees. A tree planting program
was established and focused on increasing the diversity
of species in the public urban forest. Staff used a city-
owned sawmill to mill logs from elm and pine removals.

Wood was used in city projects as well as being sold as
lumber, firewood, and other wood products.

By 1982, the management of D