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EXECUTIVE SUMMARY
I.

URBAN FOREST ANALYSES IN GOLDEN

In collaboration with The City of Golden, Colorado, The Institute for Environmental Solutions
(IES) completed Phase 2 of The Tree Project: Integrated Urban Environmental Improvement
Through Tree Selection and Management, with the goal of improving the environment through the
use of properly selected trees for energy and water conservation, carbon sequestration and air
quality. As our pilot city, Golden has provided an outstanding urban forest resource to assess and
strong community involvement. Through this project, Golden is emerging as a leader in sustainable
environmental improvement strategies in Colorado.
One of the important components of Phase 2 of the 3-Phase Tree Project was a computer modeling
analysis of the publicly managed street and park trees in the City of Golden. Using the complete
street and park tree inventory collected by Golden’s forestry professionals from 1996 to 2006, IES
staff used a computer model created by the U.S. Forest Service, Street Tree Resource Analysis Tool
for Urban Forest Managers (STRATUM), which evaluates the structure, function, and value of
urban trees. The analysis provided environmental and economic data on the urban forest’s effect on
air quality and atmospheric carbon dioxide (CO2) in pounds of pollution absorbed and avoided,
energy conservation, stormwater control, and property value increases. This information was
applied in the development of this Strategic Plan to help urban foresters and planners, landscape
architects, water and energy suppliers, non-profit organizations, schools, and residents in Golden
realize the economic, human health and environmental value of their forest so they are better able to
manage, promote, protect, and improve it.
Golden’s urban forest provides significant value to its citizens. Results of this analysis show that
the replacement value of the existing trees is roughly $6 million. Total annual benefits are estimated
at around $620,000. The following are key findings from the STRATUM analysis:
Summary of Findings
Urban Forest Aspect
Number of trees
Most common tree species (population)
Most important tree species by environmental benefit provided
(population)
Total annual energy savings
Total annual stormwater control benefit
Total annual carbon benefit
Pounds of carbon sequestered annually
Annual air quality benefit (pollution uptake)
Aesthetic value/contribution to property value

i-Tree Analysis Result
6,648
Quaking Aspen (898)
Siberian Elm (881)
$46,000
$56,000
$8,800
9,100,000
$4,400
$506,000
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Another component of Phase 2 of The Tree Project was a complete urban forest assessment
(including private and public trees). Understanding an urban forest's structure, function and value
can promote management decisions that will improve human health and environmental quality. An
assessment of the vegetation structure, function, and value of the Golden urban forest was
conducted during 2007. Data from 115 field plots located throughout Golden were analyzed using
the Urban Forest Effects (UFORE) model developed by the U.S. Forest Service, Northern Research
Station.
Key findings of Urban Forest Analysis

• Estimated number of public and private trees: 102,000
• Tree cover: 11.4%
• Most common species: blue spruce, Siberian elm, Austrian pine
• Percentage of trees less than 6" (15.2 cm) diameter: 52.3%
• Pollution removal: 25 metric tons/year1 ($139,000/year)
• Carbon storage2: 16,400 metric tons/year ($374,000)
• Carbon sequestration3: 637 metric tons/year ($14,500/year)
• Building energy savings: $-5,490 / year
• Avoided carbon emissions: $-23 / year
• Structural value4: $128 million (stormwater management)
II.

Environmental Improvement Through Tree Planting

There are many ways to address environmental concerns through strategic tree planting, but
approaches can vary depending on environmental goals and tradeoffs for the region. For example,
urban areas in the arid west can have air pollution and water concerns. Therefore, strategic tree
planting may be weighted toward low VOC-emitting trees, and those that effectively intercept
particulate matter air pollution (PM), as well as towards trees that tolerate drought and do not
require excessive supplemental irrigation. Golden’s water supply is not as strained as other
Colorado cities’ such as Castle Rock (40 miles southeast of Golden with little tree cover), however
water is a concern for all Colorado communities. In addition, many communities are implementing
climate action plans that include carbon emissions reduction or mitigation goals. Therefore,
strategic planting to achieve this goal while including species that reduce ozone are options for the
city. The table below summarizes general recommendations for achieving environmental goals
through simple steps.

Metric ton: 1000 kilograms
Carbon storage: the amount of carbon bound up in the above-ground and below-ground parts of woody vegetation
3 Carbon sequestration: the removal of carbon dioxide from the air by plants through photosynthesis
4 Structural value: value based on the physical resource itself (e.g., the cost of having to replace a tree with a
similar tree)
1

2
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Summary of Recommendations for Optimizing
Environmental Benefits of Trees
Maximize Benefits
Plant low-VOC emitting trees.

CARBON (sinks)

CARBON (sequestration and avoidance)

AIR QUALITY

Increase the number of healthy trees.
Sustain large, healthy trees.
Plant trees with a long life span.
Select trees that do not require excessive maintenance.
Plant trees in energy-conserving locations.
Plant trees to shade parked cars and parking lots.
Supply ample water to vegetation.
Plant trees in polluted or heavily populated areas.
Avoid highly pollutant-sensitive species.
Utilize evergreen trees to mitigate particulate matter
pollution.
Plant long-lived, low maintenance moderate to fast-growing
species that are large at maturity and matched to site
conditions.

Use maintenance activities that increase tree survival and
longevity.

Minimize Costs
Avoid trees with a high ozone forming potential (high
VOC emitting).
Minimize fossil-fuel use related to management or
maintenance activities.
Avoid wood burning to prevent particulate matter
pollution.

Minimize fossil-fuel use related to management or
maintenance activities. This can be achieved by hiring
local landscape professionals who do not commute
long distances, using push or solar mowers, hand saws,
pruners, brooms, and rakes (as opposed to gas/electric
powered equipment and leaf blowers).
Use wood from removed trees to delay decomposition
or decrease the need for energy from power plants.

Plant trees in energy-conserving locations.
Plant trees in parking lots to shade paved surfaces to mitigate
vehicle emissions and reduce to need for vehicle air
conditioning.
Consider long and short term goals. Fast-growing species
sequester more CO2 initially than slow-growing species, but
may not live as long, and may not contribute to as much
avoided CO2.
Provide as much pervious (porous) surface as possible (such Minimize asphalt wherever possible.
as porous pavement instead of asphalt, especially around tree
base) so trees grow quickly, and the heat island effect is
minimized.
Maximize the use of trees as opposed to shrubs or herbaceous
plants and grass to store the most CO2.
Increase tree stocking levels in available planting spaces.
Remove dead trees immediately.
Replace dead, dying, or very poor condition trees.
Avoid trees with high maintenance needs; choose trees that
are well adapted to the Colorado climate.
Group species with similar landscape maintenance
requirements together to optimize use of irrigation, pruning,
fertilization, weed, pest, and disease control efforts.
Maintain biodiversity (trees of various ages and species).
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Maximize Benefits
Plant drought tolerant or Xeric trees.

Minimize Costs
Use water-saving, efficient irrigation methods (e.g. ET
automated sprinkler systems) Water in the evenings or
early morning. Do not over-water.

Maximize the energy-saving benefits of trees to reduce power
plant water consumption.
Plant "solar-friendly" trees (deciduous-maple, ash) on the
Minimize planting evergreens on the south or
south side of the building. Trees located to shade south walls southwest sides of the home to ensure full winter
can block winter sun and increase heating costs because
sunlight.
during the winter the sun is lower and hits the south side of
homes.
Locate trees to shade west and east windows. Electricity use
is highest during the afternoon when temperatures are
warmest and incoming sun is greatest. Therefore, the west
side of a home is the most important to shade. Evergreens on
the west side can provide summer shade and winter wind
protection.
To maximize winter shade locate trees 10-20 ft. south of the
home. As trees grow taller prune lower branches to allow
more sun to reach the building (as long as the health of the
tree is stable).
Increase tree canopy to reduce ambient air temperature.

ENERGY
CONSERVATION
(species)

ENERGY CONSERVATION
(windbreaks)

Shade air conditioning units, patios, and driveways to avoid
impervious surface heat sinks which lead to the urban heat
island effect. However, be careful not to enclose air
conditioning units in vegetation so that air flow is obstructed.
Locate rows of evergreen trees (that will grow to twice the
height of the building they shelter) perpendicular to
prevailing winds, usually the north and west side of homes in
the Rocky Mountain and Prairie region.
The windbreak should be longer than the building be
sheltered because wind speed increases at the edge of the
break. Ideally, windbreaks are planted upwind about 25-50
ft. from the building.
Space evergreens close enough to form a dense screen. Most
conifers can be spaced 6 ft. on center. If space allows for two
or more rows, than space rows 10-12 ft. apart.

Snow collects behind windbreaks, be careful if
driveway is located between trees and home.

Avoid windbreaks that block sunlight to the south and
east walls.

Avoid planting evergreens so close that they block each
other's sunlight, causing lower branches to self-prune.

Ideal trees for windbreaks in the Northern Mountain and
Prairie region include Colorado and Black Hills spruce (P.
pungens and P. galuca var. densata) and Austrian and
ponderosa pine (Pinus nigra and P. ponderosa). Windbreaks
species for smaller homes include Eastern red cedar
(Juniperus virginiana) and Rocky Mountain juniper (J.
scopulorum).
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INFRASTRUCTURE

OVERALL ENVIRONMENTAL
BENEFITS

STORMW ATER RUNOFF

Maximize Benefits

Minimize Costs

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 similar sized deciduous trees)
Increase tree canopy and improve maintenance of existing
trees
Maintain tree health and biodiversity.
Preserve existing urban forest.
Maintain rigorous and enforced tree ordinance, with
environmental goals clearly defined.
Work with developers to encourage tree preservation,
planting and discourage monoculture.
Develop incentive programs for developers with
environmental improvement and tree planting goals.
Develop public education program to maintain the urban
forest, increase stewardship, and encourage tree planting.
Avoid planting trees that might conflict with overhead utility
lines, and contact the local utility company to locate
underground water, sewer, gas, and telecommunication lines.
Note locates of streetlights and traffic signs.
Plant trees at least 30 ft. from street intersections to ensure
visibility.

Avoid planting shallow rooting species near sidewalks,
curbs and pavement. Trees roots may heave sidewalks,
patios and asphalt.* Trunk flare can displace soil and
paving for a significant distance, so avoid planting
within 3 ft. of pavement.
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A.

INCREASING TREE CANOPY TO OPTIMIZE
ENVIRONMENTAL BENEFITS IN GOLDEN

In addition to targeted environmental improvement with certain tree species on a site by site basis,
the City of Golden can identify tree canopy goals to increase the cumulative effects of increased
tree canopy cover, such as reduced urban heat island effect or climate change mitigation through an
overall decrease in atmospheric carbon. To illustrate this point, IES modeled the impact of
increased canopy in Golden.
The most recently completed tree inventory in Golden (starting in 1996 completed in 2006)
recorded roughly 6,500 municipally managed trees, with about 4700 available planting sites, and a
total citywide tree canopy cover of 11.4 percent. Therefore, if the city were to plant trees in all of
the available planting sites with optimal species for overall environmental improvement and
survivability, in five years, estimated annual benefits would go from $600,000 (the current value on
public trees) to over $1.2 million in energy savings, CO2 sequestration and storage, air quality
improvements, stormwater management, and aesthetic value. Environmental benefits alone would
increase from $114,000 to $155,000 annually.
B.

SUSTAINABILITY RECOMMENDATIONS

In order to effectively sustain the urban forest and increase the tree canopy to optimize the benefits
of trees, IES recommends several key components for a successful urban forest program for
environmental improvement:
1.

Tree Preservation/Replacement Plan

As development and land use changes continue to occur in Golden, the urban forest must be valued
and recognized as a permanent fixture in city code. Golden’s city planning department will be
integral in enhancing existing code, or improving upon enforcement measures already established
by including a tree preservation and replacement ordinance with the following goals:
•
•
•
•
•

Reducing tree loss during development.
Reducing damage to standing trees during construction.
Providing for replacement of trees removed during construction
Providing for planting trees where none occurred previously.
Providing for the maintenance of preserved trees after construction is completed.

In addition to establishing city ordinances to protect the urban forest, it is essential that developers
understand that existing trees are valuable economic and environmental components of the
landscape, rather than ornamental or aesthetic enhancements. Therefore IES recommends that an
educational component and written goals be built into any city tree ordinance.
2.

Maintaining the Urban Forest

Maintaining the health of the urban forest is essential to optimizing urban forest benefits. Therefore,
IES recommends the following steps:
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Evaluating the Urban Forest’s Needs
o Biological (species and age diversity, continued tree planting, site compatibility
o Management (long-term planning, optimizing resources, training)
o Community (increased public awareness of tree benefits, community support and
conservation)
• Setting Goals and Accomplishing Goals
Once the city has decided on its needs, it should set goals to fulfill those needs. When a community
does not have the resources to carry out all aspects of the program, priorities should be set within
the goals. Quantifiable goals are best so that progress can be measured and it can be determined, at
the end of the set time frame, whether or not the goal was met; e.g. increase tree canopy by 1% this
year.

•

To accomplish the goals set for the management of the urban forest, there are several tools a
community can use, including:
o Public education programs
o Assistance and incentive programs
o Voluntary planting programs
o Mitigation guidelines
o Planning regulation and guidelines, including the general plan and specific plans
o Ordinances
• Equipment Maintenance
Regular and frequent maintenance of forestry equipment (chippers, chain saws, mowers, trucks,
etc.) is recommended to minimize environmental degradation. With regular changing of filters and
oil, equipment will run at its peak performance capability, optimizing its fuel economy.
• Watering Techniques
Watering trees deeply, and out to 2-3 crown radii from the trunk, promotes the development of
deep, hardy roots that are more likely to tolerate periods of drought and other environmental
stresses. An evaluation of the amount and technique used to water public trees could save the city
from applying unnecessary water.
• Maintenance Recommendations
IES recommends the following changes to improve and render current maintenance activities more
environmentally friendly:
• Finding alternatives to maintenance equipment that depend on fossil fuels.
• Implementing alternative end uses for trees which are removed besides mulching.
• Increase tree canopy cover with low maintenance and environmentally friendly species.
• Increase public involvement and education on tree maintenance.
3.

Program Enhancement

• Education and Public Outreach Campaigns
Although the impact on canopy preservation, maintenance and tree planting will be difficult to
measure, a well defined and executed education program could be one of the strongest components
of this overall strategy. The public has the largest ownership share of the existing canopy cover
because residential tree canopy cover makes up the largest percentage of tree cover among all of the
11
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land uses in the city. Educating Golden residents on both the value of the tree cover to improve the
environment and the importance of proper tree planting, maintenance and preservation to achieve
the most environmental benefits will go a long way toward enhancing the tree cover in Golden.
• Increased Stewardship: Capacity Building
We recommend Golden build upon existing urban forestry programs and events, such as the
National Arbor Day planting events, and annual tree and shrub sale. For example, by offering a
discount for Golden residents and promoting the tree and shrub sale, homeowners and property
owners may be more inclined to plant trees when they might have otherwise placed a lower priority
on landscaping. This annual sale would be a great opportunity to educate the community about the
environmental benefits of various tree species, and proper planting techniques. Subsidizing and
promoting the sale in targeted areas, such as low-income neighborhoods with low tree cover, or
offering fruit trees, would help Golden strategically increase the tree canopy cover in the city.
In addition, Golden should partner with local non-profit organizations or extension groups to foster
volunteer efforts to increase vegetation in treeless areas in accordance with environmental goals.
Another way to increase public participation in urban forest enhancement is through memorial tree
programs. Trees are a wonderful way to commemorate the lives of loved ones, and memorial
programs are a way to involve the public and increase stewardship and volunteerism in the
community.
• Continued Research
Golden’s public tree inventory is in need of an update; the last count was started over ten years ago,
and the number of trees is estimated to have increased from 6,000 to over 9,000 in that time. An
updated tree inventory will provide an assessment of environmental benefits, maintenance and
infrastructure needs to ensure that the urban forest condition remains in good to excellent condition.
IES also recommends continued research into assessing public attitudes towards trees and the
environment as a basis for developing future program standards. A detailed assessment of
residential tree planting practices and the reasons behind them would help Golden increase
education where it is needed and develop methods to overcome barriers to planting.
Other research opportunities exist for increasing the understanding of the impact of trees on water
conservation in various types of ground cover. Water is and will continue to be a growing issue of
concern in the Front Range of Colorado. There is limited research on how shade trees fit into Xeric
landscapes, and how the competing effects of trees and shrubs can be minimized to conserve water
but also obtain the other environmental benefits of trees.
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• Recognition
Public acknowledgement of community members and forestry professionals that make valuable
contributions to urban forest enhancement is an important way to build community appreciation for
those who take care of Golden’s valuable resources. Therefore, IES recommends that local forestry
professionals and arborists attend volunteer planting events as guest speakers, and participate in
urban forest valuation and research efforts whenever possible. Written recognition in the Golden
Informer, Golden website, and other local news to keep the public informed of urban forestry
activities would also be effective in helping the city promote the urban forest.
• Policy
In order to build the capacity of local governments, schools, and businesses to enhance the urban
forest, IES recommends that Golden improve local tree ordinances, guidelines, standards, and
procedures in accordance with proper tree planting for achieving environmental goals. See IES’s
Model Municipal Guidelines for further information on policy development related to tree planting.
• Sustainability Planning
The Golden City Council, in consideration of recommendations made by a Community Working
Group, adopted specific goals related to environmental sustainability in Resolution 1793. Strategic
tree planting can be one effective mechanism by which the City and Golden residents can make
progress towards achieving these goals. Listed below are the sustainability goals to which strategic
tree planting can most effectively be applied.
1. Improve the energy efficiency and reduce the environmental impact of new and existing buildings
in Golden.
2. Increase our community’s awareness of and encourage commitment to actively take part in
sustainability…
3. Ensure that Golden sustains a clean, stable water supply in the future.
III.

CONCLUSIONS

The City of Golden, as a community committed to sustainable environmental improvement, is an
ideal community to demonstrate the values of strategic tree planting for environmental
improvement. There are many paths to take towards environmental sustainability. However,
without the support of the community, little will be achieved. Real improvement begins when
residents, businesses and city officials and staff members actively participate in the process, day-today projects and overall programs. With sound planning, Golden can achieve many of its
sustainability goals through urban tree planting. Through increased targeted planting, site
development, improved maintenance, and program enhancements, Golden is well on its way to
reaping a large return on its investment in the urban forest. Because its existing “green
infrastructure” already provides hundreds of thousands of dollars each year in environmental
services, Golden has a leg up when it comes to investing in other methods of environmental
improvement infrastructure, such as building air filtration systems, energy conservation retrofitting,
stormwater management controls, and carbon dioxide reduction methods.
Golden has the potential to influence further environmental improvements throughout the Front
Range as it assigns a higher value to its own healthy urban ecosystem and serves as a model for
13
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other communities. Taking on new initiatives and fostering the growing environmental awareness of
the public today will give momentum to improvements already happening, building a greener,
healthier, more-connected community. Public education and participation are key to reinforcing the
concept that people depend on the health of the environment in which they live. Golden has taken
the first in a number of steps towards increased sustainability and community stewardship. With
improved tree planting strategies, protection, and preservation, Golden will continue to be a leader
among Front Range communities in urban forestry and environmental sustainability.
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I.

INTRODUCTION
A.

GOLDEN, COLORADO

The City of Golden is a Colorado Front Range community located adjacent to the Rocky Mountain
foothills, with a population of around 18,000, with 9 square miles of land area. Golden’s street
and park tree population consists of nearly 7,000 trees, providing about 50 acres of total canopy
cover. According to the i-Tree analysis (at the time of the assessment), Golden is a well-planted
community consisting of mostly healthy trees that provide hundreds of thousands of dollars in
annual environmental and economic benefits to the city. Like many other cities in Colorado, Golden
is experiencing considerable urban growth, which leads to increased impervious surfaces, pollution,
and water use. The urban forest can be an essential tool in mitigating the effects of population
growth in urban areas.
B.

CITY OF GOLDEN – STATE OF THE URBAN FOREST
1.

Street Trees Distribution, Condition, and Age

Golden has a fairly evenly distributed
population of street trees (meaning
that there is a relatively similar
number of each tree species) providing
biodiversity in the urban forest
ecosystem. Aspen and Siberian elm
are the most common municipally
managed species in Golden, with the
other roughly 30% of street and park
trees consisting of less common tree
species (figure 1).

Quaking aspen
Siberian elm
13.28
32.87

Green ash
12.97

Silver maple
Plum
Pine
Honeylocust

8.89

4.06
4.15

4.48
4.31

4.77

5.05 5.17

Russian olive
Boxelder
Crabapple
Other species

Figure 1. Golden’s street tree population species distribution
The condition of each tree also determines the function and value of the forest because the benefits
of each tree increase as its condition improves.
According to i-Tree, the majority (over 60%) of Golden’s trees are considered in good condition
(figure 2).
Good: trees are healthy, vigorous, without signs of insect, disease, or mechanical injury, and they
require little or no corrective work.
Fair: trees are in average condition and vigor for the area, but may be in need of some corrective
pruning or repair. They may show minor insect injury, disease or other problems.
Poor: trees are in a general state of decline. They may show severe mechanical, insect, or disease
damage, but are not dead.
Dead or Dying: trees exhibit no signs of life.
15
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Figure 2. Health of Golden’s street tree population
Information on the current
condition of the trees is helpful
to urban forest managers
because a snapshot view of the
overall health of the street and
park trees can be obtained.
Also, trees in fair or poor
condition can be located and
improved because each tree
was recorded based on street
address or park location.

Dead or Dying
3%
Poor
7%
Fair
27%

Dead or Dying
Poor

Good
63%

Fair
Good
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Nearly half (46%) of Golden’s municipally managed trees are between zero and three inches in
diameter at breast height (DBH; figure 3). The urban forest is fairly young, with the exception of
silver maples, which range in ages, some of which have a DBH larger than forty-two inches.
Figure 3. Relative age distribution of top 10 public tree species in Golden
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2.

Urban Forest Distribution, Condition, and Age (including
municipal and private trees)
Figure 4. Tree species distribution in Golden

Golden’s urban forest is comprised of an
estimated 102,000 trees with a canopy
cover of 11.4 percent. Trees that have
diameters less than 6-inches constitute
52.3 percent of the population, meaning
that, overall, Golden’s urban forest is
fairly young. The three most common
species are blue spruce (12.8 percent),
Siberian elm (10.8 percent), and
Austrian pine (5.62 percent; figure 4).

Tree Species Distribution in Golden

Blue spruce
Siberian elm
Austrian pine
Green ash
Honeylocust
Plains cottonw ood
Russian olive
Amur maple
Quaking aspen
Smooth sumac
Other

Among the land use categories, the
highest tree densities occur in
Residential areas with nearly 65
trees per hectare, followed by
Commercial and Institutional areas
(figure 5). The overall tree density
in Golden is about 42 trees per
hectare.

Figure 5. Number of trees in
Golden/hectare by land use
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Figure 6 shows the distribution of
trees in Golden by Diameter at
Breast Height (DBH). The highest
percentage of the trees are between
2.5 and 7.6 cm diameter at near 30
percent, followed by trees in the 7.7
to 15.2 cm range.

Figure 6. Percent of tree population by DBH class
Urban forests are composed of a mix of native and exotic tree species. Thus, urban forests often
have a tree diversity that is higher than surrounding native landscapes. Increased tree diversity can
minimize the overall impact or destruction by a species-specific insect or disease, but it can also
pose a risk to native plants if some of the exotic species are invasives that can potentially outcompete and displace native species. In Golden, about 60 percent of the trees are species native to
North America, while 37 percent are native to the state. Species exotic to North America make up
40 percent of the population. Most of these tree species originate from Asia (about 20 percent of
the species; figure 7).

Figure 7. Origin of tree
species in Golden
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Table 1. Most important tree species in Golden
Many tree benefits equate
Common Name
Percent
Percent Leaf IV
directly to the amount of
Population
Area
healthy leaf surface area of the
Siberian elm
10.8
16.7
27.5
plant. In Golden, the three
Blue spruce
12.8
8.7
21.5
species with the largest leaf
Plains cottonwood
6.6
13
19.6
area are Siberian elm, Russian- Russian-olive
3.6
8.8
12.4
Honeylocust
5.1
3.5
8.6
olive, and blue spruce. Trees
Green ash
5.2
2.9
8.1
cover about 11 percent of
Silver
maple
2
6
8
Golden and shrubs cover 9
Black walnut
1.5
5.7
7.2
percent. The 10 most
Austrian pine
5.6
1.5
7.2
important tree species include
the Siberian elm, blue spruce and plains cottonwood (table 1). Importance values (IV) are displayed
for all species that make up more than 1 percent of the population. The IV is the mean of three
relative values (percent of total trees, percent of total leaf area, and percent of canopy cover). High
Relative Importance Values indicate that in relation to other species, those trees are currently
providing the most environmental benefits. For example, an IV of 100 would mean that the city is
totally reliant on that one species for all environmental benefits, while a 0 IV would mean no
reliance.
The two most dominant ground cover types in the City of Golden are un-maintained (wild) Grass
(51 percent) and tar (asphalt; 40 percent; figure 8). Table 2 breaks down the distribution of ground
cover by land use, where tar makes up over half the ground cover in commercial areas.
Figure 8. Percent ground cover in the City of Golden
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The only land use areas in which trees are the dominant ground cover (tables 2 and 3) are
residential. This may be contrary to the common perception of maintained grass or buildings taking
up most of the space in Colorado communities. However, Golden is a community with established
trees and communities, therefore urban vegetation may be stronger here than in newly developed
communities along the Front Range.
Table 2. Percentages of dominant ground cover type by land use
Land Use Ground Cover Type
Commercial
Tar
Institutional
Building
Industrial
Tar
Park
Grass
Residential
Trees
Open Space
Wild Grass

% Cover
52
30
22
38
21
46

Table 3. Tree cover percentages by land use
Land Use

% Cover

Commercial
Institutional
Industrial
Park
Residential
Open Space

10%
11%
5%
7%
21%
6%

The majority of trees in Golden, near 75 percent, are in excellent or good condition (figure 9).
Condition classes were modeled based on field measurements of individual trees: percent of crown
missing, height to live top (a difference between height to live top and height to top of tree would
indicate a tree in poorer condition) and dead or dying trees. Healthy trees are critical to optimizing
environmental benefits because as trees begin to die off they contribute to carbon in the atmosphere,
and no longer provide a net benefit in environmental services for the city.
Figure 9. Condition of trees in Golden
Overall Condition of Trees in Golden
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II.

THE BENEFITS OF URBAN TREES – URBAN TREE PERFORMANCE IN
GOLDEN
A.

IMPACT OF URBAN TREES ON AIR QUALITY

Poor air quality is a common problem in many urban areas. It can lead to smog and poor visibility,
decreased human health, tree death and damage to ecosystems. Trees can directly and indirectly
affect local air quality by altering the urban environment through (Nowak 1995):
• Temperature reduction and other microclimate effects.
• Removal of air pollutants.
• Emission of biogenic volatile organic compounds (BVOC) and tree maintenance
emissions.
• Energy effects on buildings.
Therefore, trees can help improve air quality by reducing ambient air temperature through shade
and through the transpiration of water vapor into the air. These processes can reduce energy use,
which consequently reduces emissions from power plants and evaporative emissions from cars.
Trees also improve air quality by directly removing particulate matter (PM10) pollutants from the
air by intercepting them on leaf surfaces, and absorbing gaseous pollutants (ozone [03], carbon
monoxide [CO], sulfur dioxide [SO2], nitrogen dioxide [NO2]) during photosynthesis through the
leaf stomata (pores or openings). As these gases are absorbed they diffuse within the leaf’s
intercellular spaces and may be absorbed by water films to form acids, or interact within inner-leaf
surfaces (Nowak 1995).
However, trees may also have a negative impact on air quality through the emission of Volatile
Organic Compounds (VOC) (or hydrocarbons) which can contribute to ground-level ozone (smog)
formation when combined with sunlight and Nitrogen Oxides (NOx) (figure 10). Figure 11
illustrates the complex interaction of VOC emissions, uptake via vegetation, and weather.
Figure 10. Ground level ozone is formed through the combination of nitrogen
oxides, sunlight and volatile organic compounds (SEQL 2004)
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Figure 11. Processes in photochemical oxidant formation and deposition. Ozone
"effects" are related to the actual amount of ozone flux to plant canopies while ozone
"deposition" includes the loss of ozone from the atmosphere via uptake by vegetation
as well as deposition to external plant surfaces and soils (SEI 2007). Meteorology
(i.e., afternoon rain showers) can transport and dissipate ozone in geographical
basins (e.g., Denver, Colorado).

Yet, VOC emission rates also vary by at least four orders of magnitude depending on tree species
(Benjamin et al. 1994). According to Benjamin et al. (1994), there are “nine genera that have the
highest standardized isoprene emission rate, and therefore the greatest relative effect among genera
on increasing ozone: beefwood (Casuarina spp.), eucalyptus spp., sweetgum (Liquidambar spp.),
black gum (Nyssa spp.), sycamore (Platanus spp.), poplar (Populus spp.), oak (Quercus spp.), black
locust (Robinia spp.), and willow (Salix spp.).” Among the lowest emitters are green ash, honey
locust, box elder, peach and pear trees, which, in theory, would be the least likely to contribute to
ground level ozone formation. However, due to the high degree of uncertainty in atmospheric
modeling, and the dependencies and variations concerning meteorological conditions, results are
currently inconclusive as to whether these genera will necessarily contribute to an overall net
formation of ozone in cities (i.e., whether ozone formation from VOC emissions is greater than
ozone removal; Nowak 1995). While, in general, increasing VOC concentrations leads to more
ozone formation, the relationship is nonlinear (see figure 12). Increasing NOx may lead to either
more or less ozone depending on the prevailing VOC-to-NOx ratio. Therefore, the rate of ozone
production is not simply proportional to the amount of NOx present (Seinfeld et al. 1998). This
ratio is sometimes referenced when an urban area is said to be “NOx-limited” or “VOC-limited.”
Denver, Colorado is considered to be VOC-limited, therefore control measures have included
controlling gasoline and diesel vehicle emissions, stationary sources and fuels (CDPHE 2007).
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Figure 12. The relationship between VOC and NOx in the formation of O3: A VOC to NOx
ratio of 8 to 1 is often cited as an approximate decision point for determining the relative
benefits of NOx vs. VOC controls. At low VOC to NOx ratios (< about 4 to 1), an area is
considered to be VOC-limited; VOC reductions will be most effective in reducing ozone,
and NOx controls may lead to ozone increases. At high VOC to NOx ratios (> about 15 to 1),
an area is considered NOx limited, and VOC controls may be ineffective. When VOC to
NOx ratios are at intermediate levels (4 to 15), a combination of VOC and NOx reductions
may be warranted (AAMAC 1994)

Though BVOC emissions can contribute to ozone formation, overall, integrative studies have
revealed that an increase in tree cover leads to reduced ozone formation (Nowak et al. 2000;
presumably even in areas that are VOC-limited). This is due in part to the concept that because
smog production is temperature-sensitive, trees that cool the air in cities do more to limit ozone then
to foster it (Raloff 1990). For example, in Atlanta, where deforestation happened at a rapid pace
due to growing cities, a loss of 20 percent of the trees over fifteen years led to an increase in the
urban heat island effect of about 4 degrees F, and a resulting increase in smog. However, when
temperatures begin to rise, so do hydrocarbon emissions from vegetation, which can then also
contribute to smog. This contradiction is why modelers Chameides and Cardelino (as cited in
Raloff 1990) claimed that the “estimated vegetative-hydrocarbon increase from Atlanta’s remaining
trees would have canceled the city’s decrease in automobile and industrial hydrocarbon emissions.”
Therefore, it is critical to maintain the level of vegetation to prevent the urban heat island effect
cycle, and limit both hydrocarbons and nitrogen oxides to address the smog issue.
The analysis run for Golden’s urban forest revealed that while trees do remove over 9,000 kg of O3
per year, they contribute to forming over 18,000 kg of O3 (table 4). However, the primary culprit in
the ozone formation equation is the Populus species, forming nearly 8,000 more kg than it removes.
When broken down by land use, residential areas are the largest source of VOC emissions and
therefore O3 production, followed by vacant land (table 5). Note that even though residential areas
have both the highest number of trees (20% ground cover) and the highest O3 formed, vacant land is
the source of the second highest O3, but is fifth behind institutional, commercial, and park areas in
tree cover (table 3). In fact, the trees in commercial areas are contributing to a net reduction of O3;
about 730 kg per year (table 5). Therefore, the species mix is essential to determining the net effect
of trees on ozone formation. Phase 2 study results indicate that in Colorado, more trees do not
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necessarily equal more or less ozone. Because Phase 2 results are only relevant to existing trees in
Golden, species recommendations for air quality improvement based on regional modeling (with all
regulated air pollutants [SO2, NO2, PM10 and O3] having equal weight or importance) can be found
in appendix A. Also in appendix A are species recommendations for ozone reduction, as well as a
species list containing trees with low VOC emissions.
Table 4. Net ozone formation during in-leaf season in Golden, Colorado due to trees
LEAF-ON SEASON NET 03 FORMED DUE TO TREES IN GOLDEN
Leaf

Leaf

Living

Living

O3

O3

O3 net

O3 net

O3 net

O3 net

O3

biomass

biomass

trees

trees

formed

removed

per m2

%

#

%

kg

kg

per kg
biomass
kg

per tree

kg

(formedremoved)
kg

kg

kg

formed/re
moved
%

POPULUS
SALIX
PICEA
QUERCUS
CATALPA
CERCIS
THUJA
MORUS
BETULA
SYRINGA
CELTIS
VIBURNUM
LONICERA
RHUS
CRATAEGUS
BAUHINIA
ALNUS
PYRUS
TILIA
FRAXINUS
MALUS
JUGLANS
PINUS
JUNIPERUS
PRUNUS
GLEDITSIA
ACER
ELAEAGNUS
ULMUS

102420.4
26127.7
142139.7
16325.6
240.5
823.9
1018.2
959.1
1037.7
1263.4
1784.7
1914.8
2161.6
2233.5
2646.2
2705.7
16957.1
17250.6
17862.9
18773.6
20810.9
43681.5
44604.1
34474.3
32296.3
35487.7
53521.2
63012.3
115405.6

12.47
3.18
17.3
1.99
0.03
0.1
0.12
0.12
0.13
0.15
0.22
0.23
0.26
0.27
0.32
0.33
2.06
2.1
2.17
2.29
2.53
5.32
5.43
4.2
3.93
4.32
6.52
7.67
14.05

9956
2098
13102
525
525
544
1045
525
524
525
2091
525
525
2620
1048
523
1049
1572
1047
5803
2621
1574
9949
2096
7857
5243
9552
3690
11589

9.77
2.06
12.86
0.51
0.51
0.53
1.03
0.51
0.51
0.51
2.05
0.51
0.51
2.57
1.03
0.51
1.03
1.54
1.03
5.69
2.57
1.54
9.76
2.06
7.71
5.14
9.37
3.62
11.37

9141.6
2297.9
3368.1
1422.7
0.6
2.2
3.4
2.6
2.9
3.1
5
4.4
5
5.3
6.1
6.7
63.6
40.7
41.2
49.1
48
299.5
309.8
117
84.5
97.3
259.8
171.7
300.9

1159.6
295.8
1609.3
184.8
2.7
9.3
11.5
10.9
11.7
14.3
20.2
21.7
24.5
25.3
30
30.6
192
195.3
202.2
212.6
235.6
494.6
505
390.3
365.7
401.8
606
713.4
1306.6

7982
2002.1
1758.8
1237.9
-2.2
-7.2
-8.1
-8.3
-8.9
-11.2
-15.3
-17.3
-19.5
-20
-23.9
-23.9
-128.3
-154.6
-161
-163.5
-187.6
-195.1
-195.2
-273.3
-281.1
-304.5
-346.1
-541.7
-1005.8

0.07793
0.07663
0.01237
0.07582
-0.00902
-0.00871
-0.00795
-0.0086
-0.00853
-0.00887
-0.00855
-0.00902
-0.00902
-0.00896
-0.00901
-0.00885
-0.00757
-0.00896
-0.00901
-0.00871
-0.00901
-0.00447
-0.00438
-0.00793
-0.0087
-0.00858
-0.00647
-0.0086
-0.00871

0.80173
0.95451
0.13424
2.35995
-0.00413
-0.01318
-0.00775
-0.01573
-0.0169
-0.02137
-0.00729
-0.03293
-0.03717
-0.00764
-0.02275
-0.04583
-0.12234
-0.09833
-0.15378
-0.02817
-0.07159
-0.12399
-0.01962
-0.13038
-0.03578
-0.05807
-0.03624
-0.14681
-0.08678

0.02297
0.02258
0.00365
0.02234
-0.00266
-0.00257
-0.00234
-0.00254
-0.00251
-0.00261
-0.00252
-0.00266
-0.00266
-0.00264
-0.00266
-0.00261
-0.00223
-0.00264
-0.00266
-0.00257
-0.00266
-0.00132
-0.00129
-0.00234
-0.00257
-0.00253
-0.00191
-0.00253
-0.00257

7.88
7.77
2.09
7.7
0.2
0.23
0.3
0.24
0.25
0.22
0.25
0.2
0.2
0.21
0.2
0.22
0.33
0.21
0.2
0.23
0.2
0.61
0.61
0.3
0.23
0.24
0.43
0.24
0.23

TOTAL

819940.8

99.82

100340

98.46

18161

9283.3

8877.3

Genera
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Table 5. Ozone production due to trees in Golden, Colorado by land-use type. UFORE estimates a
maximum and minimum ozone forming potential of a given year to estimate a likely quantity of O3
formed in the given year
TOTAL YEARLY NET O3 FORMATION DUE TO TREES BY LAND USE

Landuse

O3 minimum
formed
kg

O3
formed
kg

O3 maximum
formed
kg

O3
removed
kg

O3 net
(formed-removed)
kg

Commercial
Institutional
Industrial
Park
Residential
Vacant/Open Space

1330.3
99.4
63.7
940.9
6437.8
2415.7

2245.3
174.2
114.7
1598.7
10814
4099.3

6793.6
472
306.4
4813.3
32547.7
12469.3

1077.3
907.2
500.4
857.9
5677.8
1421.8

1168
-733
-385.7
740.8
5136.1
2677.5

Total

11287.8

19046.1

57402.4

10442.4

8603.7

Overall pollution removal by trees and shrubs in Golden was estimated using field data and hourly
pollution and weather data recorded June 2007 from the Continuous Air Monitoring Project
(CAMP) station located in downtown Denver. UFORE estimates dry deposition of air pollution
(i.e., pollution removal during non-precipitation periods) to trees. It calculates hourly, monthly, and
yearly dry deposition rates of O3, SO2, NO2, CO, and PM10 to tree canopies throughout the year
based on tree-cover field data, hourly National Climatic Data Center (NCDC) weather data, and the
Environmental Protection Agency (EPA) pollution-concentration monitoring data.
Pollution removal was greatest for ozone at near 11 tons per year (figure 13), with the highest level
of pollution removed during the summer months (figure 14). Pollution removal is greatest During
July and August because trees are in-leaf and there are more hours of daylight and higher
temperatures in which their leaf stomata are open and taking in pollutants like ozone, which also
peaks during the summer. Trees and shrubs remove a total of 25 metric tons of air pollution: ozone
(O3), carbon monoxide (CO), nitrite (NO2), particulate matter less than 10 microns (PM10), and
sulfur dioxide (SO2) per year, with an associated value of $140,000. This value is based on
estimated national median externality costs associated with pollutants, which are determined by the
EPA. This pollution removal "value" is the monetary value of pollution removal by trees, which is
estimated using the median externality values for the United States for each pollutant (Murray et al.
1994). These values, in dollars per metric ton (t) are:
•
•
•
•
•

NO2=$6,752 t-1
PM10=$4,508 t-1
SO2= $1,653 t-1
CO= $959 t-1
Externality values for O3 were set to equal the value for NO2.

A number of factors influence how the EPA arrives at these cost estimates for each region. For
example, air pollution affects human health and poor air quality increases health care costs for
individuals and society. Therefore, reduction in air pollutants is assigned a dollar value in terms of
lower medical and hospitalization costs as well as health insurance premiums.
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Figure 13. Annual air pollution removal by Golden’s urban forest by pollutant and
removal value in dollars
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Figure 14. Golden’s urban forest pollution removal by pollutant and month
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B.

IMPACT OF URBAN TREES ON CARBON STORAGE AND
SEQUESTRATION

Climate change is an issue of global concern. Urban trees can help mitigate climate change by
sequestering atmospheric carbon (from carbon dioxide) in woody biomass (roots, trunk, leaves, and
branches) and by reducing energy use in buildings, and consequently reducing carbon dioxide
emissions from fossil-fuel based power plants (Abdollahi 2000). For additional information on the
carbon sequestration process, see Section E., or The Tree Project Phase 1 Report (IES 2006).
Trees reduce the amount of carbon in the atmosphere by sequestering carbon in new growth every
year. The amount of carbon annually sequestered is increased with the size and health of the trees.
The gross sequestration of Golden trees is about 637 metric tons of carbon per year with an
associated value of $14,500 (figure 15). Net carbon sequestration in the urban forest is about 505
metric tons.
Figure 15. Carbon sequestration and value for species with greatest overall
carbon sequestration in Golden

As trees grow, they store more carbon as wood. As trees die and decay, they release much of the
stored carbon back to the atmosphere. Thus, carbon storage is an indication of the amount of
carbon that can be lost if trees are allowed to die and decompose. Trees in Golden are estimated to
store 16,400 metric tons of carbon ($400,000). Of the species sampled, Siberian elm stores and
sequesters the most carbon (approximately 20.5% of the total carbon stored and 13.5% of all
sequestered carbon). However, there are additional species that have comparable benefits to the
Siberian elm that may be more appropriate for planting in Colorado, and are recommended for
optimal carbon sequestration benefits (appendix A).
1.

Trees and Building Energy Use

Trees affect energy consumption by shading buildings, providing evaporative cooling, and blocking
winter winds. Trees tend to reduce building energy consumption in the summer months and can
either increase or decrease building energy use in the winter months, depending on the regional
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climate and location of trees around the building. For example, if evergreens are properly placed on
the north or northwest side of a building, they provide for increased microclimate insulation by 1)
deflecting the prevailing afternoon wind around the trees and keeping it from reaching the home,
and 2) from increasing ambient air temperature around the home. This is particularly important
when homes are not well-insulated. Estimates of tree effects on energy use are based on field
measurements of tree distance and orientation to space conditioned residential buildings. The
modeling program applied to this analysis requires that at least ten plots that fit the energy
applicability parameters fall into each land use to gain an accurate measurement for energy.
Because this threshold was not met in any of the land uses, the standard error associated with
energy effects of Golden’s urban forest is very high (table 8). This margin of error means that the
following discussion of energy impact results are preliminary, and savings may be underestimated
because tree canopy cover (as well as building cover) is not as homogenous in the West as it is in
the East or Midwest. For example, the residential land use type is the only area in which tree
canopy cover is more than 20%, and therefore energy savings would apply to this land use, while
not applying to vacant land, where there are few trees and almost no space conditioned buildings
that would be affected by shade or windbreaks.
Given this issue, results indicate that trees in Golden are estimated to cause a net increase in heat
energy demanded, roughly 5700 mBTU per year, while realizing a net cooling saving a net 372
mWh per year (table 6). Based on 2002 prices, trees increase energy-related costs from residential
buildings by $5,580 annually (table 7). Therefore, according to the model (based on the roughly
120 plots sampled), trees then indirectly lead to an additional $20 per year cost to the city (Nowak
et al. 2000) by increasing the amount of carbon released by fossil-fuel based power plants (an
increase in 1 metric ton per year). These costs are minimal considering they apply to the whole
city, however they point to the importance of planting the appropriate tree species in the appropriate
location for the climate. In Colorado the weather is cooler for more months of the year, therefore
care must be taken to increase windbreaks and decrease window shading during the winter.
Table 6. Annual energy savings due to trees near residential buildings. Note:
negative numbers indicate an increased energy use or carbon emissions
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Table 7. Annual savings1 (US $) in residential energy expenditure during
heating and cooling seasons. Note: negative numbers indicate a cost due to
increased energy use or carbon emission

2.

Trees and Climate Effects

Trees can also affect energy consumption in cities because they alter the climate through
evapotranspiration and shade. Under the correct conditions, species mix and placement, mid-day
air temperature reductions due to trees are in the range of 0.04°C to 0.2 °C per one percent canopy
cover increase (Anyanwu 2006). This ambient air temperature reduction is an important
environmental benefit because it helps to mitigate climate change by reducing the urban heat island
effect. The urban heat island effect is the term used to describe the increased temperature of urban
areas due to an abundance of impervious surfaces, (e.g. rooftops, asphalt, concrete, buildings) and a
lack of vegetation. These surfaces absorb and retain heat, compounding the effects of hot summer
days in urban areas, leading to increased air conditioning use. Re-introducing trees into urban
areas, especially in parking lots, industrial or commercial areas, offsets this increase.
Although trees most often contribute to cooler summer air temperatures, their presence can also
increase air temperatures in some instances. In areas with scattered tree canopies, radiation will
reach and heat ground surfaces, increasing air temperatures; at the same time, the canopy may
reduce atmospheric mixing so that cooler air is prevented from reaching the area under the tree
canopy. In this case, tree shade and transpiration may not compensate for the increased air
temperatures due to reduced mixing. Therefore, in the effort to combat climate change, it is
imperative that we identify and quantify the species mix and placement of urban trees to reduce the
heat island effect. Although placement and the selection of deciduous versus evergreen trees are the
real issues when it comes to energy savings, recommended species for energy savings can be found
in appendix A.
In Golden, although trees can contribute to an overall increase in energy costs, they have a positive
impact on the climate, cooling the air in the summer and providing a windbreak in the winter (table
8).
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Table 8. Golden’s urban trees - climatic effects. Note that the high standard error (SE) on
Institutional and Open Space land uses is due to a less than 10 plot sample size on that land use,
indicating that the data were not extensive enough to be certain of estimates.
HEAT (MBtus avoided)
SHADE

LANDUSE

SE

X

Commercial
0
0
Institutional -609
609
Industrial
0
0
Park
0
0
Residential -8272 2359
Vacant/Open
Space -723
722

0
0
0
0
1988

CITY TOTAL -9604 2541

2201

III.

X

WINDBREAK

213

SE

HEAT (MWhs avoided)

CLIMATE

SHADE

WINDBREAK
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CLIMATE

SHADE

X

SE

X

SE

X

SE

X

SE

X

0
0
0 101
0
0
0
0
1163 1506

0
101
0
0
468

0
-5
0
0
-69

0
5
0
0
20

0
0
0
0
15

0
0
0
0
9

0
1
0
0
11

0
1
0
0
3

0
2
0
0
198

72

72

-6

6

2

2

1

1
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1183 1679

484

-80

21

16

9

12

3

234

213

CLIMATE

SE

X SE

0
0
2 29
0
0
0
0
58 151
33

0
29
0
0
46

9

9

67 188
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GENERAL RECOMMENDATIONS FOR ENVIRONMENTAL
IMPROVEMENT THROUGH URBAN TREE PLANTING

There are many ways to address environmental concerns through strategic tree planting, but
approaches can vary depending on environmental goals and tradeoffs for the region. For example,
urban areas in the arid west can have air pollution and water concerns, therefore strategic tree
planting may be weighted toward low VOC-emitting trees, and those that intercept PM well, as well
as towards trees that tolerate drought well and do not require excessive supplemental irrigation.
Golden’s water supply is not as strained as other Colorado cities’, such as Castle Rock’s, (40 miles
southeast of Denver with little tree cover) however, water is a concern for all Colorado
communities. In addition, many communities are implementing climate action plans that include
atmospheric carbon reduction goals. Therefore, strategic planting to achieve this goal while
including species that reduce ozone are options for the city. Table 13 summarizes general
recommendations for achieving environmental goals through simple steps.
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Table 9. Planting and management recommendations for environmental benefits.
Summary of Recommendations for Optimizing
Environmental Benefits of Trees
Maximize Benefits
Plant low-VOC emitting trees.

CARBON (sinks)

CARBON (sequestration and avoidance)

AIR QUALITY

Increase the number of healthy trees.
Sustain large, healthy trees.
Plant trees with a long life span.
Select trees that do not require excessive maintenance.
Plant trees in energy-conserving locations.
Plant trees to shade parked cars and parking lots.
Supply ample water to vegetation.
Plant trees in polluted or heavily populated areas.
Avoid highly pollutant-sensitive species.
Utilize evergreen trees to mitigate particulate matter
pollution.
Plant long-lived, low maintenance moderate to fast-growing
species that are large at maturity and matched to site
conditions.

Use maintenance activities that increase tree survival and
longevity.

Minimize Costs
Avoid trees with a high ozone forming potential (high
VOC emitting).
Minimize fossil-fuel use related to management or
maintenance activities.
Avoid wood burning to prevent particulate matter
pollution.

Minimize fossil-fuel use related to management or
maintenance activities. This can be achieved by hiring
local landscape professionals who do not commute
long distances, using push or solar mowers, hand saws,
pruners, brooms, and rakes (as opposed to gas/electric
powered equipment and leaf blowers).
Use wood from removed trees to delay decomposition
or decrease the need for energy from power plants.

Plant trees in energy-conserving locations.
Plant trees in parking lots to shade paved surfaces to mitigate
vehicle emissions and reduce to need for vehicle air
conditioning.
Consider long and short term goals. Fast-growing species
sequester more CO2 initially than slow-growing species, but
may not live as long, and may not contribute to as much
avoided CO2.
Provide as much pervious (porous) surface as possible (such Minimize asphalt wherever possible.
as porous pavement instead of asphalt, especially around tree
base) so trees grow quickly, and the heat island effect is
minimized.
Maximize the use of trees as opposed to shrubs or herbaceous
plants and grass to store the most CO2.
Increase tree stocking levels in available planting spaces.
Remove dead trees immediately.
Replace dead, dying, or very poor condition trees.
Avoid trees with high maintenance needs; choose trees that
are well adapted to the Colorado climate.
Group species with similar landscape maintenance
requirements together to optimize use of irrigation, pruning,
fertilization, weed, pest, and disease control efforts.
Maintain biodiversity (trees of various ages and species).
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Maximize Benefits
Plant drought tolerant or Xeric trees.

Minimize Costs
Use water-saving, efficient irrigation methods (e.g. ET
automated sprinkler systems) Water in the evenings or
early morning. Do not over-water.

Maximize the energy-saving benefits of trees to reduce power
plant water consumption.
Plant "solar-friendly" trees (deciduous-maple, ash) on the
Minimize planting evergreens on the south or
south side of the building. Trees located to shade south walls southwest sides of the home to ensure full winter
can block winter sun and increase heating costs because
sunlight.
during the winter the sun is lower and hits the south side of
homes.
Locate trees to shade west and east windows. Electricity use
is highest during the afternoon when temperatures are
warmest and incoming sun is greatest. Therefore, the west
side of a home is the most important to shade. Evergreens on
the west side can provide summer shade and winter wind
protection.
To maximize winter shade locate trees 10-20 ft. south of the
home. As trees grow taller prune lower branches to allow
more sun to reach the building (as long as the health of the
tree is stable).
Increase tree canopy to reduce ambient air temperature.

ENERGY
CONSERVATION
(species)

ENERGY CONSERVATION
(windbreaks)

Shade air conditioning units, patios, and driveways to avoid
impervious surface heat sinks which lead to the urban heat
island effect. However, be careful not to enclose air
conditioning units in vegetation so that air flow is obstructed.
Locate rows of evergreen trees (that will grow to twice the
height of the building they shelter) perpendicular to
prevailing winds, usually the north and west side of homes in
the Rocky Mountain and Prairie region.
The windbreak should be longer than the building be
sheltered because wind speed increases at the edge of the
break. Ideally, windbreaks are planted upwind about 25-50
ft. from the building.
Space evergreens close enough to form a dense screen. Most
conifers can be spaced 6 ft. on center. If space allows for two
or more rows, than space rows 10-12 ft. apart.

Snow collects behind windbreaks, be careful if
driveway is located between trees and home.

Avoid windbreaks that block sunlight to the south and
east walls.

Avoid planting evergreens so close that they block each
other's sunlight, causing lower branches to self-prune.

Ideal trees for windbreaks in the Northern Mountain and
Prairie region include Colorado and Black Hills spruce (P.
pungens and P. galuca var. densata) and Austrian and
ponderosa pine (Pinus nigra and P. ponderosa). Windbreaks
species for smaller homes include Eastern red cedar
(Juniperus virginiana) and Rocky Mountain juniper (J.
scopulorum).
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INFRASTRUCTURE

OVERALL ENVIRONMENTAL
STORMWATER RUNOFF
BENEFITS

Maximize Benefits

Minimize Costs

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 similar sized deciduous trees)
Increase tree canopy and improve maintenance of existing
trees
Maintain tree health and biodiversity.
Preserve existing urban forest.
Maintain rigorous and enforced tree ordinance, with
environmental goals clearly defined.
Work with developers to encourage tree preservation,
planting and discourage monoculture.
Develop incentive programs for developers with
environmental improvement and tree planting goals.
Develop public education program to maintain the urban
forest, increase stewardship, and encourage tree planting.
Avoid planting trees that might conflict with overhead utility
lines, and contact the local utility company to locate
underground water, sewer, gas, and telecommunication lines.
Note locates of streetlights and traffic signs.
Plant trees at least 30 ft. from street intersections to ensure
visibility.

Avoid planting shallow rooting species near sidewalks,
curbs and pavement. Trees roots may heave sidewalks,
patios and asphalt.* Trunk flare can displace soil and
paving for a significant distance, so avoid planting
within 3 ft. of pavement.
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A.

IMPROVING AIR QUALITY

Increasing tree canopy is an effective method to improve air quality in urban areas in terms of
ozone, particulate matter, sulfur dioxide and nitrogen dioxide pollution. Ozone air pollution
reduction, however, requires careful attention to species mix to limit BVOC emissions. For
example, a U.S. Forest Service (USFS) study in Sacramento found that changing the planting mix to
relatively low-emitters to achieve 5 percent (roughly 5-6 million trees) and 15 percent (roughly 1418 million trees) canopy cover increase was projected to reduce VOCs by 7.6 and 6.1 tons per day
(tpd), respectively, in 2023. In this study, “a functional mix of species consisting of especially welladapted species with a limited number of high-emitting native oaks provided initial VOC
reductions, but as trees matured BVOCs emissions increased and net emissions resulted”
(McPherson et al. 2002). These results suggest that a large-scale tree-planting program can provide
net air quality benefits by limiting planting of BVOC producing species. Also, future air quality can
be improved by promoting an orderly transition of the existing urban forest to a better species mix.
It is possible to achieve air quality benefits via urban forestry. To do this, careful attention must be
paid to the species mix of trees planted to limit the number of medium and high emitters. If ozone
air pollution is a top priority, low BVOC emitters with low sensitivity to ozone damage and species
that directly mitigate ozone should be planted (appendix A). Improvements in overall air quality
can be achieved using recommended species with all air quality effects weighted equally (appendix
A).
Air quality improvements can also be achieved through strategic tree planting on a site by site basis.
For example, planting trees (particularly evergreens) between major roadways and homes,
businesses or schools can be an extremely effective way to improve the air quality within the
microclimate. Trees absorb, intercept, and block PM, CO and other pollutants naturally, so they are
valuable tools when heavy traffic and roadway pollution impact urban areas, and it is not costeffective or feasible to relocate the roadway or the affected area. In addition to roadways, strategic
tree planting in parking lots can reduce air pollution (as well as the urban heat island effect and
atmospheric carbon discussed below). Debris created from cars driving on asphalt, exhaust, and
other gaseous pollutants on wide open areas can make air quality in parking lots an issue of
concern. Guidelines for actualizing microclimate with parking lot shade tree ordinances (City of
Sacramento 2003) are found in appendix C.
B.

REDUCING THE URBAN HEAT ISLAND EFFECT AND GLOBAL
CLIMATE CHANGE

Parking lots are major contributors to the urban heat island effect because they are heat sinks, often
insufficiently shaded, and covered with asphalt or other impervious surfaces. Multiple non-shaded
heat sinks like these can affect the local microclimate, air pollution and CO2 in the atmosphere.
Therefore, a 50 percent tree canopy cover in parking lots in Golden would greatly increase
environmental benefits in the city.
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1.

Parking Lot Guidelines for CO2 Reduction

Carbon Sequestration
Based on results of the urban forest analysis in Golden, to optimize the carbon sequestration ability
of urban trees, it is necessary to address the correlation between land use and ground cover. In
commercial areas, the highest percentage of ground cover is tar, at 52 percent. While it is clear that
in commercial areas a relatively high percentage of land area must allow for commerce (buildings
and parking), more than half of the land in Golden’s commercial areas is being used for parking and
driving, which leads to an increase in the urban heat island effect. The site selection in Golden for
optimizing carbon sequestration is a parking lot at Splash at Fossil Trace, the city’s water park that
is currently lacking tree canopy cover (figures 16 and 17).
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Figures 16. (above) and 17 (below)
Splash at Fossil Trace - Golden city water
park

Tree islands (irrigated
available planting space)

Non-shaded asphalt

Strategic tree planting at this site can be a perfect example of the optimization of carbon
sequestration, but also air quality improvment. Air pollution impacts (PM10, NOx and CO) from
the surrounding streets and highways can also be reduced when canopy cover is increased. Satellite
imagery allows us to evaluate the parking lot in its current state (figure 18; without tree canopy) and
with a draft modeled increase in canopy using existing tree islands (figure 19). A 50 percent tree
canopy cover is an ideal target for optimal carbon sequestration. However, this target may not
possible with the current planting space, therefore additional tree islands or porous pavement would
need to be used to allow for more trees. In general, large deciduous trees to shade cars and
pavement throughout the lot, and evergreen trees to block and intercept highway or road pollution is
favorable for carbon sequestration and air quality improvement.
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Figure 18. Splash at Fossil Trace – Golden city water park – current view

Figure 19. Splash at Fossil Trace – Golden city water park, increased tree canopy cover – draft
model (design courtesy of Critical Habitats, Inc.)
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Table 10. Draft plant list for conceptual planting plan for improved carbon sequestration and air
quality benefits at Golden’s Splash at Fossil Trace Water Park
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Recommended tree species for carbon sequestration are found in appendix A.
Guidelines for general parking lot shading design recommendations and maintenance are found in
appendix B. Guidelines for improving overall air quality with parking lot shading designs can be
found in appendix C.
C.

IMPROVING WATER QUALITY – STORMWATER INTERCEPTION

Trees intercept rainfall and prevent soil erosion and excessive stormwater runoff through their
leaves and root systems. Through this process, they also filter pollutants and improve water quality.
To achieve the maximum benefits of trees as stormwater management tools however, it is essential
that trees are included in the planning process, as it is difficult to retrofit a neighborhood for
stormwater control. Often neighborhoods are built with retention basins, rather than with tree-based
stormwater controls (Keating 2002).
Tree species that are ideal for stormwater controls include:
•
•
•
•
•
•
•
•
•
•
•
•
D.

Hackberry
American elm
Black cherry
Black walnut
Boxelder
Green ash
Red maple
Willow
River birch
Silver maple
Poplar
Pin oak
IMPROVING WATER CONSERVATION WITH TREES

Trees may have the potential to conserve water as their canopies shade the ground below, reducing
soil temperatures and possibly slowing evapotranspiration (Breshears et al. 1998). However, there
are also a number of mechanisms by which trees might increase total water consumption across a
landscape. Trees consume water in photosynthesis and transfer water from the soil to the
atmosphere through transpiration. Tree canopies also intercept precipitation which affects moisture
availability for groundcover (Breshears et al. 1997). Finally, reduced solar radiation beneath trees
may induce groundcover plant growth at an increased rate, in which case a landscape with trees may
require more water relative to a similar, though treeless, landscape (Cockerham 2002).
“The single most important consideration after successfully planting a tree is an adequate supply of
water to assist the tree in becoming established in its new site (Sattler 2007).” Many hand-water or
use surface irrigation techniques to deliver water as one complete dose at the base of the tree, in
which case more than two-thirds of the water runs off and is of no real benefit to the tree.
Therefore, it is more effective to water deeply, using a root zone probe or simply a utility bucket
with a tiny hole drilled in the bottom. This technique delivers the water slowly and more directly.
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Other methods to conserve water in an irrigated landscape include using Xeric trees, and avoiding
non-native turf grass, at least within the drip line of the tree.
Other water-conserving landscape techniques include:
•
•
•
•
•
•
•
•
•
•
•
•

Reduce amount of existing grass.
Calibrate your irrigation system to water by amount (¾ inch per watering) instead of
estimating by time.
Make sure you have a functioning rain shut-off device on all automatic lawn irrigation
systems.
Use mulch liberally around plants to conserve moisture.
Inspect irrigation systems to see that they are functioning properly. System should spray
from head to head - no further.
Convert tree and shrub zones to low volume micro-irrigation.
Defer installation of sod until the rainy season begins.
Install drought-tolerant plants such as oaks, palms, lantana, crape myrtle and many
perennials.
Irrigate shrub/tree beds separately from turf. They need water less often.
Group plants with similar water requirements together.
Check system periodically to ensure it is functioning properly and there are no breaks.
Reset the timer on irrigation system after power outages.

Finally, according to the Colorado Waterwise Council (CWWC), soil is the foundation of every
landscape; proper soil amendments will go a long way toward successful water conservation in a
landscape. Soil is made up of three main types of particles - sand, silt and clay. In Colorado soils
are usually either primarily clay or primarily sand. Clay soil has a high moisture retention capacity,
but it is slow to absorb water and slow to release it. When water is applied too quickly to clay soil,
the soil cannot absorb it and most of it runs off. Clay soil also tends to become heavily compacted,
making it difficult for plants to establish the deep root systems necessary to survive a drought.
Sandy soil, on the other hand, has the exact opposite characteristics: excellent drainage and lots of
air space for root growth, but does a poor job of retaining moisture and nutrients. Water applied to
sandy soil tends to percolate quickly down to the water table. This limits the amount of time plant
roots have access to the water. To amend both clay and sandy soil, add lots of organic material,
such as aged compost and/or manure. The ideal way to do this is to spread three to five inches of
organic material over the top of the existing soil, and roto-till as deeply as possible (six inches is
sufficient; Call 2005).
Recommended tree species for water conservation based on local resources are found in Appendix
A.
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E.

IMPROVING ENERGY CONSERVATION WITH TREES

The relationship between trees and energy is complex in Colorado, which is a cold-weather
climate5. Trees can save energy that would otherwise be used for air conditioning in the summer.
Trees can also cause the need for more energy to be used for heating in the winter. Many
landscapes were not designed with energy conservation in mind and are thus, poorly designed for
energy conservation. Improving citizens’ and city staff’s knowledge of proper tree selection and
placement for energy conservation is the first step.
There are a number of ways trees can contribute to a community’s energy conservation strategies,
including:
• Reducing outside air temperatures by shading asphalt and concrete, reducing the use of air
conditioning (AC) units
• Reducing outside air temperatures through evapotranspiration
• Reducing indoor air temperatures by shading windows
• Reducing energy consumption by shading AC units
• Reducing infiltration of air (cold or warm) into conditioned buildings
Increasing urban tree canopy is an effective way to reduce the overall outside air temperature
thereby reducing the use of air conditioning. Urban areas with few trees experience the ‘Urban
Heat Island Effect,’ a process by which air temperatures over urban areas comprised mostly of
concrete and asphalt are up to 10 degrees F higher than in outlying areas with more vegetation (City
of Boulder, 2002). Dark surfaces such as blacktop, parking lots, roofs, buildings and other
impervious surfaces store incoming solar energy, convert it to thermal energy during the day and
release it again at night, creating areas of warm air over the city known as “heat islands”. This
effect compounds over time if each night does not cool off, each subsequent day gets hotter.
Meteorologists have noted significant differences in ambient air temperatures above a man-made
surface and beneath a forested area of the same climate-as much as 25 degrees F. As each summer
grows hotter, more air conditioners pump to keep city buildings cool and energy use and energy
costs increase.
Trees shading air conditioning units and windows can substantially reduce the amount of energy
used to cool a building. In a study conducted by the Department of Energy's Lawrence Berkeley
National Laboratory and the Sacramento Municipal Utility District, trees placed in specific
locations around a home produced energy savings that ranged between 7% and 40%; the savings
were greatest when trees were placed to the west and southwest of buildings (EPA 2007).
Where trees are placed in relation to a building makes all the difference when it comes to energy
savings. Strategically placed trees can be as effective as other energy saving home improvements,
such as insulation and the installation of weather-tight windows and doors. Proper trees at the
proper height, especially large coniferous trees, or evergreens provide very good windbreaks, which
helps to reduce heating costs in the winter. Shade trees offer their best benefits when the following
guidelines are applied (Maryland DNR 2004):

5

There are more days for which heating is required than days for which air conditioning is required.
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•

•
•

Plant deciduous trees, which shed their leaves during the winter. These trees provide shade
and block sunlight during hotter months. By dropping their leaves in the fall they admit
sunlight in the colder months.
Place these trees on the west and east sides of buildings.
Shade all hard surfaces such as driveways, patios and sidewalks to minimize landscape heat
load.

Properly selected, sited, and maintained trees can provide substantial energy savings in the winter
and summer (see figure 20 for planting different types of trees in different locations around the
home for energy conservation). To increase energy conservation, trees should be placed to the east
and west sides of a home, shading windows. Trees shading windows and walls in the summer help
keep the temperature both inside and outside of the home cooler. Planting large, deciduous, shade
trees on the west side of a home is the best way to reduce a home’s need for air conditioning in the
summer.
Figure 20. Tree placement for energy conservation (Minnesota Tree Care Advisors 2003)

Proper Placement for Energy
Conservation
Tall, broad-leafed, deciduous trees are the
best trees to shade a home. Large trees need
space to grow. Before you plant a large
deciduous tree by your home, find out how
tall and wide the tree will get. Leave ample
space for it to grow. An unhealthy tree,
without enough space to grow, may cause
property damage and will not realize its full
potential in terms of environmental benefits.
Place large shade trees far enough from
your house to give them adequate room to
grow and place them to the east or west
sides. Avoid planting large shade trees or
any evergreen trees to the south; they will
block the winter sun from heating your home.
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Figure 21. An illustration of where to plant trees – to the north and west of a building – to act as a
windbreak (Welch n.d.)
As in McPherson & Simpson, most
studies on trees and energy conservation
demonstrate that trees planted at the west
side of a home produce the largest cooling
savings and trees to the south increase
heating needs more than they contributed
to reducing cooling needs (1999). There
are many factors that influence a
building’s energy use, such as
construction materials, climate, and
orientation, to name a few, and just as
many ways to conserve energy. Planting
the proper tree in the right location and
maintaining it well is one effective method of energy conservation. Trees can both decrease and
increase energy consumption. By decreasing energy use, trees also indirectly reduce water
consumption and carbon emissions that would have been consumed, or produced, in the production
of that energy at the power plant. Furthermore, the tree is not just conserving energy, it is also
creating habitat, cleaning the air, and sequestering carbon at the same time. Trees also contribute to
a lower overall ambient air temperature – reducing the Urban Heat Island Effect – through
evapotranspiration6. To optimize energy savings with trees, a landscape design which takes into
consideration sun angles, tree characteristics, both when planted and when mature, and its
placement relative to the building and its windows, is essential.
IV.

DESIGN IMPLEMENTATION – CITY TREE DEVELOPMENT PLAN
A.

INCREASING TREE CANOPY TO OPTIMIZE ENVIRONMENTAL
BENEFITS IN GOLDEN

The most recently completed tree inventory in Golden (starting in 1996 completed in 2002)
recorded roughly 6,500 municipally managed trees, with a total citywide tree canopy cover of 11.4
percent (current estimates of total existing street trees are near 9,000). There were also 4,714
available planting spaces, with roughly 9,000 “empty basins” recorded, defined as an open space
along streets or parks that was not conducive to tree planting at that time (e.g., there may have been
a park bench already there, impervious surface, street light, or any other obstruction or obstacle that
may make tree planting difficult). If the city were to plant trees in all of the available planting sites
with optimal species for overall environmental improvement and survivability, in five years,
estimated annual benefits would go from $600,000 (the current value on public trees) to over $1.2
million in energy savings, CO2 sequestration and storage, air quality improvements, stormwater
management, and aesthetic value. Environmental benefits alone would increase from $114,00o to
$155,000 annually.
Increased tree canopy in Golden was modeled with the following species mix:
6

Please refer to appendix B of the IES Phase 1 Report for background on the Urban Heat Island Effect and
evapotranspiration.
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•

•

•

Shade trees – 60% (235 of each species)
o Autumn purple ash
o Green ash cultivars
o Western catalpa
o Kentucky coffeetree
o Hackberry
o Honeylocust
o Horsechestnut
o Littleleaf linden
o American linden
o Autumn blaze maple
o White oak
o Northern red oak
Deciduous ornamental trees – 20% (942 of each species)
o Oak-leaf mountain ash
o Ohio buckeye
o Crabapple cultivars
o Cherry cultivars
o Chokecherry
o Hedge maple
o Pear cultivars
o Pagoda tree
o English oak
Evergreen trees – 20% (942 of each species)
o Douglas fir
o Rocky mountain upright juniper
o Austrian pine
o Bristlecone pine
o Ponderosa pine
o Scotch pine
o Eastern redcedar
o Spruce
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1.

Results: Environmental Benefits (Increased Tree Canopy)

Table 11. Projected annual benefits in Golden with increased tree canopy (4700 trees) in five years
(assuming a default diameter at breast height (dbh) of 4 inches)
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Table 12. Projected annual benefits in Golden with increased tree canopy (4700 trees) within five
years on a $/tree basis (assuming a default dbh of 4 inches)
B.

COST-BENEFIT ANALYSIS TREE CANOPY MANAGEMENT PLAN
1.

Current Management Plan Costs

Golden currently spends about $220,000 per year in maintaining their public trees (table 12), with a
total tree benefit of $620,000 per year, and a benefit to cost ratio of 2.8 percent (or roughly $3 in
benefits gained for every $1 spent; table 13).
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C ity of G olden
ST R A T U M A nalysis
A n nu al T ree M a intena nce C osts
M a inten ance A ctivity
D escription
C ost D escrip tio n
Labo r (1 full-tim e
3 hrs. per tree at
P lan tin g
Fo rester, 1 seasonal
$2 0/hr . 12 5 trees
em plo yee)
planted annually; 55
by co ntract,70 by
staff.
T rees
$2 80 /tree
D elivery
$1 50 /trailer
(estim ate $ 5/tree)
Fuel
$3 per tree(includ ed
in trailer co st)
Staking M aterial
Fertilizer-m icro
packets
T ota l P lan tin g
C on tra ct P ru ning

R em ov al

13 80 trees
watered /yr. 46 0
trees-drip irrigation.
92 0 trees-hand
watering. 6 23,00 0
gal to tal. W ater
co st= $3 .50 /10 00
gal.

Irrigation (la bo r)

M aintenance

H and /tank
watering=$ 13 000 .
D rip system s =
$2 00 0

1 F ull-tim e
Fo rester+part tim e fleet
m aintenance. R ep airs,
m aintenance, fuel.
Lease on eq uip m ent

$2 4,0 00 budgeted
annually fo r fleet
co sts. $1 00 ,00 0 for
Fo restry D ivision
salaries and
benefits.

Infrastructu re
L iab ility
P est M an agem ent
T ota l M a nag em en t
C ost

$ 35,000 .0 0
$ 775 .00
N /A

$ 625 .00
$ 625 .00
$ 44,525 .0 0

B ranch trim m ing (trees $1 2/caliper inch
pruned every 5 yrs.
(D B H )
A verage)
C o ntracted
$2 2.5 0/D B H ,
$3 .50 /stum p
grind ing=$ 25.75/D
BH

D rip irrigation and
hand/tank w atering.

L itter C lean up

T otal C ost
$7,500 .00

$5 per tree
$5 per tree

Irrigation

T ota l Irrigation
A dm in istration

N otes

P arks/public w orks,
sw eep ing m achine,
staff, fuel.
R epairs to sidewalk,
tree root dam age.
M inim al to no annual
co st
Insect co ntrol.

G old en estim ate for
b oth co ntract pruning
and rem oval ($2 0,0 00),
m inus m aterial recycled
into m ulch. M ulch
estim ated to b e w orth
$ 5/cubic yard . G old en
p rod uces 5 00 cubic
yard s o f m ulch/year.

$ 17,500 .0 0

$2,180 .50

$ 15,000 .0 0

$ 17,180 .5 0
$1 24,000 .00

$6,500 .00

$7,500 .00
$0 .00
N o annual cost

$0 .00
$2 17,205 .50

Table 6:Table
G olden's
A nnual
Mmaintenance
aintenanceexpenditures
C osts
13. Annual
urbanTree
forest
in Golden (as of 2007)
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City of Golden, Colorado

Total Annual Benefits, Net Benefits, and Costs for Public Trees
9/10/2007

Benefits
Energy
CO2
Air Quality
Stormwater
Aesthetic/Other
Total Benefits
Costs
Planting
Contract Pruning
Pest Management
Irrigation
Removal
Administration
Inspection/Servic
Infrastructure
Litter Clean-up
Liability/Claims
Other Costs
Total Costs
Net Benefits
Benefit-cost ratio

Total ($) Standard Error
46,255 (N/A)
8,815 (N/A)
4,380 (N/A)
56,345 (N/A)
506,700 (N/A)
622,495 (±0)

$/tree
6.81
1.30
0.64
8.29
74.59
91.64

Standard Error
(N/A)
(N/A)
(N/A)
(N/A)
(N/A)
(±0)

44,525
17,217
0
17,180
283
124,000
0
7,500
6,500
0
0
217,205
405,290 (±0)
2.87 (±0)

6.55
2.53
0.00
2.53
0.04
18.25
0.00
1.10
0.96
0.00
0.00
31.97
59.66 (±0)

$/capita Standard Error
2.70 (N/A)
0.51 (N/A)
0.26 (N/A)
3.28 (N/A)
29.53 (N/A)
36.28 (±0)
2.59
1.00
0.00
1.00
0.02
7.23
0.00
0.44
0.38
0.00
0.00
12.66
23.62 (±0)

Table 14. Annual net benefits under Golden’s current maintenance plan (as of 2007)
2.

Recommended Management Plan and Costs

To achieve a 66 percent increase in number of public trees in the city, Golden’s city managers will
need to increase investment in urban forestry programs and work to increase environmental
stewardship in the community to help offset the costs of additional trees. However, for example, a
5 percent increase in expenditures like annual planting and pruning, irrigation, and program
administration would be modest in comparison to the net environmental benefits to the city of over
$1 million with a benefit to cost ratio of 5.3 (table 14).
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Table 15. Annual projected net benefits in five years with increased tree canopy (4700 trees) and
increased management costs (5%)
VI.

SUSTAINABILITY RECOMMENDATIONS
A.

RECOMMENDATIONS FOR MAINTAINING CANOPY:
TREE PRESERVATION/REPLACEMENT PLAN

One of the most powerful means to ensure that environmental benefits will be maintained and
increases in canopy cover will occur will be to protect the existing urban forest from removal during
development, or die off. Tree planting to cover tree losses is a viable method to increase canopy
cover and decrease the impact of the loss of existing trees. These tree-planting programs could be
used to offset losses due to the inevitable development of some of the existing tree-covered land or
to replace trees that are lost through natural causes. Steps should also be taken to account for a
standard mortality rates. For example, a 1:1 tree replacement ratio, would mean an actual reduction
in canopy because it does not factor in the predictable death of the replacement trees themselves, or
the smaller canopy size caused by young trees (Luley and Bond 2002).
Golden’s city planning department and city council will be important in this regard as they can
enact and enforce local ordinances that protect existing trees and can require replacement of any
trees that are removed. Many of these tree preservation guidelines or requirements are in place, but
due to lack of compliance or lack of knowledge of the value of the trees in providing environmental
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and economic benefits, or a lack of staff and proper enforcement measures, these guidelines are
often not adhered to.
According to the Minnesota Shade Tree Advisory Committee (MNSTAC) (1995), several steps are
essential in ensuring that a preservation ordinance is effective:
First, each community must determine its own needs and goals, and design its ordinance to best
achieve these objectives.
The goals of tree preservation ordinances can include:
•
•
•
•
•

Reducing tree loss during development
Reducing damage to standing trees during construction
Providing for replacement of trees removed during construction
Providing for planting trees where none occurred previously
Providing for the maintenance of preserved trees after construction is completed

Determining the goals and scope of the ordinance is a priority, because scope may range from
projects undertaken by Golden on public land or it could also include development work by
utility companies, private residential, commercial or industrial projects. The city may wish to
define a size (in land area or cost) for a project to be regulated by the ordinance or not. An
ordinance may require only tree preservation or may also include replacement. It may or may not
include components for education or enforcement.
1.

Drafting an Ordinance

The steps taken to create an ordinance are as important as the actual verbiage. Policy
development such as tree ordinances should create mechanisms for the exchange of information.
Therefore, the relationships formed during the ordinance development process are crucial to its
potential success.
An ordinance marks the creation of a new "organization", composed of people brought together
from different professions, positions and interests for the purpose of tree protection. This creation
of a working organization takes time for meetings, discussions, and phone conversations. The
process must build trust amongst the various parties.
The challenge of an ordinance is not getting it passed, but getting people to follow its provisions.
The best ordinances come about when:
1. The ordinance provides for effective communication.
2. Everyone affected has a role in developing the ordinance, starting with the basic objectives.
3. The objectives are simple and easy to communicate.
Most ordinances contain provisions for enforcement and penalties in the event violations occur.
Many communities withhold occupancy permits until standards have been met and also require
developers to submit performance bonds to ensure that the necessary trees are saved or planted. If
protected trees are removed unlawfully, some communities require that a mitigation fee be paid into
a special fund, so that the community can replant trees there or elsewhere in the community. Some
ordinances also hold developers accountable for tree survival in the initial years following
construction, since it may take three to five years for a tree that was injured during construction to
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decline and die. These communities typically require the developer to either replace the dead trees
or pay a special fee. However, according to the National Association of Home Builders (1995),
some feel that, “Such provisions are difficult since the long-term care and survival of the trees also
depends on the homeowner taking responsibility for them.” This is an example of why key affected
parties, or stakeholders, should be involved in the process of creating ordinances, so that they
understand not only the aesthetic value of trees, but also the economic and environmental values
they bring to communities. IES’s Model Municipal Guidelines are a unique approach to defining
goals behind tree ordinances that will help those implementing enforcement programs, as well as
those affected by city policy.
2.

Continued and Enhanced Annual Planting and
Maintenance Schedule

In accordance with the City of Golden’s Urban Forestry Plan, IES recommends the following
planting guidelines:
•
•
•

Continue street tree planting in areas where trees have been removed, and in available
planting spaces.
Continue park tree planting as needed for tree removals, and to complete landscape planting
for each park.
Maintain diversity in street trees planted, increasing underrepresented species with species
appropriate for environmental improvement. No one species should comprise more than 1520% of the population.
B.

MAINTAINING THE URBAN FOREST: RECOMMENDED
MAINTENANCE PLAN

The City of Golden’s urban forest is healthy and provides many environmental benefits to its
residents. However, increasing tree plantings, improving current maintenance practices, and
developing and enhancing the long-term, comprehensive forestry management plan and tree
ordinance will produce further benefits and beauty for Golden as well as ensure the forest’s
sustainability. Urban trees will realize their full potential (optimal environmental benefits) when
species are strategically selected, located, well-maintained and protected from damage, pests and
premature removal.
There are many ways a community can develop an urban forestry maintenance plan. Some
communities will seek the input and feedback of its citizens, while others may simply choose to
adopt another community’s, pre-existing plan. The first step is for a community to determine what
it has to work with and what it hopes to achieve through forestry; it is important to set definite goals
in the development of a management plan (Swiecki & Bernhardt 2001). Every community is
unique and should consider its priorities and needs in the development of a forestry maintenance
plan. Priorities may include:
•
•
•

Tree protection and preservation
Permitting for removal / planting
Tree mitigation fees or replacement options for tree removal
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•
•
•
•
•
•
•
•
•

Foster community support for the local urban forestry program and encourage good tree
management on privately-owned properties (Swiecki & Bernhardt 2001).
Trees in parks and open space
Streetscapes and street tree planting programs
Overall tree canopy coverage
Identification and mitigation of hazardous trees
Biodiversity of species and forest sustainability
Forest health, pest and diseases
City tree maintenance
City policies and regulations regarding trees

All aspects of tree management should be taken into consideration and evaluated, including
equipment maintenance, watering techniques, tree planting, tree removal, tree mitigation, tree
trimming and public education. Urban forestry management plans can including everything from
maintenance standards, tree inventories, work record processing, reforestation, rotation planting,
phased removal, tree selection processes, design criteria, and personnel training to development,
budgets, and coordination with other agencies and citizens (World Forestry Center 1993).
1.

Evaluating the Urban Forest’s Needs

A first step for Golden, since the forestry professionals have a good idea of the state, condition and
species mix of the urban forest is to decide where to go from here. According to the International
Society of Arboriculture (ISA), there are three categories to urban forestry needs (summarized from
the ISA’s Guidelines for Developing and Evaluating Tree Ordinances):
1. Biological needs include:
• Increase species and age diversity to provide long-term forest stability
• Provide sufficient tree planting to keep pace with urban growth and offset tree removal
• Increase the proportion of large-stature trees in the forest for greater canopy effects
• Ensure proper compatibility between trees and planting sites to reduce sidewalk damage and
conflict with overhead utilities that lead to premature tree removal
2. Management needs include:
• Develop adequate long-term planning to ensure the sustainability of the urban forest
• Optimize the use of limited financial and personnel resources
• Increase training and education for tree program employees to ensure high quality tree care
• Coordinate tree-related activities of municipal departments
3. Community needs include:
• Increased public awareness of the values and benefits associated with trees
• Promote better private tree care
• Foster community support for the program
• Promote conservation
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2.

Setting Goals

“To establish realistic goals, it’s important to consider limitations posed by the level of community
support, economic realities and environmental constraints (Swiecki & Bernhardt 2001).”
Once the city has decided on its needs, it should set goals to fulfill those needs. When a community
does not have the resources to carry out all aspects of the program, priorities should be set within
the goals. Quantifiable goals are best so that progress can be measured and it can be determined, at
the end of the set time frame, whether or not the goal was met; e.g. increase tree canopy by 1% this
year.
3.

Accomplishing Your Goals

To accomplish the goals set for the management of the urban forest, there are several tools a
community can use, including:
•
•
•
•
•
•

Public education programs
Assistance and incentive programs
Voluntary planting programs
Mitigation guidelines
Planning regulation and guidelines, including the general plan and specific plans
Ordinances
4.

Equipment Maintenance

Regular and frequent maintenance of forestry equipment (chippers, chain saws, mowers, trucks,
etc.) is recommended to minimize environmental degradation. With regular changing of filters and
oil, equipment will run at its peak performance capability, optimizing its fuel economy. Equipment
that is not well maintained loses its efficiency over time. Any equipment used on a daily basis
should be tuned-up at least every 60 days in the summer time. The costs of using inefficient
equipment can be recouped if everything is well-maintained. Furthermore, proper disinfection of
the equipment used on trees will prevent the spread of any unwanted diseases (City of Colorado
Springs 2007).
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5.

Watering Techniques

Carefully managing the amount of water and how it is applied to trees can realize economic savings
and improved tree health. Watering trees deeply and out to 2-3 crown radii from the trunk promotes
the development of deep, hardy roots that are more likely to tolerate periods of drought and other
environmental stresses. An evaluation of the amount and technique used to water public trees could
save the city from applying unnecessary water.
6.

Recommendations

IES recommends the following changes to improve and render current maintenance activities more
environmentally friendly:
•
•
•
•

Finding alternatives to maintenance equipment that depend on fossil fuels would increase
the benefits realized from the trees and improve air quality and decrease carbon emissions.
Implementing alternative end uses for trees which are removed besides mulching (i.e. selling
lumber to a processor).
Increase tree canopy cover with species that are desirable and provide ample environmental
benefits.
Improve public education on proper tree maintenance.

The City of Golden has many options to choose from for the maintenance of its urban forest. The
city’s forest is healthy and providing many environmental benefits, but with improved practices,
maintenance and public education, it could realize many more. One option is the inclusion of a
long-term tree replacement plan (see Chapter VI). Planning for the future needs of a developing
community and including ‘green’ features like trees is essential to continue to realize improved air
quality, water conservation, energy conservation and carbon sequestration. Optimally, the City of
Golden should develop both a dedicated tree ordinance as well as an enhanced urban forestry
management and maintenance plan.
C.

INCREASING TREE CANOPY EFFECTIVELY: PROGRAM
RECOMMENDATIONS

There are many potential methods to increase tree canopy in a community aside from increased
investment in city forestry programs. While a strong forestry program is essential, supplemental,
even grass-roots efforts are often very effective. Large-scale tree planting can be useful and popular
with a large number of agencies and organizations, including municipalities, commercial and
industrial landowners as well as individual property owners and managers, developers, schools,
colleges, universities, and homeowners. Some of these segments of the community, such as schools
and commercial property owners would benefit from a large tree planting program for
environmental improvement, facilitated by the city and non-profit groups. However, many of these
groups are not fully aware of the spectrum of environmental benefits trees provide, or how to
achieve them. The following programs are suggested approaches to achieving increased tree
canopy through unconventional means.
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1.

Education and Public Outreach Campaigns

Education and public outreach programs should be built into citywide forestry management
programs as key elements in preserving, maintaining and increasing canopy cover in Golden. As an
established community with one of the stronger tree canopies in the Front Range, Golden residents
and homeowners are aware that trees increase property values, and many are aware that trees
provide environmental benefits, but they may not be sure why, or how. They may also not be aware
of the costs of trees, in resources and in dollars. Educational efforts should, therefore, communicate
the environmental benefits of properly selected and planted trees in mitigating global climate
change, saving energy and water, and improving air and water quality to Golden decision-makers
and the public. With an increased awareness and value placed on trees and tree planting for the
environment, developers will be forced to meet increased customer demand of tree canopy cover on
private and public property. Educational and outreach on the local level should focus primarily on
smaller scale programs that emphasize proper tree selection, planting, maintenance, and
preservation. This education is an essential supplement to any program depending on successful tree
planting because projected mortality rates for newly planted trees can be over 50% after 30 years
(Luley and Bond 2002).
These programs do not have to be administered by the city, but could be developed and
administered by local non-profit organizations in conjunction with the local cooperative extension,
local and state forestry organizations, or other local agencies.
A broader public outreach campaign would be most effective in communicating more general issues
such as the importance of urban trees to air quality for example, the importance of tree planting for
global climate change mitigation, maintenance and preservation, and for encouraging public
involvement (Luley and Bond 2002).
Although the impact on canopy preservation, maintenance and tree planting is difficult to measure,
a well defined and executed education program could be one of the strongest components of this
overall strategy. The public has the largest share of the existing canopy cover because residential
tree canopy cover makes up the largest percentage of tree cover among all of the land uses in the
city. Educating Golden residents on both the value of the tree cover to improve the environment
and the importance of proper tree planting, maintenance and preservation to achieve the most
environmental benefits will go a long way toward enhancing the tree cover in Golden (Luley and
Bond 2002).
2.

Increased Stewardship: Capacity Building

One of the ultimate goals of education and outreach campaigns is to increase the capacity of
individuals, community groups, students, local governments and businesses to contribute to
environmental improvement by instilling in them a sense of ownership, and the knowledge of
actions they can take as individuals to effect real change. Therefore, we recommend Golden build
upon existing urban forestry programs and events, such as the National Arbor Day planting events,
and annual tree and shrub sale. For example, by offering a discount for Golden residents and
promoting the tree and shrub sale, homeowners and property owners may be more inclined to plant
trees when they might have otherwise placed a lower priority on landscaping. This annual sale
would be a great opportunity to educate the community about the environmental benefits of various
tree species, and proper planting techniques. Subsidizing and promoting the sale in targeted areas,
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such as low-income neighborhoods with low tree cover, or offering fruit trees, would help Golden
strategically increase the tree canopy cover in the city.
In addition, Golden should partner with local non-profit organizations or extension groups to foster
volunteer efforts to increase vegetation in treeless areas in accordance with environmental goals.
For example, holding a public volunteer event at the Splash at Fossil Trace parking lot to educate
the public on the carbon sequestration ability of trees and teach proper planting and maintenance
techniques would translate into increased stewardship in the Golden community.
Another way to increase public participation in urban forest enhancement is through memorial tree
programs. Trees are a wonderful way to commemorate the lives of loved ones, and memorial
programs are a way to involve the public and increase stewardship and volunteerism in the
community.
3.

Continued Research

Golden’s public tree inventory is in need of an update; the last count was started over ten years ago,
and the number of trees is estimated to have increased from 6,000 to over possibly over 9,000 in
that time. Assessing not only the species, health, and structure of the forest, but also the
environmental benefits of the forest every five to eight years will help ensure that Golden is
optimizing their investment in the urban forest for the highest annual return in environmental
benefit services. An updated tree inventory will also provide an assessment of maintenance and
infrastructure needs to ensure that the urban forest condition remains in good to excellent condition.
IES also recommends continued research into assessing public attitudes towards trees and the
environment as a basis for developing future program standards. A detailed assessment of
residential tree planting practices and the reasons behind them would help Golden increase
education where it is needed and develop methods to overcome barriers to planting. For example,
landlords of rental properties may not place a high priority on trees or landscape because of the
added expense of taking care of the vegetation. By the same token, renters may not wish to expend
time or money on landscape that does not belong to them. However, increasing education of the
environmental and economic benefits of trees (e.g. energy savings, global climate change
mitigation, or fruit) and a sense of stewardship in their environment would mutually benefit the
renter and owner, as well as the whole city of Golden.
Other research opportunities exist for increasing the understanding of the impact of trees on water
conservation in various types of ground cover. Water is and will continue to be a growing issue of
concern in the Front Range of Colorado. There is limited research on how shade trees fit into Xeric
landscapes, and how the competing effects of trees and shrubs can be minimized to conserve water
but also obtain the other environmental benefits of trees. Private property owners and managers of
public lands seek to minimize water use due to increasing costs brought on by limited supplies.
However, aesthetics, microclimate effects, and other factors also influence plant material selection
and landscape design. For example, a large portion of lawn area in Golden is covered by nonnative
turf grass which requires substantial supplemental irrigation. This has resulted in an urban mosaic in
which, for the installed landscapes to thrive, irrigation is necessary. Since trees have the potential to
either reduce this need for irrigation or increase it, and given the recent high level of interest in tree
planting in Colorado, more research into trees’ impact on irrigated landscapes is warranted.
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4.

Recognition

Public acknowledgement of community members and forestry professionals that make valuable
contributions to urban forest enhancement is an important way to build community appreciation for
those who take care of Golden’s valuable resources (Alabama Cooperative Extension 2007).
Therefore, IES recommends that local forestry professionals and arborists attend volunteer planting
events as guest speakers, and participate in urban forest valuation and research efforts whenever
possible. Written recognition in the Golden Informer, Golden website, and other local news to keep
the public informed of urban forestry activities would also be effective in helping the city promote
the urban forest.
5.

Policy

In order to build the capacity of local governments, schools, and businesses to enhance the urban
forest, IES recommends that Golden improve local tree ordinances, guidelines, standards, and
procedures in accordance with proper tree planting for achieving environmental goals. Developers
should be educated as to the importance of adhering to planting, removal, and replacement
guidelines, and enforcement measures should be carried through. See IES’s Model Municipal
Guidelines for further information on policy development related to tree planting.
6.

Golden’s Urban Forest and Sustainability Planning

The Golden City Council, in consideration of recommendations made by a Community Working
Group, adopted specific goals related to environmental sustainability in Resolution 1793. Strategic
tree planting can be one effective mechanism by which the City and Golden residents can make
progress towards achieving these goals. Listed below are the sustainability goals to which strategic
tree planting can most effectively be applied.
Improve the energy efficiency and reduce the environmental impact of new and existing
buildings in Golden.
Phase 2 results and IES research in Golden largely confirm the findings of other studies that trees
can have a significant impact on building energy efficiency and, consequently, on greenhouse gas
emissions. IES strongly recommends incorporating the guidelines mentioned in Ch. III-E.,
Improving Energy Conservation, into the City’s efforts to improve building energy efficiency.
Since the energy impact of trees is greatest on residential buildings, the City should encourage
citizens and developers to adopt these strategic planting practices through educational material and
policy instruments.
Increase our community’s awareness of and encourage commitment to actively take part in
sustainability…
Some of the benefits of applying strategic tree planting to community sustainability goals are that
this effort is tangible, comprehensible, affordable, and quantifiable. Consequently, IES
recommends strategic tree planting activities as efficient and effective means of increasing active
participation by community members in the City’s sustainability goals. These could include
increased municipal cost-sharing programs that encourage tree planting with strong educational
components as well as public tree planting informational events at schools or on City property.
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Ensure that Golden sustains a clean, stable water supply in the future.
The science of tree water use is very close to the point where tree species can be optimally selected
and irrigated to maximize water use efficiency. IES recommends that Golden continue to support
research into tree water use and the impact of tree shading on other irrigation requirements in order
to provide an opportunity for financial savings to individual users and sustainability for the
community. Trees also impact the health of riparian ecosystems by reducing runoff, a major source
of waterway pollution.
VII.

CONCLUSIONS

The City of Golden, as a community committed to sustainable environmental improvement, is an
ideal community to demonstrate the values of strategic tree planting for environmental
improvement. There are many paths to take towards environmental sustainability. However,
without the support of the community, little will be achieved. Real improvement begins when
residents, businesses and city officials and staff members actively participate in the process, day-today projects and overall programs. With sound planning, Golden can achieve many of its
sustainability goals through urban tree planting. Through increased targeted planting, site
development, improved maintenance, and program enhancements, Golden is well on its way to
reaping a large return on its investment in the urban forest. Because its existing “green
infrastructure” already provides hundreds of thousands of dollars each year in environmental
services, Golden has a leg up when it comes to investing in other methods of environmental
improvement infrastructure, such as building air filtration systems, energy conservation retrofitting,
stormwater management controls, and carbon dioxide reduction methods.
Golden has the potential to influence further environmental improvements throughout the Front
Range as it assigns a higher value to its own healthy urban ecosystem and serves as a model for
other communities. Taking on new initiatives and fostering the growing environmental awareness of
the public today will give momentum to improvements already happening, building a greener,
healthier, more-connected community. Public education and participation are key to reinforcing the
concept that people depend on the health of the environment in which they live. Golden has taken
the first in a number of steps towards increased sustainability and community stewardship. With
improved tree planting strategies, protection, and preservation, Golden will continue to be a leader
among Front Range communities in urban forestry and environmental sustainability.
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Appendix A.
Environmental Impacts of Tree Species, Golden, Colorado
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Appendix A. cont.
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Appendix A. cont.
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Appendix A. cont.
Environmental Impacts of Tree Species – Golden, Colorado
Species water use indications are estimates based on the following resources:
Colorado State University Cooperative Extension
Creekside Tree Nursery, Boulder, Colorado
Lady Bird Johnson Native Plant Database, The University of Texas at Austin
Town of Parker, Colorado, “A Recommended List of Xeric Plant Materials that will Conserve
Water” http://www.pinery.org/gardenxeric.htm
SPEC IES

COM M ON NAM E

Celtis O ccidentalis
Crataegus Ambigua

common hackberry
Russian hawthorn

W A TER CO N SER V ATIO N
(w ater use)
low
low

Crataegus Crus-Galli

cockspur hawthorn

low

Crataegus M ollis

downy hawthorn

low

Gleditsia Triacanthos

honeylocust

low

Gymnocladus Dioicus
Juglans N igra
Juniperus Virginiana

K entucky coffeetree
black walnut
eastern redcedar

low
low
Low

M alus (Crabapples)
Pinus Aristata
Pinus Contorta Latifolia
Pinus Edulis
Pinus Flexilis
Pinus Nigra
Pinus Ponderosa
Pinus Sylvestris
Quercus Alba
Quercus M acrocarpa
Quercus Rubra
Amelanchier Canadensis
Amelanchier x Grandiflora
Catalpa O vata
Catalpa Speciosa

crabapple species
bristlecone pine
lodgepole pine
pinyon pine
limber pine
Austrian pine
ponderosa pine
scotch pine
white oak
bur oak
red oak
Canadian serviceberry
apple serviceberry
Chinese catalpa
catalpa species

low
low
low
low
low
low
low
low
low
low
low
moderately
moderately
moderately
moderately

Crataegus Phaenopyrum

W ashington hawthorn

moderately low

Quercus Bicolor
Quercus Robur
Sophora Japonica

swamp white oak
English oak
Japanese pagoda tree

moderately low
moderately low
moderately low

Fraxinus Pennsylvanica
Juniperus Scopulorum
Koelreuteria Paniculata

green ash
Rocky M ountain juniper
goldenrain tree

low to moderately low
low
low

Pyrus Fauriei
Pyrus U ssuriensis
Quercus G ambelli
Syringa Reticulata

K orean sun pear
U ssurian pear
gambel oak
Japanese tree lilac

low
low
low
low

low
low
low
low
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Appendix B.
Report - Parking Lot Tree Shading Design and Maintenance Guidelines
The PDF document is available for download at www.instituteforenvironmentalsolutions.org
through the publications link.
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Appendix C.
Report - Actualizing Microclimate and Air Quality Benefits with Parking Lot Shade Tree
Ordinances
The PDF document is available for download at www.instituteforenvironmentalsolutions.org
through the publications link.
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