Benefits of Trees and Urban Forests: A Research List

Benefits of Trees and Urban Forests

This resource list compiled by Alliance for Community Trees (ACTrees) gathers the
many scientifically proven benefits of urban forests into a single document for tree
advocates to use. These facts come directly from primary research conducted by
professional scientists, with all citations noted. Grouped by category, these benefits
speak to the enormous monetary, social, and ecological value of urban forests to human
society. They argue for the vital role of trees in our communities. ACTrees member
organizations nationwide are working to bring these benefits to towns small and large,
improving the health and livability of our communities by planting and caring for trees.
To learn more, visit www.ACTrees.org
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Green Infrastructure Benefits

Economic Benefits
Urban forests in the United States contain about 3.8 billion trees, with an
estimated structural asset value of $2.4 trillion. '
Urban forests in the U.S. provide essential services to more than 220 million
people (supporting 79 percent of the population).
Trees in New York City provide $5.60 in benefits for every dollar spent on tree
planting and care. '
For every dollar spent on tree planting and maintenance, the city of Providence,
Rl reaps $3.33 in benefits.®'
Street trees in Washington, DC, produce annual benefits of $10.7 million.™
Treeg in Glendale, AZ, produce total annual benefits of $665,856 or $31 per
tree.
Treeg in Berkeley, CA, produce total annual benefits of $3.25 million or $89 per
tree.
Trees in Minneapolis, MN, produce total annual net benefits of $15.7 million or
$79 per tree.®
Trees in Mecklenburg Country, NC, produce annual ecological benefits
(stormwater management and air pollution mitigation) of over $200 million per
year.®
The average annual net benefit of a mature large tree is $85 in a yard and $113
on public land.*
New York's state parks and open space provide a $2.7 billion annual economic
benefit to local governments and taxpayers.®
The value from urban forestry in Chicago totals $2.3 billion
Portland invested $8 million in green infrastructure to save $250 million in hard
infrastructure costs.

o The value of green infrastructure on urban climate adaptation
Net benefits for a yard and public tree summed over 40-year period °:

o Large Tree: $4,320 (yard) and $3,880 (public)

o Medium Tree: $1,040 (yard) and $760 (public)

o Small Tree: $280 (yard) and $40 (public)

o Conifer: $2,040 (yard) and $1,640 (public)

Reducing Stormwater Run Off and Maintenance Costs

Urban forest can reduce annual stormwater runoff by 2—7 percent, and a mature
tree can store 50 to 100 gallons of water during large storms.

Green streets, rain barrels, and tree planting are estimated to be 3-6 times more
effective in managing stormwater per $1,000 invested than conventional
methods."

Implementing green infrastructure practices in Detroit's sewage and water
department will reduce combined sewer overflow volumes by 10-20% and
reduce annual costs by $159 million a year.®

Portland, OR, is saving 43% ($64 million) by integrating green infrastructure-
including planting 4,000 trees—into a combined gray-green stormwater
management solution rather than the standard gray infrastructure approach.”
Street trees in Minneapolis save $9.1 million in stormwater treatments
annually.®?

Philadelphia’s $1.5 billion stormwater management plan focuses almost
exclusively on eco-friendly solutions—-bioswales, permeable pavement, street
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trees--as a way of reducing the city’s 15 billion gallons of annual water
overflow.'®

Trees on UC San Diego's 1,200-acre campus trap and filter nearly 140 million
gallons of stormwater runoff each year at a value of $250,000. °

The stormwater management value of Philadelphia’s parkland and trees is $5.9
million annually. "

Urban greening in Washington, DC, prevents over 1.2 billion gallons of
stormwater from entering the sewer system, 10% of the total volume. This
represents a savings of $4.74 billion in gray infrastructure costs per 30-year
construction cycle. '

Trees in Houston, TX, provide $1.3 billion in stormwater benefits (based on
$0.66 /cubic foot of storage). ™

Each urban tree in Modesto, CA, reduces stormwater runoff by 845 gallons
annually, with a benefit valued at $7 per tree. ¥

Street trees in New York City intercept 890 million gallons of stormwater
annually: 1,525 gallons per tree on average, with a total value of over $35 million
each year. '

Improving Air Quality
Trees clean the air by absorbing carbon dioxide, sulphur dioxide, nitrous oxides
and other pollutants, and also shade cars and parking lots, reducing ozone
emissions from vehicles.”®
The tree canopy of Houston, TX, removes 60,575 tons of air pollutants annually
with a value of $300 million. 7
The tree canopy of New York City, removes 1,973 tons of air pollution annually
at a value of $9.24 million.®
The trees in the Atlanta metro area remove 19 million pounds (8,618 t) of air
pollutants annually, for annual savings valued at $47 million. 7
The urban forest of Montgomery, AL, removes 1,603 tons of air pollutants
annually valued at $7.9 million.”
Trees and shrubs in Philadelphia removed 971 tons of air pollution annually at
value to society of $4.8 million. '
Sacramento County’s million trees remove approximately 1,607 tons of air
pollutants annually. These trees removed 665 tons of ozone, 748 tons of PM10,
164 tons of NO2, and 30 tons of SO2. The total value of the annual reduction of
ozone and particle pollution is $28.7 million.™
The urban trees of Los Angeles, CA, remove about 77,000 tons of carbon per
year and about 1,976 tons of air pollution per year.'"’
Mature trees absorb 120-240 Ibs of particulate pollution each year.'
Urban trees in the US remove 711,000 metric tons of air pollution (O3, PM10,
NO2, SO2, CO) annually, at a value of $3.8 billion. "’
UFORE analysis of the urban tree benefits of Washington D.C.’s 1.9 million trees
report the following ’®:

o 474,000 metric tons of Carbon stored ($10.8 million value)
14,600 metric tons/year of Carbon sequestered ($334,000 value)
490 metric tons/year total pollution removal ($3.7 million value)
23 metric tons/year of CO removed ($32,000 value)
65 metric tons/year NO2 removed ($645,000 value)
196 metric tons/year of O3 removed ($1.9 million value)
66 metric tons/year of SO2 removed ($160,000 value)

o 140 metric tons/year of PM10 removed ($928,000 value).
Net air pollutants removed, released, and avoided from Minneapolis's urban
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trees average 2 Ibs per tree and are valued at $1.1 million annually. Avoided
emissions of NO2 and SO2 total about 150 tons, valued at $830,000. *
A big tree removes 60 to 70 times more pollution than a small tree. %

Improving Water and Soil Quality

Trees and other plants help remediate soils at landfills and other contaminated
sites by absorbing, transforming, and containing a number of contaminants. '°
New York's implementation of a forest protection strategy instead of building a
new water treatment plant will save the city $6 billion. ?°

Switzerland saves roughly $64 million a year by using water from forested
watersheds that needs no water treatment plant.?°

In studies at Pennsylvania State University, tracts of trees in municipal
watersheds were used to purify partly treated sewage and protect surface
waters. %'

Trees divert captured rainwater into the soil, where bacteria and other
microorganisms filter out impurities. This reduces urban runoff and the amount
of sediment, pollutants, and organic matter that reach streams. °

Public Health Benefits

Improving Attention

Contrary to some beliefs, studies show that children with ADD function better
after activities in green settings, and the “greener” a child’s play area, the less
severe his or her attention deficit symptoms. #

A study on children with attention deficit disorders discovered that the effect of
a walk through a park is equal to peak effects of two typical ADHD
medications.?

College students with more natural views from their dorm windows scored
higher on attention tests. **

Trees help girls succeed. On average, the greener a girl’s view from home, the
better she concentrates and the better her self-discipline, enabling her to make
more thoughtful choices and do better in school.""®

Decreasing Asthma & Obesity

Trees filter airborne pollutants and reduce the conditions that cause asthma and
other respiratory problems. ®

Researchers from Columbia University found childhood asthma rates were
highest in parts of the city where tree density was lowest. The rate of asthma
fell by 25% for every extra 340 trees per square kilometer, a pattern that held
true even after taking account of differing sources of pollution, levels of
affluence and population density. %

In a study, residents of areas with the highest levels of greenery were three
times as likely to be physically active and 40% less likely to be overweight or
obese than residents living in the least green settings.

Neighborhood parks promote exercise, especially to people living within a mile
of a p2a7rl<. In a study three-quarters of park users lived a mile or less from the
park.

Children in neighborhoods with more green space have lower odds of increased
change in body mass index. %

Childr%r; and youth living in greener neighborhoods have lower body mass
index.
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The presence of parks is associated with higher levels of physical activity among
adolescent girls, with the attendant health benefits of exercise.

Improving Physical and Mental Health

Green environment impacts worker productivity: in one study workers without
nature views from their desks claimed 23% more sick days than workers with
views of nature. %

Park users report lower levels of anxiety and sadness after visiting parks. *

The longer park users stay in park settings, the less stress they report. *°
Contact with nature not only decreases elementary school children’s stress,
but higher amounts of exposure to natural environments indicate lower levels
of stress in a child. *'

Mental wellbeing improves from exercising outdoors compared to exercising
indoors. Exercising in natural environments is associated with greater
feelings of revitalization and positive engagement, decreases in tension,
confusion, anger, depression, and increased energy. >

Visual exposure to settings with trees helps recovery from stress within five
minutes, as indicated by changes in blood pressure and muscle tension.

Reduced Hospital Days

Patients recovering from surgery in hospital rooms with window views of natural
scene had shorter postoperative hospital stays, received fewer negative
evaluations in nurses' notes, and took fewer potent analgesics than matched
patients in similar rooms with windows facing a brick wall. **

Protection from UV rays

A person standing in direct sunlight takes 20 minutes to burn. However, under a
tree providing 50% coverage it takes 50 minutes to burn, and under full shade it
takes 100 minutes before one to get a sunburn.®

Noise Reduction

Trees reduce noise pollution by absorbing sounds. A belt of trees 98 feet wide
and 49 feet tall can reduce highway noise by 6 to 10 decibels. %

Planting big enough trees and earth berms can cut traffic noise by up to half. ?'
Trees absorb high frequency noise which are most distressing to people. *

Planting “noise buffers” composed of trees and shrubs can reduce 50% of
noise to the human ear. *

Roads and Traffic Benefits

Traffic Calming and Accident Reduction

Street landscape improvements reduced accidents in Toronto by 5% to 20%,
generating significant public costs savings, and boosted pedestrian use of urban
arterials. ¥’

Trees improve driving safety. One study found a 46% decrease in crash rates
across urban arterial and highway sites after landscape improvements were
installed. *

The presence of trees in a suburban landscape significantly reduced the cruising
speed of drivers by an average of 3 miles per hour. Faster drivers and slower
drivers both drove slower with the presence of trees. *°

Exposure to a natural roadside setting decreased the magnitude of driver’s
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stress response.”’

* Highway drivers with views of natural roadsides displayed higher frustration
tolerance, a known precursor of road rage. *'

* Mid-block islands with trees can result in up to 7% reduction in motor vehicle
speeds. ¥’

* Studies show that narrow lanes and street trees can reduce the severity of car
crashes. '

Reducing Road Maintenance Costs

* Tree shade has been proven to reduce pavement fatigue, cracking rutting,
shoving and other distress, saving on repair costs. *?

* Street trees prolong the live of pavement. Shaded roads can save up to 60% of
repaving costs. That's a lot of savings considering the four million miles of
roadways in the US. %

* A study in Modesto, CA, projected that shade street trees will reduce costs for
repaving by $2,900 (58%) over a 30 year period, or $7.13/m? compared to the
unshaded street.*?

* Shade provided by trees reduces the need for maintenance and repaving. A
study from US Davis found that, 20% shade on a street improves pavement
condition by 11%, which is a 60% savings for resurfacing over 30 years.*

Business Benefits

Business Districts: Increased Sales, Desirability and Rents

* Shoppers will travel further and longer to visit a district with high quality trees,
and spend more time there once they arrive. *°

e People have more favorable perceptions of communities with green roads. *

* Visitors to well-treed central business districts will spend 9 to 12 percent more
for products. %

* People will pay higher prices for goods in green communities. For instance, in
one study, sports shoes were priced 7% higher in the green setting, and a sit-
down dinner or a flower bouquet were 10% higher. */

* A study found 7% higher rental rates for commercial offices having high quality
landscapes. *

Jobs

* In California in 2009, urban forestry supported 60,067 jobs, resulting in $3.3 billion in
individual income, $826 million of Local, State, and Federal taxes, and added $3.5
billion in values to CA's economy. ’

* The environmental horticultural industry—including all businesses and
government units involved in distributing, installing, and maintaining plants,
landscapes, trees, and related equipment—in 2002 was estimated at $147.8
billion in output, 1,964,339 jobs, $95.1 billion in value added, and $64.3 billion in
labor income. *°

Property Value Benefits
Increasing Property Values

* Studies have found general increases of up to 37% in residential property values
associated with the presence of trees and vegetation on a property. '
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* Philadelphia’s water management plan includes improved and built green areas
to captusre stormwater, which will increase nearby property values by $390
million.

* Trees increased home sales prices in Athens, GA $1475 to $1750. This increase in
property value results in an increase of $100,000 in the city's property tax
revenues.”

» Street trees increase the value of homes in Portland by a total of $1.1 billion, and, on
average, add $7,020 to the price of a house. *°

* New tree plantings increased surrounding housing values by approximately 10%, in
the Philadelphia neighborhood of New Kensington, which translates to a $4 million
gain in property value through tree plantings. *

* |In Minnesota, a 10% increase in tree cover within 100 m increases average
home sale price by $1371 (0.48%) and within 250 m increases sale price by
$836 (0.29%). *°

e Minneapolis street trees add $7.1 million to aesthetic and property values. *

* Annual economic benefits of Washington DC street trees in 2011 were $10.6
million, including $5.1 million for property value. ™

Climate Change and Carbon Benefits

Storing carbon and reduction of carbon emissions

* Urban trees in the U.S. store 700 million tons of carbon valued at $14 billion with
an annual carbon sequestration rate of 22.8 million tons per year valued at $460
million annually. *

* Planting 100 million urban trees can store and avoid up to 357 billion tons of
carbon over the next 50 years. °'

* Each year an acre of trees absorbs the amount of carbon produced by driving a
car for 26,000 miles. %

* Individual urban trees contain about four times more carbon than individual trees
in forests.*

* New York City’s trees store about 1.35 million tons of carbon valued at $24.9
million, and these trees remove over 42,000 tons of carbon each year. '*'

* The million trees in Sacramento County reduce atmospheric CO, at an annual
value of $3.3 million.™

* The urban trees of Los Angeles, CA, store 1.3 million tons of carbon valued at
$26.3 million.””’

* The urban forest in Casper, Wyoming, is estimated to store about 37,000 tons of
carbon and to remove about 50 tons of air pollution per year. >

* The 200,000 trees at UC San Diego reduce 10,000 tons of carbon dioxide
emissions per year, 5% of its annual emissions, for annual savings of $2.2
million. The total amount of carbon dioxide stored in UC San Diego's forest is
166,000 tons.

* Streets in Minneapolis, MN, reduce CO2 emissions by 27,611 tons through
energy savings and 29,526 tons through sequestration, at a total value of
$857,000. %

* In 2006, the urban forest of Washington, D.C., was estimated to store about
526,000 tons of carbon. *

* The urban forest in Chicago, IL, has a total carbon sequestration rate of 25,200-
tons/year equivalent valued $14.8 million/year. '
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Urban trees sequester more carbon than individual trees in non-urban forests
because the more open structure of the urban environmental allows individual
trees to intercept more light and grow faster. °?

The national average urban forest carbon storage density is 25.1 tC/ha. *

Carbon Mitigation Programs

The Million Trees LA campaign to plant one million trees, started in 2007 with
the aim to reduce atmospheric carbon dioxide by about 1 million tons over the
next 35 years, equivalent to taking 7,000 cars off the road each year. °’

The NFL strives to make the Super Bowl a carbon-neutral event; carbon
emissions from the game in Jacksonville, FL, were offset with the planting of
more than 1,000 trees. For the Super Bowl in Detroit, the NFL planted 2,400
trees to combat greenhouse gas emissions from over 100 events associated
with the game. %

In 2008 Harbison-Mahony-Higgins Builders, Inc entered into a contract with the
Sacramento Tree Foundation to offset the emissions of the company’s new
vehicle fleet: 580 trees planted to offset 2,665 tCO2e. *

In 2010, Cascade Land Conservancy's Carbon Mitigation Program collaborated
with Pearl Jam, in which the Peal Jam donated $210,000 to offset the band’s
world tour carbon footprint of 7,000 tons of carbon dioxide through restoration of
33 acres of forest land. *°

Reducing the Heat Island Effect

Trees and vegetation lower surface and air temperatures by providing shade and
through evapotranspiration. Shaded surfaces may be 20-45°F cooler than the
peak temperatures of unshaded materials. Evapotranspiration, can help reduce
peak summer temperatures by 2-9°F. %

Tree planting is one of the most cost-effective means of mitigating urban heat
islands. Air temperature differences of approximately 2 to 4°C have been
observed across urban areas having variable tree cover, with approximately 1°C
of temperature difference being associated with 10% canopy cover difference. *'
The indirect cooling effect of evapotranspiration is greater than the direct effect
of shading. As the number of trees in an area increase, relative contribution of
evapotranspiration to overall cooling goes up, mitigating the urban heat effect.®
Trees cool city heat islands by 10 degrees to 20 degrees, thus reducing ozone
levels and helping cities meet the air quality standards required for disbursement
of federal funds. %

Mature tree canopy reduces air temperatures by about 5-10° F. '®

Energy Use Benefits

Energy Efficiency

Just three strategically placed trees can decrease utility bills by 50%. ¥’
The net cooling effect of a healthy tree is equivalent to 10 room-size air
conditioners operating 20 hours a day. '°

Evergreens serve as windbreaks and in the winter save 10-50% on heating
costs. ®®

A 20-percent tree canopy over a house results in annual cooling savings of 8 to
18% and annual heating savings of 2 to 8%. "

Properly placed trees can reduce cooling costs by 30 percent. Shading an air
conditioning unit can increase its efficiency by 10 percent.®
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A 25-foot tree reduces annual heating and cooling costs of a typical residence by
8t012 %. ™

Trees on the west and south sides of houses can reduce summertime electricity
use by 185 kWh or 5.2%. 8

Street trees in Minneapolis save $6.8 million in energy costs annually. ®

In cold climates, a 30% increase in urban tree cover can reduce winter heating
bills by 10% in urban areas and by 20% in rural areas. *

Houston's regional urban forest save the city $111.8 million in annual air
conditioning costs and $13.9 million in heating costs.”’

In CA, if 50 million trees were planted, they would sequester about 4.5 million
tons of CO, annually, and if planted strategically to provide shade they would
reduce air conditioning energy use by 6,408 GWh, equivalent to 1.4 million tons
of CO,. The estimated total CO, reduction is the same as would be obtained
from retrofitting all CA homes with energy-efficient electric appliances. %

UC San Diego's 200,000 trees help reduce energy use by 12,886 megawatt-
hours by consuming solar energy through the process of "evapo-transpiration”
and by blocking winter winds. ®

The urban forest in Sacramento County, CA, has annual cooling savings of 157
GHw valued at $18.3 million per year, and net effects on heating of 145 TJ is
valued at $1.3 million. ®

Trees in Chicago are estimated to reduce annual residential energy costs by
$360,000 per year.'®

50 million shade trees planted in strategic, energy-saving locations could
eliminate the need for seven 100-megawatt power plants. %

Electricity saved annually in Minneapolis from both shading and climate effects
of stresgt trees totals 32,921 MWh, for a retail savings of $2.5 million ($12.58 per
tree).

Community Benefits

Less Violence and Crime

Public housing residents with nearby trees and natural landscapes reported 25%
fewer acts of domestic aggression and violence.®®

There is less graffiti, vandalism, and littering in outdoor spaces with natural
landscapes than in comparable plant-less spaces.”

Apartment buildings with high levels of greenery had 52% fewer crimes than
those without any trees. Buildings with medium amounts of greenery had 42%
fewer crimes.®

Results of a Portland crime study, found that street trees fronting a house
reduceosls44 crime occurrences. The net effect of all trees was a reduction in 33
crimes.

Improves Neighborhood, Connectivity

Older adults who have more exposure to green common spaces report a
stronger sense of unity among residents within their local neighborhood, and
experience a stronger sense of belonging to the neighborhood.”

Researches are finding signs of stronger communities where there are trees. In
buildings with trees, people-report significantly better relations with their
neighbors. People report a stronger feeling of unity and cohesion with their
neighbors; they like where they are living more and they feel safer than
residents who have few trees around them.”?
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Surveys shoe that People feel trees improve communities by making people feel
calmer, and improve ones quality of life. ©'

Wildlife and Biodiversity

Urban forests help create and enhance animal and plant habitats and can act as
“reservoirs” for endangered species. Urban forest wildlife offers enjoyment to
city dwellers and can serve as indicators of local environmental health.”

Canopy Cover Facts

How much tree cover a city needs depends on local climate. Eastern cities
ideally need 40% cover and western cities need 25% canopy cover. %
An estimated 634,400,000 trees are currently missing from metropolitan areas
across the United States as the result of urban and suburban development. '®
Increased urban canopy cover, leads to reduced ozone concentrations in cities.™
Washington DC:
o Washington D.C has lost 64% of its urban forest cover between 1973
and 1997 due to disease, development and natural attrition. %°
o A 1999, analysis of Washington, DC, showed that overall tree canopy
declined from 37% to 21% between 1973 and 1997. The lost tree cover
increased stormwater runoff by 34% and would have removed about
354,000 pounds of pollutants. '
o Washington D.C has been working to improve its tree canopy. In 2009
the city's urban tree canopy cover was 35% '*'
Los Angeles, CA, has 6 million trees with a tree cover of 24.9%..""
Chic%go, IL, has about 3,585,000 trees with canopies that cover 17.2% of the
city.
New York City:
o In 2006 New York City's urban tree canopy (UTC) covered 44,509 acres
or 24% of the city. For New York City to meet its goal of 30% UTC by
2030 will require 12,000 acres of additional tree canopy. '
o New York City’s canopy cover was still 24% in 2010'"?
o New Y1c1>2rk lost 9,000 acres (4.5%) of vegetative cover between 1984-
2002.

6

Tree Canopy Loss

Between 1985 and 2001 the City of San Antonio, TX, had lost 39% of its heavy
tree canopy cover. '

According to Time Magazine in 2007, San Diego lost a quarter of its tree cover;
the tree cover in Michigan, North Carolina and Florida has fallen to 27% of what
it once was; Chicago and Philadelphia are just 16%. %

Philadelphia lost 200,000 shade trees between 1976 and 2004, according to a
2004 study by forestry consultants ''°

Indian1a1§>o|is urban canopy had a 25% net loss of trees between 1962 and

1993.

In Atlanta, GA, the average tree cover declined from 45% to 29% between 1974
and 1996. This resulted in a 33% increase in stormwater runoff, translating to
around 591 million cubic feet of water and a cost of $1.18 billion for stormwater
management infrastrucuture.'®
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* Charlotte, NC, lost 49% of tree canopy and 5% of its open space between 1985
and 2008. '"°

U.S. City urban tree canopy cover percentages
* Rockville, MD 44% in 2009 '
e New York. NY 24% in 2009 '*'
e Annapolis, MD 41% in 2009 '
e Burlington, VT 43% in 2009 '
* Providence, Rl 23% in 2009 '
e Boston, MA 29% in 2008 '*

e Portland, OR 42% in 1990 '
e Chicago, IL 14% in 2008 "

e Miami, FL 21% in 2008 '**

e Seattle, WA 18% in 2008 "

e Ann Arbor, Ml 33% in 2010 '®

Tree canopy goal recommendations by geographic area '
For metropolitan areas east of the Mississippi and in the Pacific Northwest
o Average tree cover counting all zones 40%
o Suburban residential zones  50%
o Urban residential zones 25%
o Central business districts  15%
For metropolitan areas in the Southwest and dry West
o Average tree cover counting all zones 25%
o Suburban residential zones 35%
o Urban residential zones 18%
o Central business districts 9%

Urban Forest Data from USDA Forest service Urban Forest Canopy data by state

* http://www.nrs.fs.fed.us/data/urban/state/?state=
Percent urban tree canopy cover of urban land for all available states from 2008

* http://www.nrs.fs.fed.us/data/urban/state/viz.asp?var=STUCANPER&state=WV

American Forests Urban Ecosystem Analyses of certain states and cities.
* http://ftp.americanforests.org/resources/urbanforests/analysis.php
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