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Introduction
Whether you live in the city overlooking a park, grew up with a backyard tree house, or have hiked in a
national forest, you undoubtedly know exactly what poet Joyce Kilmer was feeling when he wrote, "I
think that I shall never see a poem
as lovely as a tree." Trees are a
vital part of our natural world,
health, economy, and culture.
The ecological benefits of healthy
trees, including the habitat,
shelter, and food they provide for
many birds and small wildlife, are
widely known.
However, people living in urban
areas may not immediately
consider the ways in which healthy
urban forests are critical
infrastructure for human
communities, too.
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For starters, trees are central components of green infrastructure, which is a natural and cost-effective
approach that many communities are using to reduce flooding, manage stormwater, improve water
quality, and even reduce urban heat. Green infrastructure includes a mix of landscape features including
tree canopies, open space, parks, and wetlands, as well as low impact development (LID) approaches,
such as rain gardens, green roofs, and permeable paving. Additionally, planting and fostering healthy
trees helps reduce carbon pollution because as trees grow, they absorb carbon dioxide from the air and
store carbon in their trunks, roots, and foliage. Furthermore, communities are already experiencing the
effects of climate change, including extreme flooding, heat waves, and drought, and green infrastructure
can provide critical, natural protection from these impacts now and into the future.
Green infrastructure not only provides resilience to climate change, but can also help communities be
more resilient to economic shocks since designing, installing, and maintaining green infrastructure
projects, like green roofs and rain gardens, can lead to new local job opportunities. Additionally, green
infrastructure often costs less to install and maintain when compared to conventional “grey”
infrastructure, such as building underground storage tanks to manage stormwater, and buildings with
vegetated roofs benefit from lower heating and cooler costs.1 Green infrastructure also improves the
health and quality of life for residents by improving access to green spaces, connecting people with
nature, and by providing recreational opportunities.

1

US EPA. Reducing Urban Heat Islands: Compendium of Strategies. Chapter on Green Roofs. URL:
http://www.epa.gov/heatisland/resources/pdf/GreenRoofsCompendium.pdf (accessed 2 May 2013).
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NWF partnered with King County, Washington, to help develop an on-line tool for landowners, called
Urban and Community Forestry CPR - Climate Preparedness and Response (CPR).2 Using CPR,
landowners can view their own property using a Geographic Information System (GIS) tool. Once a
property has been identified, the tool also quantifies and explains existing land and forest characteristics
(e.g., total forest carbon stored at a particular site). Additionally, the website provides customized
management recommendations through a Forest Health Assessment survey.
This guide is designed to help local governments, organizations, and others replicate the website and
tool for their own communities, while also learning about the ways in which green infrastructure can
provide natural protection from the impacts of climate change. The first section of this guide provides
an overview of the ways in which climate change is impacting urban areas, and also describes how
nature-based approaches, like enhancing and protecting the urban tree canopy, can help communities
build resilience to climate impacts. The next section includes a case study of the King County Forest CPR
development process, guidance for selecting data sources for the tool, and lessons learned from the
King County project. Next, since climate change is impacting the survivability of urban trees, this guide
also provides recommendations for integrating climate change considerations into the planning for and
management of urban forests. This guide also includes a chapter about managing for pests in a changing
climate, while the next section profiles National Wildlife Federation programs and resources that are
designed to build healthy, resilient communities, including NWF’s Certified Wildlife Habitat ® program.
The last sections include regionally-specific resources and information to help enhance forestry health
and subsequently increase the amount of carbon that urban trees are able to sequester.
We have developed this guide to encourage cities and towns to recognize trees as critical, functional
infrastructure –“eco-structure”—that is just as important as buildings and roads. We know that trees
can survive and thrive in urban areas, while benefiting the humans that live there — we just need to
place a premium on our trees and other green infrastructure and envision a greener, healthier future.

2

Forestry CPR can be accessed here: http://gismaps.kingcounty.gov/ForestryCPR/
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1. Green Infrastructure & Climate Change
Climate Change Impacts in Urban Areas
Climate change is amplifying natural hazards that threaten people and property, while also intensifying
existing stresses on wildlife and
their habitats. Due to climate
change, certain types of extreme
weather events have become more
frequent and intense, including
heat waves, floods, and droughts.
According to the Federal Advisory
Committee Draft Climate
Assessment Report,3 sea level rise,
storms and storm surges, and
changes in surface and
groundwater use patterns are
expected to challenge the
sustainability of coastal freshwater
aquifers and wetlands. Also, floods
are expected to intensify in most
©PhotoDisc/Getty Images
regions of the U.S., even in areas
where average annual precipitation
is projected to decrease, but notably in places that are expected to become wetter, such as the Midwest
and the Northeast.
Although we must continue to make deep reductions in greenhouse gas emissions, climate change is
affecting us now and we must identify, prepare for, and respond to the impacts of climate change- a
process known as climate change adaptation. NWF’s Climate-Smart Communities Program4 encourages
and promotes the use nature-based approaches to help cities and towns be prepared for and resilient to
the impacts of climate change. Nature-based approaches rely on green infrastructure to provide natural
protection from climate change, and may include landscape features like tree canopies, open space and
parks, as well as stormwater-focused low impact development (LID) approaches, like rain gardens. By
working with, and not against, nature, communities can prepare for heat waves, drought, wildfires,
water shortages, flooding, sea level rise, wind storms, tornados, hurricanes, economic losses, and more.
Green infrastructure not only provides natural protection from the impacts of climate change, but can
also be designed to help establish urban habitats that support wildlife and connect residents with
nature. By emphasizing the full range of ecological benefits provided by green infrastructure,
3

The National Climate Assessment, Chapter 3 Water Resources v.11 January 2013. Accessed 4/29/13:
http://ncadac.globalchange.gov/download/NCAJan11-2013-publicreviewdraft-chap3-water.pdf
4
The Climate-Smart Communities program website can be found here: www.nwf.org/climate-smart/communities
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particularly by implementing strategies that help people and wildlife prepare for the impacts of climate
change, communities can embrace an eco-structure approach to community resilience and
revitalization. An overview of the kinds of climate change impacts that cities and towns are
experiencing, along with examples of nature-based approaches to build resilience, are included below.
Coastal Flooding
Between rising sea levels and increasingly powerful storms, coastal cities are particularly vulnerable to
the impacts of climate change. Preserving and protecting coastal wetlands can help communities be
better prepared for climate impacts by retaining flood waters, providing a buffer from storm surge, and
limiting erosion, while providing much needed habitat for wildlife. However, due to climate impacts, like
sea level rise and precipitation changes, the locations suitable for wetlands will shift. Managing for the
inland migration of coastal wetlands, like acquiring upland or transitional habitat, is one example of an
approach that can be integrated into wetland preservation and restoration strategy to help protect
coastal wetlands, while also providing natural protection for people
and property from climate impacts.
Drought & Increasing Aridity
Population centers use lots of fresh water, but long-term drought
and declining snowpack, coupled with stormwater run-off, is putting
water quantity and quality at risk for many communities.
Implementing local water storage and conservation activities will
help communities prepare for drought and will also reduce GHG
emissions by reducing the amount of energy expended in
transporting water. Additionally, converting lawn and turf areas to
native plants can reduce the amount of water needed for plant
watering (native plants are generally more drought-tolerant), but
can also reduce stormwater runoff. Extreme drought and aridity are
also linked to an increase in wildfires, which, along with sprawling
urban growth patterns that extend into areas that have previously
provided buffers, lead to property losses and damages. Land
management practices and plant maintenance can help reduce the
fire risks to forests.

©PhotoDisc/Getty Images

Flooding Along Rivers and in Flood Plains
The increased frequency of storms and resulting precipitation increases are seriously threatening
communities along rivers and floodplains. Large-scale structural projects typically cause significant harm
to the environment and destroy vital fish and wildlife habitat. At the same time, structural flood
protections, like levees, that are intended to protect development in flood-prone areas can fail or
breach, resulting in destructive flooding that damages property and is costly for communities to recover
from. Protecting and restoring floodplains and wetlands, while also directing development out of
floodplains, helps ensure that nature’s natural sponges can store and slowly release floodwaters, which
reduces flood risk and property damage and provides habitat for fish and wildlife.
6
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Stormwater Flooding
In communities across the country, failing and outdated infrastructure is unable to handle the large
volumes of stormwater produced by growing populations in urbanized areas. Stormwater overflows
produce sewage backups in streets and in the basements of buildings, and also discharge pollutants into
aquatic ecosystems. Additionally, urban stormwater runoff picks up heat, and when it is discharged
downstream rivers and lakes, it can raise water temperatures. The resulting rapid temperature change
and pollution is stressful and damaging to aquatic ecosystems. Climate change is exacerbating existing
stormwater management challenges through precipitation changes and extremes, like flash floods.
Green infrastructure, including landscape features like tree canopies, open space and parks, as well as
low impact development (LID) approaches, like rain gardens and porous pavement, retains stormwater
or slows its infiltration into the ground, which reduces the speed and amount of flow, thereby limiting
stormwater flooding and overflows.
Urban Heat Island Effect
Cities and urban areas already tend to experience higher temperatures than rural areas due to a
phenomenon known as the urban heat island effect (UHIE). The high percentages of impervious and
artificial surfaces in cities (i.e. buildings, roads, railways) retain more of the sun's energy, raising
temperatures, while high building energy usage in cities also produces waste heat. Climate change is
exacerbating the higher temperatures in urban areas, which are likely to experience dangerous, recordsetting temperatures with increased frequency in years to come. Paved areas and rooftop surfaces can
also transfer their excess heat to stormwater, which then drains into the sewer system and raises water
temperatures as it is released into streams, rivers, ponds, and lakes. Expanding green spaces, planting
trees, and reducing paved areas can provide shade and cooling effects in urban areas.
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How Does Climate Change Affect the Urban Forest?
A hardiness zone map is used by gardeners to help determine which plants will survive and thrive in a
given location. USDA (United States Department of Agriculture) produces a hardiness zone map that is
based on the average annual minimum winter temperature, divided into 10-degree Fahrenheit zones.5
As regional temperatures have changed due to global warming, hardiness zones have shifted
northward. Accordingly, the National Arbor Day Foundation has revised the USDA map significantly to
reflect the recent trends.

Figure 1: USDA Plant Hardiness Zone Maps

As mentioned in NWF’s Gardener’s Guide to Global Warming,6 scientists at the Smithsonian Institution
have discovered the famed cherry blossoms (Prunus serrulata and Prunus x edoensis) in Washington,
D.C., are peaking an average of 7 days earlier than they did 30 years ago,7 a trend they associate with an
increase in the region’s average minimum temperature. Researchers at George Washington University
recently noted that the cherry blossoms are, “ideal indicators of the impacts of climate change,” and
predict that under a high GHG emissions scenario, DC’s cherry blossoms could bloom as much as 29 days

5

The 2012 Plant Hardiness Zone Map can be found here: http://planthardiness.ars.usda.gov/PHZMWeb/
NWF’s Guide to Global Warming can be accessed here: http://www.nwf.org/~/media/PDFs/GlobalWarming/Reports/Gardeners_Guide.pdf?dmc=1&ts=20130314T1115548723
6

7

Smithsonian Institution, “Smithsonian Scientists Find Global Warming to Be Major Factor in Early Blossoming Flowers in
Washington,” http://persoon.si.edu/dcflora/
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earlier by 2080 and 13 days earlier by 2050.8 It is important to consider current and anticipate future
hardiness zone shifts when selecting tree and plant species for planting. More information about tree
and plant selection can be found
To understand how climate change is affecting your region, check out the information provided by the
US Global Change Research Program:
http://www.globalchange.gov/publications/reports/scientific-assessments/us-impacts/regional-climatechange-impacts

Community Eco-structure: Natural Protection from Climate Change:
As our cities and towns have grown, we have replaced green spaces with buildings, concrete, paving,
and other hard surfaces. The “concrete jungles” that many people live in, which have a high percentage
of impervious surfaces, drive stormwater runoff and flooding, which is worsened by climate change and
extreme weather, like flash floods. The impervious and artificial surfaces in urban areas have already
contributed to temperature increases, which
will continue to climb due to climate change.
At the same time, some communities will
experience more drought conditions as a
result of climate change, but the landscaping
choices people make for their yards are not
usually made with water-saving measures in
mind and instead include large lawn areas
and non-native plant species that require lots
of watering.
Growing urban development has also
become a threat to wildlife: roughly 60
percent of the nation’s imperiled species live
in metro areas and many other important urban and suburban species, while not yet designated as
imperiled, likewise face risks of habitat degradation and decline.9 For example, human encroachment
and habitat loss threatens close to 300 species of plants and animals in California.10 Fortunately,
Green Roof.
Credit: District of Columbia
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Buck, James, and Ruane, Michael E. Could Cherry Blossoms One Day Be Blooming in Winter? The Washington
Post: March 14, 2012. lhttp://www.washingtonpost.com/local/could-cherry-blossoms-one-day-be-blooming-inwinter/2012/03/14/gIQAnas1CS_story.html
9
Ewing, R., J. Kostyack, D. Chen, B. Stein, and M. Ernst. Endangered by Sprawl: How Runaway
Development Threatens America’s Wildlife. National Wildlife Federation, Smart Growth America, and
NatureServe. Washington, D.C., January 2005. Available here:
http://www.nwf.org/~/media/PDFs/Wildlife/EndangeredbySprawl.ashx
10
Countywide Model Standard Urban Stormwater Mitigation Plan (SUSMP) for California. Can be accessed here:
http://www.projectcleanwater.org/images/stories/Docs/LDS/SUSMP/0311_SD_model_susmp.pdf
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nature-based approaches can be used to increase community resilience to climate change impacts while
also providing habitat for wildlife.
Healthy urban forests, in particular, are central to a community’s eco-structure. Trees can absorb huge
amounts of rain; research has shown that a typical medium-sized tree can intercept as much as 2,380
gallons of rain per year. The more healthy trees we have — the bigger role they can play in reducing
stormwater runoff and flood impacts. Many studies have tried to quantify the runoff reduction
capabilities of urban street trees, and estimates for the amount of water a typical street tree can
intercept in its crown range from 760 gallons/tree/year to 4,000 gallons/tree/year.11 Intercepted rainfall
is that which lands on tree leaves and is stored or evaporated back into the atmosphere and therefore
never reaches the ground where it would become stormwater runoff. It is estimated that Boston’s
existing tree cover reduces stormwater runoff by 342 million gallons/year.12 Street trees can also filter
out some common stormwater pollutants, such as sediment and nutrients. Trees provide cooling effects
and many cities, like Washington D.C.,13 are planning to use natural shade to combat the coming heat:
the District has committed to increasing its urban tree canopy to 40 percent of total city area by the year
2035. Trees themselves are sensitive to the impacts of climate change, and it is therefore important for
communities to select species that will survive and thrive in a changing climate. More information can
be found in section 3, Actions to Protect and Enhance the Health of Urban Forests.
Climate-Smart Practices for Your Neighborhood
An eco-structure approach not only includes restoring, building, and
maintaining a healthy urban tree canopy, but also includes maintaining
green spaces in a climate-smart way, which can help reduce GHG
emissions, conserve water, and build resilience to climate change
impacts, like flooding and extreme heat.
NWF’s Certified Wildlife Habitat ® program14 (CWH) is the leader in the
field of habitat certifications, with over 150,000 certified habitats in
backyards, schoolyards, city and county parks, businesses and houses
of worship. Through the CWH program, National Wildlife Federation
works with landowners to create gardens that attract wildlife and help
restore habitat in commercial and residential areas. To certify through
the program, a landowner must ensure that his or her property (1) provides food for wildlife, (2)
supplies water for wildlife, (3) creates cover for wildlife, and (4) provides places for wildlife to raise their
11

Stormwater, Trees, and the Urban Environment: A Comparative Analysis of Conventional Street Tree Pits and
Stormwater Tree Pits for Stormwater Management in Ultra Urban Environments. Charles River Watershed
Association (March 2009). URL: http://www.crwa.org/pubs/StormwaterTreesUrbanEnvMar09.pdf
12
Lord, Charlie. Commonwealth, Seeing the forest and the trees, Urban greenery can bring better health, more
attractive neighborhoods, and even safer streets. Summer 2008.
13
The District of Columbia Sustainable DC Plan. Released February 2013.
http://sustainable.dc.gov/sites/default/files/dc/sites/sustainable/page_content/attachments/SDC%20Final%20Pla
n_0.pdf
14
CWH can be accessed here: http://www.nwf.org/How-to-Help/Garden-for-Wildlife/Certify-Your-WildlifeGarden.aspx
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young. By following the recommendations in the Forestry CPR tool,15 landowners will be well on their
way to fulfilling the requirements for certification through the CWH program. Conversely, for those who
may struggle to implement recommendations from the Forestry CPR tool, the CWH program and its
variety of resources can help users take the needed steps to make their properties more resilient to
climate change. For example, if a stream or river runs through a property, restoring or enhancing the
riparian buffer along the waterway can help slow the stormwater runoff that is coming from nearby
parking lots, sidewalks, roofs, or other impervious surfaces. Additional climate-smart practices are
described below.

Examples of Climate-Smart Soil and Water Practices
Maintain a vegetative buffer zone around water features on your property
Install a rain garden or
bioswales to manage
stormwater runoff
Use permeable paving in
parking lots, driveways, or
sidewalks
Install a green roof, which is a
vegetated roof that manages
stormwater, reduces energy
consumption, reduces the
urban heat island effect
Mulching (using a sustainable
product)
Reduce the size of lawn/turf
areas
Use native vegetation
Capture and re-use rain water
Rain garden in Portland, OR. Credit: K. Reeve
from roof using a rain barrel
Xeriscape your property (landscaping designed to reduce /eliminate the use of water for
irrigation)
Limit water use (eg., drip or soaker soaker hose)
Reduce erosion
For more information about sustainable gardening practices, visit NWF’s Garden for Wildlife website.16

15

Forestry CPR can be accessed here: http://gismaps.kingcounty.gov/ForestryCPR/
NWF’s Garden For Wildlife Website can be accessed here: http://www.nwf.org/How-to-Help/Garden-forWildlife/Create-a-Habitat/Garden-in-an-Environmentally-Friendly-Way.aspx
16
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Climate-Smart Communities
National Wildlife Federation’s Climate-Smart Communities program supports the use of green
infrastructure to help U.S. cities towns be better prepared for the impacts of climate change, while also
restoring wildlife habitat and connecting people with nature. Included below are some examples.
Chicago
Located on the windy shores of Lake Michigan, Chicago is preparing
to deal with flooding, extreme heat, severe weather events, and
ecosystem degradation. To cope with extreme summer heat,
Chicago has planned or installed over 4 million square feet of green
roofs across the city. The trees, plants, and soil used in green roofs
provide shade and absorb far less heat than manufactured roofing
materials while providing habitat for wildlife.
Grand Rapids
Located on the shores of Lake Michigan, Grand Rapids is preparing
to deal with increased flooding, threats to water quality, ecosystem
degradation, and invasive species. In order to protect ecosystems
and the habitats they provide, the City is increasing public tree
plantings and green spaces, seeking to increase diversity while
providing valuable habitat migration corridors.
Credit: Flickr user theregeneration

Philadelphia
The increased storm frequency and intensity resulting from climate change is putting additional stress
on Philadelphia’s already outdated and vulnerable stormwater infrastructure. The Water Department
introduced Green City, Clean Waters, a 25-year plan to protect and enhance watersheds and the City’s
water supply by managing stormwater with green infrastructure. The plan includes measures to install
rain barrels, green roofs, pervious pavement, rain gardens and more. The plan has been officially
supported by the Environmental Protection Agency, which will be collaborating with the City for its
implementation. Along with bigger pipes and more pervious surfaces, the City is encouraging use of
green roofs, rain gardens, and urban tree planting to absorb and purify stormwater via natural
processes. These measures will help offset the effects of increased rain in the City while providing new
and improved habitat for wildlife.
Providence
High percentages of paved surfaces cause urban areas absorb and retain more heat, increasing
temperatures of the city and surrounding areas in what is known as the “urban heat island effect. These
changes create problems for wildlife as well as adding stress to unprepared energy infrastructure. In
Providence, a new master plan expands existing tree canopy
to provide shade and offset the urban heat island effect. The
city plans to implement new policies and public outreach
campaigns to reach 25% canopy cover by 2020.

Credit: Flickr user CC
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