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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.

Credit: Charlie Archambault

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 underground storage tanks to manage stormwater, and buildings with vegetated
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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.
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.

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).
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
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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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,
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 to pump and
transport 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, and subsequently property.

©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
7

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.

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 are 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
8

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.

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,

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
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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
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
Green Roof.
Credit: District of Columbia
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Smithsonian Institution, “Smithsonian Scientists Find Global Warming to Be Major Factor in Early Blossoming Flowers in
Washington,” http://persoon.si.edu/dcflora/
8

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
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and habitat loss threatens close to 300 species of plants and animals in California.10 Fortunately,
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

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
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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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
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
13

implement new policies and public outreach campaigns to reach 25% canopy cover by 2020.

2. Case Study: Urban and Community Forestry - Climate Preparedness
and Response (CPR)
The story of the Urban and Community Forestry - Climate Preparedness and Response (CPR) website
development began with a resident; a property owner approached King County’s Department of Natural
Resources and Parks because he was curious if there was on opportunity to enter the carbon market,
using his land parcel as a carbon offset. He requested information about community forest management
activities that would enhance the ability of forests to sequester carbon, and wanted to better
understand how climate change might impact his property.
In exploring this idea, the County saw an opportunity to develop a program that provides guidance and
incentives to maximize the climate benefit of forests across the county. Some building blocks for such a
program already existed because there has been aggressive development of carbon offset protocols and
programs to incentivize
climate-friendly forestry
Salmon Habitat Restoration in King County
Credit: University of Washington
and land management
practices. To date,
however, this work has
focused on incentives
for climate-friendly
actions for large parcels
of land. The County
realized that there are
some barriers to entry
that limit owners of
small parcels from
participating in the
carbon offset market,
including offset
certification and
validation costs, as well
as lack of guidance
about the kinds of
specific actions that individuals might take to maximize the carbon sequestration and resiliency
capacities of their property.
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The County considered several options for the development of a program, first considering how it could
help interested landowners collaborate to bundle together large enough land areas to make carbon
offset development and certification costs feasible, and considered potential ways to create revenue
streams to directly support appropriate private landowner actions. Ultimately, the most promising
concept was that of the Urban and Community Forestry CPR project. One key advantage of CPR is that it
allows users and the County to understand spatial conditions across the landscape and also at specific
locations/sites, while providing a less labor and resource-intensive way to guide landowners to adjust
their management practices towards more environmental practices.
Another benefit of the CPR tool is that it helps the County address forest management challenges. For
example, King County has a lot of privately-owned forest land and development and regulation of this
land has been very contentious. The CPR tool provides tools and resources for landowners to help them
understand the benefits of keeping their land healthy and in a natural state, without regulating against
development. The CPR website, therefore, is a “self service” product, resulting in a cost effective way to
provide forestry resources and information to landowners beyond what current staffing levels can
accomplish. Additionally, as an on-line resource, the CPR website allows for flexible use and exploration
that should help reach more users.

CPR and King County’s Public Benefit Rating System (PBRS)
In 1970, Washington State passed the Open Space Taxation Act, allowing property owners to determine
the value of their open space, agricultural, and timber lands at their current use rather than their
highest potential (or “best”) use. As a result of the decreased valuation, land owners pay lower property
taxes. The legislation recognizes that it is in the best interest of the state to protect existing open space
lands for both economic (e.g. food and fiber production) and cultural (e.g. hunting and enjoyment of
scenic views) resource values.
In 2007, the Act was amended to allow county planning commissions to create “public benefit rating
systems.” These rating systems allow counties to prioritize the types of open space they want to protect
that may be more important or endangered in their parts of the state. Since 2007, many Washington
counties have enacted these rating systems, all following the same general structure: property owners
are assigned points for reaching different resource conservation goals (e.g. protection of salmon habitat,
aquifer recharge areas, public access) and the total accumulation of points translates to relative
reduction in ad valorem taxes. In Pierce County, accumulating at least 25 points (from various
categories) results in a 90% reduction in taxes. Many counties offer “bonus points” which can only be
attained by obtaining a certain number of the base-level conservation points to begin with. Thurston
County (WA) and Chelan County (WA) also have points-based systems.
CPR has the potential to support the future development of a climate benefit program linked to the
County’s PBRS; a new category could be added to the existing public benefit rating system that would
provide a property tax incentive for residents who make modifications to their property that provide
public benefits, like planting and maintaining healthy, productive forests on their lands.
15

According to King County, “The Public Benefit Rating System (PBRS) and the Timber Land programs
provide incentives to encourage landowners to voluntarily conserve and protect land resources, open
space and timber. In return for preserving and managing resources, the land is assessed at a value
consistent with its "current use" rather than the "highest and best use." The reduction in assessed land
value is greater than 50% and as much as 90% for the portion of the land participating in the program.
Over 1,075 landowners and 10,400 acres are presently participating in these two programs.”17
The climate benefit program would not necessarily quantify the tons of carbon stored or be as rigorous
as a carbon offset program, but instead would recognize the carbon storage value of forests while also
highlighting how forests can enhance a community’s resilience to climate change impacts. To verify that
residents are meeting the requirements of the climate benefit program, the County would seek
evidence that actions were taken to support climate resiliency or carbon sequestration, like verification
from satellite photos, or the submission of receipts from tree nursery purchases. Although the County
has been granted authority to create the program, further exploration of specific metrics and rules for
implementing a climate benefit program is underway before a program can be established.

The Best Features of Forestry CPR
The GIS tool, in particular, is one feature of the web site that draws people in and captures their
attention, and according to site analytics, it is the feature on the site that users are spending the most
time accessing. The development of the GIS tool took more time and resources than any other aspect of
the website, but the time spent on it was ultimately worthwhile based on the feedback and response
that the County has received from users. The County has also received lots of positive feedback from
users about the site navigation, including the fact that the site is easy to use and it is easy to move from
one section to another.

17

More information about King County’s PBRS program can be found here:
http://www.kingcounty.gov/environment/stewardship/sustainable-building/resource-protection-incentives.aspx
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Figure 2: Screen Shot from Forestry
CPR tool

Additionally, the County spent a lot of time customizing the site with local resources and local
information, like the forest health assessment section, to tailor the website to the local context and
make it most relevant for County users. Locally-relevant data and resources personalize the user
experience and may make users more likely to implement recommendations from the website. At the
same time, this customization makes it more difficult for jurisdictions to copy the site’s exact content,
but it is recommended that communities that wish to develop a similar tool localize as much
information as possible.

CPR Can Support Community Goals
The County has a set of regional goals related to reducing GHG emissions and preparing for climate
change impacts, and the CPR tool helps residents contribute to meeting these goals. For example, the
CPR tool helps support the strategic objectives included in the 2010 King County Strategic Plan,18
specifically to “reduce climate pollution and prepare for the effects of climate change on the
environment, human health and the economy.” In particular, healthy forests help to reduce the
amount of carbon dioxide in the atmosphere because as trees grow, they absorb carbon dioxide from
the air and convert it into carbon 19that is stored in their trunks, roots and foliage. Therefore, the CPR
tool assists residents, and the County-at-large to meet goals identified in the King County

18

http://www.kingcounty.gov/exec/PSB/StrategicPlan/CountyStratPlan.aspx
To learn more about carbon sequestration, access the U.S. Forest Service website:
http://www.nrs.fs.fed.us/niacs/carbon/forests/carbon_sequestration/
19
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Comprehensive Plan20 and 2012 Strategic Climate Action Plan,21 including an 80% reduction in
greenhouse gas emissions below 2007 levels by 2050.22
The CPR tool also helps the County meet its goal to provide enhanced customer service for residents by
supplementing the limited staff resources available to meet residents’ needs. Prior to the development
of the CPR tool, residents seeking advice on developing a forest management were put on a waiting list
before County staff could respond to their inquiries, but the CPR tool satisfies more immediate needs for
information, thereby delivering faster results.

Challenges Faced During CPR development
One major challenge was converting remote sensing data and then manipulating it to characterize
carbon stocks. Although King County decided to use LIDAR23 data, other communities may want to
explore using NDVI24 (Normalized Difference Vegetation Index) data, which is available for free from
NASA. NDVI data allows the user to see changes over time to compare results, although the resolution
may not be as good as that of LIDAR. One tradeoff with using LIDAR data is that although it may be more
precise, it is very expensive and therefore King County may not be able to refresh their data set for 10
years.
Additionally, there is limited national guidance about the highest value forestry actions that can be
taken to reduce GHG emissions while helping communities prepare for the impacts of climate change. In
some cases, the CPR site recommendations are not different from those that would be recommended
historically to maintain a healthy forest and ecosystem, but the site could be enhanced by making a
stronger connection to forest health and climate change mitigation and adaptation.

How Can Forestry CPR Be Improved?
Although the CPR website was designed specifically for King County, the project was envisioned to serve
as an inspiration and resource for other communities. This section provides information about the ways
in which the current Forestry CPR site could be improved upon, which other communities may want to
take into account when building sites of their own.
One way that the site could be enhanced is with the inclusion of a set of landowner profiles that
describe the website recommendations they each followed to improve their land management
practices. These profiles, which track the success of actual residents that have used the tool, could
describe the techniques and strategies used, and could include before and after pictures of their
properties to document success.
20

http://www.kingcounty.gov/property/permits/codes/growth/CompPlan.aspx
http://www.kingcounty.gov/environment/climate/king-county/climate-action-plan.aspx
22
http://your.kingcounty.gov/exec/news/2007/pdf/ClimatePlan.pdf
23
http://lidar.cr.usgs.gov/
24
http://modis-atmos.gsfc.nasa.gov/NDVI/index.html
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A set of more customized guidance based on a landowner’s specific parcel could also enhance the site,
but King County did not include this feature due to data challenges. For example, originally King County
had hoped that landowners would be able to zoom in on their properties using the GIS tool and then
would automatically be provided with a set of recommendations that were tailored to their site.
However, the County learned that although the tool could be designed to provide information about site
attributes (eg,. carbon storage, water resources, migration corridors, etc.), the GIS tool could not be
specific enough to provide tailored recommendations. In lieu of more customized guidance, the County
developed the forest health assessment section of the website, but eventually it may be possible to
provide more customized guidance without this step as data improves. Another feature that could be
included is one that allows users to simulate potential outcomes based on the types of improvements
that could be made on a parcel. For example, the website could show a user how a site may look if
carbon storage is prioritized.
The King County team would also like to ultimately link the CPR tool to a local incentive program, like
the Public Benefit Ratings System, which could help incentivize the implementation of recommendations
on the site. For example, once a user completes the forest health survey and reviews the guidance, then
the site could estimate the tax incentive that could be earned if the guidance is implemented and users
could therefore see the potential rewards for their positive actions.
Another aspect of the CPR site that could be enhanced in future iterations is including information that
more directly connects local climate change impacts and the relationship to local forests, particularly
emphasizing the climate change adaptation benefits of healthy forests. One section of the site explains
the linkages between local climate change impacts and forests, but mostly in a generalized way. King
County was able to draw from resources from the USFS (United States Forest Service) and Washington
State University Extension, so communities that wish to create a similar website may seek guidance
from federal agencies and local universities.
From a logistical standpoint, communities that which to replicate the CPR tool may consider designating
one person to coordinate the site development, including communicating the needs of the website to
the site developer and the GIS team. This person should be a subject matter expert, or at least should
be comfortable with researching and communicating the site content, including information related to
climate change mitigation, adaptation, and forestry. Since this project had a lot of moving parts,
designating one person who can dedicate a large percentage of his or time to manage the website
development is preferred.
The CPR website is only valuable if residents are using it, so it’s a good idea to budget and plan for
outreach efforts from the very beginning of project development. Many projects have unexpected
expenses and can run over-budget, but it is very important to maintain some funding to dedicate to
outreach and education about the site.
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Data Sources: Analyze Your Property Tool
King County has an active program for compiling local GIS data, so when possible, the CPR tool relied on
local data sources that already existed.
It is important to note since there are almost 700,000 parcels in the county, and given the County’s
advanced GIS capabilities, the design team decided not to pre-process outputs from the tool and users
may therefore notice that it is possible analyze even areas that are not forested (eg., a parking lot), but
the results will have no values. In other words, the CPR tool has a sophisticated GIS system on the backend and the output is calculated on-demand, each time the “Analyze Your Property” tool is used. Since
the tool runs “live” calculations each time it is used, the tool is slower than it would be if calculations
were pre-processed for each forested parcel.
For smaller communities with fewer parcels, it may make more sense to pre-process and make the
parcel calculations in advance so that when a user clicks on a parcel, a pre-calculated set of values is
released, resulting in a faster tool.
It is estimated that it took more than 200 hours to build the CPR website, in part because there was a
learning curve for the GIS team as they had not previously built an analysis tool that allowed for ondemand analysis of properties. However, even though the GIS team had to learn how to build the GIS
analysis tool, it still took longer to develop the “General Guidance” and “Custom Guidance” sections of
the website, mostly because the content and structure were both constantly changing and evolving.
Therefore, communities that wish to create a similar site should devote ample time to developing the
site content and site architecture before the web team develops the site and populates it with content,
as it can be time-consuming and costly to make structural changes to a website once it is built.
It is also important to note that King County convened a technical review board that was composed of
forestry experts from local universities, state and federal agencies, and others, to review the site
content, and communities developing their own website are encouraged to do the same.
Included below is a description of the data used in the GIS-based “Analyze Your Property” section of the
CPR website

Forest Characteristics - Carbon Storage & Tree Height
This output is an estimate of the amount of biological carbon stored in trees and understory plants on
your site, and an average tree height for trees on site.
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Data source information
Light detection and ranging (LIDAR) data for King County provides an incredibly detailed map of tree and
understory vegetation covering most of the local geography. By subtracting the volume of trees from a
ground surface model, an estimate of total biomass stored on site is made. By comparing the volume of
the selected site with the volume estimated at exemplary sites that are known to store large quantities
of carbon, the site is ascribed an above average, average, or below average score. For more details on
LIDAR data see the Puget Sound
Lidar Consortium and the King
County GIS Center: Digital
Elevation Data. The data used for
this estimate is from 2001. It
should be noted that this data
does not provide information
about forest health. For example,
a low amount of forest carbon
could indicate either (1) a young,
healthy forest or (2) an older,
unhealthy forest that is in state of
decay.

Credit: Flickr user andypiper

King County staff decided to use LIDAR1 data, in part, because they wanted use data they already had
instead of developing new data. King County partnered with other communities in the region to
develop the LIDAR data and therefore shared the costs, which may be an option for other communities
as well.
There are many benefits to using LIDAR data because it has many uses and many products can be
derived from it. For example, LIDAR data can be used to extract tree heights and vegetation indexes,
impermeable surfaces, and topgraphic information about the County. One application of this
information is the development of drainage models for watersheds.
If LIDAR data is not an option, communities may want to explore using NDVI1 (Normalized Difference
Vegetation Index) data, which is available for free from NASA . NDVI data allows the user to see changes
over time to compare results, although the resolution may not be as good as that of LIDAR. One tradeoff
with using LIDAR data is that although it may be more precise, it is very expensive and therefore King
County may not be able to refresh their data set for 10 years.
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Water Resources
This output is an estimate of the amount the property that is
covered by water bodies including wetlands, streams and ponds,
as well as a 50-foot buffer area of land around these water
resources.
Data source information:
Water Bodies: King County GIS Center. Vintage: 2007
Water Courses: King County Water and Lands Resource Division.
Vintage: 2009
Wetlands: King County GIS Center. Vintage: 2005
Sensitive Area Ordinance Wetlands: King County DDES.
Vintage: 2004
See King County GIS Center for details.
It is likely that most communities will have data layers for water
bodies and wetlands. If not then, the State Data Center will likely
have a statewide layer for water bodies and wetlands, and a
community could extract the information at the community
scale and then augment it with on-the-ground surveys to make
the data set more accurate. King County created 50-foot buffers
around all water features. The County selected a 50-foot buffer
as it is the standard, minimum riparian buffer generally used to
protect salmon habitat.

Credit: Gene Nieminen/USFWS

Development Pressure
This is a measure of how susceptible land may be to conversion from forest to developed real estate. It
is an assessment of the difference between the working forest value and the real estate value of a
parcel. If the difference between the market value and forest value is more than $2,500 per acre, it is
defined as a having a high risk of conversion. In other words, this economic model compares the
assessed/market value for property and compares it to the market value of the trees on the property if
they were logged. If there is not enough value in the trees on a parcel, it is likely it would be developed
for another use that would be worth more money.
Data source information:
Development pressure data was derived from the University of Washington College of Forest Resources
2007 Washington State Forestland Database.
This type of data may not be available for most communities, as the University of Washington
conducted this study on their own, independent of the forestry CPR project. Communities could
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consider contacting local or regional universities to see if they have this kind of information and/or
would like to partner to conduct a similar study.

Wildlife Habitat Network(s)
King County’s Wildlife Habitat Network is a codified network composed of contiguous vegetated
corridors that are intended to link wildlife habitat with critical area buffers, priority habitats, trails, open
space, and other areas to provide for wildlife movement, and to alleviate habitat fragmentation.
Data source information:
Data sources included the King County Department of Development and Environmental Services, 2004
and the King County Biodiversity Report. As mentioned previously, to the extent possible, the County
wanted to rely on existing data instead of developing new data. Therefore, although this data layer
does show continuous networks and corridors of green spaces and priority habitats where species could
be found in the in the County, it is not informed by data about where species can actually be found. It
does, however, show a landowner that their property is part of a larger, connected network.

Proximity to Protected Areas
This land characteristic is a measure of the proximity a selected parcel is to other protected areas. The
protected areas could be public lands, such as parks, private lands with conservation easements, or a
variety of other areas where there is protection from permanent conversion by development.
Data source information:
This data comes from the 2008 Central Puget Sound Protected Lands Database, which is maintained by
the Cascade Land Conservancy. This data represents ground condition of December 31, 2008.
The GIS team took the Central Puget Sound Protected Lands Database and joined it with parcel data for
King County to see which parcels in the county were protected. The GIS team speculated that in order
for a property owner to feel a connection to a protected area, then that area would need to be
reasonably close. Therefore, the GIS team determined that “proximity” should be defined as within ½
mile of a property.
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3. Actions to Protect and Enhance the Health of Urban Forests
Robust urban tree canopies can sequester carbon, provide habitat and food for wildlife, improve shade
and cooling effects, and manage stormwater flooding (and reduce the urban heat island effect and air
conditioning, thereby lowering GHG emissions associated with building energy use!). It has even been
shown that, “people are willing to travel farther, visit more frequently, and pay more for goods and
services in business districts with trees – on average 12 percent more.”25
Although trees provide a number of ecological, social, and economic benefits, urban trees face a set of
challenges that threaten their health, including poor soil quality and limited soil volume, flooding and
poor drainage, invasive species and noxious weeds, development pressure, and others. Climate change
exacerbates existing stressors and presents new challenges for urban foresters, property owners, and
others working to protect and enhance urban tree canopies.

25

Casey Trees. Growing a Healthier DC: Greening Business Districts URL:
http://www.milliontreesnyc.org/downloads/pdf/28-Casey%20Tree%20BusinessBrief.pdf (Accessed 1 May 2013).
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When trees are healthy, they are more likely to
overcome a variety of stressors, and subsequently
sequester more carbon. The Forestry CPR website
identifies a number of general forestry practices
that can help improve forest health and survival.

Credit: Charlie Archambault

Since climate change is a key threat to forest health
and survival, it is necessary to take climate change
considerations into account when developing tree
planting and management plans for urban areas.
Fortunately, there are some relatively simple, lowercost options that forest managers can take to help
ensure forests can survive and thrive in a changing
climate, described in the next section.

© All rights reserved by National Wildlife Federation

General Climate-Smart Recommendations
National Wildlife Federation has already been advising the “climate-smart” tree selection for a number
of restoration projects in the Great Lakes Region. Building on that work and drawing from other
resources, we have developed a set of climate-smart urban forestry practices relevant for communities
across the country.
Understand Which Trees and Plants In Your Region Are Appropriate for a Changing Climate
Climate change is an important consideration for the selection of tree and plant species, given the
inherent sensitivity of plants to climatic conditions. Choosing resilient species that can tolerate a wide
range of conditions is a good strategy to prepare for climate change and help increase the survival of
species over time. For example, from a strictly climate change perspective, ideal species to plant would
be those able to thrive in both existing and future climates, as they will not require significant
management in the near-term and have the greatest potential to persist over time.26 Additionally, it is
advisable to refrain from selecting tree species that are not suitable in the current climate and/or
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Glick, Patty. Climate-Smart Habitat Restoration of the Clinton River Spillway, Michigan: Considerations for
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especially the future climate.27 This is likely to be especially important when considering longer-lived
species such as trees, which will be exposed to climate changes over periods of decades.28 On the other
hand, species with shorter life spans can be more easily substituted at some point in the future if they
are unable to withstand future climatic conditions. Although there is some uncertainty regarding when
and to what extent specific impacts will be felt in regions across the county, it is still possible to manage
for change. For example, planting a wide diversity of species, including multiple age classes as well as
plant types, improves the likelihood that some species will thrive, even if others do not.29
It also will be important to consider other functions that might help reduce exposure and enhance
resilience to climate change. For example, plants that provide high shade value can help moderate
water temperatures, enhancing refugia for target fish species in summer months when temperatures
may push their thermal thresholds.30
When possible, priority should be places on planting species with greater adaptive capacity, eg., species
on the northern edge of their range, to enhance survival rates as temperatures increase due to climate
change. For example, Chicago is planting swamp white oaks and bald cypress, which are more resilient
to increased temperatures.
Included below is a set of questions, adapted from a set developed by a team in Chicago, to help guide
tree and plant selection.31
Would the current mix, or the selected tree species, hold up well under the projected climate
impacts for the region, such as drier, hotter, wetter, and/or more extreme conditions? If they
wouldn’t, what changes in practices (eg., increased use of water, planting larger trees instead of
seedlings) would be required in order to establish and maintain them?
Which options would enable a great number of species to be incorporated into seed mixes,
large-scale plantings, or urban forests? Are there ways to also increase within-species (genetic)
diversity of plant materials by obtaining materials from a wider range of sources?
Which species have higher drought tolerances, and could be substituted for species that are not
likely to do well with increased drought? Based on site location, which trees and plants could
withstand flooding, and even reduce flow rates/absorb more water? Are there trees and plants
that can handle both drought and flooding well?
Which invasive plant species will benefit from climate change and can be replaced with natives?
Develop A Climate-Smart Tree Species Planting List
As mentioned previously, we know that climate change is affecting the abundance and distribution of
plants, and we know that hardiness zones are shifting northward. For these reasons, it is important to
27

Ibid.
Prasad, A.M., L.R. Iverson, S. Matthews, and M. Peters. 2007-ongoing. A Climate Change Atlas for 134 Forest
Tree Species of the Eastern United States [database]. URL: http://nrs.fs.fed.us/atlas/tree. Northern Research
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Naiman, R.J., H. Decamps, and M. Pollock. 1993. The role of riparian corridors in maintaining regional
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Derby Lewis, A., Hall, K.R. and Hellmann, J.J. 2012. Advancing Adaptation in the City of Chicago: Climate
Considerations for Management of Natural Areas and Green Spaces in the City of Chicago.
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select tree species that will not only be able to withstand the already harsh urban conditions, but that
can also survive and flourish in a changing climate.
For example, arborists in the City of Chicago have created a “climate ready,” ranking factor that that is
used in the City’s tree species list, which they have based on the American Horticultural Society (AHS)
heat intolerance map, which can be found here: http://www.ahs.org/publications/heat_zone_map.htm
Another example is from a restoration project that National Wildlife Federation is guiding along the
Black River in Ohio, which includes the re-vegetation of stream sides. Using the US Forest Service
Climate Change Tree Atlas32 (A Spatial Database of 134 Tree Species of the Eastern USA), NWF
developed a tree species list for the project, which includes tree species that have a better likelihood of
survival over time, given the ways in which climate change will impact the region.

Figure 3: Climate-Smart Tree Planting List for Lorain, Ohio (Black
River Watershed). Source: National Wildlife Federation

32

The USFS Climate Change Tree Atlas can be found here: http://www.nrs.fs.fed.us/atlas/tree/tree_atlas.html#
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Integrate Climate Change Information into Pest and Invasive Species Management
In the urban forest, trees are already threatened by habitat loss and fragmentation, which can render
them even more vulnerable to the impacts of climate change. At the same time, the impacts of climate
change we are already experiencing, such as the urban heat island and stormwater flooding, further
increase the vulnerability of urban trees. Without active monitoring and management, pests, disease,
and invasive species can overwhelm even an otherwise healthy forest, and climate change may worsen
some existing pest problems or allow for the proliferation of new pests.
Some pests and invasive species that may not be a threat now may become more problematic as the
climate changes, so it is important to anticipate this kind of shift. A team in Chicago recommends that,
“to anticipate these effects, one should anticipate if current species could emerge in a locality of
interest. It is also possible that pests could arrive from distant locales or that non-native species that
arrive with some frequency could begin to successfully establish if conditions were to change…33” More
information regional information about pests can be found in Chapter 4.
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Included below is a set of questions, adapted from a set developed by a team in Chicago, to help guide
tree and plant selection.34
Which invasive species or pest species require the most attention under current conditions, and
are these likely to continue to be a problem in the future under continued climate change?
Is it likely that warmer temperatures will favor new invasive species, such as those that currently
pose a problem in more southern regions? Such species could be targets for early detection and
early management to prevent or slow establishment.
How will climate change affect the efficacy of current control measures? Will the current
frequency of control be sufficient? For example, species that are currently controlled by handpulling may require more intensive measures if their abundance or growth rate increases due to
climate change.
Are there elements of invasive or pest control that are sensitive to the length of the growing
season, or the presence/absence of frozen or wet ground (eg., prescribed burning, mowing,
vegetation planting)? Can control methods be modified to account for these changes?

Additional Resources for Pests and Invasive Species Management:
Invasive plants are a threat to native species throughout the country. Some species may out-compete
native plants, while others may act as parasites and directly harm desired trees. The U.S. Forest Service
website offers resources and tools to inform the public and offer management methods.
http://www.fs.fed.us/ccrc/topics/invasive-plants/
The US Forest Service offers data and services to address common pests and diseases. A list can be
found here: http://www.na.fs.fed.us/fhp/id/index.shtm

Transform Yards and Vacant Properties into Wildlife gardens
Wildlife conservation efforts in the Unites States have largely focused on creating large intact landscapes
for wildlife to survive and thrive with little effort targeted at the urban/suburban environment. Likewise,
very few people living in these urban and suburban areas consider their lawns and gardens as wildlife
conservation areas able to sustain our declining plants and animals. However, through National Wildlife
Federation’s Certified Wildlife Habitat ® program, people have an opportunity to help improve the
status of wildlife that is struggling in urban and suburban areas.
Landowners can design a Certified Wildlife Habitat® in a way that not only provides habitat for wildlife,
but also helps reduce the impacts that climate change has on people and wildlife. Networks of Certified
Wildlife Habitats® can help restore wildlife in cities and suburbs, sequester carbon, reduce the urban
heat island effect, and help manage flooding and drought.
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Understand, Analyze, and Leverage the Benefits of Urban Trees
Robust urban tree canopies can reduce carbon pollution, provide habitat and food for wildlife, improve
shade and cooling effects, and manage stormwater flooding. At the same time, trees can help reduce
the urban heat island effect and air conditioning, thereby lowering GHG emissions associated with
building energy use. If people are more familiar with the full range of benefits provided by trees, they
may be more likely to help keep them healthy and protected. Plus, urban trees can help communities
meet local policy goals, like those identified in sustainability plans and climate action plans.
Some resources to evaluate the benefits of urban trees included the following:
The City of Arcata, CA, was the first municipality in the country to contract for the sale of forest
carbon offsets. The forestry project will be registered and verified according to the rigorous
Climate Action Reserve35 protocols. The revenue from this sale will be used to decrease logging
activities and allow tree stands to reach an older age. Learn more about forestry carbon credits
here: http://www.governing.com/topics/energy-env/col-turning-forests-carbon-banks.html
Developed by the USDA Forest Service, iTree is a series of forestry analysis and benefits
assessment tools that helps users quantify the ecosystem services and values from trees. iTree
can be accessed here: http://itreetools.org/

35

The Climate Action Reserve is a carbon offset registry for North America that helps to ensure the environmental
integrity and financial benefit of greenhouse gas emissions reduction projects. More information can be found
here: http://www.climateactionreserve.org/
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4. Threats to Tree Health – Managing for Pests
Herbivorous insects are often more abundant in urban environments than in the surrounding rural area.
Several factors have been hypothesized to explain this, such as access to more vulnerable host plants
and fewer predators, but recent research suggests the urban heat island effect is an important driver. In
a paper published in March 2013, researchers observed higher abundances of a scale insect in hotter
parts of the city. In related experiments, they
Asian Longhorned Beetle
controlled for plant health, watering the trees to
ensure plants were not simply vulnerable due to heat.
Results showed that regardless of other conditions, the
insects thrived in hotter environments.36
As the climate warms and the urban heat island effect
worsens, invasive insects will likely follow the model
Meineke et al. has discovered. While these pests are
Credit: USFDA
already a threat to natural, healthy forests, urban
forests are much more vulnerable due to the urban heat island effect and already harsh urban
conditions. Active monitoring and proper management can, however, ensure a thriving urban forest
even as the climate worsens. Below is a list of some common pests throughout the US, and resources
that can be used to combat them.
The Asian longhorned beetle (ALB) is an invasive insect found attacking a variety of tree species in the
U.S., namely throughout the northeast. First discovered in Brooklyn in 1996, this insect has spread
throughout parts of New York, Massachusetts, New Jersey, Illinois, and Ohio. ALB was also discovered in
warehouses containing wooden materials in states from California to Florida. ALB larvae tunnel through
tree trunks, girdling stems and branches. Repeated attacks eventually cause the tree crown to dieback,
resulting in the death of the tree. Although a complete host of trees has not been determined, the
beetle prefers maple species (Acer spp.), including boxelder, Norway, red, silver, and sugar maples.
Other preferred hosts include birches, Ohio buckeye, elms, horsechestnut, and willows. ALB has also
been found in ashes, European mountain ash, London planetree, mimosa, and poplars. As of March
2013, the ALB has been eradicated from Illinois and New Jersey, after 10 years of constant management
and vigilance from federal, state, and local governments.
Early detection, quarantines, removal and destruction of infected trees, and replanting of non-host
species are the best way to limit and prevent the spread of this species. For more information, go to the
USFS website: http://www.na.fs.fed.us/fhp/alb/
Current range: Northeast, Mid-Atlantic

36

Meineke EK, Dunn RR, Sexton JO, Frank SD (2013) Urban Warming Drives Insect Pest Abundance on Street Trees.
PLoS ONE 8(3): e59687. Doi: 10.1371/journal.pone.0059687

31

Map:
http://www.fs.fed.us/foresthealth/technology/invasives_anoplophoraglabripennis_riskmaps.shtml

The emerald ash borer (EAB) first entered Michigan from China at least 15 years ago, likely in solid wood
packing material. EAB has since been found in several states and Ontario, Canada. EAB infects and kills
trees in a manner similar to that of the ALB. Because this species is generally smaller in size, its boring
holes may be smaller to detect.
To limit the spread of this pest, states imposed
quarantines and regulations on the transport of ash
trees and ash wood products. Federal quarantines
were imposed by USDA Animal and Plant Health
Inspection Service and the Canadian Food Inspection
Agency. For more information, go to the USFS
website: http://na.fs.fed.us/fhp/eab/

Emerald Ash Borer. Credit: USFS
Northeast

Current range: Northeast, Great Lakes region, Appalachian region
Map: http://www.emeraldashborer.info/files/MultiState_EABpos.pdf

The hemlock woolly adelgid (HWA) is a tiny sapsucking insect causing a decline of hemlock trees in
the eastern United States. First discovered in VA in
1951, this pest has been found in states from
northern Georgia to southern Maine. The HWA has
few natural predators, and the native eastern
hemlock species are not resistant or tolerant to
their feeding.
In controlled environments, such as ornamental
Hemlock woolly adelgid. Credit: USFS
tree farms, insecticides can be used to control their
spread. Research is currently being done on the potential use of biological controls, namely releasing
natural predators into the wild. For more information, visit the USFS website:
http://www.na.fs.fed.us//fhp/hwa/
Current range: Appalachian region, from Georgia to Maine
Map: http://na.fs.fed.us/fhp/hwa/maps/2011.pdf
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Oak wilt disease was first considered an important disease in 1944 in Wisconsin, where in localized
areas over half the oaks have been killed. This disease has since been discovered in 21 states. This
disease is caused by a fungus, Ceratocysris fagacearum, that clogs the water conducting vessels of
infected trees, causing them to wilt and die within a few weeks or months.
Transmission of this disease is accomplished with the help of small insects. Sap feeding beetles called
nitidulids can carry fungal spores from infected oaks to healthy oaks, causing infection. Longer-distance
transmission can occur when these beetles or spores are carried to other locations on firewood. The
fungus can also spread through root grafts. Similar species of oaks growing in proximity often form
interconnected root systems, where fungi can spread from tree to tree.
There is no known way to cure an infected tree, so
disease prevention is the best management method. If a
tree shows signs of Oak Wilt, including browning leaves
in summer months and the formation of fungal mats on
the bark, a county agricultural agent, agricultural
station, or local forester should be contacted to confirm
infection and offer control recommendations. Control
Oak Wilt. Credit: Paul Mistretta USDA
may involve burning or chipping the dead tree, breaking
Forest Service Bugwood.org
root grafts between diseased and healthy trees, and
using mechanical and chemical barriers to prevent the spread of the fungus.
Planting a diversity of tree species is another way to safeguard against oak wilt disease. No single
species should compose a majority of the total tree population in any given area. Special consideration
should be given to oak wilt resistant species such as bur, overcup, swamp chestnut and white. For more
information, see the Forest Service site for your region: http://na.fs.fed.us/fhp/ow/index.shtm
Current range: Texas to Great Lakes region and east to PA to WV
Map: http://na.fs.fed.us/fhp/ow/maps/ow_dist_fs.shtm

The Southern Pine Beetle is one of the most serious insect
pests in the South. These tiny insects bore directly through
tree bark and form networks of tunnels between the bark
and wood. Lined with eggs, these tunnels eventually girdle
and kill the tree. A fungus known as “bluestain” is often
carried by these insects as well, causing further damage to
the tree. Preferred hosts include loblolly pine, shortleaf
pine, pond pine, and Virginia pine. Slash pine and longleaf
pine are considered to be more resistant to attack, but may
be at risk during severe outbreaks.

Southern Pine Beetle. Credit: USFS
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Infestations typically begin in weak or somewhat unhealthy trees, such as those stressed by disease, old
age, or storm damage. As climate change increases the frequency of droughts, this additional stress will
further expose these trees. Once established in unhealthy trees, an outbreak can occur in which even
healthy trees may be at risk. Outbreaks have typically occurred on six to twelve year intervals and last
two to three years. Depending on climatic conditions and the presence of preferred hosts, these
outbreaks may occur more frequently and last for longer periods of time.
Homeowners and forest managers can slow or prevent the spread of outbreaks by keeping host species
healthy and planting more resistant native species of pine. Removing damaged trees, minimizing
damage to healthy trees, and maintaining healthy soil and water levels help keep trees resistant to
infestation. For more information, visit the US Forest Service website:
http://www.fs.fed.us/r8/foresthealth/hosf/spb.htm and the University of Florida fact page:
http://entnemdept.ufl.edu/creatures/trees/southern_pine_beetle.htm
Current range: Southeast U.S. from eastern Texas to Virginia
Maps: http://www.fs.fed.us/foresthealth/technology/nidrm_spb.shtml

Thousand Cankers Disease (TCD) is a recently recognized disease discovered in the western United
States known to infect certain walnut species. TCD is caused by a combination of the boring of the
walnut twig beetle and a fungus it vectors, Geosmithia spp. It is believed that outbreaks of the twig
beetle coincide with long term drought. In the western US, it has taken eight to ten years of continuous
feeding by the beetle to kill an individual tree. While TCD is thought to be restricted to the western U.S.
and its associated walnut species, eastern black walnut ecosystems may also be at risk if exposed to the
disease.
Infected trees can be identified by crown thinning, the presence of isolated branches that show leaf
yellowing, or sudden leaf wilting. The time between these symptoms and death may range from three to
ten years, depending on climatic conditions and tree health. Examining branches with these symptoms
may reveal the presence of the tiny walnut twig beetle.
Much research on TCD is still needed, as it has only recently been discovered. It is believed that drought
has little to no effect on its spread, but because the twig beetle and fungus have developed in the warm
southwest climate, a warmer climate may benefit their development and spread. There are currently no
known ways to effectively control the walnut twig beetle. Although pesticides may be an effective
control measure, other problems, like impacts on water quality, may result from their use. Like other
diseases and pests, a healthy forest can be maintained by planting a variety of species to prevent a large
die-off from a single pest. For more information and resources, see the Forest Service website:
http://www.fs.fed.us/foresthealth/fhm/sp/tcd/tcd.shtml
Current range: Western U.S., Mid-Atlantic
Map: http://www.thousandcankers.com/media/images/TCD_Confirmed_State_Map_2_2013.png
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The Mountain Pine Beetle (MPB), like many other bark beetles in the U.S., is a native species that causes
severe harm to forests when outbreaks occur. Found in pine forests from Mexico to Canada, MPB
outbreaks have grown more severe thanks to more frequent wildfires and drought weakening otherwise
healthy trees. As the climate warms and wildfires become more intense, this beetle is expected to
thrive.
Mountain Pine Beetle. Credit: USFS

Beetle attacks are manifest by discolored foliage in late Spring,
the appearance of reddish pitchtubes on the trunk, discolored
sapwood (often blue due to fungi), and the appearance of exit
and entrance holes in the bark. If these factors are reported, a
local forester or other resource should be consulted to identify
and confirm an infestation.

Infected trees cannot be cured, but the further spread of
beetles can be prevented with vigilance. Researchers at the U.S.
Forest Service Rocky Mountain Research Station found that
beetle larvae survival is drastically reduced when the bark is
fully exposed to sunlight. By felling trees in potentially infected
areas, beetle outbreaks can be slowed or prevented entirely.
The use of insecticides can also be used to protect high-priority
trees, though this method may put desired insect species at risk. As with other pests, having a high
diversity of trees in an urban forest can prevent the establishment and spread of the MPB. For more
information and management options, see the Forest Service page:
http://www.fs.fed.us/rm/landscapes/Solutions/Pinebeetle.shtml
Current range: Rocky Mountains, from northern Mexico to Canada, and western regions from southern
California to Washington.
Map and additional information:
http://www.nps.gov/romo/naturescience/mtn_pine_beetle_background.htm

Spring and Fall Cankerworms are native to elm forests in the western U.S., where they have historically
caused damage to native Siberian elm shelterbelts. These pests have been found primarily on Siberian
and American Elms, but have also been known to feed on a broad range of other understory and
hardwood plants. Repeated, constant feeding by cankerworms results in stunted growth of new twigs
and the loss of leaves and bark. This often results in the death of the tree.
Cankerworm infestation can be identified by the presence of larvae on leaves from early May to the end
of June. Early detection can save the trees, as biological controls, such as the bacterium Bacillus
thuringiensis, can be applied to kill the larvae. For more information, see these resources:
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http://www.mortonarb.org/tree-plant-advice/article/764/cankerworms.html and
http://www.fs.usda.gov/Internet/FSE_DOCUMENTS/stelprdb5187552.pdf
Current range: Found throughout the continental U.S., this species is most severe in western states.

The tuliptree scale is a soft scale insect that attacks yellow poplar, magnolia, and occasionally linden
species. This insect can be so prolific that they cover whole twigs and branches during feeding in spring
and when new insects are born in fall. This overfeeding can weaken, distort, and kill trees, especially
those with a diameter of less than 5 inches.
Tuliptree scale

During the growing season, presence of this pest can
be indicated by an abundance of honeydew secreted
by developing soft scales. This often attracts ant and
wasp populations that may be issues in and of
themselves. Ants, for example, may need to be
managed as they protect the soft scales from
predation, allowing them to thrive. There are several
Credit: Lacy H. Hyche. Auburn University.
management options for the tuliptree scale, including
Bugwood.org
the use of biological controls. The pyralid moth is a
natural predator of the soft scale, although they may not be viable for large scale infestations. Applying
insecticides during the crawler stage, from mid-August through mid-September, is often an effective
control measure.
Current range: New York and Connecticut to Florida, east of the Mississippi River. Some infestations
have been found in yellow poplar in California.
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5. National Wildlife Federation’s Programs For Resilient Communities
Eco-structure provides many benefits for communities. For example, the shade and cooling effects
provided by trees can reduce the need for energy -intensive air conditioning in buildings, resulting in not
only lower energy costs, but also a reduction in GHG emissions. Incorporating water-smart practices, like
using native vegetation that is more drought-tolerant or requires less watering, can help reduce water
usage and the costs and energy associated with pumping and delivering water, while also providing
critical wildlife habitat in urbanized areas. Along with the Certified Wildlife Habitat ® program
mentioned previously, National Wildlife Federation has a variety of programs that will complement and
help support landowner and community efforts to support eco-structure while increasing resilience to
the impacts of climate change. Consider utilizing one of these programs after learning how to enhance
your forest’s health through the Forestry CPR tool.
Climate-Smart Communities
The National Wildlife Federation’s Climate-Smart Communities program helps U.S. cities and towns
prepare for the impacts of a changing climate by using nature-based approaches that provide natural
protection, while also connecting people with nature through urban wildlife habitats.
Climate change is intensifying existing stresses on wildlife and their habitats and amplifying
natural hazards that threaten people and property.
Climate-Smart Communities work with, and not against, nature to prepare for heat waves,
drought, wildfires, water shortages, flooding, sea level rise, wind storms, tornados, hurricanes,
economic losses, and more.
NWF is actively promoting the use of non-structural, nature-based approaches to prepare for
extreme weather, like living shorelines.
For more information, go to www.nwf.org/climate-smart-communities
Habitat Stewards Training
Since 1994 NWF’s Habitat Stewards volunteer program has been helping individuals, families and
organizations create spaces that are friendly to wildlife. Across the country Habitat Stewards serve their
community by:
Mapping and conducting inventories of potential habitat
Designing habitats and recommending appropriate plants
Educating others about the effects of climate change, urban sprawl, deforestation and pollution
on wildlife
Mentoring novice gardeners and landowners on gardening skills, helping them gain an
appreciation for nature, and helping them become better environmental stewards
Consider reaching out to a Habitat Steward in your community should you need help implementing the
recommendations you received through the Forestry CPR tool. You can find a Habitat Steward near you
by emailing habitatstewards@nwf.org.
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Trees for Wildlife
NWF’s Trees for Wildlife program educates youth about the role of trees in our environment and how
individuals can take action to plant trees. The program also provides stewardship for sustaining trees at
local and national scales. Trees for Wildlife also explores the unique connection wildlife have with trees
and the essential role for habitat trees play for wildlife.
The Trees for Wildlife program can support your efforts to make your land more climate resilient by
providing access to tree kits, tree care guides, and additional information about the value of trees in our
environment.
The Forestry CPR tool can supplement the resources that schools and youth groups participating in the
Trees for Wildlife program are using. Participants can use recommendations from the website to help
them determine which trees to plant on site, and how to support the health of the trees they plant by
creating a healthy habitat that is climate resilient.

© All Rights Reserved by National Wildlife Federation
The Trees for Wildlife program provides self-guided materials, including:
Age-appropriate and downloadable activities
Native tree seedlings shipped directly to homes for planting
Incentives (patches, pins, etc)
Educational Resources to support further projects
Eco-Schools USA
NWF’s Eco-Schools USA program helps educators across the country integrate sustainable principles
throughout their schools and curriculum. It strives to model environmentally sound practices, provide
support for greening the curriculum and enhance science and academic achievement. Additionally, it
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works to foster a greater sense of environmental stewardship among youth. Schools participating in the
program follow a seven-step framework, and focus their efforts on a variety of environmental pathways
(or focus areas).
The Forestry CPR tool can provide guidance and site-specific recommendations to schools that decide to
focus on pathways aimed at greening school grounds or reducing climate pollution.
Examples of how the tool can support pathway-specific efforts include:
Climate Change Pathway – Schools can evaluate the health of the school property, and evaluate
how effective it will be over time at sequestering carbon.
Biodiversity Pathway – Schools can use Forestry CPR recommendations to help increase the
biodiversity of habitat found on school property.
School Grounds Pathway – Schools can use the Forestry CPR recommendations to help them
create healthy habitat on-site that will be resilient to the impacts of climate change, and act as
outdoor research laboratories for students’ learning.
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6. Regional Resources For Improving Forest Health
Northeast (New York)
As mentioned previously, urban trees are already challenged to survive in urban areas, and climate
change provides additional stressors. Cities in northern regions, such as New York, must have trees that
must not only withstand the changing seasons on an annual basis, but also the man-made stressors that
come with these seasons. Namely, trees must be tolerant to salt that is used to manage snow and ice. As
the overall climate changes, these trees must also be able to withstand the increased temperature and
more intense storms that are expected for the region.
Planning: PlaNYC is New York City’s long-term, master sustainability plan. Among the many initiatives to
reduce its vulnerability to climate, the Million Trees NYC initiative includes a goal to increase the number
of trees in the city. Residents can volunteer at planting events, receive free trees to plant from the New
York Restoration Project, report planting opportunities, and contribute on their own to reach the cities
one million tree goal. http://www.milliontreesnyc.org
TreesNY is a local nonprofit that promotes and supports the City’s urban forest through education,
volunteer events, and various programs. Their site also offers tree care tips, and locals can register as
Citizen Tree Pruners through their training programs. http://www.treesny.org/citizenpruner
Research: The New York City Urban Field Station of the Forest Service conducts and supports research in
urban ecosystems. This research involves the surveying urban trees, studying resilience, health, and
well-being of individuals and communities, and promoting environmental literacy. Researchers may also
use the field station to conduct research to contribute to our understanding of urban forests.
http://nrs.fs.fed.us/nyc/
Tree List: New York City has developed a species list of trees that can be planted within the city. While
not all are native, these trees are tolerant of the harsh conditions characteristic of urban environments.
The city has also made note of species that are vulnerable to invasive pests such as the Asian LongHorned Beetle. http://www.nycgovparks.org/trees/street-tree-planting/species-list
Trees & Climate Change: The US Forest Service has developed a Climate Change Tree Atlas (A Spatial
Database of 134 Tree Species of the Eastern USA). In conjunction with the tree planting list for New
York City referenced above, this atlas can be used to develop an urban tree species list that includes
trees that are not only appropriate for the urban environment in New York, but that will also be able to
withstand future climate conditions in the city. The Climate Change Tree Atlas can be found here:
http://www.nrs.fs.fed.us/atlas/tree/tree_atlas.html#
State-level Resources
The New York Forest Owners Association focuses on forestry practices of local landowners. With local
chapters located throughout the state, their events and educational materials help promote the growth
and maintenance of healthy forests on private land. http://www.nyfoa.org/about_nyfoa/index.php
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New York State’s Department of Environmental Conservation offers several resources to educate and
promote the planting and protection of native trees. Links on this site include information on aquatic
plant management, the State’s tree nursery, and federally and stat- protected plants.
http://www.dec.ny.gov/animals/275.html
NY DEC’s Office of Climate Change works on mitigation and adaptation throughout the state, and
partners with local groups in several areas. The “Important Links” tab on the right side of the page leads
to resources related to general information on climate change at the global, state, and local levels. The
Climate Smart Communities page contains webinars and guides to local action, all related to making
local communities more adaptable to climate change. http://www.dec.ny.gov/about/43166.html
Forestry Contacts & Local Resources:
Bruce Williamson, Acting Urban Forestry Coordinator for the State of New York
NYS DEC
625 Broadway
Albany, NY 12233
518-402-9425
bewillia@gw.dec.state.ny.us
New York City Urban Forester:
Mary Kramarchyk
NYS Dept. of Env. Conservation
Division of Lands & Forests
625 Broadway, 5th Floor
Albany, NY 12233
518-402-9425
City of New York Parks & Recreation
http://www.nycgovparks.org/trees
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Mid-Atlantic (Baltimore)
The Mid-Atlantic region is subject to a mix of tropical and winter storms, many of which are expected to
worsen as the climate changes. Cities along the coast, such as Baltimore, must also plan for sea level rise
and increased storm surge. Urban forests here must combat hot summers compounded by the heat
island effect, resist increased salinity from salt used to manage road ice, and must be resilient to storms
of all types.
Planning: TreeBaltimore, like Million Trees NYC, is a component of Baltimore’s Office of Sustainability.
Their goal is to double the city’s tree canopy from 20 to 40% by 2037 through programs such as tree
giveaways, developing educational programs, and increasing plantings in public. Designated “Healthy
Neighborhoods” may qualify for free or half-price trees to help increase home values and improve their
property. Residents can also request street trees in public areas or volunteer at plantings to help
Baltimore reach its tree canopy goals. http://treebaltimore.org/
The City has also developed a series of maps to show tree cover throughout the city. Maps such as these
can help landowners and city planners decide where future trees should be planted.
http://bcrp.baltimorecity.gov/ProgramsandInitiatives/TreeBaltimore/Maps.aspx
Research: The Baltimore Ecosystem Study, funded by the National Science Foundation, focuses on the
interaction of environmental features, built structures, and social factors. Studies range from analyzing
metal concentrations in urban riparian zones to the linkage between environmental justice and urban
forest biodiversity. The results of these various studies may help inform decisions on land use in the
urban environment, and provide background on the benefits of urban forests: http://beslter.org/
The University of Delaware has conducted research in the Mid-Atlantic region to categorize native and
alien plant genera in terms of their ability to support insect herbivores, and thus overall biodiversity.
Insects in the Order Lepidotera, which includes moths and butterflies, were chosen as surrogate species
for all insect herbivores. The results of this study can be used to determine which plants support the
most invasive insects, and can thus be avoided when urban trees are planted.
http://udel.edu/~dtallamy/host/index.html (Results found in Downloads section)
Tree List: The City of Baltimore is currently developing a climate-smart trees species list, which will be
included in its Hazard Mitigation and Adaptation Plan, to be completed in 2013.
In the meantime, the City of Baltimore’s Recreation and Parks Department developed a list of approved
trees to be planted in the city. Although not all are native species, these trees are tolerant of urban
environments.
http://bcrp.baltimorecity.gov/Portals/Parks/documents/Baltimore_City_Approved_Tree_List.pdf.
The National Tree Benefit Calculator can be used to determine a tree’s economic and health benefits,
including in stormwater management, property value, energy, air quality, and CO2. The state of
Maryland adopted this tool to apply directly to the state. Users can input several trees to view the total
benefits of trees on their property. This tool can be used to determine the benefits of specific trees in a
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region, and to determine if one species may be more beneficial than another.
http://www.trees.maryland.gov/calculator.asp
Trees & Climate Change: The US Forest Service has developed a Climate Change Tree Atlas (A Spatial
Database of 134 Tree Species of the Eastern USA). In conjunction with the tree planting lists above, this
atlas can be used to develop an urban tree species list that includes trees that are not only appropriate
for the urban environment, but that will also be able to withstand future climate conditions in the city.
http://www.nrs.fs.fed.us/atlas/tree/tree_atlas.html#
The City of Baltimore developed a simple guide of best practices for planting trees. This can be applied
to planting in almost any environment.
http://bcrp.baltimorecity.gov/ProgramsandInitiatives/TreeBaltimore/TreePlantingTips.aspx
State-level Resources
The Maryland Urban and Community Forestry Committee (MUCFC) Grants program helps community
groups fund tree planting and education projects statewide to enhance Maryland’s urban forest.
http://www.dnr.state.md.us/forests/programs/urban/MUCFCgrant.asp
The Maryland Department of Natural Resources has compiled information on Urban and Community
Forestry that applies specifically to Maryland cities and towns. This site lists laws that protect trees,
volunteer opportunities for Maryland residents, recognition programs, and publications.
http://www.dnr.state.md.us/forests/programs/urban/
Tree-Mendous Maryland sells trees and offers planting and care tips.
http://www.dnr.state.md.us/forests/treemendous/ordertrees.asp
The Maryland Commission on Climate Change was created under an Executive Order signed by
Governor O’Malley. This commission released a Climate Action Plan in 2008, which describes future
climate change impacts, reduction strategies, and adaptation.
http://www.mdclimatechange.us/MCCC.cfm
Forestry Contacts & Local Resources
Basil Matthews, Forestry Division of the Baltimore City Bureau of Parks
basil.matthews@baltimorecity.gov
Charles Murphy, Tree Baltimore Greening Coordinator
(410) 458-7888
Holly J. Beyar, Project Facilitator of the Baltimore Ecosystem Study
Cary Institute of Ecosystem Studies
(845) 677-7600 Ext 210
Email: BeyarH@caryinstitute.org
Other contacts: http://beslter.org/frame2-page_13.html
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Southeast (Broward County, FL)
Broward County, FL, is located on the southeast coast of the state, and includes large urban centers,
such as Fort Lauderdale, wedged between the coast and the Everglades. Urban trees in locations such as
this are vital for managing stormwater, combating the heat island effect year round, and are subject to
extreme heat, drought, and intense storms. Urban forests in the southeast must not only provide vital
ecosystem services, but must be resilient to extreme weather, especially as the climate changes. As of
April 2013, Broward County has more NWF Certified Wildlife Habitats® than any other place in the
country.
Planning: Broward County enacted a Tree Preservation Program to manage ordinances related to urban
trees. This program also arranges public outreach projects such as tree giveaways, educational seminars,
and school presentations.
http://www.broward.org/Regulation/Engineering/Pages/TreePreservationProgram.aspx
The Florida Urban Forestry Council promotes sound urban forestry policies and practices by educating
citizens and communities throughout the state. This nonprofit offers workshops and conferences to
disseminate the best practices of urban forestry, and offers resources for citizens, city planners, and
other interested parties. http://www.fufc.org/index.html#
The Urban Forest Management Plan for Broward County offers several resources and information
related to urban forestry and best practices. The site contains links to resources related to forest
assessments, forest enhancement, wind resistant trees, and tree canopy coverage.
http://www.broward.org/NaturalResources/LandStewardship/UrbanForest/Pages/Default.aspx
Research: Florida and other southeastern states are regularly damaged by tropical storms and
hurricanes. Managing and restoring damaged trees is one factor these states must take into account in
their urban forestry plans. The University of Florida Institute of Food and Agricultural Sciences Extension
has conducted research on the subject, and offers step-by-step guides for restoration.
http://edis.ifas.ufl.edu/topic_trees_and_hurricanes
Tree list: Florida-Friendly Landscaping is a statewide initiative to encourage homeowners, property
managers, and professionals to use plants that are more sustainable in terms of time, money, and
energy requirements. Their Plant Database allows individuals to choose their region, desired plant type,
and growing conditions to determine which plants work best. http://floridayards.org/fyplants/index.php
The Institute for Regional Conservation provides detailed data on habitats and plants found in specific
regions in South Florida. Users input their zip code or chose a county to find lists of native plants for that
region. http://regionalconservation.org/beta/nfyn/default.asp
Broward County government developed a short list of trees that have a history of performing well
during recent storms. Several factors determine how well a tree will fair, as this site describes, but this
list offers a starting point for post-storm restoration.
http://www.broward.org/Parks/Extension/CommercialHorticulture/Pages/Replant.aspx
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The Florida Native Plant Society developed an interactive map that allows users to determine the right
plants for their region, based on hardiness zone, environmental needs, and optional attributes such as
hurricane resistance. http://www.fnps.org/plants
Trees & Climate Change: The US Forest Service has developed a Climate Change Tree Atlas (A Spatial
Database of 134 Tree Species of the Eastern USA). In conjunction with the tree planting lists above, this
atlas can be used to develop an urban tree species list that includes trees that are not only appropriate
for the urban environment, but that will also be able to withstand future climate conditions in the city.
http://www.nrs.fs.fed.us/atlas/tree/tree_atlas.html#
State-level Resources
Urban Forestry South is part of the Forest Service’s Southern Research Station. Their site provides
resources specifically for southern areas, including published scientific papers, tools for urban forestry
planning, and contacts for additional resources. http://www.urbanforestrysouth.org/
The Florida Forest Service is responsible for protecting the state and its people from wildland fire and to
manage forest resources though a stewardship ethic. Their site offers educational materials, trainings
and classes, and general information on state forestry.
http://www.floridaforestservice.com/training_education/index.html
The Florida Forestry Association is a member-based organization that advocates for and promotes
sustainable forestry in the state. Several programs are done in partnership with the nation-wide
Sustainable Forestry Initiative. They also offer information on local tree farms to support native species
in the state, under the “Programs” tab. http://floridaforest.org/
The Florida Climate Center is the state’s primary resource for climate change data. Past temperature and
precipitation data as well as future projections are available for different regions across the state.
http://climatecenter.fsu.edu/topics/climate-change
Forestry Contacts & Local Resources
Florida Forest Service Administration
3125 Conner Boulevard
Tallahassee, FL 32399-1650
850-488-4274

Natural Resources Planning and Management Division
Land Stewardship Program
115 S. Andrews Avenue, Room 329H
Fort Lauderdale, Florida 33301
Phone: 954-519-0305

Florida-Friendly Landscaping Program
University of Florida, Institute of
Food & Agricultural Sciences
Environmental Horticulture Dept.
Gainesville, FL 32611-0675
Phone: (352) 273-4518
Fax: (352) 392-1413
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Midwest (Chicago)
Chicago is located near the southern edge of Lake Michigan, at the intersection of the Midwest and
Great Lakes regions. As the climate warms, lake levels are expected to decrease as the snowpack that
feeds them decreases. When precipitation does occur, however, it is more likely that it comes in the
form of intense storms. Flooding along the coast is more likely in these cases. In the Midwest, developed
areas must prepare for more frequent tornadoes and longer droughts. Urban forests here can offer
shade to combat the urban heat island effect, conserve water, and offer a barrier to wind. Trees
planted, however, must be resilient in the face of this extreme weather.
Planning: The City of Chicago developed a plan entitled “Climate Considerations for Management of
Natural Areas and Green Spaces.” This report acts as a guide in implementing climate-smart land
management and offers methods for safeguarding species and systems from future impacts. The full
report offers useful insights, and can be used as a template for other cities. The annotated list of tools
and resources also provides a number of useful resources for the region.
https://adapt.nd.edu/resources/1107/download/Climate_Considerations_Chicago_FINAL.pdf
To address the broader needs of conservation, the Chicago Wilderness alliance developed the “Chicago
Wilderness Climate Action Plan for Nature.” This plan addresses three major areas: mitigation strategies,
such as using natural areas for sequestering carbon, making natural areas more resilient, and engaging
the Chicago Wilderness community in action. A summary of the plan can be found here:
http://www.chicagowilderness.org/files/2213/3035/6961/Climate_Action_Plan_for_Nature.pdf
The City of Chicago’s Sustainable Backyards Program is an educational and incentive program that
encourages residents to create environmentally-friendly landscapes in their backyards. Through a series
of classes, workshops, and incentive programs, the city is able to encourage the growth of green spaces
on private property. Information on the program, including how the rebate program works, is found on
the city’s website.
http://www.cityofchicago.org/city/en/depts/cdot/provdrs/conservation_outreachgreenprograms/svcs/
chicago_sustainablebackyardprogram.html
Research: The Chicago Wilderness alliance developed an appendix of information related to climate
change impacts and natural communities. This appendix is supported by the latest scientific literature,
and can be used to inform adaptive management in a rapidly changing environment. This web page is
dedicated to impacts on plants and natural communities, with links to other resources, such as wildlife,
green infrastructure, and general adaptation strategies located on the left side of the page:
http://climate.chicagowilderness.org/index.php?title=Plants
The U.S. Forest Service collaborated with the City of Chicago to carry out an I-Tree analysis of the City’s
urban forest. This report details the forest structure, potential risk to the forest from pests, effects on
air pollution and carbon storage, and changes in building energy use. Reports such as this can inform
future management decisions, especially if the forest must be improved or changed to adapt to climate
change. The full report can be found here: http://www.nrs.fs.fed.us/pubs/rb/rb_nrs37.pdf
Tree list: The City of Chicago has developed an Urban Tree Planting List. This list identifies species with
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the potential for invasiveness, suggests planting sites, and marks trees that are salt tolerant, are best
grown in the spring, and those that promote diversity. In addition, the species availability, hardiness,
and ease of transplant are ranked. The City is currently updating their list to identify which species are
native to Illinois, and their climate readiness. The latest list can be found on this site:
http://www.cityofchicago.org/city/en/depts/streets/provdrs/forestry/svcs/tree_planting.html
State Level Resources
The University of Illinois Forestry Extension offers several resources related to urban forestry. Aside
from a list of general benefits, their site links to several helpful resources related to pruning, youth
education, and tree and shrub selection.
http://web.extension.illinois.edu/forestry/urban_comm_forestry.html
The Wisconsin Initiative on Climate Change Impacts released a comprehensive report on impacts and
adaptation in the state. This extensive report maps out projected impacts to natural and built systems
and offers adaptation actions. Much of the information gathered for this state can be applied to the rest
of the region. http://www.wicci.wisc.edu/publications.php
Forestry Contacts & Local Resources
Joseph J. McCarthy
Senior City Forester
Department of Streets and Sanitation, Bureau of Forestry
2352 S Ashland, 3rd Floor
Chicago, Illinois 60608
Ph: 312-746-5254
Fax: 312-743-8030
Reinee Hildebrandt, PhD
State Urban Forester
Illinois Department of Natural Resources
One Natural Resources Way
Springfield, IL 62702
Ph: (217)785-8771
Email: Reinee.Hildebrandt@illinois.gov
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Southwest (Texas – Houston and Austin)
The southwest’s hot, dry climate is expected to worsen as the climate warms. Cities in this area can be
two to nine degrees hotter than the surrounding area due to the constant sun and the high density of
paved surfaces. The urban forest in these areas must be extremely tolerant to heat and drought, while
providing a defense against the sun.
Planning: The City of Houston has developed several resources for best practices and tips for tree
plantings that are particularly relevant for the southwest climate. Many of the tips here can be applied
to the surrounding region. http://www.houstontx.gov/parks/pdfs/treeplanting.pdf
Tree list: The Houston Parks and Recreation Department encourages residents to take advantage of the
NeighborWoods Program, which provides volunteers with free trees to plant on city right of ways.
Interested residents can fill out this brochure, which contains a short list of trees available.
http://www.houstontx.gov/parks/pdfs/neighborwoodsbrochure.pdf
The Austin Parks and Recreation Department developed a Native Tree and Plant guide with a variety of
notes, including native range within Texas and water needs.
http://www.austintexas.gov/sites/default/files/files/Watershed/growgreen/plantguide.pdf
The Texas Bayou Region Tree Guide offers a list of tree species that thrive in the bayou region, namely in
the southeast corner of the state. Many of these trees can be used to enhance the urban forest.
http://www.haufc.org/treeguide/home.html
TreeFolks of central Texas developed a simple tree guide for planting native species in central Texas.
This brochure shows pictures of trees that should be planted, and comments on the health concerns and
benefits of the different species. http://treefolks.org/wp-content/uploads/2011/05/Native-GuideLowRes.pdf
Trees & Climate Change: Texas Climate News offers a series of articles related to how climate change
will specifically impact Texas, and articles related to local politics on the issue. This article outlines some
of the recent national Climate Assessment and its specific implications for Texas. Data here can be used
to inform decisions on species plantings in the region. http://texasclimatenews.org/wp/?p=6473
State-level Resources
Texas A&M Forest Service works with local communities to develop urban forests. Their website offers
resources such as local contacts, ordinance tutorials, and local studies and inventories.
http://texasforestservice.tamu.edu/main/article.aspx?id=1279
The West Texas Urban Forestry Council offers tree care tips, arranges programs and events, and gives
away free trees based on an application process. Their simple tree selection tool allows users to find
trees based on one or several attributes, such as shade type and water needs.
http://www.wtufc.org/site/treeSelection/index.php
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The Texas Climate Initiative provides general information about climate change impacts in the state of
Texas. The book “The Impact of Global Warming on Texas” is available online, and addresses issues such
as water resources, biodiversity, and cities.
http://texasclimate.org/Books/ImpactofGlobalWarmingonTexas/tabid/481/Default.aspx
Forestry Contacts & Local Resources
Houston Parks & Recreation Department
2999 South Wayside
Houston, Texas 77023
Phone: 832.395.7000
E-mail: askparks@houstontx.gov
Austin Parks & Recreation Department
200 S. Lamar Blvd.
Austin, TX 78716
Phone: 512-974-6700
Texas A&M Forest Service
County, Program, and Location Contacts
http://texasforestservice.tamu.edu/main/article.aspx?ctrl=20
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Mountain (Denver Metro Area)
As the climate warms and droughts increase in frequency and length, the frequency of wildfires in the
Midwest is expected to increase. As with most regions in the country, the frequency of extreme
weather is also expected to increase. Mountain regions may see some species disappear and others
thrive as higher altitudes begin to match the warmer climate of lower altitudes. In addition, streams and
rivers fed by snowpack melt may begin to decline as temperature increases and snowfall rates decrease.
Urban forests in these climates must thus be resilient to a variety of impacts, and thrive under varying
climatic conditions.
Planning: Greenprint Denver is the Mayor’s Sustainable Development Initiative for Denver, CO. As part
of this initiative, the city enacted the Mile High Million in 2006, a plan to plant at least a million trees by
2025. This initiative involves educational programs for children, providing resources for educators,
organizing volunteer events for plantings, and providing resources for individuals that wish to
contribute. http://www.milehighmillion.org
American Forests has developed a series of case studies on several cities, including Denver. These
studies give an overview of the forestry initiatives and how their programs work. Chapters can be
downloaded and read online. http://www.americanforests.org/our-programs/urbanforests/urbanforests-case-studies/denver-introduction/
Although environmental, economic and social sustainability are primary goals for the City of Boulder,
there is currently no formal written plan that guides forestry or other operations. The Denver metro
area has a "million tree" initiative that includes the city of Boulder.
Research: The US Forest Service’s Rocky Mountain Region research and management focuses on
National Forests and public lands, but much of their research can be applicable to urban forestry,
including pest and disease management. The Forest Service also works in State, Private, and Community
Forestry. http://www.fs.usda.gov/detail/r2/maps-pubs/?cid=FSBDEV3_041656
The USGS Northern Rocky Mountain Science Center has conducted expansive research on climate
impacts on the Rocky Mountain region. Overviews on various impacts, tools, and contacts can be found
on their climate website. http://www.nrmsc.usgs.gov/science/climate
Tree list: The Mile High Million compiled a series of resources to assist individuals with choosing the
correct trees and factors to consider in planting. Fact sheets on this website include lists of plants that
may thrive in Colorado, as well as their water and soil needs.
http://www.milehighmillion.org/pages/trees/tree-planting/the-right-tree
A group of representatives from the Colorado Nursery & Greenhouse Association and partner
organizations developed a list of recommended trees for the Colorado Front Range, the region from
Colorado Springs to the Wyoming border and from the foothills to the eastern plains. Based on the
projected climate impacts for a specific region, this list can be used to determine trees that are most at
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risk. For example, trees susceptible to disease and require high amounts of water should be avoided as
the climate warms. http://coloradonga.org/articles/Tree_Recommendation_List.pdf
State-level Resources
Colorado Trees offers general information and programs related to native Colorado trees. Their
recommendation list provides species and specific regions they should be grown in.
http://www.coloradotrees.org/find.php
The Colorado Forestry Association is the state’s chapter of the National Woodland Owners Association.
Through forestry legislation, education, and the creation of forest reserves, this group supports
conservation in the state. Their site has an extensive list of forestry-related agencies, including state
government, universities, and nonprofits. http://www.coloradoforestry.org/links.html
The University of Colorado in Boulder developed a website with the purpose of educating the public,
teachers, and policymakers about climate change. Topics cover climate and weather, water, and
ecology, among others. http://learnmoreaboutclimate.colorado.edu/
Forestry Contacts & Local Resources
Jeff Jahnke
CO State Forest Service
CO State Univ, Foothills Campus-1050
Fort Collins, CO 80523
970-491-6303
jjahnke@lamar.colostate.edu

Mile High Million
City and County of Denver
201 W Colifax Ave, Dept 601
Denver, CO 80202
720-913-0631
Contact: Sara Davis
Sara.Davis@denvergov.org

Keith Wood
Urban and Community Forestry Coordinator
Colorado State Forest Service
9769 W. 119th Dr. Ste. 12
Broomfield, CO 80021
303-438-9338
Keith.Wood@ColoState.edu
Susan Ford
US Forest Service Rocky Mountain Region, Urban and Community Forestry
740 Simms Street
Golden, CO 80401
303-275-5742
sbford@fs.fed.us
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San Diego County, CA
The west coast of the U.S. faces many similar threats as the east coast, namely sea level rise and
exposure to extreme weather events. Many western states must also manage for drought and wildfires
that will come to characterize summer months as the climate warms. Urban forests are particularly
useful here for providing shade and saving energy in summer months, while also slowing water loss from
surrounding soil.
Planning: The Urban Corps of San Diego County provides high school students and graduates with job
training and community service opportunities. The Urban Forestry Department works with urban and
low-income neighborhoods to plant trees while educating participants on the benefits of trees to the
environment. Citizens may also apply for a free tree online. http://www.urbancorpssd.org/forestry.html
Research: The US Forest Service Pacific Southwest Research Station is home to an urban ecosystem
program with a variety of resources. Their site offers tools and reports on issues such as carbon
sequestration, managing invasive species, and best practices. For reports not available online, contacts
are listed. http://www.fs.fed.us/psw/programs/uesd/uep/
Tree list: The Transportation and Storm Water Department of San Diego has developed a Tree Selection
Guide for private landowners and individuals planting on public right-of-ways. This guide gives basic
information such as tree form, height, spread, tolerance to drought, and whether or not the species is
native. http://www.sandiego.gov/street-div/pdf/treeguide.pdf
San Francisco has developed a map of trees in the urban forest. Users can search specific species and
locations, and determine the total economic benefits of these trees. San Diego has begun to create its
own tree map, with assistance from several nonprofits and partner organizations.
http://urbanforestmap.org/map/
Trees and Climate Change: The California-based Urban Forest Ecosystems Institute offers a tree
selection guide. Users can find information on a specific species, or input attributes to determine which
trees should be used in their plantings. Attributes include USDA hardiness zone, invasiveness capacity,
and disease susceptibility. These attributes must be taken into account as the climate changes, and may
thus be a helpful planning tool. http://selectree.calpoly.edu
In San Diego County, arborists, local governments and volunteers have spent a year mapping the
County’s urban trees37 to better understand the ways in which the trees provide environmental and
financial benefits. Results of the mapping can be found on the website of the San Diego County Tree
Map, found here: http://sandiegotreemap.org/map/ As of May 2013, the 332,010 trees included in the
map provide the following aggregate benefits:
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Murphy, Susan. Every Tree Counts In Fighting Climate Change, Says Ecologist. 22 January 2013. KBPS, San Diego
State University. URL: http://www.kpbs.org/news/2013/jan/22/every-tree-counts-fighting-climate-change-sayseco/#.UQFOnAPqx0o.facebook (accessed 1 May 2013).
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Total Benefits: $6,255,798 saved
Green House Gas Benefits:
24,621,928 lbs CO2 reduced
$492,438 saved
Air Quality Benefits
60,826 lbs pollutants reduced
$3,775,337 saved
Water Benefits
107,997,249 gallons conserved
$197,634 saved
Energy Benefits
10,996,793 kWh conserved
$1,790,387 saved
State-level Resources
The California Forestry Association promotes conservation and tree plantings in the state. Their site
outlines benefits of trees for communities, the economy, the environment, and sustainability. The public
can also purchase trees through the California Forest Foundation to support environmental education
programs for children. http://www.calforests.org/community-benefit/plant-tree/
The California Department of Forestry and Fire Management’s Urban and Community Forestry
department works to expand and improve the management of trees and vegetation in communities
throughout California. Their website offers guidelines for tree growing and care, links to partner
organizations, and information on urban and community forestry grants.
http://www.fire.ca.gov/resource_mgt/resource_mgt_urbanforestry.php
The California Urban Forests Council is a non-profit dedicated to supporting urban forestry and
improving communities. Their website offers several resources, including an exhaustive list of related
agencies, policy papers, the benefits of trees, and tree care. http://www.caufc.org/Resources%20Links
Forestry Contacts & Local Resources
San Diego Parks & Recreation
http://www.sandiego.gov/park-and-recreation/index.shtml
San Diego Urban Corps
3127 Jefferson Street
San Diego, CA 92110
Ph: (619) 235-6884
Toll-Free: 855 SD Corps
Fax: (619) 235-5425

Deborah Chavez
US Forest Service Pacific Southwest
Research Station
Program Manager, Supervisory Social
Science Analyst
(951) 680-1558
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7. General Resources About Urban Forests
Carbon Sequestration & Water Management
The Forest Service Center for Urban Forest Research developed a Tree Carbon Calculator in 2011. While
still in a pilot stage, the tool provides information on how much carbon is sequestered in a tree based on
basic measurements. The tool and several related resources and documents can be found here:
http://www.fs.fed.us/ccrc/topics/urban-forests/
http://www.fs.fed.us/ecosystemservices/carbon.shtml
http://www.epa.gov/sequestration/faq.html
The National Tree Benefit Calculator can be used to determine a tree’s economic and health benefits,
including in stormwater management, property value, energy, air quality, and CO2 sequestration. Users
input their area code and tree species to determine the economic benefits the tree provides.
http://www.treebenefits.com/calculator/index.cfm
In San Diego County, arborists, local governments and volunteers have spent a year mapping the
County’s urban trees38 to better understand the ways in which the trees provide environmental and
financial benefits. Results of the mapping can be found on the website of the San Diego County Tree
Map, found here: http://sandiegotreemap.org/map/
Urban Forestry
The U.S. Department of Agriculture Forest Service Urban and Community Forestry Website:
http://www.fs.fed.us/ucf/
Program contacts for State Urban & Community Forestry: http://www.fs.fed.us/ucf/contact_state.html
The Sustainable Urban Forests Coalition website features a list of urban forestry resources:
http://www.urbanforestcoalition.com/resources/resources.aspx
Climate Change Considerations and Urban Forestry
Climate Change Tree Atlas (A Spatial Database of 134 Tree Species of the Eastern USA). This resource
can be used to determine range shifts of tree species, namely in eastern states, as the climate changes.
Species listed in city plans can be cross-checked with this resource to determine species that are
resilient to both urban environments and climate change.
http://www.nrs.fs.fed.us/atlas/tree/tree_atlas.html#
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Murphy, Susan. Every Tree Counts In Fighting Climate Change, Says Ecologist. 22 January 2013. KBPS, San Diego
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For eastern half of the country, the climate change tree atlas can be used to determine shifts in species
ranges as the climate changes. There is also a link to show tree “winners and losers” by state:
http://www.nrs.fs.fed.us/atlas/tree/mean_winlose_states.html
The US Forest Service and Oregon State University College of Forestry developed a Seedlot Selection
Tool. Users select their region and a variety of climate variables, as well as future climate scenarios, to
determine ranges of specific species or forest types. This tool may require a slight learning curve, but
may give valuable information on species range shifts for future planning.
http://sst.forestry.oregonstate.edu/index.html
This simple map shows projected changes in average temperature and precipitation in the U.S. for the
past 50 years, by mid century, and by the end of the century. This tool can be cross checked with species
needs to determine if trees can survive under future projected conditions.
http://www.climatewizard.org/
As of spring 2013, the latest National Climate Assessment is under review to be released later this year.
Previous assessments are available online, however, and offer insights into climate change and impacts
on regional levels. Users can review key pieces of information, such as changes in precipitation and
temperature, which can be used in the planning of urban forests.
http://www.globalchange.gov/publications/reports/scientific-assessments/us-impacts/regional-climatechange-impacts
NatureServe’s Climate Change Vulnerability Index is a tool that can be used to determine plant and
animal species that are particularly vulnerable to the effects of climate change. This site contains the
user guide and downloadable excel sheet, as well as training tools. In addition, the site gives examples of
the index in use, including its application in Nevada, New York, Pennsylvania, and Illinois.
http://www.natureserve.org/prodServices/climatechange/ccvi.jsp
Resources for Species Selection
Plant Native allows users to input their state to see a short list of native trees and other plants in their
area. The site offers basic information on the listed plants, such as drought tolerance and some benefits
the plants provide. This list can be used as a starting place to identify native plants, and using other tools
to determine their viability in a changing climate. http://www.plantnative.org/rpl-ut.htm
Many states have their own plant societies that offer resources and tips for determining the best plants
to use in specific regions. Many, such as the Florida Native Plant Society, offer interactive maps to depict
hardiness zones and the plants that can thrive there. http://www.plantsocieties.org/#Affiliates
The USDA plant hardiness zone map can be downloaded here at high resolutions, at the state, regional,
or national scale. Many resources use this map to determine the best plants to use in a region. Most of
these zones have shifted upwards since the first iteration of this map, and this trend is expected to
continue. http://planthardiness.ars.usda.gov/PHZMWeb/Maps.aspx

55

The US Department of Agriculture has an extensive database of native and invasive plants. Users can
input a specific species to determine its range and basic information on its habitat needs.
http://plants.usda.gov/java/
For more information on specific conifer and hardwood species, the U.S. Forest Service’s Slivics of North
America online atlas provides information on native ranges, past and current climate suitability, soils
and topography, and life history.
http://www.na.fs.fed.us/spfo/pubs/silvics_manual/table_of_contents.htm
Data Basin is a searchable online database that houses maps related to climate, protected areas, and
global forests. Users can search for past and future climate projections, as well as ranges of native
plants. This information can be helpful in determining species to plant in urban forests as climate
changes. http://databasin.org/
The National Phenology Network’s visualization tool allows users to input a single or multiple species to
map their locations, phenology, and desired climate. This can help users understand the interaction
between climate and specific species. https://www.usanpn.org/node/6208
Landscape For Life offers guides to citizens to garden in a sustainable way, based on their eco-region and
other factors, such as density (eg., city vs. suburban gardens). Their website synthesizes a number of
resources that can help the public and planners create natural areas that most benefit people and
wildlife. http://landscapeforlife.org
Additional Resources
The UNH Stormwater Center (UNHSC) is dedicated to the protection of water resources through
effective stormwater management.
http://www.unh.edu/unhsc/
Developed by the USDA Forest Service, iTree is a series of forestry analysis and benefits assessment
tools that helps users quantify the ecosystem services and values from trees http://itreetools.org/
Alliance for Community Trees offers many resources related to urban forestry, including tree facts and
guides, a list of contacts and resources for each state, and tools for nonprofits. http://actrees.org/
American Forests is a national nonprofit focused on issues related to forest conservation and
restoration. Their site offers resources, contacts, and information related to many of their programs.
Their Urban Forest section provides case studies and fact sheets on cities already successfully fostering
their urban forests, many mentioned previously in this document. http://www.americanforests.org/ourprograms/urbanforests/
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