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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 building underground storage tanks to manage stormwater, and buildings with
vegetated roofs benefit from lower heating and cooler costs.1 Green infrastructure also improves the
health and quality of life for residents by improving access to green spaces, connecting people with
nature, and by providing recreational opportunities.

1

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

2

Forestry CPR can be accessed here: http://gismaps.kingcounty.gov/ForestryCPR/
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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.
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
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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.
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
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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.”3
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.

Figure 2: Screen Shot from Forestry
CPR tool
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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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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,4
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 5that 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
Comprehensive Plan6 and 2012 Strategic Climate Action Plan,7 including an 80% reduction in
greenhouse gas emissions below 2007 levels by 2050.8
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 LIDAR9 data, other communities may want to
explore using NDVI10 (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
4

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/
6
http://www.kingcounty.gov/property/permits/codes/growth/CompPlan.aspx
7
http://www.kingcounty.gov/environment/climate/king-county/climate-action-plan.aspx
8
http://your.kingcounty.gov/exec/news/2007/pdf/ClimatePlan.pdf
9
http://lidar.cr.usgs.gov/
10
http://modis-atmos.gsfc.nasa.gov/NDVI/index.html
5

8

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.
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
9

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.

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
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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.
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
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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.

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
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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
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.
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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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