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Abstract
Ciecko, Lisa; Kimmett, David; Saunders, Jesse; Katz, Rachael; Wolf, Kathleen 

L.; Bazinet, Oliver; Richardson, Jeffrey; Brinkley, Weston; Blahna, Dale 
J. 2016. Forest Landscape Assessment Tool (FLAT): rapid assessment for land 
management. Gen. Tech. Rep. PNW-GTR-941. Portland, OR: U.S. Department of 
Agriculture, Forest Service, Pacific Northwest Research Station. 51 p.

The Forest Landscape Assessment Tool (FLAT) is a set of procedures and tools 
used to rapidly determine forest ecological conditions and potential threats. FLAT 
enables planners and managers to understand baseline conditions, determine 
and prioritize restoration needs across a landscape system, and conduct ongo-
ing monitoring to achieve land management goals. The rapid assessment process 
presents a cost-effective opportunity for landowners that include local governments, 
private owners, and nongovernmental organizations to use ecological data to guide 
decisionmaking and improve environmental outcomes on their lands. This report 
is an introduction to FLAT, providing an overview of its purpose, methods, and 
implications for land management in diverse regions. FLAT is executed in three 
sequential phases: Phase 1—Forest Cover Type Mapping, Phase 2—Field Assess-
ment, and Phase 3—Management Prioritization. Overall, FLAT consists of onsite 
visual estimation (aided by remote sensing) of ecological conditions by a trained 
field team to produce a forest inventory. In addition to providing baseline data and a 
framework to prioritize actions, FLAT can be used as a monitoring tool to evaluate 
changing conditions and inform adjustments in management strategies and priori-
ties. To illustrate FLAT implementation, the King County Department of Natural 
Resources and Parks case study details a pilot project conducted on 24,700 of the 
more than 26,000 ac of county lands. King County is using the results from FLAT 
to develop and implement forest stewardship plans and target efforts of its volunteer 
restoration program. Although the tool was initially used in lowland forests in the 
Puget Sound region, in concept, FLAT could be expanded and adapted for use in a 
wide variety of ecosystem types.

Keywords: Forest, assessment, stewardship, planning, ecology, baseline,  
monitoring, land management.



Executive Summary 
The Forest Landscape Assessment Tool (FLAT) is a set of procedures and tools 
designed to provide local government agencies, nongovernmental organizations, 
land managers, and private landowners with a rapid, systematic, flexible, and inex-
pensive environmental evaluation. The technical information produced by FLAT 
provides a standardized baseline of ecological data. 

This data can be used to evaluate forest parcels within the context of the 
broader landscape, providing information about key forest characteristics and 
potential threats. FLAT also provides a framework to identify high-ecological 
value, high-threat areas within a single site and across multiple holdings for poten-
tial management action. The results from FLAT provide an essential starting point 
for developing either a systemwide stewardship plan or management plans for single 
parcels. In addition to providing baseline data and a framework to prioritize actions, 
FLAT could also be used as a monitoring tool to evaluate changing conditions and 
inform adjustments in management strategies and priorities.

FLAT was developed and piloted by the Green Cities Research Alliance. Key 
FLAT contributors include the USDA Forest Service Pacific Northwest Research 
Station, King County, Forterra, American Forest Management (formerly Interna-
tional Forestry Consultants), and the University of Washington. Work on FLAT 
began in 2009 to provide a comprehensive forest resource analysis for King County, 
an important first step toward developing a long-term, systemwide forest steward-
ship program on more than 26,000 ac of King County lands. 

Based on principles of restoration and landscape ecology, as well as traditional 
forestry, FLAT is conducted in three broad sequential phases:

Phase 1—Forest Type Mapping: Aerial imagery and boundary data are used in 
a lab or office to divide a project area into management units (MUs), the unit of 
observation and measurement for the assessment. Data attributes are also developed 
during Phase 1 based on local conditions and assessment purposes (e.g., species 
composition, size and age classes, invasive species, tree-canopy vigor, etc).

Phase 2—Field Assessment: A trained field team visits the project area to collect 
estimates of each attribute for each MU. Such teams may include professionals, 
technicians, and volunteer stewards. 

FLAT data provide 
the basis for forest 
stewardship or 
management plans.



Phase 3—Management Strategies and Prioritization: The data, which provide 
a snapshot of ecological conditions in the project area (within and across all MUs), 
can be used to classify or rank each MU. The assigned values can be viewed spa-
tially to provide a mapped, visual representation of landscape conditions. These re-
sults can then be used to prioritize where on-the-ground management actions would 
most improve ecological function and health, contributing to long-term sustainabil-
ity of a forest area.

Owing to the success of local conservation efforts, property acquisitions, and 
various incentives to conserve open space, King County’s resource managers have 
an extensive inventory of resource lands, but have little condition information to 
guide management efforts. Seeking to learn more about these diverse holdings and 
inform management decisions, FLAT was implemented on 24,700 ac of the more 
than 26,000-ac system. 

For the first time, King County managers now have baseline ecological infor-
mation about all of their forested parks and natural areas. A key finding was the 
prominence of red alder (Alnus rubra Bong.) and bigleaf maple (Acer macrophyllum 
Pursh) on many parcels. Both are relatively short-lived species, and a high percent-
age of these trees are 30 to 100 years old. These forests could benefit from active 
management and restoration, as the health decline of old trees signals the need for 
tree replacement and hazard management. 

FLAT utilizes a straightforward rating scale of 1 to 9 to indicate a balance 
of species composition value (favoring larger native trees) and degree of health 
threat, particularly owing to invasive species cover. Overall, more than 5,000 
ac of King County forest lands have a rating of 2 or 3, indicating high forest 
composition value and medium-to-high forest health threat values. In the case 
of McGarvey Park Open Space, as an example, a large portion of the forest 
cover is rated as 5 or 6, indicating that there is a medium composition value and 
medium-to-high presence of forest health threats. The ratings can become the 
basis for priority setting for both locations of management work, and for on-the-
ground actions to conserve or restore forests.

King County is using FLAT results to develop forest stewardship plans for indi-
vidual sites, as well as communicate and implement management priorities across 
the entire parks and open space system. In the future, FLAT may be conducted in 
recurring intervals to monitor progress and evaluate the effectiveness of restora-
tion efforts. As a relatively new tool used in forested lands, FLAT has potential for 
further development, testing, and refinement. 

FLAT can be used 
for both baseline and 
monitoring forest 
assessment.



Resource managers in other communities can learn from King County’s experi-
ences and modify the FLAT methods to conduct an assessment that addresses local 
conditions and priorities. Although currently designed for use in lowland forests 
of the Puget Sound region, the tool’s basic framework and data variables could 
be adapted for a wide variety of ecosystem types. Future research could generate 
indicator and matrix tools that inform management prioritization for additional 
ecosystem types (such as pine forest or riparian systems). Practitioners may also be 
interested in applying FLAT as a practical method for general ecosystem monitor-
ing focused on a particular ecosystem condition or outcome, such as biodiversity, 
wildlife habitat, or local effects of climate change.
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Introduction 
The Forest Landscape Assessment Tool (FLAT) is a set of processes and tools that 
produces an ecological assessment for environmental land use planning and man-
agement. In its pilot use, FLAT has proven to be a flexible, systematic, and low-cost 
process for land managers and related decisionmakers to achieve a rapid ecological 
survey of a portfolio of diverse parcels and land holdings.

FLAT can provide landowners with straightforward ecological information 
regarding the composition and overall health of their forest lands, and to understand 
potential threats. It is a tool that can readily be used by such landowners as local 
governments, private owners, and nongovernmental organizations (NGOs) with 
minimal training and time invested to achieve useful results. The data and rating 
framework provided by FLAT better prepare land managers and planners to make 
strategic land management and restoration decisions.

Assessments can potentially be repeated over time as a practical monitoring 
program to observe forest changes and gauge the effectiveness of management 
actions. A longer view can help managers understand how and why conditions are 
changing on the ground and enable them to adjust programs accordingly.

Although the FLAT protocols presented here have been developed for use in 
lowland forests of the Puget Sound region located along an urban-to-rural landscape 
gradient, the tool could be adapted for land managers working in other ecosystems 
as well.

This report provides an overview of the FLAT approach. The following sec-
tions will demonstrate its implementation and describe its data outputs, including 
assessment options. The “Background” section first reviews the importance of 
ecological assessment for effective land management, then describes FLAT, includ-
ing its origins and function relative to other assessment methods. With this under-
standing, the “FLAT Methodology” section provides details on important project 
considerations and how to use FLAT. Additional method details are provided in 
the appendices. Next, the “King County Parks Case Study” section presents results 
and insights from a pilot FLAT project, and is one example of how FLAT has 
been successfully applied to support stewardship goals. The report concludes with 
discussion of FLAT’s unique advantages, some key limitations, and potential next 
steps for management application, monitoring, and research.

FLAT is a flexible  
low-cost tool for  
rapid ecological  
field surveys.
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Background
Importance of Assessment for Decisionmaking and  
Adaptive Management
The need for FLAT stems from the importance of having comprehensive, reliable, 
and unbiased data for decisionmaking. For instance, private firms recognize the 
importance of information to drive decisions. Private companies develop ways to 
access and purchase information to understand their clients and the markets they 
compete in, as well as their competitors. Having high-quality data is considered 
a defining element of rational strategic management and has been found to sig-
nificantly influence decision effectiveness (Dean and Sharfman 1996). Access to 
good data for decision support is equally important for land use management and 
environmental planning. 

An ecological assessment is an important component of the environmental 
planning process (fig. 1) (Randolph 2011). This is particularly true in situations in 
which initial data are minimal or lacking altogether. For example, designations of 
conservation easements (by NGOs and landowners) may happen opportunistically 
and result in public land managers having little information about lands for which 
they have become responsible. For many local agencies, data collection is low on 
the priority list owing to budget constraints and other pressing needs. In many 

Social Goals
Examples: 

recreation uses, 
equity, aesthetics

Social Assessment
Examples: 

park ambassador program,
user surveys

Ecological Assessment
Examples: 

FLAT, FIA, REA

Ecological Goals
Examples: 

ecosystem services, habitat
protection, sustainable harvest

Economic Goals
Examples: 

revenue, employment
self-sufficiency

Economic Assessment
Examples: 

cost-benefit analysis, valuation
studies, market analysis

Management
Decision

Figure 1—Importance of assessment in the land-management decision process. FIA = ForestInventory andAnalysis, REA = Rapid 
Ecological Assessment.
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cases, even if information exists, it may not be comparable in methodology, com-
pleteness, or quality across different parcels. This lack of consistent information 
can make it difficult, if not impossible, to strategically prioritize sites for manage-
ment actions or target resource allocations across a system.

For the forested landscapes considered by FLAT, management and plan-
ning decisions often address multiple, nested landscape scales. They may start 
from large, more broadly defined areas and system goals (such as a watershed), 
then be translated to site-specific plans (Marsh 1978). Some form of assessment 
ideally takes place at each of these scales so that strategies can be developed to 
achieve goals:
•	 Across a landscape system, by protecting specific, strategically located 

lands with easements, conservation status, or acquisition,
•	 That consider action alternatives, such as restoration, development,  

or harvest,
•	 Applied within a parcel or holding, for instance, by prioritizing certain 

areas for restoration work, and
•	 To address particular needs of any distinct system having a natural bound-

ary (such as a riparian corridor or wetland). 

FLAT is designed primarily for use on the landscape scale to provide key eco-
logical information for each of any number of sites within an ecological system or 
parcel network. The data can be aggregated and analyzed to support a management 
approach that is successful and sustainable over time. FLAT data can also serve as 
a starting point for more detailed site-specific plans or monitoring. 

Specifically, FLAT can provide critical inputs in the adaptive management cycle 
(fig. 2). Its use can provide both upfront baseline information—assessment—and 
evidence of change over time—monitoring. Ongoing, systematic land assessments 
allow managers to recognize important environmental gaps and potential tipping 
points. Cost savings are possible because planned actions can both prevent emer-
gency conditions and optimize possible revenue. Ongoing assessment also helps 
landowners and decisionmakers tell the story of their land and its variety of public 
and private benefits that are worthy of investment and protection. 

Of course, assessment is useful only when it is carried out successfully. As 
discussed later, FLAT fills a need for a rapid, low-cost method that can be applied 
in a range of environmental contexts, and particularly in the high-pressure interface 
of natural and urban or suburban areas.

FLAT generates 
assessment data 
across a system of 
lands for land units 
within a parcel.
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Overview of FLAT 
FLAT is an assessment technique that provides land managers and planners with 
ecological information to: 
•	 Make decisions at the broader, systemwide scale, and 
•	 Prioritize different parcels or areas within parcels for specific land uses  

or actions. 

Its advantage over more traditional forestry sampling, measurement, and 
extrapolation techniques is that it allows a rapid assessment of ecological condi-
tions based on visual on-the-ground surveys of management units delineated from 
remote-sensing data. Although FLAT may not be as precise as more research-
oriented sampling techniques, it efficiently provides accurate, practical descriptions 
of ecological conditions within and across a collection of sites. This “thumb-nail 
sketch” can be used to target where indepth assessment may be necessary.

Generally, FLAT consists of visual estimates of ecological conditions by trained 
individuals to produce a forest inventory. Although field teams should follow 
guidelines to calibrate their estimates, the assessment itself is generally qualitative 
and relies on carefully prepared estimates rather than precise measurements. FLAT 
is executed in three phases: 

Phase 1: forest cover type mapping—
Aerial imagery and boundary data are used to divide each parcel within a project 
area (such as King County, as described below) into polygons, and to delineate 

Figure 2—Assessment-based adaptive management cycle.

Assess

Monitor

Define
strategy

Implement

Adjust

Evaluate
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management units (MUs). This work is accomplished and recorded using geo-
graphic information system (GIS) tools. Management units are the units of observa-
tion and measurement for the onsite assessment.

Phase 2: field assessment—
Trained field teams visit each MU within the project area to collect data for prede-
termined attributes. As an example, collected attributes might include vegetative 
or built land covers, nonnative species in order of abundance, and tree age-class 
distribution. A condition rating is also recorded, based on a matrix and flow-chart 
analysis (described as Tree-iage). Data are collected for each MU and stored (using 
a GIS or other data management system) for each parcel within the project area. 
Field teams may also verify the boundaries of MUs in this phase.

Phase 3: management strategies and prioritization—
The field procedures of FLAT provide a ranking of landscape conditions of the 
project area, both across numerous parcels and for subunits (the MUs) within a 
large parcel. Summary data and rankings are easily compared across the land 
management area. They can be used to establish management priorities for each 
MU, or aggregated to develop priorities at larger scales, such as across the entire 
open space or parks system. 

FLAT provides a standardized baseline of ecological condition data. This 
information can be used to view each MU within the context of an entire land 
management system, as well as provide a starting point for developing a land-use 
or stewardship plan for particular parcels. Repeated over time, FLAT could serve 
as an effective monitoring tool for managers to review and then adapt management 
priorities and actions based on changing conditions.

This streamlined and systematic approach to ecological assessment applies 
principles of ecology and forestry to provide quality data that can inform land 
management priorities.  

Foundations of FLAT
Starting in 2009, FLAT was developed and piloted by the King County Natural 
Resources and Parks Department, in collaboration with the U. S. Department of 
Agriculture (USDA) Forest Service and other partners. The resulting comprehen-
sive resource analysis was an important first step toward developing a long-term, 
systemwide forest stewardship program on King County lands. FLAT incorporated 
the Tree-iage analysis approach that was initially developed in 2005 by the Green 
Seattle Partnership to prioritize restoration sites.

As its name suggests, the Tree-iage analysis is drawn from the medical practice 
of triage. Within the medical professions, triage emerged from the demands of war 
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casualties, where medical providers were faced with a scarcity of resources and 
needed to rapidly assess each patient’s condition, and, based on an established sys-
tem or plan, determine the patient’s specific treatment or treatment priority (Iserson 
and Moskop 2007). 

Just as a nurse or doctor in an emergency department uses a systematic check-
list of symptoms or a set of criteria to rapidly prioritize patient care, FLAT provides 
a systematic checklist of indicators that determine an actionable score for a desig-
nated forest area. A 9-point scoring matrix (fig. 3) combines observations of native 
tree and canopy composition with degree of invasive plant presence, particularly on 
the forest floor. Generally, low scores indicate lands that have good forest integrity 
and low invasive-species presence, thus merit management that will sustain their 
quality. High scores are indicative of highly altered forests combined with extensive 
invasive-species presence that require more resources to recover or restore.

Figure 3—Original Green Seattle Partnership Tree-iage matrix, including acreage per category in 
Seattle, Washington.
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The original Tree-iage matrix was enhanced for use in FLAT to serve more 
diverse needs and ecological conditions. Modified flowcharts accommodate 
additional ecosystem types such as wetlands. Additional data attributes include 
more indicators of forest health, adding new insight for management strategies. 
New attributes include stocking, crown closure estimates, and forest health 
indicators. Health indicator measures include low tree-canopy vigor, root rot, 
mistletoe, bare soils resulting from erosion, and the presence or lack of regenerating 
trees (canopy species less than 20 ft tall). Further, each visited stand is deemed 
“plantable” or “not plantable” based on whether site conditions are appropriate for 
tree seedling establishment.

Tree-iage was first used to evaluate forest condition of open spaces (of up to 
100 ac) in highly urban areas in Seattle (fig. 3; Green Seattle Partnership 2006). The 
tool was exported to several other cities under the regional Green City Partnership 
model, including Everett, Kent, Tacoma, Kirkland, and Redmond. The development 
and use of FLAT in King County expanded use of the early tool for assessments of 
larger parcels (up to 2,500 ac). The FLAT team also prepared fieldwork protocols 
that are used for data-collection training of park staff and citizen volunteers.

The FLAT process borrows from a number of scientific disciplines. The axes 
and decision flowcharts of the Tree-iage matrix are based on principles of restora-
tion ecology. Restoration ecology involves identifying prior or potential ecological 
conditions for a site that are then considered as goals or targets of the restoration 
effort and process. Such conditions (past and future) are shaped by a number of abi-
otic factors such as climate, elevation, moisture and precipitation cycles, nutrients, 
water bodies, fire cycles, and soil or substrate (Clewell and Aronson 2007).

FLAT has been used exclusively within western Washington thus far. The clas-
sification matrix and flowcharts therefore assume a desired condition of late-suc-
cessional lowland native forests of the Puget Sound basin, characterized by mature 
conifer trees of mixed age classes and species, mixed with large deciduous trees. 
The matrix could be adjusted to acknowledge other Pacific Northwest ecosystems 
(such as shoreline, pine forest, or shrub-steppe) by specifying key ecological condi-
tions and species indicators for the vertical and horizontal axes. To adapt FLAT for 
use in other ecosystems, goals of a desired condition or resource use would inform 
how the matrix and attributes were set up.

The FLAT process also incorporates knowledge from the field of landscape ecol-
ogy, which makes explicit the importance of ecological diversity within the landscape 
(Turner 2005). When applied to land management, landscape ecology can provide 
insight on how bordering development, land use, or ecosystem types may influence 
restoration outcomes or ecosystem development within a particular management unit 

FLAT is based on 
the best practices of 
foresty, restoration 
ecology, and  
landscape ecology.
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(Turner 2005). One of the main products of FLAT is MU-specific information that 
can be viewed and queried in GIS together with information on neighboring MUs 
and other relevant spatial data or imagery. This integrated format allows managers to 
consider a landscape-scale perspective when making management decisions.

FLAT also includes aspects of traditional forestry field methods that were 
modified to include less data collection concerning timber evaluation. Associated 
data attributes in the FLAT include estimates of diameter at breast height (dbh) or 
size class, stocking, age class, and a number of forest health indicators as noted 
earlier (e.g., root rot, mistletoe, regenerating trees). This provides a critical starting 
point for developing silvicultural restoration actions that can promote forest stand 
recovery and long-term resilience. If a parcel is deemed to be suitable for harvest 
management, more detailed forest mensuration can be done.

Comparison to Existing Assessment Methods
In recent years, many approaches to landscape or resource assessment have 
emerged. The following summary and table 1 provide a comparison of FLAT with 
other assessment programs. 

Forest Inventory and Analysis Forest Monitoring Program (FIA)—
Perhaps the most well-known forest inventory protocol is the one used by the Forest 
Service’s Forest Inventory and Analysis (FIA) program. The FIA consists of “a 
three-phase sample used to track status and trends in forest extent, cover, growth, 
mortality, removals, and overall health” for the entire United States. Data collection 
takes place through stratified random sampling, selecting one site for every 6,000 
ac of forest (USDA FS 2014). The FIA has produced a dataset that enables analysis 
on a scale that is appropriate and useful for national and some statewide manage-
ment and decisionmaking.

Because of its plot sampling design, FIA may not provide data at the scale that 
most local or regional landowners would need to make management decisions. Fur-
ther, the extensive range of detailed measurements involved may be much too costly 
and time-consuming for managers with a limited budget to consider. As an exam-
ple, FLAT data variables for King County numbered just 28, while FIA’s urban 
phase 2 protocol calls for more than a hundred variables to be carefully measured 
(USDA FS 2015). The advantage of FLAT compared to FIA is its lower cost, greater 
simplicity, and ability to provide information about each parcel and the management 
units within them. Nonetheless, in recent years, FIA has been extended to areas that 
are identified as urban. Urban FIA was launched in 2014, with Baltimore and Austin 
as the pilot cities. Data-collection protocols have incorporated i-Tree tools, and are 
being adapted to more directly reflect local community needs.
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I-Tree Eco—
A widely-used inventory and assessment tool that has been used in cities across the 
world is i-Tree Eco, also developed and supported by the Forest Service. The i-Tree 
Eco tool is set up to measure and monitor urban forests in order to estimate ecosystem 
functions and economic values for any metropolitan area. These estimates include 
urban forest structure and associated ecosystem services, such as carbon storage and 
sequestration, and air pollution removal, as well as residential building energy effects, 
rainwater interception, and public health benefits (Nowak et al. 2008). When applied 
to metropolitan areas or counties, this tool uses random or stratified sampling.

The i-Tree Eco model provides an important baseline for systemwide informa-
tion, especially within a city. However, much like FIA, these techniques do not 
readily describe the status of a specific site. An entire city, or the land-use types 
within, is the unit of analysis in i-Tree and results can be used to help identify 
systemwide goals and opportunities. Because FLAT’s unit of observation is a parcel 
(and even subunits within), it can be more readily used to create plans to meet 
place-based goals. Thus, although an i-Tree Eco assessment and analysis can be a 
useful complement to FLAT, its information is not tied as directly to site-specific 
management needs because of the difference in focus and scale of data collection. It 
should be noted that i-Tree Canopy and Landscape tools are applicable at the parcel 
scale, but do not address forest health and stand conditions.

The Nature Conservancy’s Rapid Ecological Assessment—
The Rapid Ecological Assessment (REA) was developed by The Nature Conser-
vancy to identify priority areas for conservation of biodiversity. In many ways, it 
is very similar to the FLAT process. In both, orthophotos or other remote-sensing 
technologies are used to classify and divide landscapes into ecological units, then 
field-based assessments are used to characterize the biota within these units. The 
purpose of REA is also to evaluate ecological conditions of specific units to support 
decisions about management priorities (Sayre et al. 2000).

There are a few key differences between REA and FLAT, however. Meth-
odologically, REA field assessments (like FIA and i-Tree) consist of plot-based 
samples and interpolation of those measures across a much larger area. The REA 
also includes fauna explicitly in its sampling technique while FLAT focuses exclu-
sively on flora. Unlike FLAT, REA was developed for use in lands more remote 
from human activity. The REA also involves a unique process of technical analyses 
and workshops in which scientists and managers review the information collected 
and decide on unit prioritization (Sayre et al. 2000). FLAT, on the other hand, has 
a predefined framework of matrices and flowcharts that can be used to readily 
translate assessment data into ecological management priorities.
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National Park Service Natural Resource Condition Assessments—
The National Park Service (NPS) Natural Resource Condition Assessment (NRCA) 
serves a similar purpose to FLAT. These reports synthesize preexisting scientific 
information on a particular park to support the development of management plans 
and identify what additional information is needed, as well as to develop priorities 
across the National Park System. Although some of the data may be collected in the 
field, the majority of report content is expected to come from “existing data from 
NPS and other sources” (USDI NPS 2009). The NRCA reliance on existing data is 
one important distinction between it and the FLAT method. 

Another important difference stems from the diversity of holdings within the 
National Park System. The FLAT process can be customized based on a general 
understanding of the range of ecosystems that natural area managers or planners 
might encounter, as well as the management challenges that may be present. Within 
this range, specific indicators as well as flowchart and matrix analyses are created 
to generate information that is directly helpful to prioritize MUs and management 
activity. The NRCAs, on the other hand, are a step earlier in the process. The 
NRCAs are oriented toward identifying which indicators should be used to set 
priorities going forward for each park across a much wider range of habitats and 
conditions. The NRCAs might be used to define each park’s prioritization matrix 
and flowcharts for conducting FLAT. The differences between FLAT and the 
NRCAs are thus of process timing and scale.

Ecological Integrity Assessment of the Washington Natural  
Heritage Program—
An Ecological Integrity Assessment (EIA) rates the current ecological integrity 
of an occurrence of a plant association or ecological system. NatureServe and 
the Natural Heritage Network have developed the EIA as an index of ecological 
integrity based on metrics of biotic and abiotic condition, size, and landscape 
context. Each metric is rated by comparing measured values with the expected 
values under relatively pristine conditions. The ratings are aggregated into a total 
score or a scorecard matrix. The EIA can be applied to multiple spatial scales 
(e.g., landscape-or site-scale) and with a variety of data types (e.g., GIS or field-
based). The EIAs are developed for ecological systems using a three-level-metrics 
approach: remote sensing, rapid ground-based, intensive ground-based. In sum-
mary, the EIA framework provides a standardized currency of ecosystem integrity 
across all terrestrial ecosystem types. This information can then be used for 
setting conservation priorities, identifying restoration strategies, and monitoring 
the effectiveness of conservation actions. 
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The EIA three-level-metrics approach may offer helpful concepts and 
methods for future updates of FLAT. The EIA is used to evaluate more pristine 
parcels for wildland conservation or management. FLAT is structured to enable 
land managers to integrate measures that reflect the local situations of urban and 
community forest systems. FLAT can be adjusted to reflect the “relative” value of 
natural parcels concerning desired attributes, whereas the EIA indicates “abso-
lute” ecological values. Furthermore, although the EIA is intended to create a 
common currency of comparison between different ecosystem types, the metrics 
and methodologies employed in the field are detailed and ecosystem specific. 
FLAT, on the other hand, uses a consistent set of less detailed metrics in the field, 
without assuming prior knowledge of the ecosystem type. After FLAT is done, 
EIA could be used as a next step if more detailed assessment is needed within 
specific MUs.

Overall, FLAT fills an assessment role that traditional forestry assessments and 
the other methods discussed above do not address: 
•	 Uses methods that are simple and adaptable to project-specific goals.
•	 Provides adequate, reliable, systematic, cost-effective, and local, site-based 

information. 
•	 Informs decisions about where to initiate healthy forest management, stew-

ardship programs, restoration activities, or stand management for harvest. 
•	 Identifies where additional, more precise data may be needed.
•	 May be used to monitor conditions and progress over time.

FLAT Methodology
This section provides a summary of key project considerations and the basic meth-
ods for the three phases of FLAT. 

Project Considerations and Planning
Before starting a FLAT project, managers should review and consider important 
factors for project planning, including the desired budget, staffing and training 
needs, equipment requirements, and a potential timeline. 

Costs—
The cost of executing FLAT will vary considerably depending on the size and 
nature of the assessment area. By far, the highest cost of the assessment will be 
the staff or contractor time needed to do fieldwork. Expenses will grow as the size 
of the assessment area, number of sites, and distances between sites increases. In 
addition, project planning, forest type mapping and MU delineation, as well as field 
supply purchases, contribute to the total cost. The cost per acre can be expected to 
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decrease as field crews and project coordinators become more experienced. Some of 
these relationships can be illustrated by comparing King County’s costs to those of 
municipalities that implemented the same or similar programs. Appendix 5 illus-
trates the comparative costs in King County and the City of Everett where the same 
set of attributes data were collected. 

Staffing and training— 
There are four main project responsibilities within the FLAT protocol: forest-cover-
type mapping, field assessment, database design and management, and project 
management and planning. Those considering using FLAT should review what their 
in-house capabilities are for each of these activities, especially for more special-
ized skills such as GIS and data processing, and decide what can be accomplished 
through training or seeking additional support. Training is most important for those 
doing field data collection and will help assure consistent and high-quality data. 
Training should include a walk-through of the protocols at a field site. In addition, 
it is helpful to pair new field staff with more experienced field staff, which helps to 
calibrate how estimates are done and improves consistency across field crews. The 
FLAT Field Manual provides guidance and detailed instructions that can support 
field staff training (see app. 6).

Equipment—
The basic equipment needed to conduct a FLAT assessment include GIS, navigation 
devices, a field data entry system, plant identification resources, and measurement 
tools. The actual equipment that is needed or desired will depend on the size of 
the project and desired application of the collected data. For an equipment list and 
considerations, see appendix 3.

Timeline—
In general, the FLAT timeline starts with a pre-field season to plan the project, pur-
chase equipment as needed, train staff, and complete Phase 1 tasks (below). This is 
a critical time for FLAT projects to ensure that all components of a project are laid 
out adequately and that the plan for moving forward is understood by decisionmak-
ers. The pre-field season is followed by one or more field seasons, most often but not 
necessarily during summer, to complete the field assessment (Phase 2). Fieldwork is 
the most time-consuming activity, so will differ based on condition and number of 
assessment sites. Lastly, post-fieldwork data management, analysis, and reporting 
should be estimated. Overall, the timeline will vary with the size and complexity of 
the project, and time requirements will decrease even for large projects as managers 
gain experience with FLAT implementation. To date, projects have ranged from a 
few months to a multiyear effort. 
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Phase 1: Forest Cover Type Mapping
Defining the project area— 
A FLAT project area is determined in several steps using a mapping system, 
management boundaries, and vegetation cover information. See appendix 1 for 
detailed procedures. Existing geospatial data are needed, including aerial imagery, 
parcel boundaries, and other management boundaries, to set up this process. For an 
explanation of necessary data, along with potential sources and considerations, see 
appendix 2.

Step 1: Determine which properties will be included in the assessment. This 
involves establishing initial site boundaries based on existing ownership and 
management boundaries. 

Step 2: Designate land cover type, such as King County designations of forested, 
other ecosystems, natural (vegetation but <25 percent canopy cover), open water, 
hardscape, and cultural landscape. 

Step 3: Delineate MUs based on forest species associations, geomorphic conditions, 
and land cover. 

The resulting polygons will be the MUs, the unit of measure for the FLAT 
process. Each MU should be assigned a unique identifier to be used throughout 
the project. This is especially important on projects having multiple sites (e.g., 
dispersed parks or land holdings) that are then delineated into MUs. Keeping good 
records of MUs identifiers and associated data is critical to ensuring that FLAT 
information is easy to use during the Phase 3 analyses (discussed below), and for 
using FLAT to monitor changes over time. 

Defining the data attributes—
Field data collection is done using predefined attributes. The attributes are related to 
vegetation species, abundance, size and age classes, and identification of restoration 
opportunities. The list of attributes used during the King County pilot are included 
as appendix 4. Agencies or organizations using FLAT will have their own manage-
ment priorities, so they may add a custom set of assessment attributes. 

Defining the data attributes includes determining the level of measurement 
detail used during the field assessment. For example, forest overstory age classes 
may be divided into increments of 10 or 30 years. Selecting appropriate attributes 
and data-collection categories will require the expertise of people who are knowl-
edgeable about the ecosystems being assessed, as well as those qualified to develop 
management priorities.
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The attributes that are selected will shape the analysis that is done in Phase 3. 
Development of flowcharts and criteria that reflect potential management priorities 
should occur alongside data attribute selection. That is, managers should start the pro-
cess of thinking through how their selected data attributes can be used to differentiate 
MUs and rank areas in order of urgency for management intervention. This can ensure 
that the most useful data for MUs classification are collected in the field (Phase 2). The 
actual flowcharts and criteria can then be refined and finalized as part of Phase 3.

Phase 2: Field Assessment
Assessment procedure—
The field procedure entails visual estimates of the data attributes defined during 
Phase 1. Teams of two or more people visit each MU, walk through it, and record 
an estimate for each data attribute. The following summarizes key processes and 
considerations. The FLAT Field Manual, found in appendix 6, further describes the 
field data-collection methods. 

Provide attribute estimates for the entire MU—The field team walks through each 
MU and records an estimated average attribute value for each of the variables se-
lected in Phase 1. There may be patches of unusual species or conditions, but a best 
effort is made to estimate for the entire MU. Teams should be observant, perhaps 
even keeping notes of what they see. Judgments are made for each attribute and are 
entered into a data entry device before leaving the MU.

Use measurement tools to calibrate estimates—Some variables, such as dbh, 
crown closure, age, and height of regenerating trees (e.g., those less than 20 ft in 
height) can be measured with tools while in the field. It may be helpful to do this 
once or twice in an MU to calibrate the field team’s estimates. Determing the appro-
priate level of accuracy is important, as excessive measurement will slow the rapid 
assessment process. 

Alter MUs as needed—Once in the field and seeing on-the-ground conditions, the 
crew will consider whether the boundaries of the MUs should be altered, and if 
so, how. Pervasive differences in composition or age classes for large areas of the 
MU may necessitate either redrawing boundaries or splitting the MU into multiple, 
smaller MUs.

Record additional notes and variables—Field teams may find that something im-
portant is in the MU that doesn’t necessarily fit into any of the attribute categories. 
Examples include unanticipated environmental or social hazards, such as homeless 
encampments or trail damage, which could supplement management decision crite-
ria. This information can be captured in the “notes” field in the data entry tool.
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Decide when to leave the road or trail system—Each attribute determination will 
apply to the entire MU, thus it is important that enough of the MU is observed by 
the field team. Sometimes this will require leaving trails and traveling on challeng-
ing terrain. In other MUs, the view from a trail may be sufficient to make a judg-
ment on most, if not all, of the attributes. Teams should be careful to recognize, and 
average into the MU estimate, any edge effect along trails where vegetation may 
have been influenced by trail activity or disturbance. If the area is large enough, the 
road or trail area may become a distinct MU. These decisions are left to the discre-
tion of the field team; the desired speed of assessment must be balanced against the 
assessment’s accuracy. 

Check for completeness—Sometimes MUs will be strangely shaped so that the ter-
rain or trails will lead teams to travel in and out of a number of MUs. Data may be 
entered for each MU in order of discovery, but should be checked for completeness 
before leaving the MU. 

Data management—
Once the fieldwork is complete with MU attributes recorded using the data entry 
tools or field forms, the data should be checked and edited if needed, then entered 
into a database for analysis. The database type can be chosen according to the 
complexity of the project. For example, a small project could be managed with 
Microsoft Excel®, while a larger project with many different sites could be set up in 
Microsoft Access®, a server-based database management system, or a geo-database 
that includes the spatial information.1 

The data from each field site can be compiled into one dataset across the 
project, then queried using the categories defined for each attribute. This system 
can help with data quality control, allowing managers to query data and check for 
discrepancies or abnormal values.

Phase 3: Management Prioritization
The last phase of FLAT translates the results of the preceding mapping and field 
assessment efforts into valuable ecological information that can be readily under-
stood by landowners, managers, and the general public. Once the summary and 
analysis processes are done, FLAT provides an advanced snapshot of conditions on 
the ground and evidence-based input toward determining land management goals 
and priorities. 

1 The use of trade or firm names in this publication is for reader information and does not 
imply endorsement by the U.S. Department of Agriculture of any product or service.
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Summary analysis—
The data can be summarized to meet the specific needs of the user at various scales. 
FLAT provides the opportunity to summarize key characteristics about the parks or 
open space system, one project parcel within the system, or a subset of MUs chosen 
for a specific analysis. 

Simple queries or formulas can be put to the database to report the number of 
MU acres representing attributes that were reported in the field data. These basic 
summaries can be reported as charts or maps (such as land-cover areas). Any 
attribute(s) can be displayed for the entire system or any subset within.

More specific analysis can be done with vegetation attributes, such as species 
composition, forest health indicators, invasive species, and so forth. Examples of 
summary analyses can range from a very basic percentage or total acreage of MUs 
containing a single vegetation attribute of choice, to a combination of attributes. 
For example, King County has produced summary statistics about the area of land 
occupied by different primary overstory species, the percentage of stocking classes 
found in young regenerating tree species, sites where a health threat indicator was 
identified, and a type categorization for each MU describing the primary species 
size and stocking.

There are numerous possible strategies for queries. One can query to show 
management subunits within the area of a larger parcel, or use one or more key 
attributes as criteria to identify individual MUs across the entire land base being 
assessed. The prioritization framework discussed below allows FLAT users to 
review their project area data and develop clear, ecological management priorities. 

Prioritization analysis—
Identifying and prioritizing areas in need of management is a key output of the 
FLAT process. Attributes assessed in the field are used to produce a qualitative 
value that combines two axes of a matrix. In King County, forest composition 
(y-axis) and forest threats (x-axis) were used (more detail is provided in the case 
study section that follows). The matrix combines the multi-attribute information 
to produce a classification value for each MU (e.g., fig. 4 is the matrix used for the 
King County project). This is the Tree-iage step of FLAT.

A flowchart can be used to determine MU values for the selected attributes. 
Generally, the resource composition flowchart and threat criteria are specific to 
each project’s conditions and priorities; the King County project is but one example 
(see fig. 8 on p. 25). 

Resource composition values and threat values are determined, then combined 
using the matrix to produce classification values for each MU. This value represents 
how important taking action may be for a particular MU in relation to other MUs 
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within the site or larger system. The values suggest a ranking of priority for man-
agement actions. For example, in figure 4, values 1 through 3 represent MUs with a 
tree composition that has high ecological value, and so are important to protect and 
maintain. Values 2 and 3 also represent the presence of a forest health threat and 
could be prioritized for restoration or maintenance. On the other end of the spec-
trum, an MU with a value of 9 has a high threat presence and a lower quality tree 
composition, and therefore may not be as high a priority for management actions. 
A matrix value can be entered into the project database as an attribute for each MU 
and then mapped with GIS. 

Based on the flexibility of this approach, other projects could use matrix tools 
that acknowledge project-specific ecosystems, threats, and management goals. As 
discussed in Phase 1, initial development of criteria and flowcharts should occur 
alongside data attribute development to ensure that desired data are collected in 
the field assessment. Then the flowchart(s) and criteria can be refined as needed to 
accurately reflect local conditions. 
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How the results of the matrix analysis are used in subsequent land management 
decisions is up to each FLAT user. FLAT provides an ecological input for land 
management decisionmaking. The combination of field data collection, flowchart 
processing, and classification of MUs using the matrix can be used to prioritize 
future management actions and monitoring. Resource managers will also consider 
other social and economic factors to create a strategic and feasible management 
approach for their lands. The following section details how FLAT was developed 
and tested in its pilot application in King County, an example of one way that FLAT 
has been used. 

King County Parks and Open Spaces Case Study
The King County Natural Resources and Parks Division, Parks and Recreation 
Division, deployed FLAT for a landscape-scale assessment of county parklands 
from 2010 to 2013. The implementation of FLAT in King County is an informa-
tive case study that demonstrates the entire FLAT process from planning to final 
results. This case study presents the overall FLAT planning, implementation, and 
interpretation phases, as well as specific examples of park land assessment within 
King County. 

The heterogeneity of forest lands within King County makes it an ideal case 
study. Although the west side of King County contains shoreline and pockets of 
urban forest within the large cities of Seattle and Bellevue, the east side consists 
predominantly of rural communities, agricultural lands, working forests, and 
wilderness. A long history of logging coupled with more recent rapid urbanization 
has created the diverse landscapes of today.

In 1989 and 2007, voters in King County approved measures that provided 
a combined total of more than $201 million toward open-space acquisition and 
improvement (Trust for Public Land 2012). In addition, King County (as part of its 
growth management policy) implemented an incentive program that allows 1 ac of 
land to be reassigned from rural to urban zoning if an associated 4 ac are dedicated 
to the county as permanent open space. The resulting rapid land acquisition has led 
to a diverse portfolio of more than 26,000 ac managed by King County. Holdings 
differ in terms of the level of previous use and surrounding development and the 
type of land cover, size, ecosystem type, and biotic composition. King County’s 
portfolio includes high-use active recreation parks, former agricultural lands and 
gravel mines, river floodplains, and working forests in the foothills of the Cascade 
Range, as well as Puget Sound coastline. More than 21,000 of the 26,000 ac are 
forested. Table 2 shows the number of acres and park sites per park classification. 

FLAT was used to 
open the condition of 
nearley 25,000 acres 
of parks and open 
spaces, including 
nearly 200 parcels.
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The large and rapid expansion of land holdings left King County managers 
with little information regarding forest composition, health, and diversity across the 
different park lands. As noted earlier, FLAT was developed and piloted in col-
laboration with the Forest Service to provide a comprehensive forest assessment for 
King County Parks. Specific goals for the county included (1) assessing the timber 
resources and management needs within working forest lands, (2) assessing forest 
health and composition in forests managed for recreation and wildlife, (3) prioritiz-
ing areas for forest stewardship and management, and (4) minimizing expenses.

Project Process 
Planning—
King County received funding from the American Recovery and Reinvestment 
Act of 2009 (in coordination with the USDA Forest Service) to support job creation 
and training. These funds were used to support the implementation of FLAT over 3 
years. The total budget for the project was about $194,000 and was used for FLAT 
development, field planning, fieldwork, database management, and data analysis. 
Planning occurred during 2009 and 2010, with fieldwork commencing in the sum-
mer of 2010.

In total, 24,722 of the 26,000 ac of King County Parks were chosen for a FLAT 
assessment. These King County sites each contain a contiguous forest canopy com-
ponent suited for a FLAT assessment. A FLAT assessment was performed on all 
of the multi-use, natural areas (lands managed to conserve and enhance ecological 
value and to accommodate passive recreational use), and working resource forest 
lands, which all are primarily heavily forested sites. Some recreation sites were 
assessed if they had a significant contiguous forest canopy. For example, Marymoor 
Park is a classic urban park with a traditional urban forest canopy of hundreds 
of single trees in a highly maintained park setting. Generally, these areas would 
be classified as “landscape” in the use of FLAT. However, Marymoor also has a 
significant riparian forest component along the river and lake that is classified as 

Table 2—King County Parks distribution by designation, acreage,  
and number of sites
Park classification Area Number of parks

Acres
Working forest/resource 3,455 7
Multi-use open space 12,812 41
Natural areas 7,321 78
Active recreation parks 2,472 67

Total 26,066 190
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“forest” by FLAT guidelines. Regional multi-use trail corridors, such as the Burke 
Gilman Trail, were not assessed. Although most of these trails have a linear forest 
component, these were not considered to be a contiguous forest area, and would fall 
into the “landscape” category. Table 3 shows the land-cover-type results for the total 
King County FLAT project area across the different park designations. 

Table 2—King County Parks distribution by designation, acreage,  
and number of sites
Park classification Area Number of parks

Acres
Working forest/resource 3,455 7
Multi-use open space 12,812 41
Natural areas 7,321 78
Active recreation parks 2,472 67

Total 26,066 190
Table 3—Acres of land-cover types in  
entire King County FLAT project area 

Landcover type Area
Acres

Forested 21,058
Natural 2,024
Water 639
Hardscape 48
Landscape 953

Total 24,722

Phase 1: forest cover type mapping—
Several years of orthophotos were used in developing the MUs, including 2009 
true color imagery having 0.5 ft per pixel resolution collected specifically for King 
County; 2009 and 2001 USDA Natural Aerial Imagery Program (NAIP) imagery 
with 1 m per pixel resolution; and online public access oblique angle imagery. 
Multiple datasets were used to reduce errors resulting from shadows, parallax, 
photo mosaicing, and varying light conditions. In addition, raster files developed 
from 2003 LiDAR data collected over King County were used for assessing tree 
height in GIS.

Site boundaries were provided by the King County GIS Center in Esri shapefile 
format and included, at a minimum, a unique facilities identification number and 
a site name. Sites that were smaller than the minimum mapping size, or where the 
land cover appeared to be homogenous in the imagery, were classified as a single 
MU. Sites that contained multiple MUs were first delineated based on general 
land cover type. The land cover type was classified as forested, natural (vegetation 
with <25 percent forest canopy cover), water, hardscape, or landscape. Small and 
isolated areas of landscape and hardscape were combined with surrounding cover 
types, as it was not the intent of this project to track such features. The remaining 
MUs categorized as forest and natural were then viewed with the aerial imagery 
to further delineate polygons containing similar vegetation types. Color, texture, 
tree shadows, and crown shape were used to determine MU edge breaks. Because 
these characteristics can appear differently depending on the imagery used, several 
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available image sources were reviewed, as listed above. These provided views 
having different lighting, color balance, and resolution. A canopy height raster file 
generated from King County LiDAR ground and surface models was also used to 
provide guidance on stand heights.

McGarvey Park Open Space serves as an example of how Phase 1 was carried 
out in King County. The park was acquired by King County in 2000 through the 4:1 
program, and is composed of 401 ac of forest (fig. 5). Photo interpretation was used 
to classify the park into 35 MUs as seen in figure 6, guided by differences in color 
and texture. For instance, MU 8 is a much lighter shade of green than the surround-
ing MUs. 

Figure 5—Boundaries of McGarvey Park Open Space.



23

Forest Landscape Assessment Tool (FLAT): Rapid Assessment for Land Management

Phase 2: field assessment—
Specific forest measurements and observations were selected to meet the specific 
King County objectives of assessing timber resources and assessing the integrity 
and health of forest ecosystems. Attributes such as overstory tree diameter, stock-
ing, and age were collected to evaluate the timber resource within the MU, while 
attributes such as native tree composition, invasive species presence, and forest 
health were collected to evaluate ecological integrity. Attributes were separated 
into broad categories that could be quickly estimated in the field. A full list of data 
attributes used in the King County FLAT is in appendix 4.

The ideal crew size was found to be two people (fig. 7). The learning curve 
for the fieldwork was minor, but it was essential that all field personnel be able to 
identify native plants and common nonnative invasive plants and noxious weeds. 

Figure 6—McGarvey Park Open Space management unit delineation.
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The crews carried both hardcopy orthophotos and digital versions on field global 
positioning system (GPS) units. Crews surveyed MUs that were clustered geograph-
ically in the same day. To begin surveying an MU, crews would drive to the closest 
road access point. Some of the larger sites would require using multiple access 
points, while other sites had trail networks that allowed crews to easily move from 
MU to MU. Depending on the size of the MUs and the level of forest heterogeneity, 
a crew was able to survey between 3 and 20 MUs in one day. It was also important 
for crews to maintain their “ocular” calibration by measuring tree diameters and 
ages at least once on every site. Many of the forests in King County were clearcut 
in the last 100 years, and it was relatively reliable to assign most trees to the 50- to 
99-year-old age class, but there are clusters of both younger and older trees. The 
FLAT Field Manual (app. 6) provides further information about the process. 

The field campaign took three summer seasons to complete (2010–2012). Factors 
that affected the speed of the field crews were (1) heterogeneity of parks—parks 
with many separate MUs in a small geographic area took longer to survey than 
parks with a single forest type; (2) size of the park—larger parks required less driv-
ing time to get from MU to MU; and (3) distance between parks—parks within a 
small geographic extent required less driving time. The forests of multiple MUs also 
tended to be more similar, resulting in less time spent calibrating ocular estimates.

Figure 7—King County field staff Jack Simonson and Brett Roberts consult management unit maps.
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Phase 3: management prioritization—
Variables were selected to construct the matrix (fig. 4), which includes forest 
composition on the x-axis and forest health threats on the y-axis. The forest com-
position values were defined prior to the fieldwork using forest ecology principles. 
In the field, teams determined a high, medium, or low forest composition value for 
each MU using a flowchart (fig. 8). This flowchart was designed to appropriately 
rate important landscapes that may not necessarily support a full forest canopy, 
particularly wetlands.

The y-axis of the Tree-iage matrix for King County includes low, medium, and 
high threat values. In the Green Seattle Partnership analysis noted above, the extent 
of invasive species cover was used as the criterion for determining threat values 
(i.e., low = <5 percent invasive cover; medium = 5 to 50 percent invasive cover; 
high = >50 percent invasive cover). In this King County case study, managers used 
additional multiple criteria to describe forest health threats, including the presence 
of root rot, mechanical tree failure, low tree vigor, presence of mistletoe, bare soil 
(as an indicator of disturbance), and an “other” category that allowed field teams 
to record additional observations. Each health indicator was recorded as a yes/no 

Figure 8—Forest composition flowchart for King County management units.
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observation. To determine if an MU had a low, medium, or high threat value, the 
number of observed health threat indicators were tallied back at the office. Low 
is interpreted as no observed health threats, medium as one observed threat, and 
high as two or more observed health threats (table 4). Other projects may develop 
a tiered approach, creating a decision tree akin to the forest composition flowchart 
to differentiate between low, medium, and high threat levels incorporating multiple 
types of indicators.

Table 4—Methodology used to select management unit 
threat value

Threat value Observed unhealthy forest values
Low 0
Medium 1
High 2 or greater

Results
An ArcGIS® geodatabase was assembled from the field data. It was used to produce 
maps, conduct database queries, and generate summary statistics.

Summary analysis of forest characteristics—
The forest variables collected using FLAT helped King County managers to 
understand baseline information about all of their forested parklands for the first 
time. Each of the forest attributes collected (app. 4) can be summarized across King 
County. For instance, the age class structure of the forest can be quickly viewed in 
figure 9. These data show that red alder (Alnus rubra bong.), bigleaf maple (Acer 
macrophyllum), and Douglas-fir (Pseudotsuga menziesii Pursh) dominate forest 
cover. Red alder and bigleaf maple are relatively short-lived species, and the large 
numbers of trees in age classes 2 (30 to 49 years old) and 3 (50 to 99 years old) 
suggest that these forests are in need of management and restoration. 

Adding a third variable, stocking density, allows for creating type calls that 
can be useful for timber harvest planning and management (fig. 10). A type call is 
an integration of the major species (table 5), its size class, and the stocking class 
of that MU. Size class contains four categories: 1 = 0 to 5 inches dbh, 2 = 6 to 10 
inches dbh, 3 = 11 to 20 inches dbh, and 4 = >21 inches dbh. Stocking also has four 
categories: 0 = <10 percent crown closure, 1 = 10 to 39 percent crown closure, 2 = 
40 to 69 percent crown closure, and 3 = >70 percent crown closure. The FLAT data 
describes a hardwood-dominated forest structure at McGarvey Park (fig. 11). 
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Figure 9—The predominant overstory species and age class across all management units surveyed in King County using FLAT.
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Table 5—Major overstory species
Acronym Scientific name Common name
CW Populus balsamifera L. ssp. tricocarpa (Torr. & A. Gray ex Hook.) Brayshaw Black cottonwood
RA Alnus rubra Bong. Red alder
DF Pseudotsuga menziesii (Mirb.) Franco Douglas-fir
BM Acer macrophyllum Pursh Bigleaf maple
WH Tsuga heterophylla (Raf.) Sarg. Western hemlock
WI Salix sp. Willow species
SF Abies amabalis (Douglas ex Loudon) Douglas ex Forbes Pacific silver fir
RC Thuja plicata Donn ex D. Don Western red cedar
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Prioritization analysis—
Because both variables of forest composition and forest health represent important 
concerns in King County’s open space management, the matrix analysis immedi-
ately suggests management priorities (with #1 indicating the highest quality forest 
condition and #9 the lowest). The number of acres of each prioritization value is 
shown in figure 12, and these results mapped across King County are shown in 
figure 13. 

The matrix values for McGarvey Park are shown in figure 14. Note that a large 
proportion of McGarvey Park is classified as 5 and 6, indicating that there is a 
medium composition value with forest health threats present. For example, an MU 
having forest composition keyed out to medium, and having health threats of both 
root rot and low vigor (keyed to high in table 4) would be placed in the matrix of 
figure 13 as a “6.” At McGarvey Park, this translates to MUs that contain dominant 
red alder and bigleaf maple that are near the end of their productive lives, and have 
at least one area of conifers infected with root rot. The matrix value of an MU can 
inform decisions about the priority of action based on management goals.

Figure 10—Type calls identified within the King County FLAT that comprised more than 1 percent of the project by area. Note: 
The type call includes an acronym for the major species, the first digit represents the size class, and the second digit represents the 
stocking class.
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Figure 12—Priority matrix for King County parklands including number of acres 
of each ranked category.

Figure 11—Type calls identified within McGarvey Park Open Space by acres. 
Note: The type call includes an acronym for the major species, the first digit 
represents the size class, and the second digit represents the stocking class. 
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Management Implications
FLAT results were used immediately. For instance, in 2012, FLAT data guided 
forest management decisions for McGarvey Park, where old, dying, and diseased 
red alder and bigleaf maples were harvested for revenue. These areas were replanted 
with mixed conifers to meet forest restoration and future timber harvest goals. As 
FLAT data are updated during future monitoring phases, a shift should be seen in 
composition from older hardwood to vigorous conifers that return greater benefits. 
Note that to complete a timber sale, a supplemental timber cruise is required  
to establish the quantity of trees to be removed and subsequent value. More  

Figure 13—Distribution of management units classified by Tree-iage matrix values for all King County parks.
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information about how FLAT results were implemented can be seen in the McGar-
vey Park Open Space Stewardship Plan (King County 2011).

FLAT results are of value across the county’s holdings, and will inform man-
agement decisions for years to come. With many recent acquisitions of forest land, 
King County Parks is using FLAT results as baseline forest data for forest steward-
ship strategies. For the 3,000 ac of designated working forests in King County, 
FLAT will support the creation or update of required forest stewardship plans. 
Of the other lands in the multi-use and ecological designations that do not require 

Figure 14—Distribution of management units classified by Tree-iage tree composition and health threat values for McGarvey Park 
Open Space.
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formal stewardship plans, FLAT will provide data to help King County identify 
specific MUs that need further attention because of forest health threats. Based on 
the field data collected through FLAT, King County has started to conduct addi-
tional site-specific analyses, including actions that target areas of root rot. With the 
data now in hand, King County managers can continue to assess their lands and 
designate planning resources strategically.

Conclusions
The purpose of FLAT is to provide a systematic survey of forested lands that 
supports the prioritization of future management actions in a landscape system. 
This information can be used widely to implement landscape-level planning, unit-
specific management, and ecological knowledge building. 

Importance in Land Management 
King County and the other municipalities that have implemented FLAT and FLAT-
precursors have used the resulting data in a number of ways. Their primary use has 
been in the planning and budgeting for stewardship and restoration programs. A 
baseline understanding of the status of each MU gives natural resource managers 
the ability to estimate the costs of future action as well as determine where and 
what more detailed or site-specific assessments may need to take place. The rapid 
assessment process can also alert them to threats or land conditions they may not 
have anticipated or suspected. 

The FLAT data can also be used in conjunction with other spatial data or infor-
mation for decisionmaking. As an example, figure 15 shows how the Green Red-
mond Partnership used assessment data along with social information to prioritize 
restoration activities (Green Redmond Partnership 2009). Using GIS, FLAT data 
can be combined with demographic, ecological, or environmental data to investi-
gate trends and identify relationships across a landscape or public lands system.

FLAT was designed to purposefully support adaptive management. FLAT can 
be iteratively applied and combined with other assessments. Also, as repeated FLAT 
assessments are conducted and management is carried out, the repeated measures 
can provide managers with a way to observe the effectiveness of management 
actions. This application of FLAT has not yet been done in King County. In prin-
ciple, by supporting longer term observations of patterns of ecosystem response, 
FLAT can provide more than just a snapshot survey. As FLAT is a practical and 
fairly low-cost tool, it may be redone on a periodic basis (perhaps every 5 years) and 
become a monitoring tool for management assessment and improvement. Because 
it is straightforward to learn and do, a variety of participants can be involved in a 
data-collection cycle, from staff to volunteers to local stewardship groups. 

Local governments 
have used FLAT  
data to plan their  
forest stewardship  
and restoration 
programs.
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FLAT Feasibility
Simplicity, flexibility, and low cost make FLAT an appropriate tool for many 
users. By assessing a limited set of variables and applying methods, including field 
protocols, that are easily teachable, FLAT makes forest assessment doable across 
a wide spectrum of landowners. Where forest condition information is lacking or 
piecemeal, FLAT can fill the gap and provide consistency without requiring signifi-
cant time, training, or large equipment purchases. 

In addition, the FLAT framework is inherently flexible for use on a wide range 
of land ownerships, from small and contained to large and complex. For any given 
project, there is also flexibility in how detailed to make the field assessment, match-
ing procedures to the size of the forest and intended use of the data. 

The simplicity and flexibility of FLAT allows it to be implemented within a 
tight budget. This is a crucial factor that makes FLAT feasible for cash-strapped 
local government, private, and NGO landowners. In addition to the reduced time, 
training, and equipment that normally make assessment more expensive, costs can 
also be kept low by using the growing interest in citizen science. Where appropri-
ate, projects can support community involvement by using volunteers to conduct 
fieldwork. Project planning should then include training costs and field checks for 
data reliability.

Current
high-value

forest
composition?

Expressed
community

importance or
critical area?

Geographic
distribution?

Priority site:
Create work 
plan; begin 

restoration and
maintenance

Yes Yes Yes

Volunteer interest or available Forest Steward?

Not a priority site at this time

No No

No

No
Yes

Figure 15—Green Redmond Partnership decision tree for prioritizing restoration sites.
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Stewardship
The landscape assessment of King County’s parks and open spaces revealed that 
there are natural systems that in some instances are robust and healthy and, in 
other cases, are in decline or face substantial threats. Ongoing forest resource 
management is needed across all these conditions, both to restore compromised 
landscapes and sustain those that are healthy or moving to an improved condition. 
Forest and landscape management is an intensive activity, involving strategic 
planning, technical and scientific input, and on-the-ground actions. To carry out 
these activities, a resource management agency can use its own staff or contracted 
consultants to do land-based work. Yet fiscal constraints in local government and 
environmental resource organizations can limit their capacity to address ecosystem 
needs and recovery. 

In the face of limited and declining fiscal and technical resources for ecosystem 
management, communities and agencies must consider new solutions to restore and 
sustain natural systems, particularly in urban settings (Wolf et al. 2013). Engage-
ment of people and social systems, from individuals to organizations, is another 
stewardship option (Wolf 2012). Environmental stewardship is an increasingly com-
mon response to the decline of natural systems in and around built environments 
(Romolini et al. 2012). Recent research in multiple U.S. cities suggests that steward-
ship may be an effective and viable strategy for ecosystem management (Svendsen 
and Campbell 2008), particularly in urbanized areas.

There is a great deal of variability in the organizational and administrative 
structures that support stewardship efforts. At one level, programs and projects 
may be activated by landscape-scale policies and associated regulations that are 
promulgated by community planners, agency officials, and policy decisionmakers 
(Brunckhorst 2002). Other stewardship groups are composed of citizens organized 
to address a defined ecosystem condition that has direct personal consequences, 
acting for change through place-based projects and resources. Some groups are 
formally self-organized and have 501(c)(3) status, some are informal organizations 
without legal status, and some are membership organizations facilitated by a public 
entity (Brinkley et al. 2010).

No matter who participates in stewardship, and whatever their motivations, 
better landscape health outcomes can be promoted using the information provided 
by a landscape assessment like FLAT. For instance, having full knowledge of parcel 
conditions can help a stewardship coordinator within an agency to prioritize stew-
ardship programs across a landscape system, to ensure that the greatest work effort 
is assigned to places having the greatest need. In addition, those nonprofit orga-
nizations that host stewardship projects can use an assessment to assign volunteer 

Stewardship 
organizations and 
volunteers can assist 
with FLAT data 
collection, contributing 
to better management 
of urban forests.
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work parties within their activity area, as well as communicate to the public about 
the high-health parcels that may deserve conservation status. Finally, a “friends 
of” group of citizen stewards can use assessment information to identify the most 
important project sites within a park or open space within their community, so that 
they achieve satisfying outcomes from their self-sufficient efforts. In all these situ-
ations, periodic reassessment can help the agency, organization, or group to better 
understand how their efforts contribute to better ecological health. 

Limitations 
FLAT is a useful tool for planning, budgeting, stewardship, and performance 
measurement. However, its application does have limitations that are important to 
consider. The qualitative nature of the field assessment makes the FLAT unsuitable 
as evidence of compliance with environmental standards or the creation of envi-
ronmental impact statements under state or federal law. FLAT would also not be 
sufficient to develop a sustainable harvest plan, though it can serve as a first step to 
get a picture of resources on the land. 

Another limitation of FLAT is the coarse-grain scale of the data. Management 
Unit sizes may limit use of FLAT as a tool for understanding fine-scale ecological 
structures and processes. Most MUs will be larger than the level at which some 
plant interactions take place. Attempts to scale the MU down to small land areas 
will greatly increase the number of MUs, increasing cost and time of the assess-
ment. FLAT, therefore, does not take into account small pockets or sites within the 
unit. In theory, a unit with a number of concentrated pockets of invasive species 
would appear the same as a unit within which a similar proportion of invasive 
species are found throughout a more dispersed area. Although a classification of 
heterogeneity could be added, a more detailed assessment will likely be required 
to understand site-specific details and evaluate what type of action may be neces-
sary within an MU. The purpose of FLAT is therefore to determine where these 
detailed assessments may need to take place. 

While FLAT is limited in spatial scale, it is also limited in its scale of possible 
indicators. As more indicators are added, the speed and simplicity of the assess-
ment—two of the primary advantages—will be reduced. For FLAT to retain these 
qualities, it may be necessary to exclude certain variables or indicators that may 
be useful in specific management situations. The current FLAT protocols and 
analysis are a reflection of both the priorities of King County as a pilot user and 
the need for FLAT to retain its rapid deployment character. Project managers will 
have to carefully weigh the tradeoffs of including more indicators based on their 
specific circumstances. 
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In addition, the current FLAT protocols do not include wildlife. If managers 
have a specific species or cohort of species in mind, attributes could be added that 
indicate habitat suitability or presence. 

Next Steps
FLAT is a relatively new tool, and as such, has potential for future development, 
testing, and refinement. Formal testing would enhance the credibility of FLAT. 
Although it has already been informally tested through application to the satisfac-
tion of practitioners, neither its reliability nor accuracy has been systematically 
evaluated. A reliability test might entail examining whether individuals with similar 
training and experience using FLAT on the same MU would produce similar 
results. An accuracy test might compare the results of a FLAT assessment for 
particular MUs with evaluations that involve random sampling and more traditional 
forest ecological data collection within those MUs.

As it currently exists, FLAT is designed for use in the lowland forests of the 
Puget Sound basin and, to a limited degree, in wetlands. Expanding its use to other 
ecosystem types in other parts of the Pacific Northwest, the Nation, or the world 
would require revising the measures variables. In principle, however, the basic 
framework should work for any number of ecosystem types. As discussed in the 
“FLAT Methodology” section, the system is oriented to a project-specific selection 
of prioritized data attributes and criteria, in order to best achieve local management 
goals. Expanding FLAT’s ecosystem range is thus a matter of degree, requiring 
additional work to develop appropriate data attributes and field test new implemen-
tations. Concerns about different land scales and vegetation associations would 
have to be addressed.

One way that this extension of FLAT might be facilitated would be the develop-
ment of a publicly available clearinghouse that catalogs indicators, classification 
schemes for each indicator, and prioritization systems that have been developed for 
various ecosystem types. Practitioners planning a FLAT project could then devise a 
system built on the experiences of others, just as those in the Pacific Northwest can 
use the King County example as a starting point. 

Lastly, future research may explore applying FLAT as a practical method of 
monitoring ecosystem changes not necessarily tied to natural resource management 
goals. For example, decisionmakers interested in more general information regard-
ing emerging local effects of climate change, or changes in habitat quantity or 
quality, or shifts in biodiversity, or any number of other topics, may adapt FLAT to 
focus on such system-level questions. 

Although used for 
forest assessment 
in this report, FLAT 
can be adapted for 
assessment of  
every ecosystem 
type in the Pacific 
Northwest region.
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Appendix 1: How to Develop the Assessment Area and 
Management Units
The forest-cover-type mapping process defines the boundaries and area for each 
management unit (MU). This process establishes boundaries based on existing 
ownership, management goals, and vegetation and land-coverage typing from aerial 
or satellite photos. This section describes the steps of this process.

STEP 1: Determine Which Properties Will Be Included  
in the Assessment 
The project area should be defined in this stage based on relevant management 
programs and resource information needs (see fig. 16 for an example). It may help 
to consider if different sites will be managed by different crews or be located in 
different districts that will affect how management decisions are made, and may 
change desired assessment boundaries. Thought should also be given to regulatory 
designations such as wetland or riparian areas that may limit or specify manage-
ment actions. Each site should have a unique name and number for identification 
throughout the project. For small projects, there may only be one site, having a 
single project area name and boundary.

STEP 2: Designate Land Cover Type
Once the assessment sites have been chosen and identified by property ownership 
or management blocks, the next step is to use aerial or satellite imagery to review, 
then delineate similar conditions within the predesignated site or project areas. The 
general purpose of this photo-typing is to identify zones based on the major differ-
ences in land or forest cover. 

Sites should be divided into units that are given one of a number of broad land 
cover designations. The land cover designations for the King County pilot project 
are included below in table 6. Some Forest Landscape Assessment Tool (FLAT) 
users may wish to expand these designations to include types such as wetlands or 
shoreline, given the particular characteristics of the system they are evaluating. 

The boundaries between land cover types should be based on breaks visible 
in the aerial or satellite photos. It is not necessary to precisely measure the for-
est canopy cover to differentiate between, for example, a forested or natural area 
designation. An estimate should be fine in these cases because the typing will be 
verified during field data collection (see the FLAT Field Manual in app. 6). The 
designations can be done largely based on viewing the photos, but some may choose 
to use software or tools like Feature Analyst. 

When in doubt about a land cover type, a convention should be established and 
applied consistently throughout the process. In some cases, it may make sense to 
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create a new category that indicates the call will be made in the field assessment 
process. The conventions will likely change based on the team and their priorities, 
thus it is essential to make assumptions explicit so that users of the information 
later on will take that into consideration as they make decisions.

A threshold should be set for the minimum size of a land cover designation. In 
King County, significant and distinct nonforest areas were delineated down to 0.1 
ac. It is not the intent of FLAT to map paved paths, tennis courts, or other facilities 
within site areas. These smaller developed features can be lumped into surrounding 
landscape or hardscape MUs. 

Figure 16—Forest Landscpe Assessment Tool assessment boundary for Maury Island Marine Park, a project site in King County, Washington.
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STEP 3: Delineate Management Units Based on Vegetation 
Differences.
With property information and land cover differences delineated, the next step is 
to further divide a site according to vegetation differences (fig. 17). This applies 
specifically to land cover designations that fall within the purview of FLAT (i.e., not 
open water, hardscape, or landscape).

The forested and natural cover typing of Step 2 should be reviewed using aerial 
imagery to delineate polygons within that contain similar vegetation types. Areas 
with clearly different species, structural, or age composition should be placed 
into different MUs. Color, texture, tree shadows, and crown shape can be used 
to determine MU breaks. Because these characteristics can appear differently on 
different imagery, use of several image sources is recommended to provide views 
with varied lighting, color balance, and resolution (see app. 2 for further discussion 
of necessary data). This vegetation typing requires the most skill and experience 
with photo-typing and boundary delineation. In addition, if data are available and 
project staff have the needed expertise, remote-sensing ground and surface datasets 
(e.g., LiDAR) may be used to generate a canopy height layer for use in a geographic 
information system (GIS) to assist in differentiating stand heights. 

The MU size will vary based on the amount of contiguous similar vegetation 
coverage as well as thresholds decided on by the FLAT project manager. As an 
example, King County established a minimum MU size of 5 ac, as it was deter-
mined that further subdivisions of MUs would add too significantly to the total 
number of MUs and time necessary to complete field data collection. This is a judg-
ment call—what you may gain in precision, you may sacrifice in time. In smaller 
communities, cities, or systems of parcel holdings, it may make sense for MUs to be 
much smaller. 

Table 6—King County Parks Forest Landscape Assessment Tool land cover designations

Type Acronym Definition 
Forested FOR ≥25 percent of the area covered by forest canopy

Natural NAT Any natural vegetation that has <25 percent forest canopy cover 

Open water WAT Open water without woody vegetation

Hardscape HS Impervious surface such as parking or buildings

Landscape LS Areas that are currently landscaped or have been mechanically 
maintained within the past year
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Data format—
If you are using digital GIS software to delineate management units, an attribute 
field should be created within the polygon layer so that each MU polygon feature 
has a unique identifying number. This unique identifier should reference both the 
site number and the MU number within the site. Table 7 shows an example of this 
as the FID_MU where the first four digits are from the site name and the two digits 
after the dash specify the MU within the site. It is important to track MUs in this 
precise manner as fieldwork may call for merging or splitting MUs, resulting in 
new polygons within a site that require careful data management updates. The MU 

Figure 17—Delineated management units within Maury Island Marine Park, King County, Washington.
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should also have attribute fields for its land cover designation and site, as well as 
for any important administrative or legal boundaries. This georeferenced attribute 
table will form the basis of data entry for fieldwork, and into future assessments. 
Table 7 is an illustration of what this attribute table might look like at the end of 
this process.

Again, for small-scale projects, there may be only one “site,” a single property, 
and, in that case, MU identifiers can be a simple sequential numbering system. 

Without GIS software, the MU identifying number should be written directly 
onto the hardcopy aerial photos used to draw the MU boundaries. The same table 
should be created in a digital form such as Microsoft Excel or Access. 

Table 7—A sample attribute table after type mapping and data collection
FLAT_MU
FID_MU SITE_NAME ACRE LAND_COV ASPECT SLOPE AGE_CLASS OVR1_SPC OVR1_SIZE
4601-01 Sugarloaf 

Mountain 
Forest

10.6 FOR 72 54 2 PSME 3

4601-02 Sugarloaf 
Mountain 
Forest

273.6 FOR 165 34 1 ALRU 1

4632-01 Mirrormont 
Park

4.9 FOR 215 4 3 ALRU 3

4632-02 Mirrormont 
Park

4.2 FOR 215 5 3 PSME 4

4632-03 Mirrormont 
Park

1.7 LS 259 7

4634-01 Fall City 
Natural Area

2 WAT 196 2

4634-02 Fall City 
Natural Area

3.9 NAT 194 0 1 ALRU 2
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Appendix 2: Necessary Data 
Aerial Imagery
Aerial photographs or satellite imagery are important sources of information for 
initial management unit (MU) delineation and mapping. There are several consider-
ations that will help determine your best source of data: 
•	 If you are using geographic information system (GIS) software, it is 

important that the imagery used be geometrically corrected, or “orthorec-
tified,” and geographically referenced so that boundaries drawn using the 
photos will correspond to the correct places and distances on the surface 
of the earth. 

•	 Resolution should be high enough to distinguish between different cover-
age types, and color makes this interpretation much easier. If tools such as 
Feature Analyst are being used to aid in the photo typing, there may also be 
resolution thresholds or requirements. 

•	 Photos should be taken during the summer, when vegetation from both 
deciduous and evergreen trees and shrubs are visible, as vegetation types 
will be used to define MU boundaries. In some cases, having multiple 
image sets at different times of the year will be helpful. 

For the King County pilot project, several sets of aerial imagery were used, in 
part to be able to compare conditions. These included: 
•	 King County 2009 natural color ortho photos in 0.5 to 1 ft resolution. 

These data displayed significant parallax along mosaic edges, which made 
typing larger areas more difficult. 

•	 Arc® Online imagery. Arc images can change without notice and 
there is no control over color balance, and the radiometric settings are 
more likely to have rectification errors. Overall, there are fewer paral-
lax and mosaic issues. 

•	 U. S. Department of Agriculture National Aerial Imagery Program 
(NAIP) 1 m orthophotos. 

Parcels
Parcel data are important for delineating MUs. Aerial and satellite imagery can 
be used to type by natural conditions (such as vegetation cover, or surface water 
elements), but parcel boundaries are often the basis of management programs. 
Because  the Forest Landscape Assessment Tool (FLAT) is a tool intended to sup-
port management decisions, MUs should be informed by ownership and manage-
ment jurisdictions. In most cases, parcel data will be the source of legal boundary 
delineation. Some considerations:



46

GENERAL TECHNICAL REPORT PNW-GTR-941

•	 Parcel data should include attributes that indicate ownership or manage-
ment goals for each feature. At the very least, it is important to determine if 
a parcel is managed by the organization conducting the FLAT assessment.

•	 Note that assessor parcel GIS layers often display approximate boundaries. 
Locations do not always match imagery and other layers. This is usually 
adequate for the level of mapping used for FLAT. 

Other Management Boundaries
•	 Sometimes there may be other management program boundaries that 

should be taken into consideration when creating MUs.
•	 If there are existing stewardship plans in effect or additional information 

about a specific area, it may make sense to classify MUs to accommodate 
preexisting documents or delineations. 

•	 Management systems will often be divided into subdistricts or areas, each 
having their own programs or assigned management staff. This may also 
be important information for dividing MUs and should be considered along 
with the parcel and ownership data. 

•	 Legal designations that limit management actions or have additional regula-
tory requirements, such as riparian zones or wetlands, should also be indi-
cated when delineating MUs.
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Appendix 3—Equipment List 
Traditional forestry tools and equipment are used in a Forest Landscape Assessment 
Tool (FLAT) assessment (table 8) to help field crews calibrate their visual estimates. 
Depending on the ecosystem type, management goals, and complexity of other 
FLAT projects, this list can be modified to incorporate additional or different tools. 
The most expensive piece of equipment is the global positioning system (GPS) unit. 
In lieu of a costly GPS unit, most smartphones have GPS capabilities and can be 
programmed with a background map. If a GPS unit or smartphone is unavailable 
or not desired, a FLAT assessment can be implemented with a hardcopy paper map 
and data sheet. 

Table 8—King County, Washington, equipment list
Item Considerations King County pilot project
Geographic information system (GIS) Having expensive GIS software such as 

ArcGIS® in which to track and query 
information is convenient for conducting 
FLAT but probably not necessary

ArcGIS 10.0

Free open source tools such as GrassGIS or 
even free “cloud-based” tools such as Google 
Earth® or Google Fusion Tables

High-resolution orthophotos, maps and 
handwritten tables could qualify as a GIS  
if necessary

Paper map Boundaries of each management unit should be 
overlaid and labeled on the map

Yes

Camera Photos of forest conditions are very helpful Yes

Compass Good for orientation Yes
Global positioning system (GPS) A smartphone could also be used in some cases 

instead of a GPS unit
Trimble Geo XT

Data entry tool Microsoft Office® is compatible on most 
smartphones as well

Trimble Geo XT®  
with Microsoft  
Windows Mobile® 

Paper data forms Good for backup in case electronic devices are 
not working

 Yes

Plant identification reference books Very important that field crews are able to 
identify native and nonnative plants

Pojar and MacKinnon (2004)

FLAT Field Manual This provides a quick reference to the data-
collection procedures

Yes (early draft)

Diameter tape For estimate calibration Yes
Clinometer For estimate calibration Yes
Increment Borer For estimate calibration Yes
Densiometer For estimate calibration No
FLAT = Forest Landscape Assessment Tool.
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Appendix 4: King County Data Attributes 
Table 9 displays the data attributes included in the King County Parks pilot project. 
Attributes were chosen that described forest characteristics considered most rel-
evant for setting land management priorities and subsequent development of land 
management plans for forested parks and resource lands in the county.

Table 9—King County, Washington, data attributes (continued)
Data attribute Data field Explanation/criteria 
Site name SITE NAME GIS identifier
Management unit number HMU_NO GIS identifier
Date of data collection DATE
Assessors initials CREW
Land cover LANDCOV
  Forested FOR ≥25 percent forest canopy
  Natural Area NAT <25 percent forest canopy
  Open Water WAT No woody vegetation
  Hardscape HS Buildings, parking
  Landscaped LS Landscaped, mechanically maintained
Age class AGECLASS
  Category 1 1 0 to 29 years
  Category 2 2 30 to 49 years
  Category 3 3 50 to 99 years
  Category 4 4 100+ years
Overstory species OVR1_SPC Overstory species, most abundant dominant or 

codominant >20 ft
Overstory size OVR1_SIZE Overstory dbh size class
Category 1 1 0  to 5 inches dbh
Category 2 2 6 to 10 inches dbh
Category 3 3 11 to 20 inches dbh
Category 4 4 21+  inches dbh
Second overstory species OVR2_SPC Second overstory species, in order of abundance 

codominant >20 ft
Second overstory size OVR2_SIZE Overstory dbh size class, see size class chart above
Third overstory species OVR3_SPC Third overstory species, if present, in order of abundance 

codominant >20 ft
Third overstory size OVR3_SIZE Overstory dbh size class; see size class chart above
Stocking STOCKING Crown closure estimate, as viewed directly above
Category 0 0 Less than 10 percent crown closure 
Category 1 1 10 to 39 percent crown closure 
Category 2 2 40 to 69 percent crown closure
Category 3 3 70+ percent crown closure 
Management unit composition HMU_CMP
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Table 9—King County, Washington, data attributes (continued)
High composition H >50 percent conifer/madrone; or

≤50 percent conifer/madrone with no capacity for 
restoration (includes wetlands)

Medium composition M 1 to 50 percent conifer/madrone with capacity to support 
restoration to H; or

<25 percent native cover with capacity to restore up to 50 
percent conifer

Low composition L < 25 percent native cover with capacity for full restoration 
planting; or

No conifer/madrone with capacity for full restoration
Low vigor LOW VIGOR Conifer: live crown ≤40 percent? Y or N 

Hardwood decline: top dieback or snags ≥5 percent? Y  
or N 

Mechanical tree failure FAILURE Mechanical tree failure in ≥1 percent of MU, Y or N  
(e.g., windthrow, landslide)

Root rot ROOT ROT Root rot pockets present? Y or N
Mistletoe MISTLETOE Mistletoe present? Y or N
Bare soil BARE SOIL ≥1% bare soil present from recent disturbance, erosion, 

etc.? Y or N
Other OTHER Present in ≥1 percent of MU? Y or N (*note in 

comments*)
Regeneration species RGN1_SPC Regeneration species <20 ft height, in order of abundance
Second regeneration species RGN2_SPC Regeneration species <20 ft height HT, in order of 

abundance
Regeneration stocking class RGN_TPA
Category 1 1 0 to 49 TPA (>30 ft spacing)
Category 2 2 50-149 TPA (between 30 and 16 ft spacing)
Category 3 3 150+ TPA (<16 ft spacing)
Plantable space PLANTABLE Suitable growing space for restoration planting? Y or N
Native shrub and herb species GRD1_SPC Native shrubs and herbs, most abundant
Native shrub and herb species GRD2_SPC Second native shrubs and herbs in order of abundance
Invasive species INV1_SPC Nonnative species, most abundant
Invasive species INV2_SPC Second nonnative species in order of abundance
Invasive species INV3_SPC Third nonnative species in order of abundance
Invasive species INV4_SPC Fourth nonnative species in order of abundance
Invasive species INV5_SPC Fifth nonnative species in order of abundance
Total invasive cover INVCOV Total invasive cover
 High cover H > 50 percent
    Medium cover M 5 to 50 percent
           Low cover L <5 percent
Notes NOTES Unique site conditions and other dominant trees present
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Table 10—Comparative cost estimates of implementing Forest Landscape 
Assessment Tool (FLAT) in the city of Everett and in King County, Washington

Assessment attributes King County parks Everett parks
Total project area (acres) 24,724 605
Total time Three summer field seasons Two weeks
Cost in dollars:
  Staff 111,000 6,000 
  Consultant 72,000 15,000 
  Travel 7,400 200 
  Supplies/materials 3,600 200 
     Total cost 194,000 21,400 

Appendix 5—Cost Analysis
Table 10 compares the estimated costs associated with carrying out the FLAT 
assessment in two park systems, those of King County and the City of Everett, 
Washington. Staff costs include project management and fieldwork, while consul-
tant costs include project development and phototyping, as well fieldwork during the 
first field season. For the King County Forest Landscape Assessment Tool (FLAT), 
the staff spent an estimated 2,880 hours implementing the project. The difference 
in supplies and materials costs can be explained by King County’s fieldwork startup 
costs, whereas the Everett project made use of equipment owned by consultants.
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Appendix 6— Forest Landscape Assessment Tool 
(FLAT) Field Manual
This field manual was prepared by the project partners to provide a concise proce-
dures manual for reference in the field, and to provide information for field crew 
training. Readers can cross reference the procedures described in this technical 
report with this appendix. In addition, a .pdf file of the manual can be downloaded 
at http://www.naturewithin.info/UF/FLAT_Field_Manual.pdf.
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ca

ti
on

	re
so

ur
ce

s
•	

Ca
m
er

a
•	

Tr
ee

	a
nd

	c
an

op
y	
m
ea

su
re

m
en

t	t
oo

ls
	

Re
co

m
m

en
de

d 
fo

r t
ra

in
in

g 
an

d 
ca

lib
ra

tio
n 

of
 o

cu
la

r e
st

im
at

es
 b

ut
 n

ot
 

re
qu

ire
d:

 
In

cr
em

en
t b

or
er

 
D

ia
m

et
er

 ta
pe

 
D

en
si

to
m

et
er

 (M
oo

se
ho

rn
)

 
Cl

in
om

et
er

5

TH
E 

 “1
1”

  E
SS

EN
TI

A
LS

fo
r 

co
m

fo
rt

 a
n

d
 sa

fe
ty

 in
 th

e f
ie

ld

1.
  

Su
n

 p
ro

te
ct

io
n

 (s
u

n
g

la
ss

es
, l

ip
 b

al
m

, a
n

d
 s

u
n

sc
re

en
)

2.
  

Bu
g

 r
ep

el
le

n
t

3.
  

Pr
o

p
er

 c
lo

th
in

g
 a

n
d

 f
o

o
tw

ea
r 

to
 d

ea
l w

it
h

 h
ar

sh
 t

er
ra

in
 

o
r 

in
cl

em
at

e 
w

ea
th

er
 s

u
ch

 a
s 

ra
in

 g
ea

r,
 w

at
er

p
ro

o
f 

h
ik

in
g

/w
o

rk
 b

o
o

ts
, 

g
ai

te
rs

, 
an

d
 i

n
su

la
ti

o
n

 l
ik

e 
g

lo
ve

s,
 

h
at

s,
 a

n
d

 ja
ck

et
s.

4.
  

Fi
rs

t 
ai

d
 s

u
p

p
lie

s
5.

  
U

ti
lit

y 
kn

ife
 o

r 
m

u
li-

to
o

ls
 (

e.
g

. L
ea

th
er

m
an

, S
w

is
s 

ar
m

y 
kn

ife
)

6.
  

Fo
o

d
 (p

lu
s 

an
 e

xt
ra

 d
ay

’s
 s

u
p

p
ly

)
7.

  
Lo

ts
 o

f W
at

er
! (

p
lu

s 
an

 e
xt

ra
 d

ay
’s

 s
u

p
p

ly
)

8.
  

H
ea

d
la

m
p

 o
r 

ill
u

m
in

at
io

n
 s

o
u

rc
e

9.
  

Fi
re

 (m
at

ch
es

 o
r 

lig
h

te
r 

in
 w

at
er

p
ro

o
f c

o
n

ta
in

er
10

. 
Em

er
g

en
cy

 s
h

el
te

r  
(t

en
t, 

ta
rp

, b
iv

y,
 o

r r
efl

ec
ti

ve
 b

la
n

ke
t)

11
. 

C
o

m
m

u
n

ic
at

io
n

 d
ev

ic
e 

lik
e 

ce
ll 

p
h

o
n

e 
o

r 
tw

o
 w

ay
 r

ad
io

Ph
ot

o 
cr

ed
it:

 L
is

a 
Ci

ec
ko



7

Fo
re

st
 C

o
ve

r 
T

yp
e

 M
ap

p
in

g 
 

Fo
re

st
 C

ov
er

 T
yp

e 
M

ap
pi

ng
 is

 th
e 

pr
oc

es
s 

of
 d

iv
id

in
g 

a 
pa

rc
el

 o
f l

an
d 

in
to

 a
re

as
 o

f s
im

ila
r l

an
dc

ov
er

 a
nd

 v
eg

et
at

io
n/

fo
re

st
 ty

pe
s.

  T
he

 p
ro

pe
rt

y 
yo

u 
ar

e 
to

 a
ss

es
s 

ha
s 

be
en

 “f
or

es
t-

ty
pe

d”
 u

si
ng

 a
er

ia
l p

ho
to

gr
ap

hy
 in

to
 

M
an

ag
em

en
t U

ni
ts

 (M
U

s)
. 

O
w

n
er

sh
ip

 a
n

d
 M

an
ag

em
en

t B
ou

n
d

ar
ie

s
Ea

ch
 p

ro
pe

rt
y 

or
 p

ar
ce

l i
s 

fir
st

 d
el

in
ea

te
d 

by
 p

ro
pe

rt
y 

ow
ne

rs
hi

p 
an

d 
m

an
-

ag
em

en
t b

ou
nd

ar
y.

 N
ex

t, 
or

th
op

ho
to

gr
ap

hs
 o

r o
th

er
 a

er
ia

l i
m

ag
er

y 
ar

e 
us

ed
 

to
 g

ro
up

 a
nd

 d
el

in
ea

te
 t

he
 la

nd
 in

to
 fi

ve
 b

ro
ad

 la
nd

co
ve

r 
cl

as
si

fic
at

io
ns

.  
Th

es
e 

ar
e 

fo
re

st
ed

, n
at

ur
al

, o
pe

n 
w

at
er

, h
ar

ds
ca

pe
, a

nd
 la

nd
sc

ap
e.

 

V
eg

et
at

io
n

 F
ea

tu
re

s
W

ith
 p

ro
pe

rt
y 

in
fo

rm
at

io
n 

an
d 

la
nd

co
ve

r d
iff

er
en

ce
s 

de
lin

ea
te

d,
 th

e 
ne

xt
 

st
ep

 is
 to

 re
fin

e 
fo

re
st

ed
 a

nd
 n

at
ur

al
 s

ite
s 

ac
co

rd
in

g 
to

 th
ei

r v
eg

et
at

io
n 

fe
at

ur
es

. L
ar

ge
 a

re
as

 w
ith

 c
le

ar
ly

 d
iff

er
en

t s
pe

ci
es

, s
tr

uc
tu

ra
l f

ea
tu

re
s,

 
or

 a
ge

 c
om

po
si

tio
n 

ar
e 

pl
ac

ed
 in

to
 d

iff
er

en
t M

an
ag

em
en

t U
ni

ts
.  

LI
D

A
R 

da
ta

 c
an

 a
ls

o 
be

 p
ro

ce
ss

ed
 to

 d
is

pl
ay

 c
an

op
y 

he
ig

ht
s.

  T
hi

s 
is

 u
se

fu
l i

n 
in

te
rp

re
tin

g 
st

an
d 

bo
un

da
rie

s,
 e

sp
ec

ia
lly

 w
he

n 
st

er
eo

 a
er

ia
l i

m
ag

er
y 

is
 n

ot
 

av
ai

la
bl

e.

N
O

TE
: A

ll 
M

U
 b

ou
nd

ar
ie

s 
ar

e 
dr

aw
n 

di
re

ct
ly

 in
to

 th
e 

G
IS

 s
o 

th
at

 th
ey

 d
o 

no
t 

ne
ed

 to
 b

e 
di

gi
tiz

ed
 p

os
t d

at
a 

co
lle

ct
io

n.

Ph
ot

o 
cr

ed
it:

 K
in

g 
Co

un
ty

 P
ar

ks
 a

nd
 N

at
ur

al
 R

es
ou

rc
es

  
Ba

ss
 L

ak
e 

N
at

ur
al

 A
re

a

6

Q
u

al
it

y 
C

o
n

tr
o

l 
M

e
th

o
d

s 

Q
ua

lit
y 

co
nt

ro
l c

on
si

st
s 

of
 a

ny
 p

ro
ce

du
re

s 
us

ed
 to

 “c
al

ib
ra

te
” o

r r
ev

ie
w

 fi
el

d 
as

se
ss

m
en

ts
.  

Be
ca

us
e 

of
 th

e 
qu

al
ita

tiv
e 

na
tu

re
 o

f r
ap

id
 a

ss
es

sm
en

t, 
it 

is
 

ex
pe

ct
ed

 th
at

 in
di

vi
du

al
s 

w
ill

 h
av

e 
sl

ig
ht

ly
 d

iff
er

en
t i

nt
er

pr
et

at
io

ns
 o

f e
ac

h 
at

tr
ib

ut
e.

 T
he

 g
oa

l i
s 

to
 e

nc
ou

ra
ge

 s
im

ila
r o

r c
on

si
st

en
t i

nt
er

pr
et

at
io

n 
an

d 
as

se
ss

m
en

ts
.  

 To
 t

es
t 

co
n

si
st

en
cy

 o
f 

fi
el

d
 d

at
a 

em
p

lo
y 

th
e 

fo
llo

w
in

g
 q

ua
lit

y 
co

n
tr

ol
 

p
ro

ce
d

ur
es

: 

P
re

-a
ss

es
sm

en
t 

Tr
ai

n
in

g
•	

Pe
rf

or
m

 th
e 

FL
A

T 
on

 a
 k

no
w

n 
M

U
 th

at
 h

as
 a

lre
ad

y 
be

en
 a

ss
es

se
d 

an
d 

co
m

pa
re

 y
ou

r fi
nd

in
gs

.

•	
Ch

oo
se

 o
ne

 o
r m

or
e 

M
U

s 
an

d 
ha

ve
 th

em
 a

ss
es

se
d 

by
 tw

o 
se

pa
ra

te
 

te
am

s 
un

de
r t

he
 s

up
er

vi
si

on
 o

f a
 c

re
w

 le
ad

er
 fa

m
ili

ar
 w

ith
 F

LA
T.

   
 If

 
th

e 
te

am
s’

 a
tt

rib
ut

e 
m

ea
su

re
s 

di
ffe

r s
ig

ni
fic

an
tly

, i
t s

ug
ge

st
s 

th
at

 s
om

e 
ca

lib
ra

tio
n 

m
ay

 b
e 

ne
ce

ss
ar

y.

D
ai

ly
 - 

o
n

g
o

in
g

•	
Se

lf 
ch

ec
k 

ea
ch

 d
ay

.  
Ex

am
pl

e 
– 

D
o 

an
 o

cu
la

r e
st

im
at

e 
of

 d
ia

m
et

er
-a

t-
br

ea
st

 h
ei

gh
t. 

A
ft

er
 w

rit
in

g 
do

w
n 

yo
ur

 a
ns

w
er

, t
ak

e 
th

e 
m

ea
su

re
m

en
ts

 
us

in
g 

a 
db

h 
ta

pe
 a

nd
 c

om
pa

re
 y

ou
r e

st
im

at
es

. T
hi

s 
ca

n 
be

 d
on

e 
fo

r 
ot

he
r d

at
a 

va
ria

bl
es

 u
si

ng
 o

th
er

 c
al

ib
ra

tio
n 

de
vi

ce
s 

su
ch

 a
s 

tr
ee

 a
ge

 
us

in
g 

a 
tr

ee
 c

or
er

.

Ph
ot

o 
cr

ed
it:

 K
im

 F
ra

pp
ie

r
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LA
N

D
C

O
V

ER
 D

ES
IG

N
A

TI
O

N
S 

M
U

s a
re

 a
ss

ig
ne

d 
on

e 
of

 fi
ve

 b
ro

ad
 la

nd
 c

ov
er

 d
es

ig
na

tio
ns

: 

Fo
re

st
ed

 (F
O

R)
≥

 2
5%

 o
f 

th
e 

ar
ea

 c
ov

er
ed

 b
y 

fo
re

st
 c

an
op

y 

N
at

ur
al

 (N
A

T)
na

tu
ra

l v
eg

et
at

io
n 

th
at

 h
as

 <
 2

5%
 fo

re
st

 
ca

no
py

 c
ov

er
 

O
pe

n 
W

at
er

 (
W

A
T)

 
op

en
 w

at
er

 w
ith

ou
t w

oo
dy

 v
eg

et
at

io
n 

H
ar

ds
ca

pe
 (H

S)
im

pe
rv

io
us

 su
rf

ac
e 

su
ch

 a
s p

ar
ki

ng
 o

r b
ui

ld
in

gs
 

La
nd

sc
ap

e 
(L

S)
la

nd
sc

ap
ed

 o
r h

av
e 

be
en

 m
ec

ha
ni

ca
lly

 
m

ai
nt

ai
ne

d 
w

ith
in

 th
e 

la
st

 y
ea

r. 
 

Th
e 

Tr
ut

h 
ab

ou
t G

ro
un

d 
Tr

ut
hi

ng
Th

e 
M

U
s 

ar
e 

in
iti

al
ly

 d
el

in
ea

te
d 

w
ith

ou
t t

he
 b

en
efi

t o
f g

ro
un

d 
tr

ut
hi

ng
. 

Fi
el

d 
te

am
s 

ar
e 

re
sp

on
si

bl
e 

fo
r fi

el
d 

ve
rifi

ca
tio

n 
an

d 
sh

ou
ld

 a
dj

us
t 

bo
un

da
rie

s 
an

d 
la

nd
 c

ov
er

 ty
pe

s 
if 

ne
ed

ed
.  

So
m

e 
is

su
es

 th
at

 m
ay

 b
e 

en
co

un
te

re
d 

in
cl

ud
e:

•	
La

nd
sc

ap
in

g 
un

de
r c

an
op

y 
•	

Ch
an

ge
s 

th
at

 h
av

e 
oc

cu
rr

ed
 s

in
ce

 th
e 

ph
ot

o 
da

te
, a

nd
 

•	
A

re
as

 b
ei

ng
 re

st
or

ed
 to

 a
 n

at
ur

al
 c

on
di

tio
n 

 
•	

In
ac

cu
ra

ci
es

 in
 in

te
rp

re
ta

tio
n 

du
e 

to
 d

ee
p 

sh
ad

ow
s,

 p
ar

al
la

x,
 a

nd
 p

ho
to

 
m

os
ai

c 
bo

un
da

rie
s 

on
 a

er
ia

l i
m

ag
er

y

Tr
an

sm
is

si
on

 li
ne

 c
or

rid
or

s 
w

er
e 

as
si

gn
ed

 a
 “N

at
ur

al
” d

es
ig

na
tio

n 
w

he
n 

ty
pe

d 
in

 th
e 

G
IS

, b
ut

 c
an

 b
e 

gi
ve

n 
a 

fie
ld

 d
es

ig
na

tio
n 

of
 “L

an
ds

ca
pe

” d
ue

 to
 

ve
ge

ta
tio

n 
m

ai
nt

en
an

ce
 in

 th
os

e 
ar

ea
s.

 

In
 a

re
as

 o
f l

ow
 c

an
op

y 
an

d 
sh

ru
bs

, t
yp

ic
al

ly
 s

ee
n 

in
 w

et
 a

re
as

, M
U

s 
w

er
e 

as
si

gn
ed

 a
 “F

or
es

t”
 c

al
l o

ve
r a

 “N
at

ur
al

” c
al

l. 
  T

he
se

 a
re

as
 m

us
t h

av
e 

m
or

e 
th

an
 2

5%
 c

an
op

y 
co

ve
r. 

 

Fi
e

ld
 T

e
ch

n
ic

ia
n

s 
m

ak
e

 t
h

e
 f

in
al

 c
al

l!
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U
nd

er
st

an
di

ng
 M

an
ag

em
en

t U
ni

t D
el

in
ea

ti
on

 

B
o

u
n

d
ar

ie
s

M
an

ag
em

en
t U

ni
ts

 w
er

e 
de

lin
ea

te
d 

ba
se

d 
on

 fo
re

st
 c

om
po

si
tio

n 
so

 th
at

 
he

te
ro

ge
ne

ity
 w

ith
in

 p
ar

ks
 o

r p
ar

ce
ls

 c
ou

ld
 b

e 
ac

co
un

te
d 

fo
r. 

M
U

s 
do

 n
ot

 
cr

os
s 

“a
dm

in
is

tr
at

iv
e”

 b
ou

nd
ar

ie
s,

 e
ve

n 
if 

th
e 

co
ve

r t
yp

e 
is

 id
en

tic
al

 o
n 

bo
th

 
si

de
s.

 

Si
ze

Th
e 

m
in

im
um

 s
iz

e 
fo

r a
n 

M
U

 is
 5

 a
cr

es
, u

nl
es

s 
th

e 
ty

pe
 is

 s
ur

ro
un

de
d 

by
 

di
st

in
ct

 n
on

-f
or

es
t t

yp
es

 o
r p

ro
pe

rt
y 

bo
un

da
rie

s.
 S

ig
ni

fic
an

t a
nd

 d
is

tin
ct

 
no

n-
fo

re
st

 a
re

as
 m

ay
 b

e 
de

lin
ea

te
d 

do
w

n 
to

 0
.1

 a
cr

e.
  I

t i
s 

no
t t

he
 in

te
nt

 o
f 

th
is

 a
ss

es
sm

en
t t

o 
m

ap
 p

av
ed

 p
at

hs
, t

en
ni

s 
co

ur
ts

, o
r o

th
er

 fa
ci

lit
ie

s 
w

ith
in

 
la

nd
sc

ap
ed

 a
re

as
. T

he
se

 s
m

al
le

r d
ev

el
op

ed
 fe

at
ur

es
 a

re
 g

ro
up

ed
 w

ith
 

su
rr

ou
nd

in
g 

la
nd

sc
ap

e 
or

 h
ar

ds
ca

pe
 M

U
s.

 

La
b

el
s

Ea
ch

 p
ar

k 
or

 p
ar

ce
l h

as
 a

 u
ni

qu
e 

FI
D

_M
U

 id
en

tifi
er

. F
ID

 re
fe

rs
 to

 th
e 

pa
rk

’s
 

Fa
ci

lit
y 

Id
en

tifi
ca

tio
n 

nu
m

be
r. 

 T
he

 M
U

 re
fe

rs
 to

 th
e 

po
ly

go
n 

nu
m

be
r w

ith
in

 
th

at
 p

ar
k.

 T
hi

s 
id

en
tifi

er
 is

 s
pe

ci
fic

 to
 e

ac
h 

po
ly

go
n 

fo
r e

as
e 

of
 id

en
tifi

ca
tio

n,
 

so
rt

in
g,

 a
nd

 a
na

ly
si

s 
of

 d
at

a.
  F

or
 e

xa
m

pl
e,

 th
e 

D
uv

al
l P

ar
k 

FI
D

 is
 2

59
8,

 a
nd

 
th

er
e 

ar
e 

fiv
e 

M
U

’s
 in

 th
at

 p
ar

k.
 T

he
 F

ID
_M

U
 id

en
tifi

er
s 

ar
e 

25
98

-0
1,

 2
59

8-
02

, 2
59

8-
03

, 2
59

8-
04

, a
nd

 2
59

8-
05

.

Im
ag

e 
cr

ed
it:

 K
in

g 
Co

un
ty

 P
ar

ks
 a

nd
 N

at
ur

al
 R

es
ou

rc
es

 
M

au
ry

 Is
la

nd
 M

U
s
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C
h
ec

k	
fo

r	
co

m
p
le
te

n
es

s
So

m
et

im
es

 M
U

s 
w

ill
 b

e 
st

ra
ng

el
y 

sh
ap

ed
 s

o 
th

at
 th

e 
te

rr
ai

n 
or

 tr
ai

ls
 w

ill
 le

ad
 

te
am

s 
tr

av
el

in
g 

in
 a

nd
 o

ut
 o

f d
iff

er
en

t M
U

s.
 D

at
a 

m
ay

 b
e 

en
te

re
d 

fo
r e

ac
h 

M
U

 in
 o

rd
er

 o
f d

is
co

ve
ry

 b
ut

 s
ho

ul
d 

be
 c

he
ck

ed
 fo

r c
om

pl
et

en
es

s 
be

fo
re

 
le

av
in

g 
th

e 
M

U
.  

W
h
en

	t
o
	le

av
e	
th

e	
ro

ad
	o
r	
tr
ai
l	s

ys
te

m
Ea

ch
 a

tt
rib

ut
e 

de
te

rm
in

at
io

n 
w

ill
 a

pp
ly

 to
 th

e 
en

tir
e 

M
U

, t
hu

s 
it 

is
 im

po
rt

an
t 

th
at

 e
no

ug
h 

of
 th

e 
M

U
 is

 s
ee

n 
by

 th
e 

fie
ld

 te
am

. S
om

et
im

es
 th

is
 w

ill
 re

qu
ire

 
le

av
in

g 
tr

ai
ls

 a
nd

 tr
av

el
in

g 
on

 c
ha

lle
ng

in
g 

te
rr

ai
n.

 In
 o

th
er

 M
U

s 
th

e 
vi

ew
 

fr
om

 a
 tr

ai
l m

ay
 b

e 
su

ffi
ci

en
t t

o 
m

ak
e 

a 
ju

dg
m

en
t o

n 
m

os
t, 

if 
no

t a
ll,

 o
f t

he
 

at
tr

ib
ut

es
. T

ea
m

s 
sh

ou
ld

 b
e 

ca
re

fu
l t

o 
re

co
gn

iz
e,

 a
nd

 a
ve

ra
ge

 in
to

 th
e 

M
U

 
es

tim
at

e,
 a

ny
 e

dg
e 

eff
ec

t a
lo

ng
 tr

ai
ls

 w
he

re
 v

eg
et

at
io

n 
m

ay
 h

av
e 

be
en

 
in

flu
en

ce
d 

by
 tr

ai
l a

ct
iv

ity
 o

r d
is

tu
rb

an
ce

. A
 g

oo
d 

qu
es

tio
n 

to
 a

sk
 b

ef
or

e 
bu

sh
w

ha
ck

in
g 

th
ro

ug
h 

a 
si

te
 m

ay
 b

e 
“H

ow
 m

uc
h 

gr
ea

te
r u

nd
er

st
an

di
ng

 o
f 

th
e 

M
U

 w
ill

 I 
ga

in
 fr

om
 th

e 
tim

e 
it 

w
ill

 ta
ke

 m
e 

to
 d

o 
th

is
?”

 

P
re

p
ar

in
g

 t
h

e 
G

P
S 

u
n

it
 o

r 
d

at
a 

fo
rm

s 
fo

r 
fi

el
d

 a
ss

es
sm

en
ts

 

•	
 

G
IS

 s
ta

ff
 o

r 
p

ro
je

ct
 l

ea
d

s 
sh

o
u

ld
 p

re
-l

o
ad

 b
ac

kg
ro

u
n

d
 i

m
ag

es
 o

f 
ve

g
et

at
io

n
 o

ve
rl

ay
ed

 w
it

h
 t

h
e 

M
U

 m
ap

s 
in

 a
cc

o
rd

an
ce

 w
it

h
 t

h
e 

h
ar

d
w

ar
e 

an
d

 s
o

ft
w

ar
e 

in
 u

se
. 

•	
 

El
ec

tr
o

n
ic

 d
at

a 
co

lle
ct

io
n

 s
o

ft
w

ar
e 

o
r 

sp
re

ad
sh

ee
t 

sh
o

u
ld

 b
e 

p
re

-
lo

ad
ed

 w
it

h
 t

h
e 

in
it

ia
l M

U
 L

an
d

co
ve

r c
o

d
es

. I
f u

si
n

g
 a

 G
PS

 w
it

h
 t

h
e 

b
ac

kg
ro

u
n

d
 lo

ad
ed

, t
h

e 
im

ag
e 

fil
e 

n
am

e 
sh

o
u

ld
 c

o
rr

es
p

o
n

d
 t

o
 t

h
e 

m
ap

 n
u

m
b

er
.  

•	
 

In
fo

rm
at

io
n

 o
n

 th
e 

M
U

 la
n

d
co

ve
r d

es
ig

n
at

io
n 

an
d 

b
o

u
n

d
ar

ie
s 

m
u

st
 

b
e 

in
cl

u
d

ed
 e

it
h

er
 o

n
 t

h
e 

m
ap

, w
it

h
in

 t
h

e 
d

at
a 

en
tr

y 
sy

st
em

, o
r 

o
n 

fie
ld

 fo
rm

s.
 

Fi
el

d
 te

am
s 

w
ill

 th
en

 b
e 

ab
le

 to
 g

ro
u

n
d

 tr
u

th
 th

e 
la

n
d

co
ve

r d
es

ig
n

at
io

n 
as

 w
el

l a
s 

kn
o

w
 w

h
en

 t
h

ey
 h

av
e 

en
te

re
d

 o
r 

ex
it

ed
 t

h
e 

M
U

.

Si
n

ce
 d

iff
er

en
t 

G
PS

 u
n

it
s 

h
av

e 
ve

ry
 d

iff
er

en
t 

in
st

ru
ct

io
n

s,
 t

h
is

 p
ro

ce
ss

 
w

ill
 b

e 
d

ev
ic

e 
sp

ec
ifi

c.
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In
tr

o
d

u
ct

io
n

 t
o

 F
ie

ld
 P

ro
ce

d
u

re
s 

Th
e 

fie
ld

 p
ro

ce
du

re
s 

en
ta

il 
oc

ul
ar

 e
st

im
at

es
 o

f p
re

de
te

rm
in

ed
 fo

re
st

 
qu

al
iti

es
.  

Fi
el

d 
te

am
s 

of
 o

ne
 o

r m
or

e 
pe

op
le

 v
is

it 
ea

ch
 M

U
, w

al
k 

th
ro

ug
h 

it,
 a

nd
 re

co
rd

 a
n 

av
er

ag
e 

at
tr

ib
ut

e 
va

lu
e 

fo
r e

ac
h 

of
 th

e 
va

ria
bl

es
 li

st
ed

 in
 

th
is

 fi
el

d 
m

an
ua

l o
r d

at
a 

en
tr

y 
sy

st
em

. T
he

 fi
el

d 
m

an
ua

l c
on

ta
in

s 
de

fin
iti

on
s 

fo
r e

ac
h 

va
ria

bl
e 

to
 b

e 
as

se
ss

ed
.  

A
s 

fie
ld

 te
am

s 
w

al
k 

th
ro

ug
h 

th
e 

M
U

, t
he

y 
sh

ou
ld

 b
e 

ob
se

rv
an

t a
nd

 k
ee

p 
a 

m
en

ta
l c

at
al

og
 o

f w
ha

t t
he

y 
se

e.
   

Th
in

g
s 

to
 k

ee
p

 in
 m

in
d

 w
h

ile
 c

o
n

d
u

ct
in

g
 t

h
e 

as
se

ss
m

en
t:

P
ro

vi
d
e	
at

tr
ib

u
te

	e
st
im

at
es

	fo
r	
th

e	
en

ti
re

	M
U
		

Th
er

e 
m

ay
 b

e 
pa

tc
he

s 
of

 c
er

ta
in

 s
pe

ci
es

 o
r c

on
di

tio
ns

, b
ut

 a
 b

es
t e

ffo
rt

 
sh

ou
ld

 b
e 

m
ad

e 
to

 e
st

im
at

e 
fo

r t
he

 e
nt

ire
 M

U
.  

Th
is

 is
 w

hy
 m

an
y 

of
 th

e 
at

tr
ib

ut
e 

va
lu

es
 w

ill
 b

e 
en

te
re

d 
up

on
 le

av
in

g 
th

e 
M

U
.

M
ea

su
re

m
en

t	
to

o
ls
	c
an

	b
e	
u
se

d
	t
o
	c
al
ib

ra
te

	y
o
u
r	
es

ti
-

m
at

es
So

m
e 

at
tr

ib
ut

es
 s

uc
h 

as
 D

BH
, c

ro
w

n 
cl

os
ur

e,
 a

ge
, a

nd
 re

ge
ne

ra
tio

n 
tr

ee
s 

(t
re

es
 le

ss
 th

an
 2

0f
t i

n 
he

ig
ht

) c
an

 b
e 

m
ea

su
re

d 
w

ith
 to

ol
s 

in
 th

e 
fie

ld
.  

It 
m

ay
 b

e 
he

lp
fu

l t
o 

do
 th

is
 o

nc
e 

or
 tw

ic
e 

on
 a

n 
M

U
 to

 c
al

ib
ra

te
 e

st
im

at
io

ns
.  

H
ow

ev
er

, e
xc

es
si

ve
 m

ea
su

re
m

en
t t

ak
in

g 
in

 th
e 

fie
ld

 w
ill

 s
lo

w
 d

ow
n 

th
e 

ra
pi

d 
as

se
ss

m
en

t p
ro

ce
ss

.  

D
o
	t
h
e	
M
U
	b
o
u
n
d
ar

ie
s	
n
ee

d
	t
o
	b
e	
al
te

re
d
?	
		

To
	s
p
lit

	o
r	
lu
m
p
?	

Th
e 

fie
ld

 te
am

 s
ho

ul
d 

as
k 

th
em

se
lv

es
 w

he
th

er
 o

r n
ot

 th
e 

bo
un

da
rie

s 
of

 th
e 

M
U

s 
sh

ou
ld

 b
e 

al
te

re
d,

 a
nd

 if
 s

o,
 h

ow
.  

Th
er

e 
ar

e 
of

te
n 

pa
tc

he
s 

of
 d

iff
er

en
t 

ve
ge

ta
tio

n 
w

ith
in

 a
n 

M
U

 w
hi

ch
 is

 e
xp

ec
te

d,
 b

ut
 p

er
va

si
ve

 d
iff

er
en

ce
s 

in
 c

om
po

si
tio

n 
or

 a
ge

 c
la

ss
es

 fo
r l

ar
ge

 a
re

as
 o

f t
he

 M
U

 m
ay

 n
ec

es
si

ta
te

 
re

dr
aw

in
g 

bo
un

da
rie

s.
 T

hi
s 

m
ay

 in
vo

lv
e 

co
m

bi
ni

ng
 o

r l
um

pi
ng

 s
m

al
le

r M
U

s 
in

to
 o

ne
 la

rg
er

 o
ne

 o
r s

pl
itt

in
g 

an
 M

U
 in

to
 m

ul
tip

le
, s

m
al

le
r M

U
s.

A
d
d
it
io
n
al
	N

o
te

s	
an

d
	O

b
se

rv
at

io
n
s

Fi
el

d 
te

am
s 

m
ay

 fi
nd

 th
at

 th
er

e 
is

 s
om

et
hi

ng
 im

po
rt

an
t o

f n
ot

e 
in

 th
e 

M
U

 
th

at
 d

oe
sn

’t 
ne

ce
ss

ar
ily

 fi
t i

nt
o 

an
y 

of
 th

e 
at

tr
ib

ut
e 

ca
te

go
rie

s.
  F

or
 th

is
 

re
as

on
 it

 is
 g

oo
d 

to
 in

cl
ud

e 
ad

di
tio

na
l i

nf
or

m
at

io
n 

in
 th

e 
“n

ot
es

” fi
el

d 
of

 
th

e 
da

ta
 e

nt
ry

 to
ol

 o
r d

at
a 

co
lle

ct
io

n 
sh

ee
t. 

 E
xa

m
pl

es
 o

f a
dd

iti
on

al
 n

ot
es

 
in

cl
ud

e:
 a

ny
 n

ew
 tr

ee
 o

r p
la

nt
 s

pe
ci

es
, p

re
va

le
nc

e 
of

 a
 4

th
 o

ve
rs

to
ry

 tr
ee

, 
un

us
ua

l s
ite

 o
r s

oi
l c

on
di

tio
ns

, r
ec

en
t d

is
tu

rb
an

ce
s,

 a
nd

 a
ny

 re
ce

nt
 o

r 
on

go
in

g 
la

nd
 m

an
ag

em
en

t a
ct

iv
iti

es
.
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D
at

a 
Co

lle
ct

io
n 

D
efi

ni
ti

on
s 

an
d 

Pr
oc

ed
ur

es
 

LA
N

D
C

O
V

ER
La

nd
co

ve
r i

s 
in

iti
al

ly
 a

ss
ig

ne
d 

in
 th

e 
offi

ce
 b

y 
th

e 
G

IS
 p

ro
fe

ss
io

na
l a

nd
 

ne
ed

s 
to

 b
e 

fie
ld

 v
er

ifi
ed

.

Th
er

e 
ar

e 
fiv

e 
la

nd
co

ve
r c

at
eg

or
ie

s 
us

ed
 fo

r t
he

 K
in

g 
Co

un
ty

 F
LA

T 
as

se
ss

m
en

t: 
Fo

re
st

ed
, N

at
ur

al
, W

at
er

, H
ar

ds
ca

pe
, a

nd
 L

an
ds

ca
pe

. U
si

ng
 

yo
ur

 fi
el

d 
m

ap
s 

w
ith

 M
U

 b
ou

nd
ar

ie
s,

 v
er

ify
 a

nd
 re

co
rd

 th
e 

M
U

s 
la

nd
co

ve
r 

cl
as

si
fic

at
io

n.

	
	

V
er

if
y 

an
d

 r
ec

o
rd

 la
n

d
co

ve
r 

u
si

n
g

 t
h

e 
fo

llo
w

in
g

  
 

 
ca

te
g

o
ri

es

A
SP

EC
T 

A
N

D
 S

LO
P

E
A

sp
ec

t a
nd

 s
lo

pe
 a

re
 p

ro
ce

ss
ed

 in
 th

e 
offi

ce
 th

ro
ug

h 
av

ai
la

bl
e 

di
gi

ta
l 

el
ev

at
io

n 
m

od
el

 d
at

a 
in

 G
IS

 fo
r e

ac
h 

M
U

. T
hi

s 
is

 e
sp

ec
ia

lly
 u

se
fu

l f
or

 la
rg

er
 

M
U

’s
 w

he
re

 a
sp

ec
t a

nd
 s

lo
pe

 v
ar

y 
th

ro
ug

ho
ut

 th
e 

un
it.

 If
 a

 p
ro

je
ct

 c
al

ls
 fo

r 
fie

ld
 d

et
er

m
in

at
io

n 
th

en
 p

ro
ce

ed
 a

s 
fo

llo
w

s:
 

•	
U

se
 a

 c
om

pa
ss

 to
 d

et
er

m
in

e 
th

e 
pr

ed
om

in
an

t d
ire

ct
io

n 
of

 th
e 

sl
op

e 
on

 
th

e 
si

te
. 

•	
A

sp
ec

t i
s 

of
te

n 
de

sc
rib

ed
 a

s 
th

e 
di

re
ct

io
n 

in
 w

hi
ch

 w
at

er
 fl

ow
s 

off
 a

 s
ite

•	
Co

de
 a

s 
fo

llo
w

s:
 N

, N
E,

 E
, S

E,
 S

, S
W

, W
, N

W
 o

r fl
at

.  
•	

D
et

ai
le

d 
in

st
ru

ct
io

ns
 o

n 
us

e 
of

 a
 c

om
pa

ss
 c

an
 b

e 
fo

un
d 

in
 A

pp
en

di
x 

E.

Fo
re

st
ed

 (F
O

R)
≥ 

25
%

 o
f t

he
 a

re
a 

co
ve

re
d 

by
 fo

re
st

 c
an

op
y

N
at

ur
al

 (N
A

T)
na

tu
ra

l v
eg

et
at

io
n 

th
at

 h
as

 <
 2

5%
 fo

re
st

 c
an

op
y 

co
ve

r

O
pe

n 
W

at
er

 (
W

A
T)

 
op

en
 w

at
er

 w
ith

ou
t w

oo
dy

 v
eg

et
at

io
n

H
ar

ds
ca

pe
 (H

S)
im

pe
rv

io
us

 s
ur

fa
ce

 s
uc

h 
as

 p
ar

ki
ng

 o
r 

bu
ild

in
gs

 

La
nd

sc
ap

e 
(L

S)
la

nd
sc

ap
ed

 o
r 

ha
ve

 b
ee

n 
m

ec
ha

ni
ca

lly
 m

ai
nt

ai
ne

d 
w

ith
in

 th
e 

la
st

 y
ea

r. 
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O
V

ER
ST

O
R

Y
O

ve
rs

to
ry

 re
fe

rs
 to

 tr
ee

s 
w

ho
se

 fo
lia

ge
 fo

rm
s 

th
e 

up
pe

rm
os

t c
ro

w
n 

co
ve

r o
r 

ca
no

py
 o

f a
 fo

re
st

 s
ta

nd
. 

Th
e 

fo
re

st
 a

ss
es

sm
en

t t
ea

m
 w

ill
 c

ha
ra

ct
er

iz
e 

do
m

in
an

t o
r c

o-
do

m
in

an
t 

ov
er

st
or

y 
tr

ee
 s

pe
ci

es
 in

 o
rd

er
 o

f a
bu

nd
an

ce
 fo

un
d 

in
 th

e 
M

U
 in

cl
ud

in
g 

th
e 

si
ze

 c
la

ss
 o

f e
ac

h 
sp

ec
ie

s.
 A

ge
 c

la
ss

 in
fo

rm
at

io
n 

w
ill

 o
nl

y 
be

 c
ol

le
ct

ed
 fo

r t
he

 
do

m
in

an
t o

ve
rs

to
ry

 s
pe

ci
es

. 

Th
e 

fir
st

, s
ec

on
d,

 a
nd

 th
ird

 o
rd

er
 o

f a
bu

nd
an

ce
 s

ho
ul

d 
be

 d
et

er
m

in
ed

 b
y 

th
e 

tw
o 

di
m

en
si

on
al

 a
re

a 
th

at
 th

e 
sp

ec
ie

s 
w

ou
ld

 o
cc

up
y 

if 
lo

ok
in

g 
at

 th
e 

ae
ria

l i
m

ag
e.

 F
ie

ld
 te

am
s 

ca
n 

us
e 

th
e 

ae
ria

l i
m

ag
er

y 
to

 h
el

p 
id

en
tif

y 
th

e 
pr

es
en

ce
 in

 th
e 

M
U

. 

 
  

C
o

lle
ct

 t
h

e 
fo

llo
w

in
g

 o
ve

rs
to

ry
 d

at
a

O
ve

rs
to

ry
	S
pe

ci
es

	1
:	T

he
 m

os
t a

bu
nd

an
t d

om
in

an
t o

r c
o-

do
m

in
an

t 
ov

er
st

or
y 

sp
ec

ie
s 

gr
ea

te
r t

ha
n 

20
 fe

et
 in

 h
ei

gh
t. 

•	
Sp

ec
ie

s 
co

de
 (N

ot
e:

 if
 th

e 
tr

ee
 is

 n
ot

 li
st

ed
 in

 th
e 

pl
an

t l
is

t i
n 

Ap
pe

nd
ix

 B
, 

pr
ov

id
e 

th
e 

4 
di

gi
t s

pe
ci

es
 c

od
e,

 c
om

m
on

, a
nd

 sc
ie

nt
ifi

c 
na

m
es

 in
 th

e 
no

te
s 

se
ct

io
n)

•	
A

ge
 C

la
ss

•	
Si

ze
 C

la
ss

O
ve

rs
to

ry
	S
pe

ci
es

	2
	a
nd

	3
:	T

he
 s

ec
on

d 
an

d 
th

ird
 m

os
t a

bu
nd

an
t c

o-
do

m
in

an
t o

ve
rs

to
ry

 s
pe

ci
es

 g
re

at
er

 th
an

 2
0 

fe
et

 in
 h

ei
gh

t. 

•	
Sp

ec
ie

s 
co

de
 (N

ot
e:

 if
 th

e 
tr

ee
 is

 n
ot

 li
st

ed
 in

 th
e 

pl
an

t l
is

t i
n 

Ap
pe

nd
ix

 B
, 

pr
ov

id
e 

th
e 

4 
di

gi
t s

pe
ci

es
 c

od
e,

 c
om

m
on

, a
nd

 sc
ie

nt
ifi

c 
na

m
es

 in
 th

e 
no

te
s 

se
ct

io
n)

•	
Si

ze
 C

la
ss

 fo
r e

ac
h 

sp
ec

ie
s.

D
om

in
an

t v
er

su
s 

C
o-

d
om

in
an

t

D
o

m
in

an
ce

 is
 a

 r
el

at
iv

e 
d

es
ig

n
at

io
n

 o
f t

re
e 

cr
o

w
n

s 
an

d
 is

 
al

so
 r

ef
er

re
d

 t
o

 a
s 

cr
o

w
n

 c
la

ss
. D

o
m

in
an

t 
tr

ee
s 

ar
e 

th
o

se
 w

it
h 

cr
o

w
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