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Abstract

Moeur, Melinda; Spies, Thomas A.; Hemstrom, Miles; Martin, Jon R.; Alegria, James; Browning, Julie; Cissel, John;
Cohen, Warren B.; Demeo, Thomas E.; Healey, Sean; Warbington, Ralph. 2005. Northwest Forest Plan—The first 10
years (1994-2003): status and trend of late-successional and old-growth forest. Gen. Tech. Rep. PNW-GTR-646. Port-
land, OR: U.S. Department of Agriculture, Forest Service, Pacific Northwest Research Station. 142 p.

‘We monitored the status and trend of late-successional and old-growth forest (older forest) on 24 million ac of land managed
by the Forest Service, Bureau of Land Management, and National Park Service in the Northwest Forest Plan (the Plan) area
between 1994 and 2003. We developed baseline maps from satellite imagery of older forest conditions at the start of the
Plan. We used remotely sensed change detection to track losses of older forests on federally managed lands to stand-
replacing harvest and wildfire, and we analyzed the amounts and spatial distribution of older forests by using the mapped
data. We also performed statistical analysis on inventory plot information collected on Forest Service and Bureau of Land
Management lands. These analyses provided statistically rigorous estimates of older forest acres bracketed by confidence
intervals. We analyzed remeasured inventory plots to estimate net change in the amount of older forests on federally man-
aged lands.

We estimated the amount of older forest at the start of the Plan corresponding to three different older forest definitions
based on average tree size, canopy layering, canopy closure, and life form. The results ranged from 7.87 million ac (+ 1.96
million ac) of federally managed lands with average tree size at least 20 in (medium and large older forest), to 7.04 million
ac (= 1.93 million ac) using a definition that recognizes variation in regional forest vegetation (older forest with size indexed
to potential natural vegetation zone). We found 2.72 million ac (+ 0.35 million ac) were in stands with average tree size 30
in and greater, with multistoried canopies (large, multistoried older forest). At least 1.7 million ac of existing “medium and
large” older forest were in fire-adapted vegetation types characterized by high fire frequency and low severity in the Eastern
Cascades and Klamath provinces. Up to 1 million additional older forest ac occurred in dry mixed-conifer types in the
Western Cascades.

Our data from remeasured inventory plots indicated that the annual net rate of increase of “medium and large” older for-
est was about 1.9 percent, outpacing losses from all sources. The extrapolated gain in older forest 20 in was between 1.25
million ac and 1.5 million ac in the first decade after the Plan. The gain came primarily from increases in the area of forest
at the lower end of the diameter range for older forest. The net increase took into account the older forest removed by
stand-replacing harvest, 0.2 percent of the total (about 16,900 ac on all federally managed lands), and the amount burned by
stand-replacing wildfire, about 1.3 percent (about 102,500 ac on all federally managed lands). The area mapped as logged or
burned had an error estimate of between 7 and 12 percent.

The initial amount, distribution, and arrangement of older forest on federally managed land appears to have met or
exceeded Northwest Forest Plan expectations. But the large amount of older forest susceptible to catastrophic wildfire may
be a concern for managers. Losses to wildfire in the first decade were in line with assumptions for the Plan area, but rates of
loss were highly variable among provinces, with the highest rates of loss occurring in the dry provinces. Loss of older forest
to harvest was a fraction of the approximately 230,000 ac of older forest expected to have been harvested. Overall gain was

about twice the 600,000 ac expected during the first decade of the Plan.



Older forest maps based on remote sensing allowed for a spatial assessment of landscape patterns, but map accuracy was
low in some areas, especially the Eastern Cascades. Remotely sensed change detection was highly accurate for assessing
older forest losses to catastrophic disturbance (clearcutting and stand-replacing wildfire). But technological improvements
are needed to use remotely sensed data for detecting less severe disturbance from partial harvest or less severe burning. Plot
data were not of sufficient resolution to allow for spatial analysis or to identify causes of change. But estimates made from
plot data were unbiased, accurate, and precise. Future monitoring work will pursue approaches that tie the plot-based and
mapped data sets together more closely.

This document, including high-resolution versions of all the map images it contains, is accessible online (http://

WWww.reo.gov/monitoring/).

Keywords: Northwest Forest Plan, effectiveness monitoring, late-successional and old-growth forests, remote sensing,
existing vegetation, change detection, Pacific Northwest, Forest Service, Bureau of Land Management, land use allocations,

late-successional reserves, physiographic provinces.

Preface

This report is one of a set of reports produced on this 10-year anniversary of the Northwest Forest Plan (the Plan). The
collection of reports attempts to answer questions about the effectiveness of the Plan based on new monitoring and research
results. The set includes a series of status and trend reports, a synthesis of all regional monitoring and research results, a
report on interagency information management, and a summary report.

The status and trend reports focus on establishing baselines of information from 1994, when the Plan was approved, and
reporting change over the 10-year period. The status and trend series includes reports on late-successional and old-growth
forest, northern spotted owl population and habitat, marbled murrelet population and habitat, watershed condition, govern-
ment-to-government tribal relationships, socioeconomic conditions, and monitoring of project implementation under Plan
standards and guidelines.

The synthesis report addresses questions about the effectiveness of the Plan by using the status and trend results and
new research. It focuses on the validity of the Plan assumptions, differences between expectations and what actually
happened, the certainty of the findings, and, finally, considerations for the future. The synthesis report is organized in two
parts: Part I-introduction, context, synthesis and summary—and Part II-socioeconomic implications, older forests, species
conservation, the aquatic conservation strategy, and adaptive management and monitoring.

The report on interagency information management identifies issues and recommends solutions for resolving data and
mapping problems encountered during the preparation of the set of monitoring reports. Information management issues
inevitably surface during analyses that require data from multiple agencies covering large geographic areas. The goal of that

report is to improve the integration and acquisition of interagency data for the next comprehensive report.



Executive Summary

In this assessment we evaluated three older forest definitions. The definitions used average tree size, canopy layering,
canopy closure, and life form as defining attributes. “Medium and large older forest” represents forests with a minimum
average tree size of 20 in, and having either single-storied or multistoried canopies. “Older forest with size indexed to
potential natural vegetation zone” uses an average-tree-size threshold that varies by potential natural forest vegetation zone,
and having either single- or multistoried canopies. “Large, multistoried older forest” represents forests with average tree size
30 in and greater and multistoried canopies. Each of the three definitions was applied to create a set of regional and provin-
cial older forest benchmarks. “Medium and large older forest” corresponds closely to the definition of older forests used in
the Northwest Forest Plan Record of Decision, and therefore can be used broadly to assess the assumptions upon which the
Plan was founded about the amount of remaining older forest. “Older forest with size indexed to potential natural vegetation
zone” is a definition that recognizes regional variation in climate, topography, and natural disturbance regimes. “Large,
multistoried older forest” retains minimum structural elements of “classic”” Douglas-fir old growth (large live, old-growth
trees and multiple canopy layers).

We used maps of existing vegetation created from satellite data to estimate the amount and distribution of older forests
at the start of the Plan. Older forests assessed by using the “medium and large” older forest definition occupied 34 percent
(7.87 = 1.96 million ac) of the federal forested landscape at the start of the Plan, ranging from 5 percent in the Eastern
Cascades of Washington to 47 percent in the California Coast province. There were fewer acres overall of “older forest with
size indexed to potential natural vegetation zone” (7.04 = 1.93 million ac or 30 percent), and the distribution differed from
the “medium and large older forest” estimate across physiographic provinces and potential natural vegetation zones. This
definition estimated more acres in higher elevation forests and forest types east of the Cascades, and fewer acres in very
productive west-side forest types compared with the “medium and large” older forest definition. The “large, multistoried
older forest” definition estimated 2.72 + 0.35 million ac (12 percent), concentrated in forests west of the Cascade divide.

Estimates of older forest compiled from map and plot data were generally consistent. The number of acres of “medium
and large” older forest tallied from maps developed from remote sensing data was contained within 90-percent confidence
intervals constructed from plot data at the regional level. The map and plot estimates were equivalent in Oregon and Wash-
ington, whereas in California the map estimate was higher than the upper 90-percent confidence boundary for the plot
estimate. There was even greater difference between map and plot estimates within physiographic provinces. In particular,
map estimates were well below plot estimates in the Eastern Cascades of Washington and Oregon where average size was
mapped to lower resolution than in the rest of the range. This comparison can help us identify where the mapping technol-
ogy and related analyses need the greatest effort to improve the accuracy of results.

Our results confirm the older forest amounts reported in the Northwest Forest Plan Record of Decision. The estimate of
7.87 million ac of “medium and large” older forest is within 10 percent of the 8.55 million ac published in the Plan, which
used a similar definition. It appears therefore that the Plan was founded upon valid assumptions about the extent of remain-

ing older forest.



Two-tenths of a percent (about 16,900 ac) of “medium and large” older forest on federal land was removed by
clearcutting harvests since the Plan was signed. Another 1.3 percent (about 102,500 ac) was burned by stand-replacing
wildfires. The area mapped as logged or burned had an error estimate of between 7 and 12 percent. Local variation in
wildfire was huge, with 95 percent of acres lost in a few catastrophic fires. Three-quarters of the total was burned in the
Oregon and California Klamath provinces during the 2002 Biscuit Fire.

Gains well outpaced losses from all causes between 1994 and 2003. When we analyzed change rates by using
remeasured plot data, we projected an increase of 1.01 million ac of “medium and large” older forest in the first decade after
the Plan, just on Forest Service Pacific Southwest and Pacific Northwest Regions nonwilderness land. Likely an additional
0.24 to 0.48 million ac were gained on other federally managed lands, assuming that the rate of change was at least half, but
no greater than the rate calculated on sampled lands. This was a net increase after taking into account losses from stand-
replacing harvest and wildfire.

About three-quarters of existing older forest is in administratively withdrawn, congressionally reserved, and late-
successional reserve federal land allocations. Of the older forest on land allocated to matrix, an unknown proportion is in
riparian reserves that have not been spatially differentiated from matrix. Therefore our results underestimated the true
proportion of older forest in reserved land allocations. The record of decision estimated that matrix accounted for 4.0
million ac, and riparian reserves interspersed with matrix accounted for 2.6 million ac. Applying the same proportions to our
results (that is, assuming the combined class is 60 percent matrix and 40 percent riparian reserve), we estimated that riparian
reserves accounted for an additional 11 percent of the total older forest (and matrix 11 percent less).

The report focuses attention on the large amount of existing older forest in fire-adapted ecosystems (that is, character-
ized by high fire frequency and low severity) in dry physiographic provinces. There are 1.7 million ac of “medium and
large” older forest in fire-adapted forest types in the Klamath and Eastern Cascades provinces. Up to 1 million additional
older forest ac occur in dry mixed-conifer types in the Western Cascades. Twentieth-century fire-suppression policies and
resulting accumulation of fuel has increased the susceptibility of these older forests to catastrophic wildfire. Therefore it will
be very important to consider wildfire when evaluating management policies aimed at perpetuating a healthy, functioning

older forest ecosystem in the Northwest Forest Plan area.
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Northwest Forest Plan—The first 10 years (1994-2003): Status and Trend of Late-Successional and Old-Growth Forest

Introduction

How much late-successional and old-growth forest existed
on federal land at the start of the Northwest Forest Plan
(the Plan)? How was it arranged on the landscape? How
much was lost and gained in the first decade of the Plan?
From what causes? How did the amount and pattern of late-
successional and old-growth forest (older forest) differ from
the expectations under the Plan? These and other related
questions are the focus of this report.

This report summarizes the scientific assessment of the
status and trend of late-successional and old-growth forest
between 1994 and 2003 on the federal lands affected by the
Plan (fig. 1).

In the early 1990s, controversy over harvest of old-
growth forest led to sweeping changes in management of
federal forests in western Washington and Oregon and
northwest California. These changes were prompted by a
series of lawsuitsin the late 1980s and early 1990s, which
effectively shut down federal timber harvest in the Pacific
Northwest (Tuchmann and others 1996). In response,
President Clinton convened a summit in Portland, Oregon,
in 1993. At the summit, President Clinton issued a mandate
for federal land management and regulatory agencies to
work together to develop a plan to resolve the conflict. The
President’ s guiding principles followed shortly after the
summit in his Forest Plan for a Sustainable Economy and a
Sustainable Environment (Clinton and Gore 1993).

Immediately after the summit, ateam of scientists and
technical experts were convened to conduct an assessment
of options (FEMAT 1993). This assessment provided the
scientific basis for the environmental impact statement
(USDA and USDI 1994a) and record of decision (USDA
and USDI 1994b) to amend Forest Service and Bureau of
Land Management planning documents within the range of
the northern spotted owl (Strix occidentalis caurina).

The record of decision, covering 24 million federal ac,
put in place a new approach to federal land management.
Key components of the record of decision included a new
set of land use allocations—I|ate-successional reserves,
matrix, riparian reserves, adaptive management areas, and
key watersheds. Plan standards and guidelines provided

specific management direction regarding how these land use
alocations were to be managed (USDA and USDI 1994b).
In addition, the Plan put in place a variety of strategies and
processes to be implemented. These included adaptive
management, an agquatic conservation strategy, late-
successional reserve and watershed assessments, a survey
and manage program, an interagency organization, social
and economic mitigation initiatives, and monitoring.

Monitoring provides a means to address the uncertainty
of our predictions and compliance with forest management
laws and policy. The record of decision stated that monitor-
ing isessential and is required:

Monitoring is an essential component of the selected
aternative. It ensures that management actions meet
the prescribed standards and guidelines and that they
comply with applicable laws and policies. Monitor-
ing will provide information to determine if the
standards and guidelines are being followed, verify if
they are achieving the desired results, and determine
if underlying assumptions are sound.

Judge Dwyer reinforced the importance of monitoring
in his 1994 decision declaring the Plan legally acceptable
(Seattle Audubon Soc. v. Lyons, 871 F.Supp. 1291 [W.D.
Wash. 1994]; affirmed Seattle Audubon Soc. v. Moseley,
80 F.3d 1401 [9" Cir. 1996]):

Monitoring is central to the [Northwest Forest
Plan’g] validity. If it is not funded, or done for any
reason, the plan will have to be reconsidered.

The record of decision monitoring plan provided avery
general framework to begin development of an interagency
monitoring program. It identified key areas to monitor,
initial sets of questions, types and scope of monitoring, the
need for common protocols and quality assurance, and the
need to develop a common design framework. In 1995, the
effectiveness monitoring program plan (Mulder and others
1995) and initial protocols for implementation monitoring
(Alegriaand others 1995) were approved by the Regional
Interagency Executive Committee. Approval of the effec-
tiveness monitoring plan led to the formation of technical
teams to develop the overall program strategy and design
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Figure 1—Terrestrial physiographic provinces of the Northwest Forest Plan area (from USDA and USDI 1994a,
fig. 3&4-1).
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(Mulder and others 1999) and monitoring protocols for late-
successional and old-growth forest (Hemstrom and others
1998), northern spotted owls (Lint and others 1999), mar-
bled murrelets (Brachyramphus marmoratus) (Madsen and
others 1999), tribal concerns (Bown and others 2002), and
watershed condition (Reeves and others 2004). Socioeco-
nomic monitoring protocols continue to be tested (Charnley
etal., in press).

Periodic analysis and interpretation of monitoring data
is essentia to completing the monitoring task and critical to
completing the adaptive management cycle. Thisimportant
step was described in the overall monitoring strategy
(Mulder and others 1999) and approved by the regional
interagency executive committee. This 10-year report isthe
first comprehensive analysis and interpretation of monitor-
ing data since the record of decision.

The Plan’s Expectations

At the very heart of the Northwest Forest Plan was the
observation that the amount of older forest on federal land
in the Pacific Northwest had declined steeply in the 20"
century (see Bolsinger and Waddell 1993), and the assump-
tion was that it would continue to decline unless policies
were put in place to halt it. Declining old-growth habitat
was also blamed for placing at risk some old-growth-
dependent species such as the northern spotted owl and
marbled murrelet. The Plan was implemented in hopes of
returning older forest to alevel morein line with the amount
of the historical landscape that was covered by older forest.
The Northwest Forest Plan was devel oped by expert
panel assessments under the direction of the Forest Ecosys-
tem Management Team (FEMAT 1993, USDA and USDI
1994a). Each alternative was evaluated based upon its
probable success of achieving historical ranges of older
forest abundance and diversity, ecological processes, and
landscape arrangement over the life of the Plan. The pos-
sible outcomes ranged from high probability of achieving
amounts at least as high as the long-term historical average,
to the possihility of highly fragmented remnant older forest
patches restricted to a few locations and therefore consider-
ably below the low end of the historical range of conditions.

The benchmarks were the amounts and variety of plant
communities across the range of environments (that is,
abundance and ecological diversity), ecological processes
such as the balance of successional stages, nutrient and
hydrological cycling, and habitat for old-growth-dependent
species (that is, processes and functions), and the extent to
which the landscape pattern of the ecosystem provides for
biological flows that sustain animal and plant popul ations
(that is, landscape patterns and connectivity). Thresholds
were set for each of the benchmarks for quantifying the
observed outcome relative to the Plan expectation. For
example, expert panels estimated there would be a 77-
percent likelihood under the Plan of achieving either
outcome 1 or 2 (within the historical range of variation) for
the abundance and diversity benchmark for moist provinces
(and only 63 percent for dry provinces). The actual result
could be measured by the total amount of the land base
covered by older forest, and the amount covered by large
contiguous stands, relative to the stated benchmark
amounts.

Comparison of monitoring results with outcomes
expected under the Plan gives us a gauge of how well the
Plan isworking. This concept is covered in much greater
detail in subseguent sections. However, it is helpful to note
in this introduction some key assumptions of the Plan:

1. Theenvironmental impact statement included an initial
estimate of the amount of late-successional and old-
growth forest remaining on federal lands at the start of
the Plan (8,550,500 ac or 35 percent of the federal
landscape—table 3&4-8, USDA and USDI 1994a). Of
this amount, about 85 percent was in reserved
alocations.

2. Therecord of decision included estimates of the
historical amount of older forest. Under natural
disturbance regimes, the long-term average percentage
of the regional landscape covered by late-successional
and old-growth forest was 60 to 70 percent.

3. The proportion of late-successional and old-growth
forest in reserved allocations was expected to increase
over time under the Plan, to at least as high as the
long-term average in 5 to 10 decades.
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Sidebar 1—Plan expectations

Abundance and diversity are the amount and variety of plant communities and environments. Connectivity is the
extent to which the landscape pattern of the ecosystem provides for biological flows that sustain animal and plant
populations. Processes and functions are the ecological actions that |ead to the development and maintenance of the
ecosystem and the values of the ecosystem for species and popul ations.

Abundance and diversity outcomes and thresholds for late-successional and old-growth forests (L SOG)
in the Northwest Forest Plan

Landsin stands Provinces meeting
Land covered of more than both amount and
Outcome by LSOG 1,000 acres stand size
Percent
1 60 to 100 80 to 100 100
2 40 to 60 510 80 100
3 5t0 40 1to5 50 to 100
4 Lessthan 5 Lessthan 1 Less than 50

Outcome 1—L ate-successional and old-growth ecosystem abundance and ecological diversity on federal lands are
at least as high as the long-term average estimated at 65 percent of the forested landscape prior to logging and exten-
sive fire suppression (FEMAT 1993: 51). Relatively large areas (50,000 to 100,000 ac) would still contain levels of
abundance and distribution of |ate-successional forests that are well below the regional average for long periods.
However, within each physiographic province, abundance would be at least as high as province-level long-term
averages, which might be higher or lower than the regional long-term average.

Outcome 2—L ate-successional and old-growth ecosystem abundance and ecological diversity on federal lands are less
than the long-term conditions (prior to logging and extensive fire suppression) but within the typical range of condi-
tions that occurred during previous centuries, assumed to be 40 percent of the forested landscape (FEMAT 1993: 51).

Outcome 3—L ate-successional and ol d-growth abundance and ecological diversity on federal lands are considerably
below the typical range of conditions that have occurred during the previous centuries, but in some provinces some
older forest (more than 1 percent) would still exist. The ecological diversity (age-class diversity) may be limited to the
younger stages of late-successional ecosystems. L ate-successional and old-growth communities and ecosystems may
be absent from some physiographic provinces and/or occur as scattered remnant patches.

Outcome 4—L ate-successional and old-growth ecosystems are very low in abundance and may be restricted to afew
physiographic provinces or elevation bands or localities within provinces. Late-successional and old-growth communi-
ties and ecosystems are absent from most physiographic provinces or occur only as small remnant patches.

Source: (USDA and USDI 1994a: table 3& 4-5).
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Connectivity outcomes and thresholds for late-successional and old-growth forest used when ranking land
management alter natives considered in the Northwest Forest Plan FSEIS

Mean distance Adjacent provinces

between stands L SOG stands connected
of morethan less than with large
Outcome 1,000 acres L SOG cover 1,000 acres L SOG stands
———Miles——— —— Percent —— ———Percent ———
1 Less than 6 60 to 100 Common 100
2 6to 12 50 to 60 Common 100
3 12to 24 25to 50 Present Less than 100
4 More than 24 Less than 25 Absent to few Less than 100

Outcome 1—Connectivity is very strong, characterized by relatively short distances (less than 6 mi on average)
between late-successional and old-growth areas. Smaller patches of late-successional and old-growth forest frequently
occur (riparian buffers, green-tree retention in harvest units, etc.). The proportion of the landscape covered by late-
successional and old-growth conditions of all stand sizes exceeds 60 percent, a threshold when many measures of
connectivity increase rapidly. At regional scales, physiographic provinces are connected by the presence of landscapes
containing areas of late-successional and old-growth forests.

Outcome 2—Connectivity is strong, characterized by moderate distances (less than 12 mi on average) between large
late-successional and old-growth areas. Smaller patches of late-successional forest occur as described in outcome 1. At
regional scales, physiographic provinces are connected by the presence of landscapes containing areas of late-succes-
sional and old-growth forests. The total proportion of landscape in late-successional and old-growth conditions,
including smaller patches, is at least 50 percent, so that the late-successional condition is still the dominant cover type.

Outcome 3—Connectivity is moderate, characterized by distance[s] of 12 to 24 mi between large old-growth areas.
Thereis limited occurrence of smaller patches of late-successional forest in the matrix. The late-successional forest is
at least 25 percent of the landscape, and the matrix contains some smaller areas for dispersal habitat.

Outcome 4—Connectivity is weak, characterized by wide distances (greater then 24 mi) between old-growth aress.
There is amatrix in which late-successional and old-growth conditions occur as scattered remnants or are completely
absent.

Source: (USDA and USDI 1994a: table 3&4-7)

Scope and Context of Effectiveness Monitoring
for Older Forests

This report covers only older forest effectiveness monitor-
ing. The monitoring is designed to address questions about
older forest status and trend such as, “How much older
for-est isthere? Whereisit? How much has it changed

and from what causes?” Hemstrom and others (1998) de-
veloped specific effectiveness monitoring questions for late-
successional and old-growth forest. Of the monitoring ques-
tionslisted, the first five are within the scope of status and

trend monitoring, and are specifically addressed in this
report. They deal with amounts, distributions, and spatial
patterns of older forests. Monitoring of older forest pro-
cesses and functions, such as providing habitat or contribut-
ing to watershed health, is not explicitly covered in this
report beyond the comparison of observed status and trend
with the Plan’ s expectations.

The last two questions are beyond the scope of this
report. However, they are addressed explicitly in a synthe-
sis report (Haynes and others, in press), in the context of
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estimates?

long-term future?

composition?

Sidebar 2—Status and trend monitoring questions

Older forest status and trend monitoring questions (after Hemstrom and others 1998)

What isthe current amount and distribution of older forestsin the Northwest Forest Plan?
What is the amount and distribution of older forest classes for the Plan area? Within federal ownerships, physiographic
provinces, plant communities, and land use allocations? How accurate are these estimates?

What isthe spatial arrangement of older forest classes across the Northwest Forest Plan landscape?
What are the spatial distributions of stand sizes, stand interior areas, edges, and interstand distances?

What arethe structural and compositional characteristics of older forest classes?
Large tree diameters, canopy structure, snags, and down woody debris? What is the error associated with these

How isthe amount and distribution of older forest classes changing?
How have they changed during the first decade of the Plan? How much are they likely to change in the near-term and

What are the stressors causing change in the amount and distribution of older forest classes?
What are the gains from growth and succession? What are the losses from logging, fire, wind, insects, and disease?

What are the effects of silvicultural treatment and salvage on the development of older forest structure and

This question is outside the scope of the status and trend monitoring report but is addressed by Spies (in press).

Aretherelationships of forest structure and composition at stand and landscape scales to ecological processes
and biological diversity assumed by the Plan, accurate?
This question is outside the scope of the status and trend monitoring report but is addressed by Spies (in press).

scientific findings external to the monitoring program. In
his synthesis report chapter, Spies (in press) includes dis-
cussion about possible effects of silvicultural practices for
restoring ecological diversity or accelerating old-growth
development, as well as a section that reeval uates the
validity of the Plan’s assumptions and approaches. Further-
more, the habitat sections of the status and trend reports for
northern spotted owls (Lint 2005) and marbled murrelets
(Huff, in press) devote discussion on the subject of how
well the old-growth forest ecosystem is providing habitat
for those species. Habitat for old-growth-dependent species
is one (arguably the foremost) of the functions of older for-
est that the Northwest Forest Plan was designed to address.

We report monitoring results only for the federally
administered lands affected by the Plan: USDA Forest Serv-
ice Pacific Northwest Region (Forest Service-Region 6) and
Pacific Southwest Region (Forest Service-Region 5), U.S.
Department of the Interior Bureau of Land Management
in Oregon (Bureau of Land Management-Oregon) and
California (Bureau of Land Management-California), and
U.S. Department of the Interior National Park Servicein
Washington, Oregon, and California (fig. 2). The Plan does
not affect lands administered by other federal agencies, such
as Fish and Wildlife Service or Department of Defense
(USDA and USDI 1994b), nor isit applicable to any
nonfederal lands.
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Figure 2—Federal administrative units in the Northwest Forest Plan area.
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Status and Trend Monitoring Design for Older
Forest

The goal of the monitoring program is to determine the
status and trend of older forest, in order to provide informa-
tion for evaluating the likelihood that the Plan will achieve
the stated objectives for maintaining and restoring older
forest (Hemstrom and others 1998). The basic monitoring
approach is periodic assessment of late-successional and
old-growth forest.

This document is the first comprehensive report of the
Plan’s effect on older forest status and trend. It presents two
main findings. First, it establishesinitial older forest condi-
tions by using consistent information to approximate a base-
line at the beginning of the Plan in 1994. Second, it reports
the observed status and trend in older forest during the first
decade after implementation of the Plan by using monitor-
ing information to update baseline estimates. It paints a
picture of the cumulative changes from 1994 to 2003 and

the resultant current forest conditions in the Plan area. It

also discusses aspects of the monitoring design, including

strengths and limitations. Finally, it lays some groundwork
for major phases of future monitoring activities, such as
introducing the concepts of trend analysis using landscape

modeling (fig. 3).

Three major types of monitoring information went into

thisreport (fig. 3):

1. A map estimating the amount and extent of older forest
at the start of the Plan, developed from remote sensing
data, ground observations, and modeling techniques.

2. Estimates of older forest amount at the start of the
Plan, developed from statistical analysis of ground-
based inventory data.

3. Estimates of the amount of change in older forest
during the first decade after the Plan, developed from
remotely sensed disturbance maps and from
remeasured plot data.

Change
data

\

Analysis of older forest conditions
at landscape and plot scale

Projection

madeling

Expected trends

FEMAT

LSOOG
{million acres)

Plot data

1994 Baseline

Vegetation maps
1st occasion plot data

2003 Status and trends
Baseline updated from
disturbance maps and

remeasured plots

Analysis Cycle

Comparison of
observed vs, expected trends

2008 Status and trends
Baseline updated from
disturbance maps and

remeasured plots

monitoring reports

1994. .. 2001 2002 2003 2004 2005 2006 2007 2008 2009... |
v v v Y v v v v \ 4
Annual 10-yr Annual 15-yr

monitoring report

Reporting Cycle

monitoring reports monitoring report

Figure 3—Older forest monitoring activity and reporting cycle.
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Older forest maps derived from remote sensing infor-
mation provide complete and consistent coverage of exist-
ing forest vegetation in the Northwest Forest Plan area, at
the start of the Plan. Maps are analyzed to evaluate the
amount (area) and distribution (size and arrangement) of
older forest across the Plan landscape. All lands are
mapped, but results on nonfederal lands are not evaluated or
discussed in this report. The synthesis report does, however,
extend the analysis of map results to nonfederal lands and
discusses the contribution of older forest on federal land
within the larger regional context (Haynes and others, in
press).

Statistical analysis of stand-scale plot datais used to
report older forest amounts at provincial and regional scales
with aknown degree of statistical reliability. Statistical
rel ationships between mapped vegetation attributes and
sample-based measurements can be used to describe
structural conditions of vegetated landscapes at regional
scales by providing information about older forest structural
attributes and composition that remote sensing cannot
detect.

Monitoring for trend requires establishment of baseline
conditions and a subsequent means of tracking changes
from the baseline. Change detection tracks losses and gains
in forest conditions from a variety of sources—manage-
ment, natural succession, and disturbances. Remotely
sensed change detection is used to track stand-replacing
disturbances (clearcut harvest and wildfire). Analysis of
stand-scal e information on remeasured permanent plots
provides a statistical sample reflective of annual changesin
forest conditions for the full range of disturbance scales—
from stand loss owing to management or natural distur-
bance, to successional change resulting from growth and
mortality.

Organization of This Report

A very large amount of information was analyzed and
compiled to write this report. To meet the challenge of
presenting the information clearly and effectively, we
describe methods and results organized by each major topic:
(1) older forest maps developed from remotely sensed data,

(2) older forest area estimates from inventory plot informa-
tion, and (3) analysis of change from remotely sensed data
and from remeasured inventory plots. For each topic, we
discuss the data sources and methods of analysisin detail,
followed by the major findings leading from that topic.
When a monitoring approach has been derived from
published methodology, we briefly summarize the methods
and refer the reader to the original work for additional
detail. The discussion section at the report’s end synthesizes
the findings from the individual topics. Key results and
interpretations are reiterated in the conclusions section.

Maps compose much of the information discussed in
this report. The key maps are reproduced in this document.
In addition, all map images referred to in the report are
accessible online as high-resolution graphic images so that
the reader may view map detail that cannot be reproduced
adequately by the page-size printed maps (http://
www.reo.gov/monitoring/).

A Continuum of Older Forest Definitions

Throughout this document we use the term “older forest”
interchangeably with the term “late-successional and old-
growth forest.” Our term is intended to connote greater
flexibility inherent to assessing and displaying results based
on avariety of definitions.

The concept of “old growth” is laden with social value,
and various audiences employ awide range of language for
describing significant unique features of older forest
(Marcot and others 1991). Advanced age (or more accu-
rately, time since major disturbance) is an inherent driver
leading to ecologically important structural components
(such as large trees, snags, down logs, and complex canopy
layering) and processes and functions (such as habitat for
old-growth-dependent species, carbon storage, hydrologic
and nutrient cycling) typically associated with |ate-succes-
sional and old-growth forests (Franklin and others 1981,
1986; Franklin and Spies 19914, 1991b). Portions of
Chapter IV of FEMAT (FEMAT 1993: I1V-27-31) and
appendix B2 of the environmental impact statement (USDA
and USDI 1994a) provide a detailed discussion of older
forest elements relevant to the Northwest Forest Plan. They
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referred specifically to “late-successional conifer forest”
as stands dominated by conifer treesthat are 21 to 32 in
diameter breast height (d.b.h.), characterized by asingle
canopy layer (also called “medium/large single-storied
conifer”) and stands dominated by conifer trees that are
greater than 32 in d.b.h., and characterized by two or more
canopy layers (also called “medium/large multistoried
conifer”). Generally speaking, those reports consider late-
successional conditions to develop typically between 80 and
140 years, at least in Douglas-fir (Pseudotsuga menziesii
(Mirb.) Franco) stands west of the Cascade Range. They
also refer to the onset of old-growth conditions typically
beginning between 150 and 250 years, and persisting for
300 to 600 years depending on local conditions.

Although forest age is an important defining attribute in
most old-forest definitions, age is difficult to determine and
may be misleading in complex forest conditions. Tree or
stand age is difficult or impossible to infer directly from
remotely sensed information. In the field, tree age may be
difficult or impossible to measure, especially for large trees,
and stand age is not readily characterized when trees of very
different ages are present. As aresult, we rely on more
readily measurable attributes as a substitute for stand age.
Average large-tree size isa useful attribute becauseit is
easy to measure and well correlated with age, when local
site and stand density factors are controlled for. Large trees
are also fundamental to old-forest structure, function, and
composition and are the precursor to large snags and down
logs. In this assessment, we use tree size as the primary
attribute for determining older forest status. Other measures
provide additional information about older forest status and
condition, but they may be less important than size, or less
easy to characterize reliably. We include canopy closure and
canopy layering as ancillary older forest attributes, as closed
canopies and multilayered canopies are common character-
istics of very old forests (Franklin and others 1981,
Hemstrom and others 1998).

In this assessment, we chose to evaluate and present
maps and acreage estimates corresponding to three points
along a continuum of older forest definitions. This approach
accomplishes several objectives. First, it recognizes that
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development of older forests is continuous and complex and
that multiple definitions help characterize the diversity of
forest development. Second, it accommodates a range of
acceptable definitions rather than presenting an estimate
based upon a single (and arguably, disputable) definition.
And finally, it is our hope that reporting results from
multiple acceptable definitions may lead to more flexible
decisionmaking when different management objectives are
presented.

The basis for our older forest definitionsliesin the
original monitoring plan. Hemstrom and others (1998)
discussed alandscape-scale set of classes to describe exist-
ing forest vegetation, defined by average tree size, canopy
layering, and species composition. Attributes that define the
classes are average size of the topstory trees (computed as
the quadratic mean diameter of dominant and codominant
trees), percentage of canopy closure, canopy layering
(single- or multistoried), and life form (percentage of
conifer or hardwood tree canopy cover) (table 1). Classes
formed from these attributes were based upon a standard set
of vegetation attributes established by the Vegetation Strike
Team (Askren and others 1995, 1996) (table 2). Two of the
older forest definitions we evaluated correspond directly
with groups of classeslisted in table 1 based on average tree
size and canopy layering. The third incorporates variation in
average tree size associated with potential natural vegetation
zone. We employed these definitions knowing that an
estimate of older forest amount depends on which defini-
tion is used. Adding more criteria to the definition will
reduce the area of forest meeting the definition. Also, we
acknowledge that the definitions are ssmply “rule sets’
designed around coarse-filter structural attributes available
in our monitoring data. In that sense, they are not truly
“ecological” definitions, especially since they cannot
encompass important functional features of older forests, or
even fine-filter components of structure and composition.
Still, they exploit the available monitoring data to describe
forestsin terms of attributes important in most ecologically-
based definitions of older forests—large trees, dense crown
closure, and complex canopy layering.
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Table 1— Forest vegetation classes based on canopy cover, average tree size, canopy structure, and
species composition

Class attributes

Vegetation Canopy Averagetree Canopy Species
Class class® cover size structure mix
Percent Inches Present
1 PF <10 NA NA NA
2 SSD >10 <10 Any >80% deciduous
3 SS-M >10 <10 Any 20%-79.9% either
4 SSC >10 <10 Any >80% conifer
5 SSS-D >10 10-19.9 Simple >80% deciduous
6 SSS-M >10 10-19.9 Simple 20%-79.9% either
7 SSS-C >10 10-19.9 Simple >80% conifer
8 SMS-D >10 10-19.9 Complex >80% deciduous
9 SMS-M >10 10-19.9 Complex 20%-79.9% either
10 SMS-C >10 10-19.9 Complex >80% conifer
11 MSS-D >10 20-29.9 Simple >80% deciduous
12 MSS-M >10 20-29.9 Simple 20%-79.9% either
13 MSS-C >10 20-29.9 Simple >80% conifer
14 MMS-D >10 20-29.9 Complex >80% deciduous
15 MMS-M >10 20-29.9 Complex 20%-79.9% either
16 MMS-C >10 20-29.9 Complex >80% conifer
17 LSS-D >10 >30 Simple >80% deciduous
18 LSS-M >10 >30 Simple 20%-79.9% either
19 LSS-C >10 >30 Simple >80% conifer
20 LMS-D >10 >30 Complex >80% deciduous
21 LMSM >10 >30 Complex 20%-79.9% either
22 LMS-C >10 >30 Complex >80% conifer
®Key to vegetation class names:
Species composition
Size and structure class Deciduous (D) Mixed (M) Conifer (C)
Potentially forested but presently nonstocked (PF)
Seedling and sapling (SS) SS-D SSM SS-C
Small single-storied (SSS) SSS-D SSSM SSSs-C
Small multistoried (SMS) SMS-D SMSM SMS-C
Medium and large single-storied (MSS) MSS-D MSS-M MSS-C
Medium and large multistoried (MMYS) MMS-D MMS-M MMS-C
Large single-storied (LSS) LSSD LSSM LSSC
Large multistoried (LMS) LMSD LMS-M LMS-C

Source: Modified from Hemstrom and others 1998.
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Table 2—Vegetation Strike Team standards followed during mapping of existing
vegetation attributesin the IVMP and CALVEG projects

Element

Existing vegetation standards

Total tree canopy cover
Forest canopy structure
Tree overstory size class (inches)

10-percent classes
Single-layered / Multilayered
0-4.9, 5-9.9, 10-19.9, 20-29.9, 30-49.9, 50+

Source: Askren and others 1995, 1996.

Older Forest With Medium and Large Trees and
Single- or Multistoried Canopies (Medium and
Large Older Forest)

Our “medium and large” definition of older forest (medium
to large trees with single- or multistoried canopies) isthe
least restrictive of the three definitions we applied. It
establishes only a minimum average tree size (quadratic
mean diameter of dominant and codominant trees) of 20 in
for any forest type, regardless of canopy layering or loca
tion in the environment. “Medium and large” older forest is
composed of structure and composition classes 11 through
22 intable 1. The “medium and large older forest” defini-
tion is similar to the record of decision (USDA and USDI
1994b) definition of late-successional forest, with the ex-
ception that the diameter break is set at 20 inches in accor-
dance with the Vegetation Strike Team standards (Askren
and others 1995, 1996) rather than at 21 in as specified in
the record of decision. The Plan associated this class with
combined late-successional and old-growth stages (80+
years). We used the estimated acres of “medium and large
older forest” to validate the values stated in the Plan about
the amount and distribution of older forest assumed to be
present at the start of the Plan. In applying this definition,
we recognized that a one-size-fits-all, 20-in average-tree-
size minimum criterion, would tend to overestimate older
forest amounts in productive forest types, and underestimate
it in less productive types. On balance, though, it would
provide a reasonable benchmark at the Plan level. Through-
out this document, older forest refers to “medium and large
older forest” unlessit is specified that a different definition
isintended.
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Older Forest With Large Trees and Multistoried
Canopies (Large, Multistoried Older Forest)

Our “large, multistoried older forest” definition (large trees
with multistoried canopies) represents forest with amini-
mum average tree size (quadratic mean diameter of domi-
nant and codominant trees) of at least 30 in, with multi-
storied canopies, regardless of location in the environment.
“Large, multistoried” older forest is composed of structure
and composition classes 20 through 22 in table 1, and is
therefore a restricted subset of “medium and large” older
forest. These particular size and canopy attributes were
chosen because they correspond roughly with primary size
and canopy structure characteristics representative of old-
growth Douglas-fir developing between 175 and 250 years
of age (Franklin and others 1981, 1986; Franklin and Spies
1991hb). Whereas “medium and large” older forest sets the
upper endpoint, “large, multistoried” older forest setsthe
lower endpoint for establishing the amount of older forest.
In fact, the 30-in average-tree-size minimum criterion is
inappropriate for many forest community types where older
forests simply do not develop trees aslarge as 30 in. Still, it
isauseful definition for identifying the largest, most
“classic” old growth.

Older Forest With Medium and Large Trees
Defined by Potential Natural Vegetation Zone
(Older Forest With Size Indexed to Potential
Natural Vegetation Zone)

Neither “medium and large older forest” nor “large, multi-
storied older forest” definition recognizes the variability in
forest conditions across environmental gradients (for ex-
ample, temperature, moisture, and soils). Instead, they use
“one-size-fits-all” average-tree-size rules to screen for older
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forest. An aternative definition was created to partially
account for differences in productivity, size, and structural
characteristics that depend on the local environment. The
“older forest with size indexed to potential natural vegeta-
tion zone” definition uses an average-tree-size (quadratic
mean diameter of dominant and codominant trees) threshold
that varies by potential natural vegetation zone (table 3). In
contrast to the “medium and large” or “large, multistoried”
older forest definitions, “older forest with size indexed to
potential natural vegetation zone” predicts more area of
older forest in community types where trees grow slowly or
seldom reach 20 in d.b.h. by imposing a diameter threshold
less than 20 in (for example, some pine types east of the
Cascade divide, or some high-elevation types). In other
zones, by using a diameter threshold greater than 20 in, it
predicts fewer acres of older forest where trees quickly
reach 20 in, such as in the moist, productive Coast Range.
We indexed average-tree-diameter thresholds to potential
natural vegetation maps (fig. 4). In Washington and Oregon,

we used vegetation zone maps compiled from a model of
potential natural vegetation (Henderson, n.d.). In California,
we indexed potential natural vegetation zone to potential
late-seral condition as classified by Society of American
Foresters (SAF) type (Eyre 1980). Diameter thresholds for
potential natural vegetation zones were based on local older
forest definitions (Forest Service-Region 5 and Region 6
old-growth interim definitions [USDA Forest Service 1992,
1993]). This definition represents the midpoint compared
with “medium and large” or “large, multistoried” older
forest definitions.

Map Analysis Methods

Hemstrom and others (1998) recommended that older forest
monitoring be examined from two perspectives. Broad-scale
landscape patterns are best determined from maps of
existing vegetation and other spatial information, whereas
detailed vegetation surveys are needed to determine ol der
forest characteristics at the stand scale. Because these

Table 3—Average tree-size threshold values used to determineif a map unit or plot data met the definition of

“older forest with size indexed to vegetation zone”

Minimum quadratic

mean diameter Vegetation zone

Inches

40 Redwood

32 Port-Orford-cedar, tanoak, Douglas-fir/tanoak/Pacific madrone

31 Sitka spruce, western redcedar (west®), western hemlock (west)

24 Douglas-fir (west), Pacific Douglas-fir (west)

22 Pacific silver fir

21 Grand fir, Douglas-fir (east®), interior ponderosa pine, Jeffrey pine, mountain hemlock,
Pacific Douglas-fir (east), Pacific ponderosa pine, Pacific ponderosa pine/Douglas-fir,
ponderosa pine, red fir, subalpine fir (west), western hemlock (east), western redcedar
(east), western white pine, white fir

20 Alpine open, blue oak/grey pine, parkland-mountain hemlock, shrub-steppe, western juniper,
hardwood types (Oregon white oak, canyon live oak, California black oak, cottonwood,
cottonwood/willow, willow)

13 Subalpine fir (east)

12 Lodgepole pine

*West—California Coast Range, California Klamath, Oregon Coast Range, Oregon Klamath, Oregon Willamette Valley, Oregon Western Cascades,
Washington Olympic Peninsula, Washington Western Lowlands, and Washington Western Cascades.

PEast—California Cascades, Oregon Eastern Cascades, and Washington Eastern Cascades.
Source: Modified from Forest Service, Pacific Southwest and Pacific Northwest Regions, old-growth interim guidelines (USDA Forest Service 1992,

1993).
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Figure 4—Potential natural vegetation zones for the Northwest Forest Plan area. V egetation zones in Washington and Oregon
are from Henderson (n.d.). In California, vegetation zones are based on Society of American Forester types (Eyre 1980).
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perspectives focus on different scales and use different
attributes and definitions, analysis of older forest amounts
and patterns from vegetation maps and from inventory data
are expected to yield different (but complementary) esti-
mates. In this report, vegetation maps primarily were used
to examine older forest amounts (percentages of area
occupied by older forest) and landscape patterns of older
forest elements (their spatial arrangement) relative to other
spatial data such as ownerships, land use allocations, and
ecological setting. Statistical analysis of inventory plot data
primarily was used to estimate the area in acres occupied by
older forest, with accompanying confidence intervals, and to
estimate net change in older forest amounts by using
measurements taken on the same set of plots at two pointsin
time. We summarized the stand-scale characteristics of
older forest (density of large trees, snags, and logs, and
canopy layering) by using the plot data. We also used the
estimates from the plot data, which are considered statisti-
cally defensible, to validate the estimates obtained from the
map data, whose accuracy and precision are more difficult
to quantify.

Federal Lands in the Northwest Forest Plan Area

We mapped existing vegetation on all lands in the Plan area.
However, we report results only on federally administered
managed |ands (see Haynes and others, in press, for results
on nonfederal lands). Consequently, we portioned the Plan
areainto federally managed versus other lands. Other lands
include those owned or managed by individuals, corpora-
tions, tribes, states, counties, and other agencies (USDA and
USDI 19944). Federa lands include lands managed by the
three federal land management agencies represented by the
Plan (Forest Service, Bureau of Land Management, and
National Park Service), as well as lands managed by other
federal agencies (Fish and Wildlife Service and Department
of Defense). Although the influences of activities on lands
administered by Fish and Wildlife Service and Department
of Defense were considered in the Plan’ s assessment, the
record of decision did not adopt new management direction
for those lands (USDA and USDI 1994b). We summarize
the land area and percentage of area occupied by older

forest for lands managed by the Fish and Wildlife Service
and Department of Defense but do not include them in
subsequent discussions.

The Forest Service, Bureau of Land Management, and
National Park Service manage about 24,444,100 ac in the
Plan area (table 4). This figure excludes major water bodies
and is within one-tenth of a percent of the 24,455,200 ac
reported in table 3& 4-2 of the environmental impact
statement (USDA and USDI 1994a). The discrepancy is
accounted for by updates to map boundaries used in 1994
and in 2004, and also by land exchanges in and out of
federal ownership since the Plan was signed. All acres
reported here were calculated from the Northwest Forest
Plan land use alocations 2002 polygon coverage released
in April 2004 (www.reo.gov/gis/data/gisdata/index.htm).

Not all federal land is potentially capable of supporting
older forest. The permanently nonforest area includes ad-
ministrative sites such as park headquarters and ranger dis-
tricts, roads and highways, as well as naturally nonforested
land—barrens, rock outcrops, apine meadows above tree
line, etc. We separated the land area managed by the federal
agenciesinto areathat is forest-capable versus areathat is
not capable of growing forest by using thematic data from
our remote-sensing mapping projects (discussed in follow-
ing sections). Of the total federal land area, 23,259,000 ac
are forest-capable (or 95 percent of the federal land base),
and 1,185,100 ac are not forest-capable (table 4).

Physiographic Provinces

The Northwest Forest Plan areais very diversein terms

of physical, biological, and environmental factors. The
environmental impact statement (USDA and USDI 1994a)
described the Plan areain terms of 12 terrestrial physi-
ographic provinces (fig. 1). The concept of physiographic
provinces is not only useful for describing how topography,
soils, and geomorphologic differences shape vegetation, but
how vegetation responds to natural disturbance and man-
agement. Note that the provinces are arbitrarily cut by state
boundaries, so they are not strictly ecological provinces.
Nevertheless, we used the 12 individual provincesto stratify
the monitoring analysis and for reporting purposes to be
consistent with the approach in designing the Plan.
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Table 4—Land area in the Northwest Forest Plan area

Federal land
Per centage
Forest Not forest of forest- Province
Province Total capable capable capable Other land total
—————————— Acres—————————— Percent —————Acres————-—
Cdifornia:
Cascades 1,091,300 999,800 91,500 92 1,379,600 2,470,900
Coast Range 503,600 357,800 145,800 71 5,215,900 5,719,500
Klamath 4,520,200 4,221,400 298,800 93 1,530,000 6,050,200
Total 6,115,100 5,579,000 536,100 91 8,125,500 14,240,600
Oregon:
Coast Range 1,413,300 1,396,200 17,100 99 4,377,300 5,790,600
Eastern Cascades 1,551,800 1,477,500 74,300 95 741,300 2,293,100
Klamath 2,118,200 2,104,400 13,800 99 1,879,600 3,997,800
Western Cascades 4,476,700 4,398,200 78,500 98 2,135,400 6,612,100
Willamette Valley 21,000 18,500 2,500 88 2,643,900 2,664,900
Total 9,581,000 9,394,800 186,200 98 11,777,500 21,358,500
Washington:
Eastern Cascades 3,502,400 3,347,600 154,800 96 2,130,100 5,632,500
Olympic Peninsula 1,522,300 1,419,300 103,000 93 1,502,000 3,024,300
Western Cascades 3,721,000 3,516,100 204,900 94 2,404,800 6,125,800
Western Lowlands 2,300 2,200 100 96 6,492,300 6,494,600
Total 8,748,000 8,285,200 462,800 95 12,529,200 21,277,200
Northwest
Forest Plan area 24,444,100 23,259,000 1,185,100 95 32,432,200 56,876,300

Note: Federal land includes land administered by the Forest Service, Bureau of Land Management, and Nationa Park Service. Other land includes
land administered by Department of Defense and Fish and Wildlife Service, and all nonfederal owners.

Strong climatic, topographic, and socia gradients old. Current vegetation is amosaic of late-successional and
across the Plan area create significant differencesin the old-growth forest mixed with early-seral stages resulting
physiographic provinces in terms of potential natural veg- from extensive forest management. Federally managed
etation and current vegetation, natural disturbance regime, lands occupy the interior half of the province, the core
historical land use, and land ownership (USDA and USDI being Olympic National Park girded by the Olympic
1994a: 14-24, chapters 3&4). Most of the Plan areais National Forest (fig. 2, table 4). Moist, productive forests
dominated by coniferous forests and mountainous terrain, in the Oregon Coast Range province are dominated by
with the exception of some lowland interior valleys and Douglas-fir, western hemlock (Tsuga heterophylla (Raf.)
coastal plains. Of the coastal physiographic provinces, the Sarg.), and western redcedar (Thuja plicata Donn ex D.
Washington Olympic Peninsula province is dominated by Donn). The Forest Service and Bureau of Land Manage-
coniferous rain forest on the western slope of the Olympic ment together manage one-quarter of the land in the Oregon

Mountains, and drier Douglas-fir forest in the rain shadow Coast Range (fig. 2, table 4). Older forest there is highly
on the eastern slope. Fire frequency is very low, resulting in fragmented, largely as aresult of infrequent but very large
some remnant forest hundreds or even thousands of years wildfires in the 1800s and 1900s, and heavy cutting. Only a
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small proportion of area (9 percent) in the California Coast
Range province is administered by federal agencies (fig. 2,
table 4). Some of the last remaining old-growth redwoods
(Sequoia sempervirens (D. Don) Endl.) are conserved in
Redwoods National Park, and the Bureau of Land Manage-
ment administers holdings of mixed forests of Douglas-fir
and hardwoods. Fire frequency islow compared with the
adjacent California and Oregon Klamath provinces.

Along the western slope of the Cascade Range
(Washington Western Cascades and Oregon Western
Cascades), lower elevation forest dominated by Douglas-fir
and western hemlock gives way to Pacific silver fir (Abies
amabilis ex Forbes) in the middle elevations, and mountain
hemlock (Tsuga mertensiana (Bong.) Carr.) and subalpine
vegetation at higher elevations. In the southern part of
the range, moist lowland vegetation yieldsto drier, mixed
conifer-forest. Historical fire frequencies were low or mod-
erate (100+-year fire-return intervals) in the northern part
of the range, and high (0-35-year fire-return intervals) in
the south, resulting from a north-to-south moisture gradient.
About two-thirds of the areais administered by the Forest
Service, Bureau of Land Management, and National Park
Service (fig. 2, table 4). Although highly fragmented, num-
erous areas of late-successional and old-growth forest till
exist along the western slopes of the Cascade Range.

The provinces along the eastern slopes of the Cascade
Range (Washington Eastern Cascades and Oregon Eastern
Cascades) are dominated by mixed-conifer forest and
ponderosa pine (Pinus ponderosa Dougl. ex Laws.) forest
at lower-to-mid elevations, and by true fir (Abies spp.) and
mountain hemlock at higher elevations. Forest productivity
islow in places owing to poor soils and high elevations.
Historically, fire frequencies were high (0-35-year fire-
return intervals) in the Eastern Cascades. Intensive fire sup-
pression practices since the latter half of the 20" century
have resulted in areas with significant accumulations of
fuel, and shifts in species composition and stand structure.
About two-thirds of the areais federally managed (fig. 2,
table 4). Older forest is highly fragmented as a result of
both natural factors and management history. The California

Cascades province includes the very southern end of the
Cascade Range. Similarities to the Eastern Cascades prov-
inces of Washington and Oregon include dominance of
mixed-conifer and pine forest in fire-adapted community
types. Slightly less than half of the provinceis federally
managed (table 4). Older forest is fragmented as aresult of
fire, harvest activities, and checkerboard ownership patterns
of Forest Service land (fig. 2).

The Oregon Klamath province in southwestern Oregon
and the California Klamath province in northwestern
California are influenced by geologic conditions unique
within the Plan area. Serpentine soils formed by the accre-
tion of rocks onto the continent control the native vegeta-
tion, which is dominated by mixed-conifer and mixed-
conifer/hardwood forest such as Douglas-fir/tanoak
(Lithocarpus densiflorus (Hook. & Arn. Rehd.) /Pacific
madrone (Arbutus menziesii Pursh). The Klamath provinces
are characterized by historically high fire frequencies (0-35-
year fire-return intervals), and fire suppression has resulted
in areas with significant accumulations of fuel, shiftsin
species composition, and changes in stand structure. Older
forest is highly fragmented as aresult of dry climate, poor
soils, and past harvest practices, as well as ownership pat-
terns, especially on lands administered by the Bureau of
Land Management. These parcels are typically intermixed
with harvested private lands in a checkerboard pattern of
aternating 1-mi sections (fig. 2). National forests cover
three-quarters of the land area in the California Klamath
province, and slightly over half of the Oregon Klamath
province is federally managed (table 4).

Thereisvery little federally managed land in either the
Washington Western Lowlands province or the Oregon
Willamette Valley province (table 4), and only small parcels
of these lands are occupied by older forest. Both provinces
include extensive urban and agricultural areas. Both are
dominated by wide, glaciated valleys, except for the Willapa
Hillsin the coastal section of the Washington Western
Lowlands. Lowland coniferous forest, deciduous forest, and
native prairie were the natural dominant vegetation types.
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Land Use Allocations

The Northwest Forest Plan record of decision divided
federal land into seven land use allocations. These aloca-
tions were the foundation for establishing an older forest
reserve network category while maintaining lands desig-
nated for scheduled timber harvest.

The 2002 land use allocation map (www.reo.gov/gis/
data/gi sdata/index.htm) combined or further split some
existing allocations (fig. 5, table 5). Late-successional
reserve has three mapped components: (1) large-block late-
successional reserve, (2) activity centers reserved for north-
ern spotted owls, and (3) marbled murrelet reserved areas.
These three categories are grouped together in our analysis.
A few areas have more than one land alocation; lands with
overlapping late-successional reserve and adaptive manage-
ment area designation are treated as late-successional re-
serves. We grouped together administratively withdrawn
and congressionally reserved lands for analysis purposes.
All national park lands are congressionally reserved. L ate-
successional reserves, when combined with congressionally
reserved lands and the smaller, more fragmented adminis-
tratively withdrawn lands, form the backbone of the large-
block older forest reserve network.

Matrix and adaptive management areas are land
allocations where scheduled timber harvest activities may
take place. For analysis and reporting purposes, we grouped
these categories. Lands that are denoted as “not designated”
are lands that were acquired after the Plan was implemented
and had no alocation in the 1994 land use all ocation map.
They are treated as matrix in our analysis.

Riparian reserve all ocations have never been mapped
separately from matrix at the scale of the Northwest Forest
Plan, because riparian reserves are a fine-scale delineation
intended for mapping at the project scale. At the Plan scale,
riparian reserves could not be reliably distinguished from
matrix because of alack of consistency in defining intermit-
tent stream corridors and varying definitions for riparian
buffers. The Plan estimated that riparian reserves may con-
stitute 40 percent of the land area within the matrix/riparian
reserve class (see sidebar 3), depending on local variation in
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stream density and topography (USDA and USDI 1994b).
For more discussion of thisissue, refer to Gallo and others
(2005). We had no way to analyze riparian reserve sepa-
rately from matrix. We acknowledge that including riparian
reserve in matrix in the older forest analysis resultsin an
overestimate of the amount of older forest in the nonreserve
category, and a conservative estimate of the amount of older
forest in the reserve category.

Our reporting level for most analysesisland use alloca
tion groups or reserve categories within each physiographic
province (shown in table 5), totals by province, province
results totaled within state, and state values totaled across
the Plan area.

Classification of Existing Vegetation

Hemstrom and others (1998) determined that a landscape-
scale map of existing forest vegetation created from re-
motely sensed data was needed to provide a baseline
estimate of older forest at the beginning of the Plan from
which future changes could be benchmarked. The acquisi-
tion or development of an accurate, consistent, and continu-
ous map representing older forest conditions at the start of
the Plan over the entire Plan area was key to effectiveness
monitoring (Hemstrom and others 1998, Mulder and others
1999). The option of using map products already in exist-
ence and covering some or al of the Plan areawas evalu-
ated and rejected because existing maps have been created
originally to meet avariety of objectives not necessarily
compatible with regional-scale monitoring needs, and

were mapped to a variety of standards and spatial extents.
Instead, consistent maps were developed under the direction
of the regional monitoring program.

Existing vegetation mapping for Northwest Forest Plan
monitoring was carried out by two independent programs—
the Interagency V egetation Mapping Project (IVMP) in
Oregon and Washington and the Classification and As-
sessment with Landsat of Visible Ecological Groupings
(CALVEG,) project in California. Both CALVEG and IVMP
mapped forest vegetation by using satellite imagery from
Landsat Thematic Mapper (TM) and other spatial datato
classify primary attributes of forest vegetation—Iife form,
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Sidebar 3—Land Use Allocations

Land Use Allocations Under the Northwest Forest Plan
Excerpted from the Record of Decision (USDA and USDI 1994b)

Congressionally Reserved Areas. (7,320,660 ac, 30 percent of the federal land within the Plan area)
Lands reserved by acts of Congress for specific land uses such as Wilderness Areas, Wild and Scenic Rivers, National
Parks, and other lands with congressional designations. The Plan cannot and does not alter these lands.

L ate-Successional Reserves: (7,430,800 ac, 30 percent of the federal land within the Plan area)

These reserves, in combination with the other allocations and standards and guidelines, are designed to restore a
functional, interactive, late-successional and old-growth forest ecosystem over time. They are designed to serve as
habitat for terrestrial and aguatic species that depend on these old-growth characteristics, including the northern
spotted owl. Some silvicultural treatment is allowed to enhance development of old-growth conditions.

Managed L ate-Successional Areas. (102,200 ac, 1 percent of the federal land within the Plan area)
These lands are either mapped to protect areas where spotted owls are known to exist, or they are unmapped protection
buffers. Protection buffers are designed to protect certain rare and endemic species.

Adaptive Management Areas. (1,521,800 ac, 6 percent of the federal land within the Plan area)

Ten areas were identified to devel op and test innovative management approaches to integrate and achieve ecological,
economic, and other social and community objectives. Each area has a different emphasis, such as maximizing the
amount of late-successional forests, improving riparian conditions through silvicultural treatments, or maintaining a
predictable flow of harvestable timber and other forest products. Each area considers learning a principle product of
their adaptive management activities. A portion of timber harvest will come from this land.

Administratively Withdrawn Areas: (1,477,100 ac, 6 percent of the federal land within the Plan area)
These areas are identified in current Forest and District plans and include recreation and visual areas, back country,
and other areas where management emphasis does not include scheduled timber harvest.

Riparian Reserves: (11 percent of the federal land within the Plan area, estimated at 2,627,500 ac interspersed
throughout the matrix)

Riparian reserves are areas along al streams, wetlands, ponds, and lakes, and on unstable and potentially unstable
lands vital to protecting and enhancing the resources that depend on the unique characteristics of riparian areas. These
areas also play avital role in protecting and enhancing terrestrial species.

Matrix: (3,975,300 ac, 16 percent of the federal land within the Plan area)

The matrix includes all federal lands not falling within one of the other categories. Most of the scheduled timber
harvested will be from matrix lands. They include nonforested as well as forested areas that may be technically
unsuited for timber production.
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Land Use Allocations

[0 Administratively withdrawn (AW)
I Congressionally reserved (CR)
I Late-successional reserve (LSR*)
Managed late-successional area (MLSA)
I Matrix or riparian reserve (MATRR)
Adaptive management area (AMA)
Not designated
* Includes LSRs associated with marbled
murrelet or known owl! activity centers.

Also includes lands with overlapping LSR
and AMA designations.

Physiographic Provinces

0 25 50 100 150 200 Miles
0 40 80 160 240 320 Kilometers

s ™ s ™

Figure 5—Land use alocations of federally managed lands in the Northwest Forest Plan area. Source:
http://www.reo.gov/gis/data/gi sdata/index.htm.
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Table 5—Mapped land use allocation classes and codes

Land
Map allocation Reserve

Land use allocation abbreviation group code category
Adaptive management area AMA MAT+ Nonreserve
Adaptive management area and late-successional

reserve overlapping designation AMR LSR+ Reserve
Administratively withdrawn AW AW/CR Reserve
Congressionally reserved CR AW/CR Reserve
L ate-successional reserve LSR LSR+ Reserve
Marbled murrelet reserve area LSR3 LSR+ Reserve
Spotted owl activity core reserve LSR4 LSR+ Reserve
Managed late-successional area MLSA LSR+ Reserve
Matrix or riparian reserve (not mapped separately) MATRR MAT+ Nonreserve
Not designated ND MAT+ Nonreserve

Note: Refer to sidebar 3 for additional description of land allocations.

Source: Northwest Forest Plan Land Use Allocations 2002 http://www.re.gov/gis/data/gi sdata/index.htm.

average tree size, canopy density, and canopy layering.
Both used inventory plots as reference and validation

data to guide the classification. The IVMP and CALVEG
together mapped aregion of nearly 57 million ac crossing
all ownershipsin the Plan area, including the approximately
24.4 million ac administered by federal agencies affected by
the Plan (table 4).

Although IVMP and CALVEG used different mapping
protocols, both projects mapped existing vegetation in
compliance with established standards to assure the compat-
ibility of the map products to midscale monitoring (Askren
and others 1995, 1996). These standards included average
overstory tree size mapped in 10-in classes, with an addi-
tional class of 0to 4.9in, total tree crown closure mapped
in 10-percent classes, and forest canopy layering mapped in
two classes (single- and multistoried) (table 2).

Interagency Vegetation Mapping Project—

The IVMP was initiated in 1998 under joint program man-
agement and funding by the Bureau of Land Management-
Oregon and the Forest Service-Region 6. The project’s goal
was to provide consistent spatial data for monitoring older
forests within the portions of the Plan areain Washington
and Oregon. The IVMP mapped existing vegetation in the
nine physiographic provinces in Washington (Eastern and
Western Cascades, Olympic Peninsula, and Western

Lowlands) and Oregon (Eastern and Western Cascades,
Coast Range, Willamette Valley, and Klamath Mountains)
(fig. 2).

The following description highlights the features of
IVMP methods and map products that are most important
for understanding their application to Plan monitoring.
More detailed discussions are given in Weyermann and
Fassnacht (2000) and Fassnacht and others (n.d.). In addi-
tion, detailed documentation and metadata accompany the
map data for each physiographic province (Browning and
others 2002b, 2003e, 2003f, 2003g, 2003h, 2004; O’ Neil
and others 2001b, 2001d, 2002c). All IVMP map data and
supporting documentation are available online at http://
www.or.blm.gov/gis/projects/ivmp.asp.

The IVMP modeling approach combined remotely
sensed satellite imagery (25-m Landsat TM), digital eleva-
tion models, interpreted aerial photos, and inventory infor-
mation collected on the ground to classify existing vegeta-
tion. Landsat scenes used in the IVMP project ranged from
fall 1992 through summer 1996. Of the 17 scenes, 2 were
acquired in 1992, 1 each in 1994 and 1995, and 13 in 1996
(app. 1). Even though they repre-sented a range of dates
around 1994, with most images from 1996, we made the
assumption in the monitoring analysis that older forest maps
derived from the IV MP data were representative of baseline
conditions at or near the start of the Plan. This assumption
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would be shown to be invalid if it were determined that a
large amount of change had occurred between 1994 (that is,
the date of the start of the Plan) and the actual date of the
imagery. To assess potential difference in the amount of
older forest between 1994 and 1996, we examined stand-
replacing harvests detected by remote sensing between
1992 and 1996 (see the later section in this report titled,
“Trend Analysis: Forest Disturbance Map Methods’).

For the portions of the plan area that were mapped by
using 1996 imagery, our disturbance map indicates only
about 5,300 ac of older forest were regeneration-harvested
between 1992 and 1996. Assuming half the harvest
occurred prior to 1994 and half between 1994 and 1996,
there is a maximum error of only about 2,600 ac (or 0.03
percent) attributable to mapping older forest in 1996 rather
than in 1994. We therefore accepted 1996 data as baseline.

Inventory plot data were used as reference information
for IVMP model building and accuracy assessment. Almost
10,000 plots were used for model building and testing, and
another 2,800 plots were held out for an independent ac-
curacy assessment. These data came primarily from Cur-
rent Vegetation Survey (CVS) plots maintained by Forest
Service-Region 6 and Bureau of Land Management-Oregon
on Forest Service and Bureau of Land Management lands
in Washington and Oregon, and from Forest Inventory and
Analysis (FIA) plots administered by Pacific Northwest
Research Station on nonfederal lands. Details of the inven-
tory data are described in alater section.

The IVMP mapped existing vegetation attributes for
forest-capable land. The final 1VMP products included can-
opy cover prediction maps by life form, an average-tree-
size prediction map, and a canopy layering prediction map.
Life form refers to the dominant type of vegetation (conifer,
nonconifer, and total vegetation—the sum of conifer and
nonconifer). The nonconifer class (also called broadleaf
in the IVMP map data) includes hardwood trees, shrubs,
grasses, and forbs. Each IVMP layer also included non-
forest-capable land-cover classes (water, wetlands, urban,
agriculture, prairie, barren, snow, sensor noise, topographic
shadow, and smoke, fog, and clouds or cloud shadow),
mapped by using a combination of supervised and unsuper-
vised classification methods. Ground plots, local field
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knowledge, and aerial photographs were used as ground-
training data for mapping non-forest-capable land-cover
classes.

Average size of trees in the uppermost canopy, percent-
age of conifer cover, percentage of nonconifer cover, and
percentage of total vegetation cover were predicted by
following a regression modeling approach developed by
Cohen and others (1995, 2001) and Cohen and Spies
(1992). Canopy cover is the percentage of ground covered
by the vertical projection of the vegetation foliage as meas-
ured from aerial photographs. Average topstory tree sizeis
the quadratic mean diameter (inches) of the treesin domi-
nant and codominant crown classes, measured from diam-
eters of trees collected on inventory plots and related to
spectral signatures from Landsat TM data, as described by
Weyermann and Fassnacht (2000) and Fassnacht and others
(n.d.). Canopy cover was mapped by using continuous
values from 0 to 100 in 1-percent increments. For 7 of the
9 physiographic provinces, average tree size was mapped
in 1-in diameter classes from 0 to 75 in. This continuous
format allows maximum flexibility for end usersto re-
group the data for their specific applications. In two pro-
vinces (Eastern Cascades Oregon and Eastern Cascades
Washington), sample sizes were insufficient to detect a
significant relationship between the remotely sensed vari-
ables and tree size. In other words, there was too much
variability in the data to fit regression models with accept-
able r values. Therefore, average tree size was mapped in
wider classintervals for Eastern Cascades Oregon (0-4.9,
5-9.9, 10-19.9, 20-29.9, and 30+ in) and Eastern Cascades
Washington (0-4.9, 5-9.9, 10-19.9, and 20+ in), by using a
supervised classification approach.

For al provinces mapped by IVMP, a second iteration
of modeling was performed for improving classification
of the average-tree-size attribute. This was because for all
provinces, a proportion (up to 30 percent in some prov-
inces) of the potentially forested land was impossible to
map into continuous average-tree-size classes by using the
regression modeling approach. In most cases, these difficult
cases were in forested areas without an adequate spectral
signal of visible tree crowns resulting from one of several
common conditions: either they were recently regenerated
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clearcuts, green-tree retention cuts, or they were naturally
open stands with scattered large trees and large confounding
soil signature. The last condition was most prevalent in the
Eastern Cascades provinces. Predictions for these areas
were outside the reasonabl e range of the model, so the
regression results were deemed unacceptable for these
areas. A subsequent analysis was performed to reclassify
these unknowns into broad average-tree-size classes (0-9.9,
10-19.9, 20-29.9, and 30 in and larger) by using a super-
vised cluster-busting classification approach. The propor-
tion of potential forest for which average tree size could not
be mapped was subsequently reduced to 5 percent or less of
the forested area within each province.

Forest canopy layering refers to the vertical stratifica-
tion of tree heightsin aforest stand, classed in our analysis
as either single-storied (stands having a tree canopy of
uniform height) or multistoried (stands with two or more
distinct tree canopies). Canopy layering was modeled
following methods outlined in appendix 2. Reference data
were the number of canopy layers computed from CV S plot
data on Forest Service and Bureau of Land Management
lands by using the Forest Vegetation Simulator (Crookston
and Stage 1999). Canopy layering could not be mapped for
two provinces (Oregon Willamette Valley and Washington
Western Lowlands) because of insufficient inventory plots.
The methods for modeling canopy layering differed sub-
stantially from those used in the cover and tree-size predic-
tions, in that the modeling unit was the vegetation polygon
rather than the individual pixel. Vegetation polygons were
deemed more appropriate than individual pixels as the base
unit for prediction, because canopy layering is naturaly a
stand-scal e rather than pixel-scale phenomenon. Result-
ing canopy layering predictions for polygons were then
resampled at the 25-m (82-ft) pixel scale so that they could
be processed in combination with tree-size and cover data
from the other IVMP map layers.

Classification and Assessment with Landsat of Visible
Ecological Groupings (CALVEG)—

Existing vegetation for Northwest Forest Plan monitoring
in northwestern Californiais derived from California’s
wildland vegetation classification system, known as the

Classification and Assessment with Landsat of Visible
Ecological Groupings, or CALVEG (USDA Forest Service
1981, 20004). Remote sensing specialists at Forest Service-
Region 5 conducted the CALVEG project in cooperation
with the U.S. Fish and Wildlife Service, California Depart-
ment of Fish and Game, California Department of Forestry
and Fire Protection, Bureau of Land Management, National
Park Service, California State Parks, and Humboldt State
University. Unlike IVMP, CALVEG did not have itsorigin
within the Northwest Forest Plan monitoring program. In-
stead, the attributes needed for monitoring and meeting the
Vegetation Strike team standards for effectiveness monitor-
ing (table 2) (Askren and others 1995, 1996) were derived
from the existing CALVEG data (Schwind and others
1999). These standards ensured that the resulting data
developed by CALVEG in Californiawould be compatible
with IVMP datain Washington and Oregon for planwide
analysis. This compatibility was deemed essential to the
ability to analyze the map data consistently despite differ-
ences in methodol ogies, mapping approaches, and resolu-
tion of map products. Many other attributes besides those
listed above were classified for CALVEG map units but
were not used in the Northwest Forest Plan monitoring
analysis, and therefore are not mentioned here.

The following description highlights the features of
CALVEG methods and map products that are most impor-
tant in the monitoring analysis. Additional details are
discussed in Schwind and others (1999). All CALVEG map
data and supporting documentation are available online at
http://www.fs.fed.us/r5/rdl/projects/mapping/.

Existing vegetation attributes derived from CALVEG
for monitoring were average topstory tree size, canopy
closure by life form, and canopy layering. CALVEG shares
many important similarities in methodology with the IVMP
project, as well asimportant differences. It classified exist-
ing vegetation from Landsat TM imagery (image dates were
al from 1994—app. 1). The classification accuracies result-
ing from the 1994 data were checked, and some map labels
were adjusted by using 1998 imagery (app. 1). Reference
data for training the classification were map notes and aerial
resource photos rather than inventory plot data. CALVEG
map units differed in spatial resolution from [VMP map
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units. CALVEG was a stand-based map, with vegetation
polygons created through an image segmentation process
to aminimum mapping unit of 2.5 ac (1 ha). The resulting
vegetation polygons were labeled according to average
topstory tree size (0-4.9, 5-11.9, 12-19.9, 20-29.9, and >30
in), canopy closure (10-percent classes), and canopy
layering (single- or multistoried) by using a combination

of modeling, supervised classification, and unsupervised
classification methods. Note that there isaminor inconsis-
tency in CALVEG size classes relative to the Vegetation
Strike Team classes. CALVEG uses a breakpoint at 12 in
instead of 10 in. In our analysis, map units labeled as 5-11.9
in were put in the <10-in class (table 1), and map units
labeled 12-19.9 in were put in the 10-19.9-in class (table 1).
Because the older forest definitions used in this analysis
begin at 20 in, this discrepancy was not considered to be a
major problem because it only pertained to classes not
considered to be older forest. It should not therefore affect
the estimates of older forest amounts. (It would, however,
bias the small-diameter classes overestimating amountsin
classes 2 through 4, and underestimating amounts in classes
5 through 10 in table 1).

Central to the CALVEG approach was the creation of
stand-based polygons systematically derived from Landsat
TM imagery (Schwind and others 1999). V egetation poly-
gons were generated by an image segmentation based on
spectral similarity (Ryherd and Woodcock 1990) by using
an algorithm by Frew (1990). The result was alayer of
uniquely identified stands or regions that corresponded to
intuitively recognizable landscape patterns. Classification
and modeling of thematic attributes were performed sepa-
rately and hierarchically for each additional attribute. Can-
opy closure was modeled by using the Li-Strahler canopy
model (Li and Strahler 1985). The Li-Strahler model gener-
ates a continuum of values for each stand ranging from O
to 100 percent. Continuous crown closure values were sub-
sequently collapsed into 10-percent cover classesin the
final CALVEG coverage (Schwind and others 1999).

Tree size was classified as a function of modeled crown
width by using iterative unsupervised classification of the
Landsat TM band data. The relationship between crown size
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and tree diameter for major forest typesin California
(Warbington and Levitan 1993) was used to infer stem
diameter classes from mapped crown width classes for each
tree type. Tree diameter classes were subsequently devel-
oped to be consistent with the Vegetation Strike Team class
boundaries for average tree size (with the exception of the
12-in class break noted above (Schwind and others 1999).
A two-class attribute for canopy layering (single- vs. multi-
storied) was spatially modeled with vegetation type, tree
size, and canopy closure as inputs (Schwind and others
1999).

Accuracy Assessment of Existing Vegetation
Maps

Assessment of amap’s accuracy isimportant for informing
users of the map’s quality and, consequently, its suitability
for intended uses. Both CALVEG and IVMP employed a
quantitative comparison of predicted values or classes of
sites on the map against independent reference observations
for the same sites on the ground. The reference values are
considered to be “truth” (Congalton and Green 1999).

For each map, three accuracy values are reported. Over-
all map accuracy is the proportion of correct classifications
across al classes. For specific classes, two other types of
accuracy are useful for helping the map user understand the
quality of the classification. Producer’ s accuracy isthe
probability that a reference observation on the ground has
been correctly classified on the map (summarizing errors of
exclusion), and user’s accuracy is the probability that a unit
classified on amap actually represents that class on the
ground (summarizing errors of inclusion). For further
explanation, see app. 3.

IVMP map accuracies—

The IVMP accuracy analysis used atraditional error matrix
approach to calculate the proportion of reference plots that
were correctly classified on the map. It weighted overall
accuracy, user’s accuracy, and producer’ s accuracy by the
sampling probabilities of reference plots (app. 3) (Browning
and others 2002a, 20033, 2003b, 2003c, 2003d; Fassnacht
and others, n.d.; O'Neil and others 20013, 2002a, 2002b).
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A subset of inventory plots (about 25 percent, or 2,800)
was reserved from the plot data used for modeling and
classification to provide independent reference data for
IVMP map accuracy assessment. Reference plots were
systematically located across the area to be mapped by
IVMP. Quantitative accuracy assessments were performed
for percentage of canopy cover (conifer, nonconifer, and
total vegetation), average tree size, and canopy layering.

The accuracy assessment documentation reported
IVMP map error for the data collapsed into the following
classes. 20-percent classes for cover; 0-4.9, 5-9.9, 10-19.9,
20-29.9, 30-49.9, and 50+ in diameter for average tree size;
and two classes of canopy layering (single- or multistoried).
In addition, accuracies were reported for wider classes for
cover and average tree size. Accuracies reported for a two-
class average-tree-size map analysis (0-19.9 vs. 20 in and
greater), corresponding to the threshold used to distinguish
young forest classes from older forests, are reported in
appendix 3. Cover values reported in three classes (0-39,
40-69, and 70-100 percent), are also repeated here (app. 3).

Overall map accuracies for I'VMP ranged from about
61 to about 87 percent for average tree size mapped into
less than 20 vs. 20 in and larger (app. 3, table 1). These
values are within the ranges of 60- to 80-percent classifica-
tion accuracies commonly reported for mapping forest
structure attributes from satellite data (see, for example,
Moody and Woodcock 1995, Peterson and others 1999).
There is considerable variation in accuracy among indi-
vidual size classes, and between provinces. Usually, but not
always, classification results are better for the <20-in class
than for the >20-in class. Low user’s accuracies were ob-
tained for the >20-in class for Washington Eastern
Cascades, Oregon Klamath, and Washington Western
Lowlands, and low producer’s accuracies for Washington
Eastern Cascades, and Washington Western Lowlands (app.
3, table 3-1). These values warrant a closer look at the effect
of base map errors on conclusions drawn from older forest
maps derived from these data. The subject istreated in
greater detail in the “Older Forest Map Accuracy Assess
ment” section and in the “Discussion” section. Overall map
accuracies for three canopy cover classes range from about

57 to 79 percent (app. 3, table 3-2). The two-class canopy
layering map (single- and multistoried) had overall map
accuracies ranging from 50 to 87 percent (app. 3, table 3-3).

CALVEG map accuracies—

An independent subsample of some 1,250 field reference
plots was used for CALVEG map accuracy assessment in
the Northwest Forest Plan area (app. 3) (Franklin and others
2001, Milliken and others 1998, http://www.fs.fed.us/r5/rsl/
projects/mapping/accuracy.shtml). The CALVEG analysis
reported quantitative accuracy assessments for life form
categories, tree size classes, and tree canopy closure classes.
Overall map and class accuracies reported for CALVEG
atttributes include both nonfuzzy (strictly correct or incor-
rect—"Max") and fuzzy rating values. Observations having
afuzzy rating of 3 or better were considered correct
(“Right”). Overall map accuracies for CALVEG tree size
ranged from 68 to 78 percent when using the fuzzy ap-
proach and 42 to 60 percent when using the Max approach
(app. 3, table 3-4). For canopy closure, they ranged from

75 to 83 percent correct when using the fuzzy approach

and 49 to 68 percent when using the Max approach

(app. 3, table 3-5). The IVMP and CALVEG methods
evaluated accuracies for different class widths. For example,
CALVEG used an error matrix with six classes, rather than
the two classes reported by IVMP (<20 in versus>20 in).
Because CALVEG size classes are narrower, classification
errors calculated for them are inherently higher. For this
reason, direct comparison between the magnitudes of IVMP
and CALVEG accuracy values was not possible. However,
given differences in classification and map assessment
approaches, resulting accuracies appear comparable for
CALVEG and IVMP. Note also that CALVEG map

project areas do not correspond directly with physiographic
provinces used in Northwest Forest Plan monitoring.

Maps of Older Forests

We recombined the thematic data from 1VMP and
CALVEG to map all 22 classes shown in table 1. This pro-
duced a continuous map for the Plan area showing existing
forest vegetation for all lands mapped by average topstory
tree size, percentage of canopy cover, canopy layering, and
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life form (conifer, deciduous, or mixed). Then we produced
three older forest maps corresponding to the “medium and
large older forest,” “large, multistoried older forest,” and
“older forest with size indexed to potential natural vegeta-
tion type” definitions. The “medium and large” older forest
map consists of the total amount mapped as classes 11-22 in
table 1. The “large, multistoried” older forest map consists
of the total amount mapped as classes 20-22 in table 1. The
“older forest with size indexed to potential natural vegeta-
tion zone” map uses size classes with breaks shown in table
3. Each of the three map rules had a canopy cover threshold
of at least 10 percent (Hemstrom and others 1998) to assure
the presence of aminimally forested condition. Forest-
capable areas with canopy cover less than 10 percent were
classified as “ potential forest” (that is, capable of being
forested, but presently nonstocked), regardless of average
tree size.

These maps were essential to the monitoring analysis.
They were the basis for estimates of older forest amounts at
the start of the Plan (expressed as the percentage of forest-
capable area occupied by older forest). They were combined
with other spatial datato examine older forest distribution
by province, land use allocation, natural vegetation commu-
nity, and fire regime. We also used these maps to analyze
the degree of fragmentation between older forest patches.
And finally, other monitoring programs used the IVMP and
CALVEG existing vegetation data to create maps of habitat
suitability for northern spotted owls (Lint 2005) and mar-
bled murrelets (Huff, in press). The combination of older
forest maps and their habitat counterparts presents a much
more complete picture of the status of the older forest net-
work and its contribution to habitat maintenance than would
be available if no spatial datawere available.

Older Forest Map Accuracy Assessment

There is asaying attributed to statistician George Box that,
“all models are wrong; some models are more useful than
others.” Using satellite imagery to model vegetation struc-
ture is a common practice for producing maps for the
purpose of displaying general patterns and differencesin
vegetation conditions. In fact, there are few aternativesif a
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wall-to-wall map is needed. However, it isimportant to
reemphasize that the older forest maps are models that
contain prediction error. Given that knowledge, satellite
imagery can yield useful results for characterizing forest
structure.

We quantified the classification accuracies of the
three older forest maps by using an error matrix approach
to compare the proportion of map units labeled as older
forest compared to reference values, for each of the three
definitions. The reference observations were the more than
7,000 Current Vegetation Survey and Forest Inventory and
Analysis plots on Forest Service and Bureau of Land Man-
agement lands (table 6). We computed the accuracy within
each province map and across the combined provinces.
Three provinces did not have a sufficient number of re-
ference plots to quantify map accuracy (California Coast
Range, Oregon Willamette Valley, and Washington Western
Lowlands). To perform the accuracy assessment, we inter-
sected inventory plot locations with the older forest map and
compared the class label from the map with the class label
derived from the inventory measurements. For each defini-
tion, we compared two classes—"older forest,” and “not
older forest.” For aplot on the map to be labeled “older
forest,” more than half of the 13 pixels composing the 1-ha
(2.47-ac) plot had to be in the older forest class; otherwise
the entire plot on the map was labeled “not older forest.”
Reference values for average topstory tree size, percentage
of canopy cover, and canopy layering were calculated from
attributes of the inventoried tree list. Based on the results,
the reference plot was assigned alabel of either “older
forest” or “not older forest.”

The map accuracies are reported in table 6. Map
quality, as assessed by overall map accuracy, within-
class producer’s accuracy (the probability that a reference
observation on the ground has been correctly labeled on the
map) and within-class user’s accuracy (the probability that a
unit labeled on a map actually represents that class on the
ground) varied greatly by province and by older forest
definition.

Overall map accuracy of the “medium and large” older
forest map (the proportion correctly labeled by using “older
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Table 6—Accuracy assessment of older forest maps

Older forest class Not older forest class _Test of HO: k=0
Province N Producer’'s  User’'s Producer’'s  User’'s Overall k Z Pr>Z7
—————————————— Percent- - - - —————————

Medium and large older forest definition
California Cascades 130 65.8 39.1 67.5 86.2 67.1 0.27 286.2 <.0001
Cdlifornia Coast Range 3 — — — — — — — —
CaliforniaKlamath 527 70.9 51.9 64.4 80.3 66.7 0.33 653.4 <.0001
Oregon Coast Range 751 725 80.1 87.6 82.2 815 0.61 7355 <.0001
Oregon Eastern Cascades 640 316 35.2 90.9 89.5 82.8 0.23 287.5 <.0001
Oregon Klamath 990 69.2 48.0 74.2 875 72.9 0.38 556.7 < .0001
Oregon Western Cascades 1,945 76.2 68.8 73.3 79.9 74.6 0.49 980.4 <.0001
Oregon Willamette Valley 5 — — — — — — — —
Washington Eastern Cascades 858 11.3 85.3 99.7 87.6 87.5 0.17 412.7 <.0001
Washington Olympic Peninsula 260 77.3 70.4 83.2 87.6 81.2 0.59 423.4 < .0001
Washington Western Cascades 1,068 733 62.6 73.7 82.1 73.6 0.45 7215 <.0001
Washington Western Lowlands 0 — — — — — — — —

Northwest Forest Plan 7,177 68.6 59.6 78.2 84.1 75.1 0.45 1962.3 <.0001
Older forest with sizeindexed to vegetation zone
California Cascades 130 52.0 40.1 58.9 98.8 58.8 0.01 27.0 <.0001
Cdifornia Coast Range 3 — — — — — — — —
CaliforniaKlamath 527 77.2 53.9 54.8 96.1 56.8 0.11 355.1 <.0001
Oregon Coast Range 751 67.1 75.1 87.1 93.0 83.8 0.48 586.7 < .0001
Oregon Eastern Cascades 640 40.2 30.2 85.9 93.2 81.6 0.20 251.2 <.0001
Oregon Klamath 990 55.4 43.0 76.1 96.0 74.7 0.13 2525 <.0001
Oregon Western Cascades 1,945 69.1 64.8 74.2 88.4 73.0 0.37 769.4 <.0001
Oregon Willamette Valley 5 — — — — — — — —
Washington Eastern Cascades 858 33.9 81.3 874 95.1 84.0 0.14 218.7 <.0001
Washington Olympic Peninsula 260 77.8 65.1 89.4 96.3 87.8 0.56 410.5 <.0001
Washington Western Cascades 1,068 75.8 61.1 74.1 93.3 74.5 0.37 632.7 <.0001
Washington Western Lowlands 0 — — — — — — — —

Northwest Forest Plan 7,177 67.0 59.6 734 93.6 72.6 0.25 1271.8 <.0001
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Table 6—Accuracy assessment of older forest maps (continued)

Older forest class Not older forest class Test of HO: k=0
Province N Producer’'s  User’'s Producer’'s  User’'s Overall k Z Pr>27
—————————————— pPercent -————————————
Large multistoried older forest definition
Cdlifornia Cascades 130 0.0 0.0 96.1 96.7 93.1 -0.04 -35.4 <.0001
Cdifornia Coast Range 3 — — — — — — — —
CaliforniaKlamath 527 25.2 22.6 91.4 924 85.4 0.16 306.3 <.0001
Oregon Coast Range 751 56.0 351 854 93.2 817 0.33 411.3 <.0001
Oregon Eastern Cascades 640 20.2 11.1 99.0 99.5 98.5 0.14 174.7 <.0001
Oregon Klamath 990 53.9 18.2 81.8 96.8 834 0.20 342.8 <.0001
Oregon Western Cascades 1,945 424 30.2 87.5 92.2 82.3 0.25 517.1 <.0001
Oregon Willamette Valley 5 — — — — — — — —
Washington Eastern Cascades 858 0.0 0.0 99.0 99.6 98.6 -0.01 -8.9 <.0001
Washington Olympic Peninsula 260 43.3 40.0 92.6 93.5 87.6 0.35 247.7 < .0001
Washington Western Cascades 1,068 53.3 294 88.0 95.3 85.0 0.30 501.6 <.0001
Washington Western Lowlands 0 — — — — — — — —
Northwest Forest Plan 7,177 41.3 26.7 90.9 95.1 87.2 0.26 1146.1 < .0001

Note: N = number of reference observations.

Producer’s accuracy is the probability that a reference observation on the ground has been correctly classified on the map, and user’s accuracy is the probability that a unit classified on
amap actually represents that class on the ground.

Kappais atest statistic for verifying that agreement between older forest map and reference values exceeded chance levels.
Medium and large older forest map—minimum 10-percent canopy cover, minimum average tree size 20 in (quadratic mean diameter), single- or multistoried canopies.
Older forest with size indexed to vegetation zone—minimum 10-percent canopy cover, minimum average tree size varies by vegetation zone.
Large, multistoried older forest—minimum 10-percent canopy cover, minimum average tree size 30 in, multistoried canopy.
— = not enough reference plots available (<5) to calculate accuracies for California Coast Range, Oregon Willamette Valley, or Washington Western Lowlands.
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forest” versus “not older forest” classes) was about 75 per-
cent for al provinces combined, and all province maps were
at least two-thirds accurate, overall (table 6). Producer’s
accuracies were above 50 percent for the older forest class
for all provinces but two. In the Eastern Cascades provinces
of Oregon and Washington, the low producer’ s accuracy
indicated alow probability of correctly mapping the older
forest class. Low user’s accuracies in the California
Cascades, Eastern Cascades of Oregon and Washington,
and the Oregon Klamath indicated that many areas mapped
as older forest were in fact misclassified on the map. The
implication of these classification errorsis that the older
forest class will tend to be underpredicted compared with
reference values in these provinces. The effect of the error
depends on the use made of the results. Although the true
magnitude of the error is unknown, it can be reasonably ap-
proximated with the values from the quantitative accuracy
assessment. We did this by bracketing the amounts of older
forest obtained from the maps by the magnitude of the
inaccuracy in the error matrix. In our subsequent discus-
sion of results, we make every effort to disclose the obvious
inaccuracies in results, and what effect they might have on
conclusions drawn from those results.

Map accuracy results for the definition known as “ older
forest with size indexed to potential natural vegetation
zone” were similar in pattern to the mapping errors for the
“medium and large” older forest map (table 6). Overall
accuracies were between 57 and 89 percent (73 percent for
the range). In terms of magnitude, producer’s and user’s
accuracies were alittle worse than for the “medium and
large” older forest map. For the same provinces noted
above, there was less than a 50-percent chance that a pixel
identified on the map as older forest was actually older
forest (user’s accuracy). On the other hand, more than
two-thirds of older forest reference values were correctly
labeled on the map (overall producer’s accuracy equaled
67 percent).

The ability to correctly map the older forest class
according to the “large, multistoried” older forest defini-
tion was lowest of the three definitions (table 6). Overall
accuracies were between 82 and 99 percent (87 percent

for the range), but the high overall accuracies reflected the
predominance of reference values (93 percent) that were
“not older forest.” In that map, map units labeled as “older
forest” were correctly labeled less than half thetimein
every province.

For any of the definitions, the “not older forest” class
was classified correctly more often than the “ ol der forest”
class. Thisresult was expected, because the mgjority of re-
ference values were “not older forest” for each of the defini-
tions (68 percent for “medium and large,” 87 percent for
“size indexed to potential natural vegetation zone,” and 93
percent for “large, multistoried”). In other words, the pro-
bability of getting a correct classification strictly by chance
is proportional to the presence of the class in the population.
To protect against good classification accuracies being due
to random chance, we used a kappa statistic for verifying
that agreement between older forest map and reference
values exceeded chance levels. We did not use kappa for
quantifying strength of agreement, a practice that is very
controversial. Thisis because the test of the proportion of
times that map and reference values would agree by chance
aoneisonly relevant if the values are independent—which
clearly they are not. Therefore, we report only the signifi-
cance of the test of the null hypothesis that there is no more
agreement between the map and reference values than might
occur by chance given random guessing, rather than the
absolute values of kappathemselves. An excellent primer
on appropriate use of the kappa statistic can be found online
(http://ourworl d.compuserve.com/homepages/j suebersax/
kappa.htm). For all but two combinations of older forest
definitions and provinces, the kappa statistic showed that
there was better than random agreement between reference
and map values (table 6). The exceptions were those pro-
vinces with weakest map results noted above—California
Cascades and Washington Eastern Cascades for the “large
multistoried” map (both had negative kappa values). No
reference values labeled as “large multistoried” older for-
est in these provinces were predicted by the map to be that
class. We expected this result, because there were very few
reference plots with average tree size 30 in and greater, the
cutoff for the “large multistoried” older forest definition.
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Only 3 percent of reference plots were classified as “large
multistoried” older forest in California Cascades, and less
than 1 percent in Washington Eastern Cascades. With such
small reference values in the population, the chance of
misclassification is very high.

In summary, the “medium and large” older forest clas-
sifications were the most accurate maps, and they were most
accurate for the coastal provinces and western Cascades
provinces. Some improved accuracies were gained by the
eastern Cascades provinces and Klamath provincesin the
“older forest with size indexed to potential natural vegeta-
tion zone” map as compared with the “medium and large”
map. As expected, the “large multistoried” map was least
accurate in the eastern Cascades provinces, and to some
extent the Klamath provinces. Finally, we conducted one
final assessment of the maps, by comparing the amounts
(total acres) of older forest estimated by the maps, with
acres estimated by using the plot data, for the portions of
the landscape that had adequate inventory plot samples.
This approach and its results are discussed in subsequent
sections.

Landscape Patterns

Along with older forest amounts, the importance of land-
scape patterns of older forests was also recognized in the
Plan. Using the older forest maps created from remotely
sensed data, we assessed the distribution and degree of frag-
mentation of older forests within the federal landscape. We
used FRAGSTATS (McGarigal and Marks 1995) to deter-
mine the size, number, spatial arrangement, and isolation of
mapped blocks of older forests.

We evaluated the fragmentation metrics of contiguous
blocks of older forest of any size, and al blocks of at least
1,000 ac. The particular metrics we chose were related dir-
ectly to Plan expectations for connectivity (see sidebar 1):

» Distribution of older-forest blocks smaller than
1,000 ac.

» Distribution of older-forest blocks larger than
1,000 ac.

*  Mean edge-to-edge distance between older-forest
blocks larger than 1,000 ac.
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e Proportion of adjacent physiographic provinces
connected with large ol der-forest blocks.

We mapped the largest blocks, calculated both within
individual provinces, and across the entire Plan area. The
latter allowed us to examine the arrangement of large ol der-
forest blocks that cross physiographic province boundaries.

The resolution of a map influences the definition of a
patch (block). The area defined as a contiguous forest block
depends both on the grain size of a map and on the connec-
tion rules that determine whether or not adjacent map ele-
ments are considered to be contiguous (that is, part of the
same block). The influence of these factors on fragmenta-
tion measurements has received much attention in the
landscape ecology literature, but there has been little agree-
ment on the best approach. Generally, landscape ecol ogists
agree that the scale of analysis should be matched to the
scale of the phenomenon of interest (see, for example, Spies
and others 1994).

Older forests in Oregon and Washington were mapped
from the IVMP datato a pixel size of 25 m (82 ft on aside
or 0.15 &c); in California, the minimum polygon resolution
mapped from CALVEG was 100 m (328 ft on aside or 2.47
ac). In conducting the block analysis, we converted the
California map from polygons into a raster data set of 100-
m cells. Then we resampled the Oregon and Washington
maps from 25-m cells to 100-m cellsto match the California
maps by using a majority aggregation rule. We confirmed
that although this aggregation reduced the number of small
patches of older forests on the landscape in the Oregon and
Washington portion, the overall area of older forests and the
number of large blocks was nearly identical at the two grain
sizes. In addition to alowing direct comparison between the
three states, the use of acommon 100-m cell size also
dramatically reduced computation time.

In combination with cell sizes, we also tested two
connection rules for combining adjacent cells. One rule
considered a cell that was older forest to be amember of a
block if at least one of the eight surrounding cells was also
older forest. In the other rule, a neighboring older forest cell
had to be connected at one of the four cardinal directions
(that is, directly to the north, east, south, or west, and cells



Northwest Forest Plan—The first 10 years (1994-2003): Status and Trend of Late-Successional and Old-Growth Forest

on the diagonal were not considered). The more liberal
eight-neighbor connection rule resulted in block sizes
weighted more heavily toward small size classes and

linear map features compared with the more restrictive four-
neighbor connection rule. We found that using a combina-
tion of a 100-m cell with an eight-neighbor connection rule
produced results that were not very different from using a
25-m cell and afour-neighbor connection rule. That is, the
use of alarger grain size and more liberal connection rule
tended to offset using a smaller grain size and more restric-
tive connection rule, and the resulting maps appeared very
similar. Therefore we conducted the fragmentation analysis
by using the eight-neighbor rule.

Plot Analysis Methods

In addition to constructing and analyzing older forest maps,
we also conducted a statistical analysis of older forest
amount and distribution by using detailed ground inventory
data collected in the Northwest Forest Plan area. Mapped
data are conducive to characterizing spatial patterns of older
forest on the landscape. However, the inherent inaccuracy
of vegetation maps derived from remotely sensed data re-
duces thereliability of acreage estimates made from them.
A map accuracy value of two-thirdsis considered realistic
for maps derived from satellite imagery (although we
always strive for higher accuracies). Fortunately, we also
had data from arigorous, statistically robust sample of for-
ests on lands managed by the Forest Service in Oregon,
Washington, and California, and Bureau of Land Manage-
ment in Oregon. We used these data to estimate the acres,
and confidence bounds around the acres, of federal land
occupied by older forest. Unfortunately, the inventory data
available for the monitoring analysis did not sample the
complete population of federal lands affected by the Plan.
However, for those lands that were sampled, the acreage
estimate is both more accurate and more precise than
estimates derived from the map data. Thus, on portions of
the Plan area containing inventory samples, the plot data
gave us another independent means for confirming the map
estimates of older forest.

Inventory Data Sources

Plot data used in this report came from three agency inven-
tory programs—Current Vegetation Survey administered
by the Forest Service in Region 6 (Max and others 1996;
USDA Forest Service 1998, 2001), Current Vegetation
Survey administered by Oregon Bureau of Land Manage-
ment (Max and others 1996, USDI Bureau of Land Manage-
ment 2001), and Forest Inventory and Analysis adminis-
tered by Forest Service-Region 5 (USDA Forest Service
2000b). Each inventory program maintains a collection of
permanent sample plots installed on a systematic grid across
the land the agency manages. The three inventory programs
have subtle differences in sample design but have signifi-
cant, common features that make the data very useful for
monitoring analysis.

A 3.4-mi grid sampleis common to al the inventories,
resulting in a sampling intensity of about 1 plot for every
7,400 ac. In Washington and Oregon, the CV'S sampling
intensity is increased fourfold on nonwilderness lands
(one plot every 1,850 ac) (fig. 6). The plots are installed
by using arotating panel system. The sampling design is
to remeasure every plot on a 10-year (for Forest Inventory
and Analysis plots) or 12-year (for CV'S plots) periodic
cycle. Remeasurement produces information that can be
used to analyze the amount of change in vegetation between
measurement cycles.

Each inventory plot sasmples a 1-ha (2.47-ac) area.

Five sample points are installed within each plot with nested
concentric subplots that sample different components of
vegetation (fig. 7). Sample measurements are recorded for
individual trees, snags, and logs on sample points. Each
full plot has an area-expansion factor, and each point re-
presents one-fifth of the total area-expansion factor. In the
monitoring analysis, we exploited the sampling variability
inherent in this 5-point design to compute a nonparametric
confidence envelope around each acreage estimate. Confi-
dence intervals were constructed by using a stratified two-
stage bootstrapping routine that resamples inventory data
from sample points by using a Monte Carlo approach pro-
grammed by one of the authors (J. Alegria). Bootstrapping
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Inventory Plots

® CVS or FIA plot

Agency
Bureau of Land Management-Oregon
Forest Service-Region 5
Forest Service-Region 6

Physiographic Provinces

N
0 25 80 100 150 200 Miles w 7~ E
s
0 40 80 160 240 320 Kilometers

Figure 6—Current Vegetation Survey (CVS) and Forest Inventory and Analysis (FIA) plots. The FIA plots are
installed on a 3.4-mi grid on lands administered by Forest Service-Region 5. The CVS Plots are installed on a
3.4-mi grid on wilderness lands administered by Forest Service-Region 6 and Bureau of Land Management-Oregon.
On nonwilderness lands in Washington and Oregon, there is one plot every 1.7 mi.
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133.9-ft
(40.81-m)

0.19 ac (0.076 ha)
51.1-ft (15.6-m) radius

0.04 ac (0.017 ha)
24.0-ft (7.3-m) radius
51.1-ft (15.6-m) transect
0.01ac (0.004 ha)
11.8-ft (3.6-m) radius

\
185.1-ft
(56.42-m)

2.47 ac (1ha)
185.1-ft (56.42-m) radius

Figure 7—Generalized layout of Current Vegetation Survey (CVS) plot showing five sampling points

on a 1-hafull plot (from Max and others 1996).

isawell-accepted statistical approach for exploiting avail-
able sampling data to increase precision of estimates (Efron
and Tibshirani 1993). In our approach, each first-stage boot-
strap sample consisted of n, randomly selected sample plots
with replacement from each of the h strata to produce one
bootstrap estimate. The strata were land allocation groups,
or reserve categories (table 5), within physiographic prov-
inces. This computation was repeated 1,000 times. For each
first-stage sample plot, five sample points were randomly
selected with replacement from among the possible sample
points. The results were adjusted by using the bias-corrected
and accelerated method (Bc,) as detailed in Efron and

Tibshirani (1993). Confidence intervals were calcul ated
at the 90-percent value for all acreage estimates.

Data from all plots within the Plan area from the three
inventories were combined into a master database. Just as
with the map data, the primary attributes compiled from the
inventory data used to assess forest condition were average
topstory tree size, percentage of canopy closure, canopy
layering, and life form, as per table 1. Average tree size
was calculated as the quadratic mean diameter of al trees
on the sample point having dominant or codominant
crowns. Computing the average size for treesonly in the
upper story produces a size metric that closely parallels the
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average tree size measure modeled by the existing vegeta-
tion maps based on remotely sensed information. Canopy
closure and canopy layering were compiled by processing
the tree data from each sample point through the Forest
Vegetation Simulator (Crookston and Stage 1999, Dixon
2003, Teck and others 1996, Wykoff and others 1982).

The Forest Vegetation Simulator reports canopy closure in
1-percent increments from O to 100, and canopy layering as
the number of canopy layers present (0 = non-stocked, 1 =
single-storied, >2 = multistoried). Life form was determined
by calculating the proportion of total canopy closure ac-
counted for by conifers versus hardwoods: 80 percent or
more of total canopy cover in conifers was classified as

conifer-dominated, 80 percent or more of total canopy cover

in hardwoods was classified as deciduous, otherwise was
classified as mixed (table 1).

Once the plot data were compiled, each sample point
was assessed for its membership in each of the older forest
classes (“medium and large older forest,” “large, multi-
storied older forest,” and “older forest with size indexed to
potential natural vegetation zone”). All available plots were
included, even if they were nonforested. The attributes of
nonforested plots resulted in alabel of “potentially forested”
(table 1). Then the total acres represented by sample points
meeting each older forest definition were summed by prov-
ince and land allocation group. A bootstrap estimate of
sampling variance was cal culated around each estimate and
used to construct 90-percent confidence limits.

The inventory data were also analyzed to address the
monitoring question about structural and compositional
characteristics of older forests—large-tree diameters, can-
opy structure, snags, and logs (see sidebar 2). This analysis
followed the accuracy assessment of the older forest maps.
Samples that were labeled as “older forest” both on the map
and on reference plots were assigned to one class. Samples
that were labeled as “ not older forest” both on the map and
on reference plots were assigned to another class. Samples
with conflicting plot versus map labels were dropped from
the analysis. Then we computed means and confidence
intervals for the following attributes by the two classes for
each older forest definition:
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Average size (quadratic mean diameter) of topstory trees

Average age of topstory trees

Average number of canopy layers

Density of trees (trees per acre) in several size classes
(3-9.9, 10-19.9, 29-29.9, and 30+ in)

Snag densities (snags per acre) in 3-9.9, 10-29.9, and
30+ in diameter classes

Tons per acre and cubic foot volume per acre of logs.

A practical discussion of the inventory data—
It isimportant to point out that amounts of older forest,
whether determined from map data or from plot data, are

Late-seral

Early-seral Mid-seral

Forest structure can be characterized by attributes such as tree sizes
and canopy layering.

estimates. They are models of what we can infer about

the resource, given the best available information. How-
ever, al sources of information have flaws. Some are
known, and some are unknown. We know the map data
isinherently limited in accuracy owing to the imprecision
of the classification of remotely sensed data, and the varia-
tion in actual conditions that cannot be captured adequately
by map models. The plot datais collected according to a
sample design that meets rigorous statistical assumptions,
with a sampling intensity intended to capture important
variation in the population. Thus sample datayield an
unbiased estimate of the population. However, even plot
data have limitations that must be disclosed in analyses and
results. The major limitation affecting use of plot data for
the monitoring analysisis that the data we used did not, at
the time, sample the total population of federally managed
lands included in the Northwest Forest Plan area. Current
Vegetation Survey and Forest Inventory and Analysis plots
sampled only lands managed by Forest Service-Region 6,
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Bureau of Land Management-Oregon, and Forest Service-
Region 5. Together these lands accounted for 90 percent
of the Plan total federal land area. At the time of the inven-
tory, there were no samples installed on National Park
Service lands (Park Service lands accounted for about 9
percent of the total federal land base).1 Data from Bureau
of Land Management-Californialands (about 1 percent

of the total) were not included either.2 Thus our statistical
estimates excluded Park Service and Bureau of Land
Management-Californialands. National parks do contrib-
ute significantly to the older forest network on federal
land, because they make up alarge portion of the congres-
sionally withdrawn land allocation (wilderness in national
forests is the other significant component of congression-
ally withdrawn lands). However, the Plan does not and
cannot influence management of national parks (USDA
and USDI 1994b). Although having missing datais never
desirable, our plot analysis does cover all but 1 percent

of land (that is, on Bureau of Land Management land in
California) where scheduled timber harvest must be con-
sidered in the range of management alternatives. All our

" There were no inventory plots on national park land at the time
of the Northwest Forest Plan implementation. Forest Inventory
and Analysis has recently begun sampling al ownerships,
including national park land, as a component of their National
Strategic Inventory program (http://www.fs.fed.us/pnw/fial
publications/fieldmanuals.shtml). This national annual inven-
tory began in 1999 in California, followed by Oregon in 2000,
and Washington in 2001. According to this schedule, the first
installation on national park lands in the Plan areawill be
completed in 2009-11. Thus, most of the inventory information
for national parks will be available for analysis in the next
monitoring cycle ending in 2009.

z On Bureau of Land Management land in California, there
were 15 sample plots belonging to the periodic inventory (3in
the California Cascades province, 7 in the Coast Range, and 5
in the Klamath). The periodic inventory became obsolete with
the advent of the national annual inventory, and we decided that
no periodic data would be used in this monitoring analysisin
order to avoid problems associated with differencesin sample
design and compatibility with the other inventories. Besides, the
vast mgjority of lands sampled by Forest Inventory and Analysis
plots at the start of the Plan were in state and private owner-
ships, and these lands were not afocus of the status and trends
monitoring program. As with the Park Service land, data on
Bureau of Land Management land in Cdliforniafrom the
national annual inventory will be included in the next
monitoring cycle.

plot-based results are therefore applicable only to Forest
Service-Region 6, Bureau of Land Management-Oregon,
and Forest Service-Region 5.

On federal ownerships that were sampled, data were
incomplete owing to the fact that some plots could not be
measured. For example, where access is hazardous, such as
on rock piles, glaciers, or even on the other side of alarge
river with no bridge crossings, it may have been impossible
toinstall a plot. These uninstallable plots represented a cer-
tain number of acres for which no information was known
about the conditions on the ground. Of the approximately
22.3 million ac of public land administered by Forest
Service-Region 5, Forest Service-Region 6, and Bureau of
Land Management-Oregon, 90 percent was represented by
asample (table 7). The remaining 10 percent of land had
plots allocated, but not installed, usually because of access
issues. A notable exception was in the Washington Eastern
Cascades province. On the Wenatchee National Forest in
that province, one-quarter of CV'S plots were missing from
the first measurement occasion because of contractor default
(http:/iwww.fs.fed.us/ré/survey).

The unmeasurable areas pose an obvious problem for
reporting population estimates of older forest amounts. We
made the assumption that most area not sampled because
of hazardous access is from a different statistical population,
that is, usually permanently nonforested and therefore not
capable of supporting older forest. Thisis alegitimate as-
sumption for most, but not all, conditions where plots were
not installed because of access problems. We recognize that
we may have slightly underestimated older forest area based
on this assumption, but argue that the discrepancy is small
enough to be discounted.

The year of installation and initial measurement for the
inventory plots used in the monitoring analysis ranged from
1993 to 2001 (table 8). We used all sample plots measured
during the initial measurement occasion to represent condi-
tions at or near the start of the plan. More than 90 percent
of samples were collected within a 5-yr period around Plan
implementation (from 1993 through 1998). In the long term,
monitoring results should not be very sensitive to variation
caused by sampling information collected over arange of
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Table 7—Distribution of acres sampled by inventory plotsin the Northwest Forest Plan area

Per centage

Province Sampled Not sampled Total sampled

——————————— Acres——————————— Percent
California Cascades 1,005,900 98,900 1,104,800 91.1
California Coast Range 73,800 6,900 80,700 91.5
California Klamath 3,908,000 470,100 4,378,200 89.3
Oregon Coast Range 1,403,100 84,200 1,487,300 94.3
Oregon Eastern Cascades 1,537,400 93,200 1,630,600 94.3
Oregon Klamath 2,102,700 93,100 2,195,800 95.8
Oregon Western Cascades 4,238,900 220,500 4,459,400 95.1
Oregon Willamette Valley 13,800 0 13,800 100.0
Washington Eastern Cascades 2,600,900 769,000 3,369,900 77.2
Washington Olympic Peninsula 588,300 42,600 631,000 93.2
Washington Western Cascades 2,617,100 347,800 2,964,900 88.3
Washington Western Lowlands 0 0 0 0.0
Northwest Forest Plan 20,090,000 2,226,300 22,316,300 90.0

Note: Includes Current \ egetation Survey plots on Forest Service-Region 6 and Bureau of Land Management-Oregon lands and Forest

Inventory and Analysis plots on Forest Service-Region 5 lands.

Table 8—Acres sampled on inventory plots during
the first measurement occasion

Area Per centage
Y ear sampled of total
Acres Percent
1993 855,800 4.3
1994 2,644,900 13.2
1995 4,515,300 225
1996 6,720,900 335
1997 2,198,000 10.9
1998 1,292,000 6.4
1999 281,400 14
2000 971,300 4.8
2001 610,400 3.0
Tota 20,090,000 100.0

years. Also, use of all occasion-one inventory datato com-
pile the Plan baseline establishes a monitoring approach
into the future. Our monitoring protocol calls for remeas-
ured plots to be used for change estimation by assigning
them to the correct 5-yr monitoring cycle, disregarding
the specific year they were remeasured.
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Trend Analysis: Forest Disturbance Map
Methods

Assessing changes over time in older forests under the Plan
is atwo-step process. First, baseline conditions must be
established, and second, there must be a means for tracking
changes to the baseline. We analyzed changes by using both
plot (table 9) and mapped data (table 10). Remote sensing of
changes allows examination of substantial changes in forest
vegetation over space and time. Related spatial analysis,
such as comparison of rates of harvest activity by owner-
ship, or fire occurrence trend by physiographic setting, are
possible with this type of spatial information. Information
from remeasured inventory plotsis a better source of data
than are maps for assessing subtle vegetation change (for
example, resulting from understory disturbance that does
not disturb the canopy, or from forest growth and develop-
ment).

In this section, we describe how disturbance maps
developed from remotely sensed data were used for tracking
losses of older forests since the start of the Plan.
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Table 9—Distribution of remeasured plot data

Area Per centage of

Period remeasur ed area by period
Years Acres Percent
1 623,000 6.7
2 1,080,500 116
3 1,252,300 134
4 2,371,600 254
5 2,981,000 319
6 342,600 3.7
7 402,400 4.3
8 284,700 3.0
9 1,500 0.0
Tota 9,339,600 100.0

Note: Period is the number of years between initial measurement and
remeasurement. The mean remeasurement period, weighted by acres, is
4.08 years.

Table 10—Summary of change cyclesin the remote
sensing change-detection analysis

Area Period
Cadlifornia
CALVEG baseline 1994

Change-detection cycles:

North Coast project area 1994-1998
1998-2003
Cascade Northeast 1994-1999
1999-2003
Washington and Oregon
IVMP Baseline:
2 scenes 1992
1 scene 1994
1 scene 1995
13 scenes 1996
Change-detection cycles:
Oregon 1995-2000
2000-2002
Washington 1996-2000
2000-2002

Remotely Sensed Change Detection

We used information from broad-scale remote-sensing
disturbance-mapping projects to assess loss of older forest
in the first decade after the Plan. As was done for mapping
existing vegetation attributes from IVMP and CALVEG,
data were drawn from two separate projects—onein

Washington and Oregon, and another in California. In the
approach used in Washington and Oregon, the type of
change detection we conducted for monitoring was sensi-
tive to land cover changes resulting from regeneration
harvest (that is, clearcutting), land use conversion (e.g., for-
ested land cleared for nonforest use), and wildfire severe
enough to remove the forest canopy. It was not sufficiently
sensitive to reliably detect less severe disturbances that did
not remove the canopy, such as partial harvest, thinnings,
or groundfires. Mortality associated with insect and disease
damage was not detectable either unlessit resulted in full
canopy removal. In the California approach, changes were
mapped according to magnitude (amount of canopy change)
aswell as direction (decrease or increase). In other words,
the California methodol ogy was sensitive enough to detect
partial change. However, for this monitoring assessment,
we resorted to the least-common-denominator use of the
remotely sensed change-detection data: that is, mapping
stand-replacing disturbances, only.

Old-growth ponderosa pine
in eastern Oregon

In general terms, the approach used in remotely sensed
change detection analyzes spectra differencesin paired
satellite images captured at multiyear intervals (Cohen and
Fiorella 1998; Cohen and others 1998, 2002; L evien and
others 1998, 1999). Disturbances severe enough to remove
the existing canopy appear as clearly demarcated events
in multitemporal imagery, and are easily mapped with a
high degree of accuracy (fig. 8). The causes of change
are labeled by integrating information from other data
sources like aerial photos, agency activity records, and
fire perimeters.
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Harvest 1988-91

Harvest 1991-95

Figure 8—Schematic of remotely sensed
change-detection approach using simultaneous
image differencing (Cohen and others 2002).

Change detection in Washington and Oregon—
In Washington and Oregon, a change-detection project
was undertaken to support the late-successional and old-
growth forest monitoring analysis. We mapped stand-
replacing disturbances resulting from fire and harvest in
the Washington and Oregon portion of the Plan area (fig.
9). The analysis built upon earlier research that had mapped
disturbances in western Oregon between 1972 and 1995
(Cohen and Fiorella 1998; Cohen and others 1998, 2002).
Using this groundwork, we extended the methodology in
time (from 1972 through 2002) and in space (encompass-
ing the complete Plan areain Washington and Oregon).
The Oregon and Washington disturbance map resulting
from the change-detection project covers a 30-year span,
from 1972 through 2002. Although we report results only
for the decade after the Plan in this document, other publica-
tionsin preparation will include a retrospective comparison
of rates of change in the decades preceding the Plan and
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after the Plan on both public and private lands (Haynes and
others, in press; Healey and others, n.d.).

The change-detection project in Oregon and
Washington used a technique called composite analysis,
where imagery from several time steps was georegistered
and stacked into a single multitemporal image that was then
classified in away that highlighted forest loss in specific
time intervals. Methodological details and results for West-
ern Oregon through 1995 have been published by Cohen
and others (2002). We used Landsat TM and Enhanced
Thematic Mapper (ETM+) imagery, converted to asingle
spectral band per year by using the disturbance index trans-
formation (Healey and others 2005). This transformation
maximizes the spectral separation of disturbed and undis-
turbed forest pixels. Change was detected in each Landsat
scene by submitting multitemporal disturbance index com-
posites to a maximum likelihood-based supervised classifi-
cation. Training of this classification was accomplished by
using Landsat data transformed with the disturbance index
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Stand-Replacing Disturbances

Oregon and Washington i . =
I cut 1995 (or 1996)-2002 ' '
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Figure 9—Disturbance map for Northwest Forest Plan monitoring. Washington and Oregon was mapped by Healey and
others (n.d.); California was mapped by Levien and others (2003a, 2003b).

Continues

Continue to Part B 39
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Return to Part A

(Healey and others 2005) and tasseled cap transformations
(Crist and Cicone 1984, Kauth and Thomas 1976). Cohen
and Fiorella (1998) and Cohen and others (1998) found
tasseled-cap-transformed data to be nearly equivalent to
aerial photography for identifying stand-replacing distur-
bance. Postprocessing involved passing a majority 3- by 3-
pixel filter over the image and automatically eliminating
patches of less than 5 ac to remove false change caused by
image misregistration. Some manual cleanup was also
employed, and disturbances owing to fire were distin-
guished from those owing to harvest by using rules based
on size and shape of disturbance. Other disturbance agents
(landslide, rivercourse change) were explicitly excluded

from the map by using hand editing.

Change detection in California—

Changes to older forests within the Plan area in California
were mapped as part of the California Land Cover Map-
ping and Monitoring Program (Levien and others 1998,
http://frap.cdf.ca.gov/projects/land_cover/index.html). We
used information from three portions of this program in our
trend analysis. These were the Cascade Northeast project
area, mapped between 1994 and 1999 (Levien and others
2003a), the North Coast project area, mapped between
1994 and 1998 (Levien and others, 2003b), and the com-
bination of these project areas mapped through 2003
(table 10). Data from these three projects were combined
and clipped to the Plan boundary in California for analysis
(fig. 9).

The California change-detection project used Landsat
TM imagery to classify vegetation change. Briefly, the
methodology followed these main steps: registration of
images from times 1 and 2; radiometric correction to re-
move differences in atmospheric conditions; analysis of
tasseled cap differences between the two dates; classifying
the magnitude and direction of change into several catego-
ries, from large decreases in vegetation to large increases in
vegetation; and labeling the cause of change. A more de-
tailed description of the change-detection procedures can
be found in Levien and others (1998, 1999, 2003a, 2003b).

In California, vegetation change was mapped in cat-

egorical decrease and increase classes. We used only the
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class labeled as “large decrease” (71 to 100 percent de-
crease in canopy cover) in our monitoring assessment. This
class paralleled the stand-replacing disturbance class
mapped in Oregon and Washington project areas (that is,
disturbances that result in more or less full removal of the
existing tree canopy). In the California change map, we
eliminated mapped changed patches less than 5 ac, to be
consistent with the mapping resolution in Washington and

Oregon.

Disturbance map accuracy assessment—

In California, Forest Inventory and Analysis plots were
used as reference values to assess the accuracy of the dis-
turbance maps. Error matrices summarizing absolute and
fuzzy accuracies were constructed, similar to the methods
described for assessing the CALVEG maps (app. 4). In
Washington and Oregon, quality of the disturbance maps
was assessed by using visual pixel-level interpretation of
the original Landsat imagery, as described in detail by
Cohen and others (1998, 2002).

Stand-replacing disturbances are typically large,
demarcated events that are readily detected with remote
sensing. This is reflected in high overall accuracy values.
Accuracies range from about 78 percent to greater than 90
percent in mapping stand-replacing disturbances (Cohen
and others 1998, 2002; Healey and others in press; Levien
and others 2003a, 2003b). The results are summarized in
appendix 5.

Trend Analysis: Remeasured Plot Data
Methods

The analysis of older forest change with inventory plots as
the data source complemented the analysis of change that
used remote-sensing change-detection maps. Remeasured
plots were used to assess net change, including vegetation
decreases from partial disturbance such as surface fires

or thinning harvest, as well as increases resulting from re-
growth following stand disturbance and recruitment into
older forest classes from younger classes. Change estimates
made from plot data have the disadvantage that they are
nonspatial data, and thus gain and loss estimates from
them cannot be displayed easily on a map. Plots represent-

ing approximately 47 percent of inventoried area had been
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sampled a second time by the time this change analysis was
conducted (table 9). The remeasurement period (number of
years between the first and second measurements) averaged
4.08 years across the Plan area.

We used the remeasured plot data to estimate rates of

change in forest vegetation classes in the following manner.

Each remeasured sample was assigned to one of two size
classes (<20 in or 20 in) at each measurement occasion.
The 20-in class is equivalent to our “medium and large”
older forest class. Then a matrix was constructed summariz-
ing transitions between classes. Values in the matrix were
acres annualized by dividing by the length of the interval
between remeasurements, in years. We calculated the per-
centage of samples moving between size classes as an
annual rate of change, R, weighted by acres sampled,

by using the formula,

e A,
251 ;

=1 1
R =100 ———*

where

11 is the number of remeasured sample plots,

A, is the sampling weight in acres for plot i,

P, is the length of the remeasurement period in years

for plot i,

1 if S, <20inand S; 220in

S -1 if S, 220inand S, <20in

0 otherwise s

STl and ST2 are size class at measurement times 1 and 2,

respectively.

The net transition rate was then applied to the baseline
estimate (that is, at time 1) of “medium and large older
forest” and extrapolated to a 10-year basis to estimate the
magnitude of acres transitioning into or out of “medium
and large older forest” between 1994 and 2003. This

approach assumes that average rate of change is constant
over the 10-year period. The estimate from the remeasured
plot approach represents net change resulting after losses

from fire and harvest and gains from growth.

Fire Regime Analysis

We analyzed the older forest baseline amounts against
coarse-scale information about fire regimes. In particular, we
were interested in the general distribution of older for-ests
mapped at the baseline within fire regimes. At one ex-treme,
historical fire regimes in the Plan area are characterized by
long fire-return intervals and stand-replacing fires (such as
in the Washington Olympic Peninsula province). At the
other extreme are provinces where historically, fre-quent
fires burned with low intensity (such as the Klamath
provinces). To analyze the distribution of baseline older
forests with respect to fire regimes, we grouped older for-ests
into broad climatic areas and fire regime classes based on
physiographic province and potential natural vegeta-

tion zone. Oregon Coast Range, California Coast Range,
Washington Olympic Peninsula, Oregon Willamette

Valley, and Washington Western Lowlands were placed

in the Coast climatic area, Washington Western Cascades
and Oregon Western Cascades in the West Cascades,
Washington Eastern Cascades, Oregon Eastern Cascades,
and California Cascades in the East Cascades, and Oregon
Klamath and California Klamath in the Klamath climatic
area. Vegetation zone groups were classed according to the
degree to which they represent naturally fire-adapted eco-
systems (that is, vegetation types that have evolved in con-
cert with frequent, low-severity fires). Interior Douglas-fir,
dry firs, dry/mixed conifers, oaks, pines, and tanoak/
Douglas-fir vegetation zone groups were categorized as “fire
adapted,” and all other vegetation zone groups were
categorized as “not fire adapted.” Then we calculated fire-
adapted acres of older forests by climatic area to broadly
assess older forest risk to wildfire.

We also intersected the older forest data with a map
showing the relationship between historical and current fire
regime (frequency and severity). Fire regimes and condition
classes for the Northwest Forest Plan area are displayed in
fig. 10 (Hardy and others 2001, Schmidt and others 2002).
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a) Fire Regime
0-35 yr frequency, low severity
[ 35-100+ yr frequency, mixed severity

b) Condition Class
Within historical range

[ Moderately altered

I significantly altered

Figure 10—Fire regime and condition class mapped for the Northwest Forest Plan area by Hardy and others
(2001) (http://www.fs.fed.us/fire/fuelman). See sidebar 4 for explanation of classes. There is considerable
controversy over the appropriateness of using the national classification for forests of the Pacific Northwest.

(See text for more discussion.)

The map, developed at the national scale, represents a
coarse-level view (1-km?®) (0.386-mi’) of the degree of de-
parture of current vegetation conditions from an historical
fire regime. Fire regime is the characteristic mix of fire
frequency and severity for a landscape of interest and is
heavily influenced by climate, soils, topography, and veg-
etation (Schmidt and others 2002). Condition class is a
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measure of departure from the historical range of seral
stages, fire frequency, and fire severity and can be described
as both a continuous and categorical variable. For ease of
communication, fire regimes and condition class are usually
expressed categorically. Condition class 1 areas are func-
tioning within the historical range. Condition class 2 and 3
areas are moderately or significantly altered from the

historical range, respectively.
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Sidebar 4—Interpreting Fire Regime Condition Classes

Fire regime condition classes measure the degree of departure from historical fire regimes, possibly resulting in

alterations of key ecosystem components (from Hardy and others 2001)

Historical Natural Fire Regime—fire frequency and severity
Fire frequency is the average number of years between fires.
Severity is the effect of the fire on the dominant overstory vegetation. Low-severity fires are fires in which >70 percent
of the basal area and >90 percent of the canopy cover survives. Mixed-severity: moderate effects on the overstory,

mixed mortality. Stand-replacement fires consume or kill >80 percent of basal area or >90 percent of overstory canopy

cover.
Code Description of historical natural fire regime

1 0-35-yr frequency, low severity

2 0-35-yr frequency, stand-replacement severity

3 35-100+ yr frequency, mixed severity

4 35-100+ yr frequency, stand-replacement severity
5 200+ yr frequency, stand-replacement severity
Interpretation:

1: Found in forests that experience frequent, low-severity, nonlethal surface fires.
2: Found primarily in grass and shrublands.

3,4, 5: Can occur in any vegetation type.

Condition class measures the degree of departure from historical fire regimes, possibly resulting in alterations of
key ecosystem components

Code Description of condition class

1 Fire regimes within or near historical range; risk of losing key ecosystem components is low.

2 Fire regimes moderately altered from historical range; risk of losing key ecosystem components
is moderate.

3 Fire regimes significantly altered from historical range; risk of losing key ecosystem
components is high.

0 Fire regimes unknown because of 1-km mapping resolution.

Interpretation:

1: Species composition and structure are intact and functioning within historical range. Where appropriate, these areas
can be maintained within the historical fire regime by treatments such as fire use.

2: Areas are moderately departed from historical conditions, often having missed at least one fire-return interval (or in
some ecosystems, experiencing fires more frequently than occurred historically). Fuels are often accumulating to
high levels in these areas. May need moderate levels of restoration treatments to be restored to historical regime.

3: Areas are greatly departed from historical conditions, often having missed two or more fire-return intervals, with
associated buildup of fuel. May need high levels of restoration treatments to be restored to historical regime. The
amount of effort to restore areas generally increases with condition class; for example, restoring condition class 3 to

2 will be more expensive and time-consuming than restoring from condition class 2 to 1.

43



GENERAL TECHNICAL REPORT PNW-GTR-646

The analysis using the national fire regime condition class
map should be viewed only as a rough first approximation
of the fire situation for older forests at the start of the Plan.
The map was based on a 1-km’ (0.386-mi’) resolution map
prepared for a quick national “snapshot” of conditions in
2000. Perhaps more importantly, this map shows fire
regimes influenced by all disturbances (not only fire),
including human-caused urban development, logging, and
agriculture. Areas with condition class 2 and 3 in western
Washington and northwest Oregon often result from pat-
terns of these human-caused disturbances, rather than
from fire suppression. Also, the national map is missing

a moderate- or mixed-severity fire regime class considered
prevalent in parts of the Plan area, especially in the
Cascades Range where the fire regimes are a complex
mixture of stand-replacing and low-severity fires (Agee
1993, 2003; Spies, in press). A later section in this report
touches on work in progress to improve fire regime and

condition class maps for the Pacific Northwest.

Results—Older Forests at the Start of the
Northwest Forest Plan

We mapped existing vegetation and older forest at the
beginning of the Plan from the satellite data. The distribu-
tion of forested land mapped by average topstory tree size,
canopy layering, and life form classes (table 1) is displayed
for the entire Plan area (all ownerships) in figure 11. Three
maps corresponding to the “medium and large older forest,”
“large, multistoried older forest,” and “older forest with size
indexed to potential natural vegetation zone” definitions
are displayed in figure 12. The older forest maps are
accessible online for readers wishing to view them with

additional resolution (http://www.reo.gov/monitoring/).

Older Forest Distribution

Estimates derived from the older forest maps showed that

the proportion of the federally managed land area occupied
by older forests at the start of the Plan ranged from 30 per--
cent of forest-capable area (7.04 million ac + 1.93 million ac)
by the “older forest with size indexed to potential natural

vegetation zone” definition, to 34 percent of forest-capable
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area (7.87 million ac + 1.96 million ac) by the “medium and
large older forest” definition (table 11). Twelve percent of
federal forest-capable land was occupied by “large, multi-
storied older forest” (2.72 million ac + 0.35 million ac). The
estimates of prediction error placed around the acres for each
older forest definition were based on within-province overall
map accuracies (table 6) by using the standard formula for the
variance of stratified sampling for proportions (Cochran
1977).

Distributions of “medium and large older forest” and
“older forest with size indexed to potential natural vegeta-
tion zone” were quite different (table 11). In general, apply-
ing the “medium and large” definition predicted relatively
more area occupied by older forests in the provinces west
of the Cascade crest, and relatively less area in the eastern
Cascades provinces when compared with predictions made
applying the “older forest with size indexed to potential
natural vegetation zone” definition. This was because the
constant average-tree-size criterion used in the “medium
and large older forest” definition (minimum 20 in) tended to
predict relatively lower amounts of older forest in potential
natural vegetation zones where forest productivity is natu-
rally low (for example, in the dry forests of the eastern
Cascades and at higher elevations), and relatively higher
amounts in very productive forests (for example, in moist
coastal forests). Areas predicted as occupied by “large,
multistoried older forest,” which is a subset of “medium
and large older forest,” were concentrated in the Oregon
and California Coast Range, Washington Olympic
Peninsula, Washington and Oregon Western Cascades,
and Oregon and California Klamath provinces.

Of the total amount of older forest in the Plan area,
about three-quarters was in the provinces of the Western
Cascades (Washington Western Cascades and Oregon
Western Cascades) and Klamath Mountains (Oregon
Klamath and California Klamath), by any of the defini-
tions (fig. 13). The Coastal provinces (Washington Olympic
Peninsula, Oregon Coast Range, and California Coast
Range) contained 24 percent of the total “large, multistoried
older forest” in the Plan area, 17 percent of total “medium

and large older forest,” and 14 percent of total “older forest
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Existing Vegetation at the Start
of the Northwest Forest Plan
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Figure 11—EXxisting vegetation at the start of the Northwest Forest Plan. Classes are mapped from IVMP and CALVEG
based on average tree size, canopy closure, canopy layering, and life form (see table 1 for code definitions).
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Medium and Large Older
Forest at the Start of the
Northwest Forest Plan

Older forest class

- Md & Lg older forest

I unclassified

Agency
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.~ National Park Service

e Physiographic Provinces

Figure 12a—OIder forests at the start of the Northwest Forest Plan mapped in accordance with the “medium and large
older forest” definition (minimum 10-percent canopy cover, average tree size >20 in, single- or multistoried canopies—
classes 11-22 in table 1). Based on IVMP and CALVEG data.
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Older Forest With Size
Indexed to Vegetation Zone
at the Start of the
Northwest Forest Plan
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Figure 12b—Older forests at the start of the Northwest Forest Plan mapped in accordance with the “older forest with size
indexed to vegetation zone” definition (minimum 10-percent canopy cover, average tree size varies by vegetation zone—
see table 3, single- or multistoried canopies). Based on IVMP and CALVEG data.
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Large, Multistoried Older
Forest at the Start of the
Northwest Forest Plan

Older forest class
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Figure 12c—OlIder forests at the start of the Northwest Forest Plan mapped in accordance with the “large, multistoried
older forest” definition (minimum 10-percent canopy cover, average tree size >30 in, multistoried canopy—classes 20-22 in
table 1). Based on IVMP and CALVEG data.
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Table 11—Percentage of forest-capable areas® on federally managed land from map of older forest by
definition

M&L definition Zone definition LMS definition
Total Blocks Total Blocks Total Blocks
older >1,000 older >1,000 older >1,000
Province forest acres forest acres forest acres
Percent
California
Cascades 36 23 37 26 2 0
Coast Range 47 29 41 26 21 13
Klamath 43 33 43 34 9 0
Total 42 31 42 32 9 1
Oregon
Coast Range 37 12 25 4 21 3
Eastern Cascades 15 4 19 9 2 0
Klamath 34 11 26 5 18 1
Western Cascades 44 33 35 24 17 2
Willamette Valley 25 0 15 0 0 0
Total 36 20 29 14 15 1
Washington
Eastern Cascades 5 0 12 3 0 0
Olympic Peninsula 43 31 33 23 20 6
Western Cascades 38 29 32 23 15 3
Western Lowlands 5 0 1 0 0 0
Total 26 18 24 15 10 2
Northwest Forest Plan 34 22 30 19 12 2
Older forest area 7,867,900 acres 7,038,300 acres 2,722,500 acres
(£ map prediction error)" (5,908,800 9,827,000) (5,110,300 8,967,600) (2,374,000 3,070,900)

Note: M& L = medium and large older forest—-minimum 10-percent canopy cover, minimum average tree size 20 in (quadratic mean
diameter), single- or multistoried canopies.

Zone = older forest with size indexed to vegetation zone—minimum [0-percent canopy cover, minimum average tree size varies by
vegetation zone.

L-MS = large, multistoried older forest—-minimum 10-percent canopy cover, minimum average tree size 30 in, multistoried canopy.
“Total forest-capable acres given in table 4.

”Based on map accuracy in table 6.
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Figure 13—Older forest on federally managed lands at the start of the Northwest Forest Plan. Each
chart shows the percentage of total older forest contained within each province (black bars) and
cumulative percentage (grey bars). Numbers in parentheses are the percentage of the total federal
forest-capable area accounted for by the province. Values were estimated from the map data.
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with size indexed to potential natural vegetation zone.” The
eastern Cascades provinces (Washington Eastern Cascades,
Oregon Eastern Cascades, and California Cascades) con-
tained 15 percent of total “older forest with size indexed

to potential natural vegetation zone,” 9 percent of total
“medium and large older forest,” and only 2 percent of total
“large, multistoried older forest.” Of the total older forest
acres, there was relatively more “older forest with size
indexed to potential natural vegetation zone” than “medium
and large older forest” in the Eastern Cascades, and rela-
tively less in the provinces along the Pacific coast and west
of the Cascade crest. There was very little federal older
forest land in either the Oregon Willamette Valley or
ashington Western Lowlands provinces, and thus very

little of the total older forest was accounted for in these
provinces.

We also examined the distribution across vegetation
zone groups (see fig. 4) of total area mapped according to
the “older forest with size indexed to potential natural veg-
etation zone” definition. Interior Douglas-fir and Pacific
silver fir zones had the highest proportion of older forests
(each with 18 percent of the total) (fig. 14). Older forest
in the Douglas-fir zone occurred in every physiographic
province but was concentrated in the Klamath provinces,
Western Cascades of Oregon, and Coastal California and
Oregon (fig. 15). Older forest in the Pacific silver fir zone
occurred predominantly in the Western Cascades and
Olympic provinces, and to a lesser degree in the Eastern
Cascades. The next highest proportions occurred in the dry
fir group (grand fir [Abies grandis (Dougl. Ex D. Don)
Lindl.], white fir [Abies concolor (Gord. & Glend.) Lindl.
ex Hildebr.], California red fir [Abies magnifica A. Murr.],
or Shasta fir [Abies magnifica A. Murr. var. shastensis
Lemm.]), and western hemlock zone, each making up
about 15 percent of the total older forest (fig. 14). The
western hemlock zone was limited in geographic extent
to Washington and Oregon. In those states, older forest
occupied large portions of the lowland western hemlock
zone in the Oregon Coast and Olympic provinces. Older
forest was also extensive in the upland western hemlock

zone in the Western Cascades, and in the Eastern Cascades

to a smaller extent. Older forest composed a major portion
of forest in dry fir types in the Oregon and California
Cascades (especially white fir and grand fir) and Klamath
(especially white fir and the red firs) provinces. Older forest
occupied 10 percent of forests in the mountain hemlock
zone, concentrated in the Cascades and Olympic provinces.
Older forest occupied less than 10 percent of forest in the
remaining vegetation zones.

The relative occurrence of older forest within land use
allocation groups (compare table 5) also differed with def-
inition type (fig. 16). There was 29 percent of the total
“medium and large older forest” in the matrix group (which,
remember, does include an unknown proportion of riparian
reserve), and only 24 percent of the total “large, multistoried
older forest” in the matrix group. Thus, older forest according
to the more restrictive definition (“large, multistoried™)
occurred in greater proportions in the late-successional re-
serve land allocations than in the matrix group. There was
very little difference between types in the administratively
withdrawn/congressionally reserved group. The distribution
of older forest with “size indexed to potential natural veg-
etation zone” was very similar to that for “medium and
large” older forest, and is not shown in fig. 16. Planwide,
every size and structure class composing “medium and large
older forest” occupied a higher proportion of land in reserve
allocations than in nonreserve allocations (fig. 17). Con-
versely, younger forests occupied a greater proportion in
nonreserved land than in reserved land allocations.

Within-province older forest map results are summa-
rized in a common set of figures (fig. 18). A key to the for-
mat of these figures is included prior to the province results.
Each set of charts summarizes the distribution of forest size
and structure classes for the province as a whole and by
land use allocation group. The four right-hand bars in fig.
18 (labeled M-SS, M-MS, L-SS and L-MS) equate to
classes 11-22 in table 1, and the sum of their percentages
equals the total percentage of “medium and large” older
forest in the province. The rightmost bar (L-MS) equates to
classes 20-22 in table 1 and is equivalent to the percentage
of “large, multistoried” older forest. Percentage of “older

forest with size indexed to potential natural vegetation
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Vegetation zone group
Vegetation Fire-
zone group prone Vegetation zones in group
Interior Douglas-fir Yes Douglas-fir (in Klamath and Cascades provinces)
Pacific silver fir No Pacific silver fir
Dry firs Yes Grand fir, White fir, California red fir, Shasta red fir
Western hemlock No Western hemlock
Mountain hemlock No Mountain hemlock
Dry mixed conifers Yes Shrub-steppe, Mixed conifer, Western juniper
Pines Yes Ponderosa pine, Pacific ponderosa pine, interior ponderosa pine,
Pacific ponderosa pine/Douglas-fir, Jeffrey pine, lodgepole pine,
knobcone pine, western white pine
Subalpine No Subalpine fir, California mixed subalpine, whitebark pine
Alpine parkland No Parkland-mountain hemlock, parkland-subalpine larch, alpine open
Tanoak/Douglas-fir Yes Tanoak, Tanoak/Douglas-fir/Pacific madrone
Coastal Douglas-fir No Douglas-fir, Pacific Douglas-fir (in coastal provinces)
Redwood No Redwood
Sitka spruce No Sitka spruce
Oaks Yes California black oak, California coast live oak, canyon live oak,
Oregon white oak, gray pine/blue oak
Riparian hardwoods  No Cottonwood/willow, red alder

Figure 14— Distribution by vegetation zone group of “older forest with size indexed to vegetation zone” on federally
managed lands at the start of the Northwest Forest Plan. Values were estimated from the map data.
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Figure 15—Area of “older forest with size indexed to vegetation zone” at the start of the Northwest Forest
Plan. Values were estimated from the map data.
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10 H a L 1 storied” older forest. Land allocation group defini-
tions: late-successional reserve group (LSR+); ad-
5 B B 1 | ministratively withdrawn/congressionally reserved
0 . . group (AW/CR), and matrix group (MAT+). See table
LSR+ AW/CR MAT+ LSR+ AW/CR MAT+ 5 for individual land use allocations included in
groups. Values were estimated from the map data.
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Figure 17—Distribution of federal forest-capable land in the Northwest Forest Plan area by size

and structure classes in reserved and nonreserved allocations (table 5). UnCl = unclassified; PF =
potential forest (canopy closure <10 percent); SS = seedling/sapling (average tree size <10 in); Sm =
small (10< average tree size <20 in); M-SS = medium, single-storied (20< average tree size <30 in);
M-MS = medium, multistoried; L-SS = Large, single-storied (average tree size >30 in); L-MS =
large, multistoried; Total Med&Large = (M-SS + M-MS + L-SS + L-MS).
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Figure 18a—Key to graphs of percentage of federal forest-capable area occupied by vegetation size and structure classes within
physiographic province at the start of the Northwest Forest Plan. Values are estimated from the map data. See table 5 for individual

land use allocations included in groups.
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zone” is reported in the upper right-hand corner of each
chart in figure 18. Note that in each chart, a small propor-
tion of acres are shown as “unclassified.” This number
represents forest-capable land for which the thematic data
required for classification of a map unit was missing, as dis-
cussed previously in the section titled, “Classification of
Existing Vegetation.” For example, there were always a
small number of IVMP pixels or CALVEG polygons in
which average tree size could not be reliably modeled. As
a result, these pixels or polygons could not be assigned to
a vegetation size class. The amount ranged from none of the
landscape in Oregon Eastern Cascades, to 15 percent of the
landscape in Washington Eastern Cascades.

Although generalizing the results across physiographic
provinces is somewhat difficult, there are interesting pat-
terns shown in figure 18. For example, multistoried classes
(labeled M-MS and L-MS) constituted most of the “medium
and large” older forest in most provinces. In the coastal
provinces (California Coast Range, Oregon Coast Range,
Oregon Klamath, and Washington Olympic Peninsula),
the large, multistoried class (L-MS) tended to dominate
the older forest classes. With respect to land use allocation
groups (see table 5), generally the province charts verified
that there was a higher proportion of older forest in reserve
group allocations than in nonreserve group allocations in
every province. Younger forests (those in seedling/sapling
(SS) and small (Sm) classes tended to occupy a larger
proportion in the matrix group than in the fragmented
administratively withdrawn/congressionally reserved or
late-successional reserves groups. Still, “medium and large
older forest” occupied nearly one-third of forest-capable
area in the matrix group in several provinces. The provinces
with the highest proportion of “medium and large older for-
est” in matrix group lands were Oregon Western Cascades
(38 percent), California Klamath (35 percent), Oregon
Klamath (33 percent), and Washington Western Cascades
(31 percent). California Cascades, California Coast Range,
and Oregon Coast Range followed closely, with 29 percent
of federal forest-capable area in “medium and large older

forest.” The eastern Cascades provinces in Washington and

68

Oregon each contained about the same percentage of
“medium and large older forest” in the nonreserve alloca-
tions as in the reserve allocations. The Olympic province
had a much lower percentage of “medium and large older
forest” allocated to the nonreserve class (16 percent) than
the reserve classes (43 percent).

Table 12 shows the acres of land and percentage of
area occupied by “medium and large older forest” on
Department of Defense and Fish and Wildlife Service lands
within the Plan area. Together, these lands account for less
than seven-tenths of a percent of the federal land base, and
contain an estimated 30,700 ac of “medium and large older
forest.” Because these lands are not covered by the Plan,

they are not discussed further in this report.

Older Forest Statistical Estimates

Figure 19 displays the acres of older forest estimated from
inventory plot data for the three older forest definitions. The
values are smaller than the values reported from the map
analysis because they reflect only sampled areas on Forest
Service-Region 5, Forest Service-Region 6, and Bureau

of Land Management-Oregon lands. The estimates do not
include older forests on National Park Service or Bureau

of Land Management-California lands, because we did not
have sample data from these lands.

Relative amounts of older forest estimated from plot
data were consistent with relative amounts estimated from
the map analyses (compare fig. 20, ‘ALL’ category, with
fig. 13). Differences generally were accounted for by the
differences in the populations represented by the two esti-
mates. For example, because Park Service lands (which
have a congressionally reserved land use allocation) were
not represented in the inventory sample, the plot versus map
estimates for the land allocation group labeled, “administra-
tively withdrawn/congressionally reserved,” were quite dif-
ferent in provinces with a large proportion of Park Service
lands.

For the “medium and large older forest” definition, we
compared estimates of older forest amounts made from the

plot data versus the map data for the lands represented by
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Table 12—Forest-capable area of land managed by Department of Defense and Fish and
Wildlife Service and portion that is medium and large older forest

Department Fish & Wildlife
of Defense Service

Province Total Older forest Total Older forest
Acres Acres  Percent Acres Acres  Percent
California Coast Range 22,300 1,800 8.1 100 0 0.0
Oregon Coast Range 700 100 14.3 0 0 0
Oregon Western Cascades 0 0 0 100 0 0.0
Oregon Willamette Valley 0 0 0 19,100 1,000 5.2
Washington Eastern Cascades 0 0 0 6,900 200 2.9
Washington Olympic Peninsula 0 0 0 100 0 0.0
Washington Western Cascades 100 0 0.0 600 100 16.7
Washington Western Lowlands 110,300 27,100 24.6 8,100 200 2.5
Northwest Forest Plan 133,400 29,000 21.7 35,000 1,500 4.3
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Figure 19—Area of older forest estimated from inventory plot data at the start of the Northwest
Forest Plan.The values are smaller than those reported from the map analysis because they reflect
only sampled areas of Forest Service-Region 5, Forest Service-Region 6, and Bureau of Land
Management-Oregon lands. The estimates do not include National Park Service or Bureau of
Land Management-California lands. Bootstrapped confidence intervals were estimated from
40,995 individual sample points. Older forest definitions: M&L = medium and large older forest;
Zone = older forest with size indexed to vegetation zone; L-MS = large, multistoried older forest.
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Figure 20a—Area of older forest by province and land allocation group estimated from
inventory plot data. Results represent sampled areas only on lands administered by Forest
Service-Region 6, Forest Service-Region 5, and Bureau of Land Management-Oregon. LSR+ =
late-successional reserve group, AW/CR = administratively withdrawn/congressionally reserved
group, MAT+ = matrix group, ALL = all allocations combined. See table 5 for individual land
use allocations included in groups.
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Figure 20b—*"“Older forest with size indexed to vegetation zone” definition.
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Figure 20c—*‘Large, multistoried older forest” definition.

inventory plots. Comparison of exact estimates derived
from map analysis and plot analysis was a bit of apples and
oranges, because the land base in the two estimates was not
strictly comparable. The statistical estimates represented an
unbiased estimate of acreages for the sampled lands
(National Park Service and Bureau of Land Management-
California are not included in the statistical estimates). The
maps covered all ownerships within the Plan area, but their
accuracy was more difficult to quantify. There was good
temporal correspondence between the map and plot data.
That is, the map was created from satellite imagery col-
lected between 1992 and 1996 (table 10), and the statistical
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Large snags and complex canopy layering in an old-
growth western hemlock/Douglas-fir forest
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Figure 21a—Comparison of map estimates and statistical estimates from plots for “medium and large older forest” area sampled on lands
administered by Forest Service-Region 6, Forest Service-Region 5, and Bureau of Land Management-Oregon. Closed circles = total acres
from the plot analysis with 90-percent confidence interval bars computed from a bootstrap variance. Open circles = total acres from the map
analysis with map error bars estimated from the map accuracy assessment. See table 5 for individual land use allocations included in reserve

and nonreserve categories.

estimate was developed from inventory plots measured
between 1993 and 2001 (table 9). Although a formal com-
parison of the estimates is not statistically valid, a result of
consistency between them would lend additional evidence
that the older forest maps represent an accurate baseline for
the Plan. If the evaluation revealed inconsistencies between

the estimates, we would at the least have information about

where the maps were weak and be able to assess the effect of
the inaccuracies on our interpretations of the results.

We plotted the population estimates and the 90-percent
confidence intervals for the amount of older forest estimated
from the plot data in figure 21. We plotted the acreage esti-

mates for the same area derived from the maps (with map

73



GENERAL TECHNICAL REPORT PNW-GTR-646

iforni California Klamath

o California Cascades 2,500 -
_— _ ® Plot estimate @ ® Plot estimate

4 — 2,000 h —
g 00 O Map estimate g O Map estimate
© e C hio q
h-] k-] .
- : t
& 300 @ 1,500
3 3
= ' L] = ' ;
e -
@ 200 T $ 1,000 +
5 L T 5 I
= —
5 { 5 1
° °
6 100 6 500 E J_

0 0
All lands Reserve Nonreserve All lands Reserve MNonreserve
- California Coast Range
® Plot estimate
— 40 = —
3 O Map estimate
b
7] s
©
g 30 =
[+
wn
=
o
)
» 20 @
o Q
]
. I o
o 1 I Y
0 t
All lands Reserve Nonreserve

Figure 21b— Comparison of map estimates and statistical estimates from plots for “medium and large older forest,” California provinces.
Closed circles = total acres from the plot analysis with 90-percent confidence interval bars computed from a bootstrap variance. Open circles =
total acres from the map analysis with map error bars estimated from the map accuracy assessment. No reference plots were available in the
Coast Range to assess the map’s accuracy; confidence bounds shown for the Coast Range reflect accuracies for the state of California.

Figure 21c— Comparison of map estimates and statistical estimates from plots for “medium and large older forest,” Oregon provinces. Closed
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circles = total acres from the plot analysis with 90-percent
confidence interval bars computed from a bootstrap variance. Open
circles = total acres from the map analysis with map error bars
estimated from the map accuracy assessment. A single reference plot
was available in the Willamette Valley to assess the map’s accuracy;
confidence bounds shown for the Willamette Valley reflect
accuracies for the state of Oregon.

Figure 21d— Comparison of map estimates and statistical estimates
from plots for “medium and large older forest,” Washington
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provinces. Closed circles = total acres from the plot analysis with 90-percent confidence interval bars computed from a bootstrap

variance. Open circles = total acres from the map analysis with map error bars estimated from the map accuracy assessment. There

was less than 100 acres in the Washington Western Lowlands province, so the results are not displayed.

Figure 22a—Distribution of older-forest blocks at the start of the Northwest Forest Plan estimated from the map data. M&L = medium and
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errors estimated from the map accuracy assessment) along-
side the plot-based estimates. We called the estimates
consistent if the map error bars overlapped the confidence
interval from the plot-based estimate.

Estimates of “medium and large older forest” acreages
developed from statistical analysis of the inventory plot
data on Forest Service-Region 5, Forest Service-Region 6,
and Bureau of Land Management-Oregon lands were
consistent with the amounts estimated by the map analysis
at the regional scale, and also at the state level (fig. 21). At
the province scale, the map-based and plot-based estimates
were consistent, with the following exceptions. Mapped
acres derived from the IVMP mapping approach in the east-
ern Cascades provinces of Oregon and Washington were

underestimated compared with plot values (the map error

bars were below the 90-percent lower confidence boundary).

These two provinces were the map project areas where the
relationship between average tree size in the training data,
and spectral variables from the satellite data were so weak
that the standard modeling protocol was deemed inad-
equate (see the section on IVMP earlier in this report).
Instead of fitting regression models in these provinces,
average tree size was mapped by traditional classification
methods. Still, there were almost no observations with
average size over 20 in on which to base the classification.
Thus, the resulting maps predicted very little “medium and
large” older forest.

There are different ways of quantifying the magnitude
of the underestimate. One is to compute the relative
differences between the population estimates. For example,
the underestimate appears to be about one-third of the total
in the Oregon Eastern Cascades province (that is, the map
estimated 217,800 ac, versus the plot estimate of 316,200
ac), or about 98,000 ac total (28,000 ac on nonreserve lands
and 70,000 ac on reserve lands). In the Washington Eastern
Cascades province, this method leads to an underestimate
of about two-thirds (163,500 map-based ac versus 425,300
plot-based ac), for 262,000 ac total (77,000 ac on non-
reserve lands and 185,000 ac on reserve lands). An equally
valid alternative is to look at the difference between the
lower plot confidence limit and the upper map error bar.

By this method, the underestimate for the Oregon Eastern

Cascades province is about 24,000 ac total, and for the
Washington Eastern Cascades, about 193,000 ac total. It
is clear that there is a large underestimate of older forest
acres in the eastern Cascades provinces (via the mapping
method), but the precise value of the underestimate is
unknown from our current data—it is likely to be in the
200,000- to 300,000-ac range. However, the implication is
clear that relying strictly on the map estimates will prob-
ably lead to misinterpretations of amounts and patterns of
older forests predicted in the eastern Cascades provinces. In
the results that follow, we will continue to provide remind-

ers that the estimates are low in these provinces.

Older Forest Landscape Patterns

The frequency distribution of older-forest block sizes was
reverse J-shaped (fig. 22). That is, the vast majority of con-
tiguous older forest patches were in blocks smaller than
1,000 ac, by any of the definitions. However, large blocks
(1,000 ac and larger) accounted for the majority of older
forest area according to the “medium and large older forest”
definition (65 percent of “medium and large” older forest
was in blocks >1,000 ac [table 11]) or “older forest with size
indexed to potential natural vegetation zone” definition (62
percent). However, blocks >1,000 ac accounted for only 13
percent covered by “large, multistoried” older forest.

Of “medium and large older forest,” very large (at
least 10,000 ac) and large (at least 1,000 ac) contiguous
older forest blocks were concentrated in the Western
Cascades, Klamath, California Cascades, and Olympic
Provinces (fig. 22, fig. 23a). Not surprisingly, these prov-
inces had the greatest proportion of land in contiguous
federal land ownership. Large blocks were relatively scarce
in the Eastern Cascades of Washington and Oregon even
though the proportion of federal land was high there. The
frequency and acreage of large blocks of older forests in
the eastern Cascades provinces is likely higher than shown,
because of the underestimate in the map results. In the re-
maining provinces (Oregon Coast, California Coast), large
blocks were scattered, primarily because in those provinces
contiguous blocks of federal land are separated by large
distances. The relative importance of large older-forest

blocks increased in the Eastern Cascades with use of the
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Figure 22b—Older forest blocks, California provinces.
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Return to Part B
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Figure 23a—Ol der forest blocks mapped according to ”medium and large older forest” definition
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Figure 23b—Older forest blocks mapped according to “older forest with size indexed to vegetation zone” definition.
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Figure 23c—Older forest blocks mapped according to “large, multistoried older forest” definition.
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“older forest with size indexed to potential natural
vegetation zone” definition, because this definition tended
to predict relatively more older forest acres there (fig. 23b).
Large blocks of “large, multistoried older forest” were only
mapped west of the Cascade crest (fig. 23c).

The average edge-to-edge distance between older-forest
blocks on federal 1ands regionwide was about 0.2 mi, and

older-forest blocks were common in al provinces (table 13).

The distribution of large blocks (at least 1,000 ac) varied
greatly by province and definition. For the “medium and
large” definition, older-forest large blocks were less than
about 3 mi apart, on average, in the Washington Olympic
Peninsula, California Klamath, Oregon Western Cascades,
Washington Western Cascades, Oregon Klamath, Oregon
Coast Range, California Cascades, and Oregon Eastern
Cascades. In the California Coast Range they were sepa-
rated by an average of 17 mi. They were nonexistent in
the Washington Eastern Cascades province. (Oregon
Willamette Valley and Washington Western Lowlands
provinces had very little federal ownership, and results
there are not discussed.) Patterns for “older forest with size
indexed to potential natural vegetation zone” were similar,
except in Washington Eastern Cascades. In that province,
separation distance for “older forest with size indexed to
potential natural vegetation zone” was less than 2 mi, on
average. The large block results for “large, multistoried
older forest” followed consistent, but more exaggerated
patterns (there were larger average distances between
blocks). Of the provinces west of the Cascades, large
blocks were separated by distances of greater than 10 mi
in both the California Klamath and Coast Range. Eastern
Cascades provinces had no older-forest blocks >1,000 ac.

Stand-Level Attributes of Older Forests

There were significant differences in the values of several
important structure and composition attributes between
sample plots labeled as “older forest” and sample plots
labeled “not older forests” (fig. 24). Older forest samples
had significantly larger average tree sizes, more complex
canopies, and older treesin every province for every older
forest definition. Differences between “older forests’ and

“not older forests’ were not as pronounced for amounts of
coarse woody debris (log biomass and log volume). Gen-
eraly, older forest samples had greater amounts of logs
than “not older forest” samples, with the exception of the
Washington Eastern Cascades and California Cascades
provinces, where some values were lower for some defini-
tions. Large live trees and large snags (=30 in) were more
numerous on “older forest” samples, and small trees and
small snags were more humerous on “not older forest”
samples. This quick two-class evaluation of the inventory
data holds promise that the variation inherent in important
structural characteristics of older forests can be assessed by
using the current plot-based approach.

Results—Older Forest Changes in the
First Decade of the Northwest Forest Plan

Harvest and Fire Losses (Disturbance
Map Analysis)

Using results of the remote-sensing change-detection
analysis, we estimated that about two-tenths of one per-
cent of “medium and large older forest” (16,900 ac) was
removed by regeneration harvest (that is, clearcutting) in
the first decade after the Plan was implemented (table 14).
There was a map error rate between about 7 and 12 percent
around this estimate (app. 5). About 89 percent of regenera-
tion harvests occurred on land allocated to matrix/riparian
reserves or adaptive-management area (seven-tenths of a
percent of “medium and large older forest” in the matrix
alocation group was harvested). Oregon experienced the
most cutting, about 11,900 ac (most from Oregon Western
Cascades). Californiawas next, with athird asmuch asin
Oregon (3,900 ac). Washington had the least amount of
cutting in older forests (1,100 ac). By province, Oregon
Western Cascades accounted for 40 percent of the total
cutting of “medium and large” older forest, followed by
Oregon Klamath (18 percent) and California Cascades
(15 percent). Of the area of “medium and large” older
forest harvested, about one-third was “large, multistoried”
older forest. Most cutting of “large, multistoried older for-
est,” wasin Oregon Western Cascades (43 percent of the
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¥ Table 13—Mean distance between older forest blocks by definition, for all older forest blocks, and for blocks of at least 1,000 acres

Medium and large Size indexed to veg. zone Large multistoried
All blocks Blocks > 1,000 ac All blocks Blocks > 1,000 ac All blocks Blocks > 1,000 ac
Province mean (sd.) mean (s.d.) mean (sd.) mean (sd.) mean (sd.) mean (sd.)
Miles
California Cascades 0.2 (0.2 1.0 (1.5) 0.2 (0.2) 1.0 1.3 0.4 (0.9) — —
California Coast Range 0.3 (0.5) 16.7 (24.8) 0.3 (0.5) 125 (22.3) 0.3 (0.9) 331 (66.2)
Cadlifornia Klamath 0.2 (0.2) 0.5 (0.8) 0.2 (0.2) 0.5 (0.8) 0.4 (1.2) 108 (10.8)
Oregon Coast Range 0.2 (0.3) 2.1 (3.8) 0.2 (0.2) 2.7 (2.9 0.2 (0.3) 3.7 (4.2)
Oregon Eastern Cascades 0.2 (0.2) 31 (5.2 0.2 (0.2) 12 (2.9 0.3 (0.5) — —
Oregon Klamath 0.2 (0.0) 13 (2.6) 0.2 0. 13 (1.8) 0.2 (0.2) 3.6 (7.4)
Oregon Western Cascades 0.2 (0.2) 0.6 (1.8) 0.2 (0.2) 0.4 (0.7) 0.2 (0.2) 3.6 (2.8)
Oregon Willamette Valley 0.5 (1.1 — — 0.8 (1.9 — — 0.8 (1.8 — —
Washington Eastern Cascades 04 (0.5 — — 0.2 (0.2) 1.9 (4.2) 0.0 (0.0 — —

Washington Olympic Peninsula 0.2 (0.2) 04 (0.6) 0.2 (0.1 04 (0.9) 0.2 (0.2) 14 (3.3
Washington Western Cascades 0.2 (0.1) 0.8 (1.8) 0.2 (0.2) 0.7 (2.0) 0.2 (0.2) 3.7 (4.9
Washington Western Lowlands 0.3 (2.1 2.0 (3.7) 04 (0.5) — — 0.8 (0.7) — —

979-419O-MNd 1d40d3d TVIINHOIL TVHIANIO

Northwest Forest Plan 02 (02 10 (3.9) 02 (0.2) 09 (37) 02 (0.2) 49 (172

Note: Mean distance is the average edge-to-edge distance between nearest neighboring older-forest large blocks.
Standard deviation (s.d.) is a measure of block dispersion (small s.d. implies uniform distribution of blocks; large s.d. implies a clumpy distribution of blocks).
— =no older forest blocks >1,000 ac in the province.
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Figure 24a—Within-stand attributes of plots classified as “older forest” (dark bars) versus plots classified as ‘" not older forest” (light bars).
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Table 14—Older forest mapped asremoved by stand-replacing har vest

Land use Medium Sizeindexed to Large,
allocation group and large vegetation zone multistoried
Acres Percent Acres Percent Acres Percent
California Cascades:
Admin. withdrawn/congr. reserved 100 0.25 100 0.24 0 0.00
L ate-successional reserve 200 0.16 100 0.08 0 0.00
Matrix 2,200 1.16 1,500 0.75 100 1.11
Total 2,500 0.70 1,700 0.46 100 0.41
Cdlifornia Coast Range:
Admin. withdrawn/congr. reserved 0 0.00 0 0.00 0 0.00
Late-successional reserve 0 0.00 0 0.00 0 0.00
Matrix 0 0.00 0 0.00 0 0.00
Total 0 0.00 0 0.00 0 0.00
Cdlifornia Klamath:
Admin. withdrawn/congr. reserved 300 0.05 200 0.03 100 0.07
Late-successional reserve 100 0.02 100 0.02 0 0.00
Matrix 1,000 0.18 700 0.12 100 0.11
Total 1,400 0.08 1,000 0.05 200 0.05
Cdlifornia—all provinces:
Admin. withdrawn/congr. reserved 400 0.05 300 0.04 100 0.05
L ate-successional reserve 300 0.04 200 0.02 0 0.00
Matrix 3,200 0.41 2,200 0.28 200 0.19
Total 3,900 0.17 2,700 0.11 300 0.06
Oregon Coast Range:
Admin. withdrawn/congr. reserved 0 0.00 0 0.00 0 0.00
L ate-successional reserve 300 0.07 200 0.08 200 0.07
Matrix 1,400 1.25 1,000 1.40 800 1.58
Total 1,700 0.33 1,200 0.35 1,000 0.32
Oregon Eastern Cascades:
Admin. withdrawn/congr. reserved 0 0.01 0 0.00 0 0.00
Late-successional reserve 0 0.01 0 0.01 0 0.00
Matrix 500 0.68 800 0.81 0 0.17
Total 500 0.24 800 0.30 0 0.04
Oregon Klamath:
Admin. withdrawn/congr. reserved 0 0.00 0 0.00 0 0.00
Late-successional reserve 500 0.14 300 0.14 300 0.13
Matrix 2,500 0.86 2,000 0.84 1,400 0.93
Total 3,000 0.42 2,300 0.43 1,700 0.43
Oregon Western Cascades:
Admin. withdrawn/congr. reserved 0 0.00 0 0.01 0 0.01
L ate-successional reserve 400 0.05 300 0.06 100 0.04
Matrix 6,300 0.84 4,500 0.78 2,200 0.80
Total 6,700 0.35 4,800 0.32 2,300 0.32

93



GENERAL TECHNICAL REPORT PNW-GTR-646

Table 14—Older forest mapped as removed by stand-replacing harvest (continued)

Land use Medium Sizeindexed to Large,
allocation group and large vegetation zone multistoried
Acres Percent Acres Percent Acres Percent

Oregon Willamette Valley:

Admin. withdrawn/congr. reserved 0 0.00 0 0.00 0 0.00
L ate-successional reserve 0 0.00 0 0.00 0 0.00
Matrix 0 0.00 0 0.00 0 0.00
Total 0 0.00 0 0.00 0 0.00
Oregon—all provinces:
Admin. withdrawn/congr. reserved 0 0.00 0 0.01 0 0.01
Late-successional reserve 1,100 0.08 900 0.08 500 0.07
Matrix 10,800 0.87 8,400 0.84 4,400 0.91
Total 11,900 0.35 9,300 0.34 4,900 0.35
Washington Eastern Cascades:
Admin. withdrawn/congr. reserved 0 0.00 0 0.00 0 0.00
Late-successional reserve 100 0.09 100 0.05 0 0.00
Matrix 300 0.86 400 0.62 0 0.00
Total 400 0.23 500 0.12 0 0.00
Washington Olympic Peninsula:
Admin. withdrawn/congr. reserved 0 0.00 0 0.00 0 0.00
L ate-successional reserve 0 0.03 0 0.02 0 0.03
Matrix 0 0.17 0 0.08 0 0.05
Total 0 0.01 0 0.01 0 0.01
Washington Western Cascades:
Admin. withdrawn/congr. reserved 0 0.00 0 0.00 0 0.00
L ate-successional reserve 0 0.00 0 0.00 0 0.00
Matrix 700 0.33 500 0.32 100 0.15
Total 700 0.05 500 0.04 100 0.02
Washington Western Lowlands:
Admin. withdrawn/congr. reserved 0 0.00 0 0.00 0 0.00
Late-successional reserve 0 0.00 0 0.00 0 0.00
Matrix 0 0.00 0 0.00 0 0.00
Total 0 0.00 0 0.00 0 0.00
Washington—all provinces:
Admin. withdrawn/congr. reserved 0 0.00 0 0.00 0 0.00
Late-successional reserve 100 0.01 100 0.02 0 0.01
Matrix 1,000 0.39 900 0.40 100 0.14
Total 1,100 0.05 1,000 0.05 100 0.01
Northwest Forest Plan:
Admin. withdrawn/congr. reserved 400 0.02 300 0.01 100 0.01
L ate-successional reserve 1,500 0.05 1,200 0.05 600 0.05
Matrix 15,000 0.66 11,500 0.58 4,700 0.72
Total 16,900 0.22 13,000 0.18 5,400 0.20

Note: In California, the period represented is 1994 through 2003; In Oregon, the period is 1995 through 2002; and in Washington, the period is 1996
through 2002.

Land use allocation groups are explained in table 5.
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total), Oregon Klamath (31 percent), and Oregon Coast
Range (19 percent). Cutting patterns within older forest
with “size indexed to potential natural vegetation zone”
paralleled those for “medium and large” older forest,
except that they were about 25 percent lower overall.

Older forest losses to wildfire Planwide were about 1.3
percent (102,500 ac for the “medium and large older forest”
definition) (table 15). Variation was high among provinces,
concentrated locally around mgjor fire events. More than
three-quarters of the total stand-replacing wildfire—about
78,700 ac—was associated with the Biscuit Fire of 2002 in
southwestern Oregon and northwestern California (Oregon
Klamath and California Klamath provinces) (fig. 25).
Ninety percent of all older forest lost to stand-replacing fires
was in reserved allocations. The most significant losses of
older forest in reserve allocations locally were in the Oregon
Klamath (where 21 percent of the administratively with-
drawn/congressionally reserved group and 7 percent of the
late-successional reserve group burned), California Klamath
(3 percent in administratively withdrawn/congressionally
reserved group and 1 percent in the late-successional re-
serve group), Washington Eastern Cascades (3 percent in
administratively withdrawn/congressionally reserved group
and 2 percent in the late-successional reserve group), and
Oregon Western Cascades (2 percent in administratively
withdrawn/ congressionally reserved group and 1 percent in
the late-successional reserve group) provinces. In the matrix
group, the provinces with the largest proportion of “medium
and large older forest” lost to wildfire were Oregon Klamath
(2 percent) and Washington Eastern Cascades (2 percent).
Of the “medium and large” older forest burned, 36 percent
was “large, multistoried” older forest, with 81 percent of the
total 36,500 ac consumed in the Biscuit Fire. Lossto stand-
replacing fire of “older forest with size indexed to potential
natural vegetation zone” was the same or lower than lossin
“medium and large” older forest in all provinces except the
Washington Eastern Cascades. In that province, an addi-
tional 4,700 ac of older forest classified as “size indexed to
potential natural vegetation zone” burned in the Wenatchee
National Forest during 2002. Note that these figures reflect
only portions of burned forests resulting in full canopy

removal. Even severe wildfires burn existing vegetation in
incomplete patterns, resulting in amosaic of disturbance
severities. Not all areas experiencing fire necessarily lose all
old forest characteristics.

Net Changes to Older Forests (Remeasured Plot
Analysis)

We examined the transition of area into or out of the
“medium and large” older forest classes by using data from
the remeasured inventory plots (table 16). There was an
overall rate of gain into medium and large size classes
(=20 in) of about 1.9 percent per year averaged over the
remeasurement cycle. This rate was based only on For-

est Service-Region 5 and Forest Service-Region 6
nonwilderness land, where remeasurement data were
collected. The between-class annual transition rate was
extrapolated to 19 percent on a 10-year basis to approxi-
mate a projected increase of older forest, assuming that

the rate of change was constant over time. Because this
rate was estimated from only a subpopulation of the federal
land, it isvalid to apply it only to the same subpopulation to
estimate net change. Therefore, applying this rate to the
1994 estimate of 5.33 million ac of “medium and large older
forest” on Forest Service-Region 5 and Forest Service-
Region 6 nonwilderness land resulted in a net projected
increase in the first decade of just over 1 million ac (table
17). On land where remeasurement data were not collected,
we had no comparable information about rate of change.
However, we might assume a comparable rate (1.9 percent
per year) for older forest on Bureau of Land Management
land because ol der forest tends to be at low elevations and
therefore is comparable, in terms of productivity, to Forest
Service land with remeasurement samples. But on Forest
Service-Region 6 wilderness land, and also on National
Park Service land, both of which tend to have a greater
proportion of relatively less productive forests at high
elevations, the rate is probably much lower. Overall then, it
is probably reasonable to assume that the rate of increase on
land not sampled by the remeasurement data was at |east
half, but no greater than the rate cal culated on sampled
lands. We therefore calculated arange of net change by
using a high estimate of 19 percent per decade, and alow
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Table 15—Older forest mapped aslost to stand-replacing fire

Land use Medium Sizeindexed to Large,
allocation group and large vegetation zone multistoried
Acres Percent Acres Percent Acres Percent
California Cascades:
Admin. withdrawn/congr. reserved 0 0.00 0 0.00 0 0.00
Late-successional reserve 200 0.16 200 0.15 0 0.00
Matrix 300 0.16 200 0.10 0 0.00
Total 500 0.14 400 0.11 0 0.00
California Coast Range:
Admin. withdrawn/congr. reserved 0 0.00 0 0.00 0 0.00
Late-successional reserve 0 0.00 0 0.00 0 0.00
Matrix 0 0.00 0 0.00 0 0.00
Total 0 0.00 0 0.00 0 0.00
Cdlifornia Klamath:
Admin. withdrawn/congr. reserved 20,200 3.15 14,100 2.20 4,900 3.40
Late-successional reserve 8,400 1.34 5,800 0.93 3,100 2.10
Matrix 1,300 0.23 900 0.16 100 0.11
Total 29,900 1.63 20,800 1.14 8,100 2.10
Cdlifornia—all provinces:
Admin. withdrawn/congr. reserved 20,200 2.61 14,100 1.86 4,900 2.39
Late-successional reserve 8,600 1.06 6,000 0.74 3,100 1.78
Matrix 1,600 0.21 1,100 0.14 100 0.09
Total 30,400 1.29 21,200 0.90 8,100 1.67
Oregon Coast Range:
Admin. withdrawn/congr. reserved 0 0.00 0 0.00 0 0.00
Late-successional reserve 0 0.00 0 0.00 0 0.00
Matrix 0 0.00 0 0.00 0 0.00
Total 0 0.00 0 0.00 0 0.00
Oregon Eastern Cascades:
Admin. withdrawn/congr. reserved 300 0.42 300 0.37 0 0.17
Late-successional reserve 300 0.38 300 0.34 0 0.01
Matrix 200 0.22 200 0.16 0 0.02
Total 800 0.34 800 0.28 0 0.07
Oregon Klamath:
Admin. withdrawn/congr. reserved 18,000 21.19 13,000 22.74 7,800 17.74
Late-successional reserve 25,400 7.46 17,500 7.04 11,400 6.02
Matrix 5,400 1.82 4,100 1.73 2,400 1.59
Total 48,800 6.78 34,600 6.36 21,600 5.63
Oregon Western Cascades:
Admin. withdrawn/congr. reserved 8,200 1.85 7,500 1.89 2,500 2.07
Late-successional reserve 8,600 121 6,600 117 3,300 1.00
Matrix 1,900 0.25 1,400 0.24 900 0.32
Total 18,700 0.98 15,500 1.01 6,700 0.92
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Table 15—Older forest mapped aslost to stand-replacing fire (continued)

Land use Medium Sizeindexed to Large,
allocation group and large vegetation zone multistoried
Acres Percent Acres Percent Acres Percent

Oregon Willamette Valley:

Admin. withdrawn/congr. reserved 0 0.00 0 0.00 0 0.00
Late-successional reserve 0 0.00 0 0.00 0 0.00
Matrix 0 0.00 0 0.00 0 0.00
Total 0 0.00 0 0.00 0 0.00
Oregon—all provinces:
Admin. withdrawn/congr. reserved 26,500 4.32 20,800 3.83 10,400 5.57
Late-successional reserve 34,200 2.25 24,400 2.07 14,700 1.92
Matrix 7,400 0.60 5,700 0.57 3,300 0.68
Total 68,100 2.02 50,900 1.87 28,400 1.97
Washington Eastern Cascades:
Admin. withdrawn/congr. reserved 2,000 3.05 4,700 2.53 0 0.00
Late-successional reserve 1,100 1.73 2,800 1.90 0 0.00
Matrix 600 153 900 1.43 0 0.00
Total 3,700 221 8,400 212 0 0.00
Washington Olympic Peninsula:
Admin. withdrawn/congr. reserved 0 0.01 0 0.01 0 0.01
Late-successional reserve 0 0.00 0 0.00 0 0.00
Matrix 0 0.00 0 0.00 0 0.00
Total 0 0.01 0 0.01 0 0.00
Washington Western Cascades:
Admin. withdrawn/congr. reserved 200 0.04 200 0.04 0 0.01
Late-successional reserve 0 0.00 0 0.00 0 0.00
Matrix 0 0.00 0 0.00 0 0.00
Total 200 0.02 200 0.02 0 0.01
Washington Western Lowlands:
Admin. withdrawn/congr. reserved 0 0.00 0 0.00 0 0.00
Late-successional reserve 0 0.00 0 0.00 0 0.00
Matrix 0 0.00 0 0.00 0 0.00
Total 0 0.00 0 0.00 0 0.00
Washington—all provinces:
Admin. withdrawn/congr. reserved 2,300 0.20 5,000 0.45 0 0.01
Late-successional reserve 1,100 0.15 2,800 0.43 0 0.00
Matrix 600 0.22 900 0.43 0 0.00
Total 4,000 0.18 8,700 0.44 0 0.01
Northwest Forest Plan:
Admin. withdrawn/congr. reserved 49,000 1.92 39,800 1.65 15,300 1.79
Late-successional reserve 43,900 1.45 33,100 1.26 17,800 1.47
Matrix 9,600 0.42 7,700 0.39 3,400 0.52
Total 102,500 1.30 80,600 1.15 36,500 1.34

Note: In California, the period represented is 1994 through 2003; In Oregon, the period is 1995 through 2002; and in Washington, the period is 1996
through 2002.

Land use allocation groups are explained in table 5.

97



86

Biscuit Fire 2002
Preburn Postburn

Siskiyou NF

Six Rivers NF

Figure 25—About 78,700 ac of older forest was burned during the 2002 Biscuit fire, Siskiyou National Forest, as detected by remote sensing. Light green = national forest; dark green = medium
and large older forest.
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Table 16—Acres per year represented by remeasured estimate half that rate (9.5 percent per decade) for the 2.53
sample plots, by size class and measurement time million ac of older forest mapped in 1994 on Bureau of

Time2 Land Management, Park Service, and Forest Service-
SizeClass _ <20inches  220in Total Region 6 wilderness. The additional gain over 10 years
Timel —  —————- Acres per year ——————— ranged from 0.24 million ac to 0.48 million ac (table 17).
<20inches 3,036,600 235,400 3,272,000 The 10-year extrapolation for land on which remeasure-

220inches 136,600 1,789,400 1,926,000 ment samples were collected was based on a sample of

Total 3173200 2,024,800 5,198,000 change (both losses and gains) from al causes. In other
words, the estimate from the remeasured plot approach
represented net change, resulting after subtraction of losses

Table 17—Net change projected in medium and large (220 in) older forest over

10 years
Mapped area 10-year increase with
of older rate of change of:
Agency forest in 1994 19.0 percent 9.5 percent
Acres

With remeasurement samples

Forest Service-Region 5

(al lands) and Forest

Service-Region 6,

nonwilderness 5,334,300 1,014,000 —
Without remeasurement samples

Forest Service-Region 6

wilderness, Bureau of Land

Management, and National

Park Service 2,533,600 481,600 240,800°

# Hypothetical range of increase on land without measurement samples assuming that the 10-year rate of
change was the same (19 percent) or half (9.5 percent) of that calculated on land with remeasurement
samples.
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from fire and harvest, and addition of gains from ingrowth.
We recognize that the assumption of a constant rate of
change may be generally valid for growth and possibly

for scheduled harvest activities, but for episodic distur-
bances such as wildfire, the assumption may not be valid.
Actual decadal change rates will be influenced greatly by
the amount of older forest lost to wildfire.

Most of the projected gain came from increasesin the
area of forest at the lower end of the diameter range for
older forest (fig. 26). In 1994, approximately athird (32
percent) of the areain the remeasurement datawasin the
10-19.9-in size class, and was therefore poised to grow into
the “medium and large” older forest class during the next

:.‘[ $ -:"q
scuit fire aftermath

Bi

100

decade. The net percentage of acres increased by 10 per-
cent (from 27 to 37) and 4 percent (from 15 to 19) in the
medium and large size classes (20-29.9 and >30 in) respec-
tively during the decade after the Plan. Net area in the >30-
in classincreased by an estimated 102,000 to 127,000 ac.
The percentage of forest land projected to be occupied by
the three smaller size classes (potential forest, 0-9.9 in, and
10-19.9 in) decreased over the decade as net acres were
recruited into older forest size classes.

Results—Fire Regimes of Older Forests

We analyzed the older forest baseline amounts against in-
formation about fire regimes. From aregional point of
view, older forest in fire-adapted potential natural vegeta-
tion types in the driest provinces (East Cascades and
Klamath) accounted for over 1.7 million ac, nearly one-
quarter of all older forest (table 18). In the Klamath prov-
inces, nearly al older forest (96 percent) was in fire-adapted
ecosystems. |n the Western Cascades, an additional 700,000
to 1,000,000 ac (10 percent) was in dry fir, dry mixed-
conifer types and interior Douglas-fir. These results were
supported by current fire conditions of older forests relative
to the national-scale fire regime map (table 19). Three
provinces (California Cascades, California Klamath and
Oregon Klamath) had the majority of their baseline older
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Table 18—Older forestsindexed to vegetation zone group as a per centage of forest-capable acres by climatic area

Northwest
Coast West Cascades East Cascades Klamath Forest Plan
Per centage of Per centage of Per centage of Per centage of Per centage of
Vegetation zone group Area province  Plan area Area province  Plan area Area province Plan area Area province Plan area  Area Plan area
Thousand ———Percent——— Thousand ———Percent——— Thousand ———Percent——— Thousand ———Percent———  Thousand Percent
acres acres acres acres acres
Fire adapted:
Interior Douglas-fir — — — 204 5 2 49 5 1 1,109 47 13 1,362 19
Dry fir 36 4 0 770 18 9 198 19 2 465 20 5 1,469 20
Dry/mixed conifer 1 0 0 28 1 0 152 15 2 296 12 3 477 7
Oak 7 1 0 0 0 0 33 0 0 11 0 0 51 1
Pine 13 1 0 0 0 0 112 11 1 307 13 4 432 6
Tanoak/Douglas-fir 1 0 0 — — — — — — 140 6 2 141 2
Total fire adapted 58 6 1 798 20 11 495 48 7 1,219 96 17 3,932 55
Not fire adapted:
Alpine 17 2 0 128 3 1 10 1 0 — — — 155 2
Coastal conifer 1 0 0 — — — — — — — — — 1 0
Douglas-fir 116 13 1 — — — — — — — — — 116 2
Mountain hemlock 71 8 1 722 17 8 8 8 1 5 0 0 883 12
Pecific silver fir 239 26 3 1,398 33 16 52 5 1 0 0 0 1,689 23
Port Orford-cedar 0 0 0 — — — — — — 0 0 0 0 0
Redwood 47 5 1 — — — — — — 0 0 0 47 1
Riparian hardwoods 0 0 0 — — — 0 0 0 0 0 0 0 0
Sitka spruce — — — — — — — — — 0 0 0 0 0
Subalpine 1 0 0 3 0 0 353 34 4 13 1 0 370 5
Western hemlock 378 41 4 928 22 11 35 3 0 31 1 0 1,372 19
Total not fire-adapted 870 94 12 3,179 80 44 535 52 7 49 4 1 4,633 64
Total 928 100 13 3,977 100 55 1,030 100 14 1,268 100 18 7,203 100

Note: Coast—Oregon Coast Range, California Coast Range, Washington Olympic Peninsula, Oregon Willamette Valley, and Washington Western Lowlands.
West Cascades—Washington Western Cascades and Oregon Western Cascades.
East Cascades—Washington Eastern Cascades, Oregon Eastern Cascades, and California Cascades.
Klamath—QOregon Klamath and California Klamath.

— =no data
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Table 19—Per centage of medium and large older for-
est area falling in national-scale fire-regime condition
classes

Condition class

Province 1 2 3
Percent

Oregon Klamath 11 22 66
Cdlifornia Klamath 0 41 58
California Cascades 7 33 58
Oregon Eastern Cascades 27 33 38
Oregon Willamette Valley 13 54 27
Washington Eastern Cascades 40 36 21
Oregon Western Cascades 10 84 6
Washington Olympic Peninsula 87 7 5
Cdlifornia Coast Range 2 77 3
Washington Western Cascades 38 59 2
Oregon Coast Range 86 12 1
Washington Western Lowlands 1 99 0

Note: Condition class 1 = within historical range; 2 = moderately departed,
often having missed at least one fire-return interval; 3 = greatly departed
from historical conditions, often having missed two or more fire-return
intervals.

forest in fire regime condition class 3, indicating that they
were significantly departed from historical conditions
(having missed two or more fire-return intervals). Five
other provinces had the majority of their older forest in
class 2, indicating that they were moderately departed

from historical conditions (having missed at |east one
fire-return interval). Only the northern coastal provinces
(Oregon Coast and Washington Olympics) had the magjority
of their older forest in class 1 (within the range of historical
fire conditions).

Discussion

In this publication, we have reported results of a compre-
hensive assessment of older forest status and trend on
federally managed public land in the Northwest Forest

Plan area. Anincredibly rich data set was assembled and
analyzed to support the assessment. There is much to inform
us, and there is a huge challenge in reducing the information
to meaningful conclusions. In the following discussion, we
have two major focuses. One is afocus on results that we
think policymakers will need for understanding future man-
agement options. Second is afocus on interpreting the
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ecological evidence in away that recognizes the limitations
of our current knowledge, and helps guide further investiga-
tion to increase our understanding of older forest ecosys-
tems in the Pacific Northwest.

An Older Forest Baseline

The two primary types of information we used for monitor-
ing were spatial data (maps created from remotely sensed
information) and nonspatial data (inventory plot data). The
idea was that we would use different, but complementary,
datato answer different types of questions. A corollary was
that having redundant, independent sources of information
would help inform us about the reliability of our results.

Map-based analysis and plot-based analysis were
complementary approaches. Older forest maps devel oped
from remote sensing projects could be used to evaluate
forest amount and landscape patterns, and to detect distur-
bances that resulted in major losses of older forest from the
landscape. Inventory data could be used to develop statisti-
cal certainty estimates of forest amounts and changes, both
gains and losses, from all causes. Statistical confidence
intervals could be generated for estimates from plot data,
but plots did not sample all ownerships, and sample plots
did not give us a map. Maps covered all ownerships, and
spatially portrayed important landscape patterns, but their
accuracy was more difficult to quantify. Despite these dif-
ferences, we expected that the estimates developed from
the two data sources would lend complementary, consi stent
evidence of the status and trend of older forests.

The estimates of older forest amounts developed from
the map and plot data were consistent with each other at
both Planwide and state scales. That is, the same general
conclusions would have been reached about the amount and
distribution of older forest on federally managed landsin
the Plan area regardless of whether we used results from the
map-based analysis or from the plot-based analysis. To
reiterate the results, depending on whether we applied the
“medium and large older forest” or “older forest with size
indexed to potential natural vegetation zone” definition, we
determined the amount at the start of the Plan to be 7.87 +
1.96 and 7.04 + 1.93 million ac, respectively. Using the
very restrictive “large, multistoried older forest” definition,
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we found about 2.72 + 0.35 million ac (table 11). These
estimates had a mapping accuracy of about 75 percent on
average (table 6), but this value was higher or lower for
individual provinces.

We compared estimates compiled from the maps
with statistical estimates compiled from plot data for land
sampled by inventory plots—Forest Service-Region 5,
Forest Service-Region 6, and Bureau of Land Management-
Oregon lands. The fact that the map-based and plot-based
estimates for the lands sampled by inventory plots were
consistent boosts our confidence that these data sources are
sufficient to provide an accurate baseline for older forest
Planwide, and in general, at the province scale (fig. 21).
Notable exceptions were underestimates of older forest in
the Eastern Cascades of Washington and Oregon derived
from the map data. There, the plot-based estimates indicated
that we may have underestimated the mapped amount of
“medium and large” older forests by 200,000 to 300,000 ac.

Our results also showed that a refined baseline estimate
established with systematic map or plot information was
consistent with the older forest amounts estimated when
the Plan was written in 1994. The new baseline using the
“medium and large older forest” definition was within 10
percent of the 8.55 million ac reported in the record of
decision (USDA and USDI 1994b). (Without the map’s
underestimate of older forest acres in the Eastern Cascades,
our value would have been even closer.) Neither a consist-
ent map of older forest, nor a systematic inventory of
federal forest land, existed during initial development of the
Plan. Considering the FEMAT team’s lack of the vast and
systematic data sources available to us today, we conclude
that the FEMAT team (FEMAT 1993) did aremarkable job
of accurately portraying older forest conditions at the start
of the Plan. We further conclude that the evidence supports
the idea that the Plan was based on valid assumptions about
the amount and distribution of older forests present at the
start of the Plan.

An Evolving Ecological Definition of Old Growth

In this report we demonstrated an approach for assessing
avariety of older forest definitions representing discrete
points along a continuum of older forest definitions. We

showed that the systematic map-based and plot-based infor-
mation used in monitoring can support the assessment of
different types of definitions, based on important structural
attributes that can be mapped by remote sensing or com-
piled from inventory plots on the ground.

In this concept, adefinition is simply a set of criteria
for screening the data to assess whether a given unit on the
map or sample on the ground meets or does not meet the
minimum threshold to classify it as older forest. The more
criteriathat are included, the more restrictive the rule set
becomes. The simplest definition might have asingle
criterion, say for average tree size. Inclusion of additional
criteria, such as canopy layering, will further restrict the
subset of data satisfying the minimum thresholds. Multiple
criteria can be reflected in the addition of screening at-
tributes, and also in stratification of the population. An
example of the latter was the “older forest with size indexed
to potential natural vegetation zone” definition that stratified
the data by vegetation zone, assigning different minimum
size criteria depending upon natural productivity for the
Zones.

Also, the type of data used for assessment (that is, map-
based or plot-based) imposed additional limitations on the
older forest definitions that could be evaluated. The only
map attributes that could be devel oped reliably from the
remotely sensed data were average tree size, canopy
closure, canopy layering, and life form. (For the eastern
Cascades provinces, it was difficult to map average tree size
with acceptable accuracy.) Thus, older forest definitions had
to be restricted to combinations of attributes that could be
obtained from the map data. Because of thisrestriction, we
took the least-common-denominator approach to building
older forest rule sets, with the rational e that: (1) these broad
characteristics were sufficient to establish a set of refined
baseline estimates for older forests from either the map or
plot data, (2) we could compare estimates from the two
data sources, and (3) we could compare the results to the
assumptions upon which the Plan was based.

The definition we called “medium and large older
forest” was used as a benchmark for consistency with the
definition used in FEMAT (FEMAT 1993) and in the en-
vironmental impact statement (USDA and USDI 1994a). It
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could be used broadly to establish aregional and provincial
older forest baseline estimate, and also to assess the
assumptions upon which the Plan was founded. In apply-
ing this definition, we recognized that a one-size-fits-all,
>20-in average-tree-size minimum criterion, would tend

to overestimate older forest amounts in productive forest
types, and underestimate it in less productive types. On
balance, though, it would provide a reasonable benchmark
at the Plan level.

The “large, multistoried older forest” definition had as
its basis important characteristics of “classic” old-growth
west-side Douglas-fir forests (Franklin and others 1981,
1986). The aim was to impose a restrictive screen for
identifying very large older forests with complex canopy
layering. In reality, the usefulness of this definition is
limited by the fact that the 30-in average-tree-size minimum
criterion isinappropriate for many forest community types.
In some potential natural vegetation zones, particularly at
higher elevations or east of the Cascade Range crest, older
forests simply do not develop trees aslarge as 30 in. Thus,
these forests will seldom or never meet the “large, multi-
storied older forest” definition, even though they may be old
enough and have structure and composition characteristics
to be, without doubt, classified as late-successional.

The significant property of the definition we called
“older forest with size indexed to potential natural vegeta-
tion zone” was that stratifying the size criteria by vegetation
zone recognized the regional variation in older forest con-
ditions. It could therefore be “tailored” to potential average
sizes developed naturally for forestsin different community
types. Compared with older forest estimates made by using
the “medium and large older forest” definition, the “older
forest with size indexed to potential natural vegetation
zone” definition estimated additional acresin some pine and
subalpine forest communities that were underestimated with
the 20-in diameter threshold of the “medium and large older
forest” definition. It also estimated fewer acres in some very
productive coastal forests.

The “medium and large older forest” definition was
useful for establishing baseline values, but it was based
upon a one-size-fits-all concept. Alternatively, a definition
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based upon potential natural vegetation reflects more of the
variation inherent in regional older forest ecosystems that
could be used as a starting point for an ecologically based
older forest definition in future monitoring activities. We
can improve upon this basic ecologically based definition
as we gain further understanding of older forest structure,
composition and function, development pathways, and
relationship to past and current disturbance regimes.

As more work is completed to understand the potential
for older forest to develop in varying ecosystem types, we
will be able to refine the average-tree-size criterion for
applying the definition to both map and plot data. An
ecologically meaningful definition needs to incorporate
structural variation as well as size variation to reflect dif-
ferences such as stand densities resulting from dry versus
wet climatic conditions, or to deal with mixed-structure
stands, such as dense young stands with scattered large
legacy trees. Definitions can be refined to accommodate
important stand-based structural attributes (such as snags
and down wood, Franklin and others 1981) and tree ages
that can be added to the plot data screens. Researchers are
gaining new knowledge al the time that will help usim-
prove the characterization of older forestsin the Pacific
Northwest (see, for example, Spies 2004). Results of the
comparison between sample plots labeled “older forest”
and those labeled “not older forest,” showed significant
differences between important stand-level structure and
composition attributes, lending promise that the variation
can be assessed from the current plot-based inventories.

Observed Status and Trend Versus Plan Expec-
tations

The Northwest Forest Plan discussed the current state of
knowledge of the historical extent of older forest in the
Plan area. The Plan objectives with respect to an older for-
est ecosystem were couched in terms of whether, over
several decades, late-successional and old-growth forest
could be restored and maintained at or near historical levels.
Many analyses conducted for this report were designed
to relate directly to the evaluation of expected outcomes
for older forest described in the Plan (sidebar 1, app. 4).
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Expected outcomes were quantifiable targets or thresholds
that were used to rank Plan alternatives, based upon the
likelihood of a given alternative achieving a functioning
older forest ecosystem. For the chosen alternative, Option 9,
which served as the basis for the Plan, the effectiveness of
the Plan could be assessed by comparing results from mon-
itoring of older forest status and trend with the expected
outcomes. In other words, assessments at different points

in time could help indicate how successful the Plan has
been at achieving certain thresholds of older forest amounts,
distribution, and functioning. Desired future conditions
expressed as expected outcomes served to set atarget
trajectory for moving present-day older forest amounts and
spatial patterns toward historical patterns assumed to be
prevalent on the pre-European-settlement landscape. Even
S0, it was recognized that Option 9 had only a three-quarters
likelihood of achieving afunctioning older forest ecosystem
in moist provinces, and only about a two-thirds likelihood in
dry provinces (app. 4, table 4-1).

The expected outcomes of late-successional ecosystems
under the Plan were based on the following three attributes
that characterize the quantity and quality of components
of the ecosystem (app. 4). The late-successional and old-
growth monitoring plan (Hemstrom and others 1998) con-
densed discussion of these from FEMAT (1993: 49-53) and
the environmental impact statement (USDA and USDI
199%a: 36-43).

1. Abundance and ecological diversity—the acreage and
variety of plant communities and environments.

2. Processes and functions—the ecological actions that
lead to the development and maintenance of the
ecosystem, and the values of the ecosystem for species
and populations.

3. Connectivity—the extent to which the landscape
pattern of the ecosystem provides for biological flows
that sustain animal and plant populations.

Outcomes for these attributes link to the likelihood of
maintaining both the viability of older forest-related species
(FEMAT 1993: 28) and the likelihood of maintaining a
functional, interacting older forest ecosystem on federal

lands (FEMAT 1993: 25; Hemstrom and others 1998). It is
therefore enlightening to discuss the baseline results and
first-decade trend relative to the Plan expectations. We
indexed the older forest status and trend results into the
abundance and diversity outcomes and connectivity out-
comes that had been stated quantitatively in the Plan (see
sidebar 1, app. 4). The process and functions outcomes
were not stated in the Plan in quantifiable terms.

To recap the main results, older forest at the start of the
Plan occupied between 30 percent (“older forest with size
indexed to potential natural vegetation zone” definition) and
34 percent (“medium and large older forest” definition) of
forest-capabl e public lands managed by the Forest Service,
Bureau of Land Management, and National Park Service
in the range of the northern spotted owl (table 11). “Large,
multistoried older forest” occupied about 12 percent of
forest-capable public land. Land in blocks of greater than
1,000 ac occupied an estimated 19 to 22 percent of the total
older forest according to “older forest with size indexed to
potential natural vegetation zone” and “medium and large
older forest” definitions, respectively (table 11). In most
provinces, the average distance between large older-forest
blocks was less than 4 mi (table 13). The exception was the
California Coast Range province, where contiguous blocks
of federally administered forest lands were separated by
large distances. When compared with abundance and
ecological diversity thresholds stated in the Plan, baseline
amounts and distributions appeared to be consistent with
Outcome 3 or Outcome 2 (sidebar 1; app. 4, table 4-2).
Although the regional average for percentage of the land-
scape covered by older forests was lower than the Outcome
2 threshold (40 percent), 4 of 10 provinces contained at
least 40 percent “medium and large older forest” (Oregon
Willamette Valley and Washington Western L owlands
provinces were not counted because they contain so little
federal land) (table 11). These were California Coast Range,
California Klamath, Oregon Western Cascades, and
Washington Olympic Peninsula. Another four provinces
(Cdlifornia Cascades, Oregon Coast Range, Oregon
Klamath, and Washington Western Cascades) contained
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between 34 and 40 percent older forest. Only the eastern
Cascades provinces of Washington and Oregon fell well
short of the Outcome 2 thresholds, and there we have
evidence that the map data underestimated the amounts of
older forest. All but one of the 10 provinces—Washington
Eastern Cascades—contained at least 5 percent of land in
blocks 1,000 ac or larger, meeting the threshold for Out-
come 2 for degree of fragmentation (again using the
“medium and large older forest” definition). At least 4 of 10
provinces met Outcome 2 for both criteria (percentage of
land covered by older forests, and percentage of land in
older-forest blocks greater than 1,000 &c).

Considering these results in total, we perceive the con-
dition of older forest abundance, diversity, and connectivity
at the start of the Plan to have been generally consistent
with Outcome 2, except perhaps for the provinces of the
eastern Cascades. The interpretation for this outcome is
that the older forest baseline was within the typical range
of conditions that occurred during previous centuries, but
less than the long-term presettlement average of 65 percent
of the landscape (USDA and USDI 19944). Connectivity
was strong, characterized by short distances between large
older forest patches. The condition of older forest in the
eastern Cascades provinces was more typical of Outcome 3,
interpreted as below long-term averages, with relative
scarcity in some areas or occurring as scattered remnant
patches. Expectations for older forest processes and func-
tions were not assigned quantitative outcomes (app. 4, table
4-3). The outcomes assume that thresholds for processes
and functions will be met to the extent that abundance and
diversity thresholds are met. In general, Outcome 2 seems
appropriate for the baseline condition of older forest,
interpreted as natural disturbances and stand devel opment
able to occur at some scales, but interrupted at large
landscape scales by fire exclusion and fragmentation.

The Plan projected that natural stand devel opment
would not achieve the most favorable outcomes for these
expectations for at least 100 years; the expectation was that
half the thresholds would have been achieved by year 50.
This is where short-term, observable trend and long-term,
projectable trend become relevant. The observed change
was measured against the assumptions of the balance
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between losses and gains stated in the Plan. The environ-
mental impact statement (USDA and USDI 1994a, 2000)
assumed that 0.7 percent of the Plan area would be lost to
stand-replacing wildfire per decade, and that 1 percent of
the Plan area (or 3 percent of total |ate-successional forest)
would be harvested per decade. It further assumed that
ingrowth from younger classes into older forest classes
would occur at arate of 3.5 percent per decade on reserve
lands, and 0.7 percent per decade on matrix lands. On
balance, older forest was expected to increase by 600,000 ac
in the first decade, and by 2.7 million ac after 50 years.

Our monitoring results, albeit based on short-term
observed trend, appear to show that certain of the Plan’s
assumptions were too conservative. Our data show that
during the first 10 years of the Plan, projected gains far
outpaced losses of older forest, resulting in a net projected
increase of between 1.25 and 1.5 million ac of older forest
on federally managed land (table 17). The observed rate of
gain was about twice the first decadal gain expected under
the Plan. It may be that the estimate in the Plan assumed a
uniform age-class distribution. According to the remeasured
plot data, approximately athird of forested areawas in the
10-19.9-in class, poised to transition in the near future into
the “medium and large” older forest class (>20-in) (fig. 26).
Many of the stands in the 10-19.9-in class were likely the
result of regrowth following large regional firesin the late
19" century through about 1910 (see Agee 1993, chapter 3).
Wildfire burned about 1.3 percent (102,500 ac) of older
forest (table 15), in line with the amount assumed by the
Plan. But harvest levels were much lower compared with
Plan assumptions. Our results indicated that about 0.2 per-
cent of older forest (16,000 ac) was harvested (table 14),
rather than the approximately 230,000 ac projected to have
been harvested at the 3-percent rate.

The Reserve Network

Regardless of which older forest definition is considered,
about three-fourths of the total older forest on federally
managed lands was in areserve land alocation at the start
of the Plan (fig. 16). “Large, multistoried” older forest
occurred in higher proportion in the late-successional
reserve group than did “medium and large” older forest.
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Thus, the late-successional reserve design apparently did
encompass the “best” older forest. These were conserva-
tive estimates because they did not include the proportion
of older forest in riparian reserves within matrix land. The
Plan estimated that riparian reserves accounted for 11 per-
cent of federal land (2.6 million ac). If the average percent-
age of federal land occupied by older forest were applied
to the Plan’s estimate of area in riparian reserves, then

the underestimate would be in the range of 11 percent
(890,000 ac of “medium and large” older forests, 795,000
ac of older forest with “size indexed to potential natural
vegetation zone,” and 310,000 ac of “large, multistoried”
older forest). Slightly more older forest resided in late-
successional reserves than in the combination of administra-
tively withdrawn and congressionally reserved allocations.
Non-reserve allocations contained a higher proportion of
younger stands than did reserve allocations (fig. 17).

It isimperative to view older forest as but one compo-
nent of a dynamic forest mosaic on the landscape. Over
time, varying proportions of older forest will be transition-
ing back to earlier seral stages through a combination
of natural disturbances, scheduled harvest, and turnover
caused by natural mortality (seefig. 26). A steady or
increasing supply of older forest depends on a perpetual
source for replacing it—stands in younger age and size
classes. Successful maintenance of older forest requires a
balanced near-future and far-future recruitment pool. The
mix of early-seral, mid-seral, and older forests resulting
from all forces—natural disturbance, silvicultural activities,
and stand successional processes—should be evaluated
periodically to assess whether the balance between older
and younger forest age classes is sufficient to provide a
steady or increasing amount of older forest over time. The
synthesis report (Haynes and others, in press) treats this
topic in much greater detail.

A related theme is that older forest on federally man-
aged land needs to be viewed in the context of the larger
regional land base of mixed ownerships. Forest manage-
ment goals and objectives on private, state, and tribal lands
are very distinct from those on federally managed land

under the Northwest Forest Plan. For example, the impor-
tance of the contribution of older forest from federal land
to the overall forest ecosystem in the Plan areawill partly
depend on whether private industrial forest owners main-
tain their growing stocks in young plantations managed
at short rotations. Again, see Haynes and others (in press)
for a more compl ete discussion.

The Need to Consider Fire

Finally, fireis the most stochastic factor, yet arguably the
most important influence on the future condition of the
older forest ecosystem in the Plan area, at least in the dry
provinces. In the first decade of the Plan, wildfire had a
small impact regionally (about 102,500 ac burned, or 1.3
percent of the total), but a potentially huge local impact
(more than 90 percent of the total area burned wasin
severa large fires). The region has extremes of natural
climatic and fire regimes, varying from moist regions with
fire-return intervalsin hundreds of years, to dry areas that
historically experienced fires on a frequency from 0 to 35
years. Management history (especialy fire exclusion and
an alteration of naturally occurring species compositions
and stand structures) and even climate change, have worked
in concert to alter the susceptibility of existing older forest
to wildfire, especialy in dry provinces and frequent-fire-
adapted forest types. In the fire-prone ecosystems most at
risk, the possibility of major loss of older forest cannot be
ignored. Y et even in moist provinces where fire conditions
have been little altered over time, catastrophic loss of older
forest to wildfire is always a possibility.

Our resultsindicated that at least 1.7 million ac of older
forest was present in east-side fire-adapted ecosystems
(that is, characterized by high fire frequency and low
severity) in dry physiographic provinces (East Cascades
and Klamath) (table 18). A mgjority of older forest area
there was in current fire condition classes mapped as having
missed at least one, and possibly more fire-return intervals,
with associated buildup of fuels (table 19). Standsin these
conditions are therefore at elevated risk of loss to cate-
strophic wildfire, depending on ignition under the right
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conditions. Although this finding is not surprising, it does
point out how monitoring information can be useful in
identifying ecosystem conditions that would benefit from
targeted restoration activities. We used only the coarsest
scale of information to arrive at these conclusions. For ex-
ample, there was no direct consideration of the effects of
mortality associated with insect and disease outbreaksin
dry provinces where resulting fuel loadings increase the
likelihood of catastrophic wildfire. Much more work is
needed to refine our understanding of the interactions of
fire and management of forest structure and composition
in ecosystems characterized by varying degrees of fire-
adaptedness.

Emerging Issues

Thisinitial monitoring assessment suggests important future
studies to increase our understanding of older forest dynam-
ics. At the stand level, we need better understanding of the
relationship between the broad structure-based definitions
used in the assessment and additional older forest character-
istics, such as composition of down and standing dead
wood, age, and understory composition. In the next moni-
toring cycle, we plan to address thisin part by analyzing
the inventory plot data that meet the older forest screens

for amounts of these attributes. Although we will likely
learn much from this data-driven analysis, further incorpo-
ration of independent research findings into our results and
interpretations is equally important. For example, ongoing
studies concerning the historical range of variation of old
growth in the Pacific Northwest, development pathways
that led to our current older forest, and the relationship of
older forest to historical and present disturbance regimes
will provide essential information to the monitoring of older
forest (Spies 2004). An entire body of empirical research

is being developed to study the influence of early stand
management on the development of older forest structures
and ecosystem functioning (for example, Carey and others
1999, Garman and others 2003, Poage and Tappenier 2001).
The results from studies such as these will lead to improved
decisionmaking by managers faced with the obligation of
maintaining a healthy regional older forest network.
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Monitoring Design Considerations

The monitoring strategy established in this paper had two
main components. First, a baseline condition for older for-
est was established through remote sensing classifica-
tion by using Landsat imagery and an extensive network
of reference plots. This baseline was then altered over
time in ageneral way through change rates established
by remeasured plots, and in a spatially explicit way by
using change detection based on remote sensing. Going
forward, this strategy will provide an efficient way to
provide timely, regionwide assessments of the status of
older forest. The aternative to simply altering a baseline
condition by using change detection is to periodically
completely remodel the region. Although reevaluation of
the baseline will occasionally be desirable to take advan-
tage of new information and methods, the process is too
onerous to repeat frequently.

There are known accuracy limitationsin classifying
forest structural attributes from satellite data. The accuracy
of maps of forest attributes classified from remotely sensed
dataistypicaly in the range of 60 to 80 percent, with the
greatest errors occurring among similar classes (Moody
and Woodcock 1995). For many attributes, the accuracy
of maps based on satellite imagery is comparable to that of
aerial photography and is sufficient for many applications
(Peterson and others 1999). Still, for alandscape-level
characterization of forest structure, there is no comparable
aternative to remote-sensing-based mapping.

Effective change detection is necessary for the timely
consideration of the effects of an unusual fire season, for
example, or new policies regarding timber sales. One
method of monitoring harvest activity isto accelerate the
recent move toward aregional federal management activi-
ties database. The Bureau of Land Management-Oregon has
established a useful model of aunified, spatialy explicit
database that tracks harvest and forest-health-related man-
agement activities. Most national forestsin the region have
similar records, although considerable efforts will be needed
to standardize and integrate these products.

Even having access to such a database will not be
sufficient to address every analysis need. For example, there
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are two possible shortcomings to monitoring harvests when
using only spatial management databases. First, there

is variation across the region and across agencies in the
terminology used in forest management. A shelterwood cut
on Bureau of Land Management land in the Oregon Coast
province might look very different from a Forest Service
shelterwood cut in the east Cascades provinces. There may
be very good reasons for such differences relating to dif-
ferent regeneration mechanisms of endemic species or to
different optimal stocking densities. However, these dif-
ferences will create discrepancies in the attribution of
polygonsin aregional database. The other problem lies at
the polygon level. Although harvest-unit polygons are
drawn at the stand scale, forest structure and the change in
forest structureis rarely uniform within a polygon. Thus,
inconsistencies occur at both coarse and fine scales of
regional databases based on harvest records.

These problems are diminished with the use of satellite-
based change detection. The relatively high resolution and
synoptic nature of satellite imagery alows uniform esti-
mates of change at relatively fine scales over large areas.
The main shortcoming of current digital change-detection
technology, and an areain need of research, isits sensitivity
to forest changes less dramatic than the stand-replacing
disturbances we monitored. Although different intensities
of canopy removal are detectable in the spectra monitored
by Landsat, thereis currently no protocol for using satellite
imagery to monitor stand-thinning disturbances at a regional
scale. Detection of more subtle changes would be alarge
step forward in the monitoring process. Although this report
shows very little clearcutting on federal land in the last de-
cade, many national forests have continued to place a strong
emphasis on stand improvement through thinning. Tracking
partial harvests would add an inventory element currently
only available from management records (with the above
limitations). Also, the detection of more subtle changesin
forest canopy will allow monitoring of completely different
disturbance agents. Forest 1oss owing to insects, fire, and
invasive pathogens could be tracked in the same analysis
that identifies harvest. The importance of these disturbances
will increase as more older forest is added to the age-class
mix on federal forestsin the region.

Continued remeasurement of inventory plotsisan
absolute necessity. Plot data are critical both in the estab-
lishment of a baseline for forest conditions and in the cali-
bration of existing vegetation classifications and change-
detection techniques. Improved techniques for relating
plot-based information to vegetation classifications from
remote sensing are being developed by researchers (see, for
example, Ohmann and Gregory 2002). The baseline-update
model established in this report should serve the monitoring
needs of the Northwest Forest Plan well as inventory in-
formation and remote sensing methods continue to improve.

Conclusions

At the Plan scale, estimates of older forest amounts (be-
tween 7.03 and 7.87 million ac, depending on the specific
older forest definition used) developed from the map and
plot data were consistent with each other. Map estimates
had a prediction error of about 25 percent overall, avalue
typical for characterizing forest structure from remotely
sensed data. We interpreted the consistency between map-
based and plot-based estimates as evidence that the monitor-
ing data provided an accurate new baseline for older forest
in the Plan area. Furthermore, the results supported a
conclusion that a new baseline established with systematic
map or plot information was consistent with the older forest
amounts estimated when the Plan was written in 1993, and
therefore the Plan was based upon valid assumptions about
the amount and distribution of older forest present at the
start of the Plan.

Broken tops of emergent old-growth trees, Olympic
National Forest
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The net increase in older forest amounts during the first
decade of the Plan was projected to be between 1.25 and 1.5
million ac. Gains from movement of younger, smaller size
classesinto classes meeting older forest criteria outpaced
losses from wildfire and harvest combined. We estimated
that 16,900 ac of older forest was harvested, regionwide,
and about 102,500 ac was burned, most in the fire season of
2002. These values have an error estimate of between 7 and
12 percent.

Theinitial amount, distribution, and arrangement of
older forest on federally managed lands appeared to meet or
exceed Northwest Forest Plan expectations. Gains in older
forest occurred at a much higher rate than the rate expected
under the Plan (600,000 ac). Actual harvest (16,900 ac) was
substantially less than the amount projected to be harvested
from matrix landsin the first decade (3 percent of late-
successional forest, or about 230,000 ac).

An older forest definition based on potential natural
vegetation reflected more of the variation inherent in re-
gional older forest ecosystems then asimple “one-size-fits-
al” rulelike the “medium and large older forest” definition.
If used as a starting point for an ecologically based older
forest definition in future monitoring activities, a definition
based on size indexed to potential natural vegetation type
could be continually improved as we gained further under-
standing of older forest structure, composition, and func-
tioning, development pathways, and relationship to past and
current disturbance regimes.

Finally, fireis a potent force on the Plan landscape
and an important consideration in perpetuating a healthy,
functioning older forest ecosystem in the Northwest Forest
Plan area.
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and maps.

Thoughtful reviews were provided by: Dr. Janet
Ohmann (PNW-Corvallis), Dr. Jerry Franklin (University of
Washington), Dr. Conghe Song (University of North
Carolina), Lisa Fischer (Forest Service, Region 5), Cindy
Miner (Forest Service, PNW), Becky Gravenmier (Forest
Service, PNW), Dr. Tim Max (Forest Service, PNW), Dr.
Pat Cunningham (Forest Service, PNW), Dr. Rudy King
(Forest Service, Rocky Mountain Research Station); Jack
West (Forest Service, Region 5, Klamath NF), Steven Klein
(Environmental Protection Agency), Barry Mulder (Fish
and Wildlife Service), Debbie Pietrzak (Bureau of Land
Management-Oregon), John Robinson (Forest Service,
Region 5), and three anonymous reviewers.

Metric Equivalents

When you know:  Multiply by:  To find:
Inches (in) 2.54 Centimeters
Feet (ft) 3048  Meters
Acres (ac) , .405 Hectares
Square miles (mi ) 2.59 Square kilometers
Trees per acre 247 Trees per hectare
Tons (ton) 907 Kilograms
Tons per acre 2.24 Megagrams per
. hectare
Cubic feet per acre (ft /ac) .07 Cubic meters per
hectare
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Appendix 1—Path/row and date of
Landsat Thematic Mapper imagery

Path/row and date of Landsat Thematic Mapper imagery
used in the monitoring analysis for classifying existing
vegetation attributes at the start of the Northwest Forest
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Plan

Path/row Date
48/ 26 10/9/92
48/ 27 10/9/92
47/ 26 8/12/96
47127 8/12/96
47/ 28 7/11/96
47129 7/11/96
46/ 26 8/21/96
46/ 27 8/21/96
46/ 28 8/21/96
46/ 29 8/21/96
46/ 30 8/3/95
46/ 31 6/18/96
45/ 26 7/13/96
45/ 28 7/13/96
45/ 29 7/13/96
45/ 30 7/13/96
45/ 31 7/8/94
45/ 31 7/8/94
45/ 31 8/4/98
45/ 32 6/22/94
45/ 32 8/4/98
45/ 33 6/22/94
45/ 33 8/4/98
46/ 31 7/15/94
46/ 31 7/26/98
46/ 32 7/15/94
46/ 32 7/26/98

Appendix 2—Forest Canopy Structure
Modeling Pilot Study

Craig Ducey and Melinda Moeur

Abstract

The objective of this pilot study was to test the possibility
of predicting the Structural Complexity Index (SCI) as a
means of modeling forest canopy structure. Image objects
created by using the multiresolution segmentation utility
available in eCognition version 3.0 (Definiens Imaging
2003) were used as the basic mapping units. Image objects
are aggregations of pixels based on a number of user-
defined criteriaincluding a scale parameter, color (spectral
values), shape, smoothness, and compactness. Image
objects were classified as either simple or complex forest
canopy structure. The results of this project, in conjunction
with other geographic information and remote sensing
vegetation classifications, will be used to predict the
occurrence of late-successional and old-growth forest
throughout western Oregon and Washington for effective-
ness monitoring.

Introduction and Methods

The multiresolution segmentation utility in eCognition is

a data-driven region-merging method that begins with single
pixels. Through subsequent iterations, these pixel-scale
image objects are merged together until the smallest in-
crease in heterogeneity exceeds a threshold defined by the
user. Image object heterogeneity is determined both
spectrally and spatially. Spectral heterogeneity is described
by the weighted standard deviations of the spectral valuesin
each layer used during the segmentation. Spatial heteroge-
neity is determined by both the compactness of image
objects and their border smoothness. A mixture of these
two heterogeneity criteria results in image objects that may
not be as spectrally homogeneous as possible, but have
greater contextual meaning.

For this pilot study, the Alsea fourth-field watershed
located along the Oregon coast and the north third of the
Western Cascades Washington (WCW) physiographic
province were selected as study areas. The 1996 L andsat
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TM imagery was acquired from both areas and clipped to
their respective boundaries. The imagery was processed to
produce normalized difference vegetation index (NDV1),
band ratios 4:3, 5:4, and 5:7, as well as the three tassled cap
transformations. Aspect and slope were calculated for both
study areas by using 25-m digital elevation models.

The multiresolution image segmentation utility was
applied to both study areas by using the raw and processed
imagery. All input image layers were weighted equally
(weight = 1.0). For the WCW subset, aspect was also in-
cluded in the segmentation, and was weighted at 0.5. Aspect
was included to help eCognition distinguish between op-
posing slopes. The resulting segmentations were vectorized,
and exported from eCognition as an ArcINFO" shapefile.
Each image object was attributed with its mean and standard
deviation values for al the input image layers.

Current Vegetation Survey (CVS) plot data for both
study areas were used as a means of applying calculated

"The use of trade or firm namesin this publication is for reader
information and does not imply endorsement by the U.S. De-
partment of Agriculture for any product or service

SCI values to the image objects. Only those CV S plots
determined to be of high quality during a quality control
procedure performed for the Interagency V egetation Map-
ping Project (1VMP) were used. These plots were checked
for registration and photointerpretation information errors,
aswell asthe relative homogeneity of the plot in terms of
shadows, ridges, roads, drainages, etc. Twenty percent of
the CV S plots from each study area were reserved for
accuracy assessment.

Relationships between the image object mean and
standard deviation values and SCI were evaluated by using
multiple regression (table 2-1). Four of the variables were
eliminated based on their r* values, residuals, and overall
appearance to allow the multiple regression program to
run at a reasonable speed. Any significant outliers were
removed from the data set. The best potential models con-
taining one to five variables based on their r* value were
evaluated to determine if each variable significantly con-
tributed to the overall fit of the regression line. If one
variable did not, the entire model was eliminated from
consideration. The r* values of the remaining models were
then compared to the model with the highest r* value. Any
model not within 0.05 of the top r* value was eliminated.

Table 2-1—Variablestested in the multiple regression of canopy complexity

index (SCI)
Standard
Mean deviation Description
U BLUE SD_BLUE Landsat TM Band 1 (Blue)
U_GREEN SD_GREEN Landsat TM Band 2 (Green)
U_RED SD_RED Landsat TM Band 3 (Red)
U _NIR SD_NIR Landsat TM Band 4 (Near-Infrared)
U_MIRO1 SD_MIRO1 Landsat TM Band 5 (Mid-Infrared 01)
U_MIRO02 SD_MIR02 Landsat TM Band 7 (Mid-Infrared 02)
U_RO1 SD_RO1 Band 4/Band 3
U_R02 SD_R02 Band 5/Band 4
U_RO3 SD_R03 Band 5/Band 6
U TO1 SD_TO01 Tasseled Cap Brightness
U TO2 SD_T02 Tasseled Cap Greenness
U _T03 SD_TO03 Tasseled Cap Wetness
U_NDVI SD_NDVI Normalized Difference Vegetation Index
U_SAVI SD_SAVI Soil Adjusted Vegetation Index
U SLP SD SLP Slope

Note: U_ = mean and SD_ = standard deviation.
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Those models surviving the evaluation procedure were
applied to the imagery in eCognition. An SCI threshold
dividing simple from complex forest canopy structure was
determined by comparing the calculated SCI values with
their CV S plot’s single or multistory canopy attribute.
Various SCI threshold candidates were visually judged by
juxtaposing the modeled imagery against photointerpreted
aerial photography. The model with the best result was then
applied to imagery.

Areas with less than 10 percent coniferous cover in the
IVMP data yet classified as having complex canopy struc-
ture were reclassified as simple canopy structure. The land
use and nonvegetated land cover mask created for the [IVMP
project was applied to the final forest canopy structure map
to prevent water, agriculture, urban areas, etc. from having a
forest structure assignment.

The accuracy of the SCI models were tested by compar-
ing the predicted and calculated SCI values.

Results

Individual relations between variables and SCI were better
overal in the Alsea watershed than in the WCW South
study area. Eleven variablesin the Alsea watershed and
only seven in the WCW South study area had r° values
greater than 0.25. The SD_NDVI variable exhibited an
amost categorical relationship with SCI in both study areas.
Thiswas also true for SD_R02 and SD_RO03 in the Alsea
watershed. Variables SD_BLUE, SD_NDVI, SD_R02, and
SD_RO03 were left out of the Alsea watershed’ s regression
models. Variables SD_NDVI, SD_R02, U_SLP, and
SD_SL P were left out of the WCW South study area's
regression models.

The best multiple regression results that passed the
evaluation procedure for both study areas are listed below.

Alsea Fourth-Field Watershed

Variablesin Model

Model R-Square
3 0.6582
5 0.7075
5 0.7045
5 0.6966

U_GREEN SD_R01 SD_T01

U_GREEN SD_GREEN SD_MIR02 SD_T01 SD_T02
U_GREEN SD_GREEN SD_MIR02 SD_RO01 SD_T01
U_GREEN SD_GREEN SD_NIR SD_MIR02 SD_T01

WCW South—Northern Third

Variablesin Model

Model R-Square
4 0.6684
5 0.7171

SD_NIR SD_R03 SD_T01 SD_T02
SD_GREEN SD_NIR U_R02 SD_T01 SD_T02

Accuracy was assessed by comparing observed SCI
versus predicted SCI. Scatter plots showing this relationship
for the best models for each study area are shown below.
Eleven points were reserved for accuracy assessment for the
Alsea watershed, and seven were reserved for the WCW
study area.
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Alsea Fourth-Field Watershed
SCI Model 03

y = 0.4156x - 0.2872
R? = 0.1635 ¢

Observed SCI

Predicted SCI

WCW South-Northern Third
SCI Model 02

y = 0.8406x + 0.2406
R? = 0.5765

Observed SCI
a5]

06 0.8 1.0 1.2

-1.0-
Predicted SCI
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Appendix 3—A discussion of map accu-
racy for Interagency Vegetation Mapping
Project (IVMP) and Classification and
Assessment with Landsat of Visible Eco-
logical Groupings (CALVEG).

In a quantitative assessment of map accuracy, comparison
of map values and reference plot valuesis summarized in an
error matrix. The example below shows the frequency of
samples classified from the map (rows) relative to their true
valuesin the reference data (columns). Samples along the
main diagonal have been mapped correctly, whereas values
above or below the diagonal have been incorrectly mapped.
Overall accuracy describes how well the total map reflects
the reference dataand is calculated by dividing the sum of
the numbers along the main diagonal by the total number

of reference samples (321 / 434 = 74 percent). Two other

Example Error Matrix

types of accuracy yield additional information about the
performance of the map with respect to specific classes.
Producer’ s accuracy is the probability that a reference ob-
servation on the ground has been correctly classified on the
map. Producer’ s accuracy summarizes errors of exclusion.
In the example, of 75 sample areas identified as “Decidu-
ous” in the reference data, 65/ 75 = 87 percent were map-
ped correctly. Ten other reference observations (13 percent)
were mistakenly omitted (excluded) from the “ Deciduous’
class. User’saccuracy isthe probability that a unit classi-
fied on a map actually represents that class on the ground.
User’s accuracy summarizes errors of inclusion. Of the 115
samples identified on the map as “ Deciduous,” 65/ 115 =
57 percent were mapped correctly, while 50 reference ob-
servations (43 percent) were mistakenly interpreted (in-
cluded) as belonging to the “Deciduous’ class when they
really belong to another class.

Reference plots

User’s accur acy

Map Deciduous  Conifer  Agriculture Shrub Row total (per cent)
Deciduous 65 4 22 24 115 57
Conifer 6 81 5 8 100 81
Agriculture 0 1 85 19 115 74
Shrub 4 7 3 90 104 87
Columntotal 75 103 115 141 434

Producer’s accuracy

(percent) 87 79 74 64 74

When reference data are obtained from different inven-
tory sources having unequal sampling probabilities, it is
appropriate to weight the contribution of each sample type
to the overall accuracy value. For example, plot sizes and
sampling intensities differ for Current Vegetation Survey
(CVS) inventory plots on U.S. Forest Service (FS), CVS
inventory plots on Bureau of Land Management (BLM)
lands, and Forest Inventory and Analysis (FIA) inventory
plots on state and private lands. The data derived from the
three inventories have different area expansion factors,
which are used to properly weight the map accuracy values
in IVMP. Weighting formulas are included in the IVMP
accuracy assessment documentation (Browning and others,
2002a, 2003a, 2003b, 2003c, 2003d; O'Neil and others,
2001a, 2002a, 2002b).

In IVMP, mapped values of percentage of cover are
continuous (1 percent increments) for all provinces, and
average tree size (quadratic mean diameter—QMD) values
are continuous (1-in increments) for 6 of 9 provinces. To
create the error matrices, the continuous data were collapsed
into classes corresponding to Vegetation Strike Team stand-
ards (Askren and others 1995, 1996), that is 20-percent
classes for cover, and the following classes for QMD: 0-4.9,
5-9.9, 10-19.9, 20-29.9, 30-49.9, and 50 in and larger. In
addition, accuracies are reported for a two-class QMD map
(0-19.9 vs. 20 in and greater), which corresponds to the
threshold used to distinguish young forest classes from
older forests, and a three-class cover map (0-39 percent,
40-69 percent, and 70-100 percent).
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Table 3-1—Accuracy matrices for average tree size mapped in 20-in
classes by IVMP in Oregon and Washington

Accuracy Reference plots
Map type 0-19.9 inches 20+ inches
Inches  —————— Percent - —————

Oregon Coast Range

0-19.9 User's 85.07 14.93
Producer’'s 80.10 26.02
20+ User's 34.23 65.77
Producer’'s 19.90 73.98
Overall map accuracy 79.18
Oregon Eastern Cascades
0-19.9 User's 86.91 13.09
Producer’'s 89.46 41.98
20+ User's 38.65 61.35
Producer’'s 10.54 58.02
Overall map accuracy 81.67
Oregon Klamath
0-19.9 User's 82.99 17.01
Producer’'s 57.62 33.13B
20+ User's 68.61 31.39
Producer’'s 42.38 66.87 B
Overall map accuracy 60.77
Oregon Western Cascades
0-19.9 User's 86.56 13.44
Producer’'s 68.19 17.63B
20+ User's 39.13 60.87
Producer’'s 31.81 82.37B
Overall map accuracy 61.99
Oregon Willamette Valley
(No accuracy assessment performed)
Washington Eastern Cascades
0-19.9 User's 84.43 15.57
Producer’'s 93.25 100.00
20+ User's 100.00 0.00 A
Producer’s 6.75 0.00 A
Overall map accuracy 79.59
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Table 3-1—Accuracy matrices for average tree size mapped in 20-in
classes by IVMP in Oregon and Washington (continued)

Accuracy Reference plots
Map type 0-19.9 inches 20+ inches
Inches  —————— Percent - —————

Washington Olympic Peninsula

0-19.9 User's 95.20 4.80 A
Producer’s 87.27 14.29 AB

20+ User's 55.50 44.50
Producer’'s 12.73 85.71B

Overall map accuracy 86.69

Washington Western Cascades

0-19.9 User's 80.67 19.33
Producer’'s 62.98 20.11

20+ User's 44.21 55.79
Producer’'s 37.72 79.89

Overall map accuracy 72.14

Washington Western Lowlands

0-19.9 User's 91.13B 8.87B
Producer’s 93.39B 91.67 B

20+ User's 88.89 B 11.11 AB
Producer’s 6.61 B 8.33 AB

Overall map accuracy 85.71

Note: User’s, producer’s and overall map accuracy values are shown. Code of (A) inacell
indicates fewer than 5 total observations in the cell; code of (B) indicates one or more of the
strata (inventory groups) had no observations.
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Table 3-2—Accuracy matrices for percentage of coniferous cover mapped in three
classes by IVMP in Oregon and Washington

Reference plots

Accuracy 0-39 40-69 70-100
Map type per cent per cent per cent
Percent 00 ———————— Percent - —————————

Oregon Coast Range

0-39 User's 65.37 18.16 16.47
Producer’'s 70.93 21.61 6.05
40-69 User's 26.79 32.40 40.81
Producer’'s 27.71 50.00 21.50
70-100 User's 159 A 12.04 86.36
Producer’s 1.36 A 28.39 72.44
Overall map accuracy 67.43
Oregon Eastern Cascades
0-39 User's 52.17B 39.13B 8.70 AB
Producer’s 80.00 B 47.37B 143 A
40-69 User's 4.06 A 14.22 81.72
Producer’s 13.33 AB 36.84 B 28.09
70-100 User's 093 A 279A 96.29
Producer’s 6.67 AB 15.79 AB 70.48
Overall map accuracy 67.53
Oregon Klamath
0-39 User's 67.45 15.82 16.72
Producer’'s 63.91 28.45 18.09
40-69 User's 45.37 17.46 37.17
Producer’'s 26.87 21.46 21.80
70-100 User's 8.13 32.27 59.60
Producer’s 9.22 50.09 60.11
Overall map accuracy 57.04
Oregon Western Cascades
0-39 User's 79.20 20.80 0.00
Producer’'s 55.04 13.14 0.00
40-69 User's 30.42 43.36 26.21
Producer’'s 39.39 51.01 8.44
70-100 User's 1.35 9.55 89.10
Producer’'s 5.57 35.85 60.11
Overall map accuracy 74.41

Oregon Willamette Valley
(No accuracy assessment performed)
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Table 3-2—Accuracy matrices for percentage of coniferous cover mapped in three
classes by IVMP in Oregon and Washington (continued)

Reference plots

Accuracy 0-39 40-69 70-100
Map type per cent per cent per cent
Percent 000000 Percent —-————————

Washington Eastern Cascades

0-39 Users 80.28 13.15 6.57
Producer’'s 70.99 13.44 2.52
40-69 User's 13.38 38.01 48.61
Producer’s 21.81 46.64 25.03
70-100 User's 2.56 16.47 80.97
Producer’'s 7.20 39.92 72.45
Overall map accuracy 66.41
Washington Olympic Peninsula
0-39 User's 78.23 19.23 2.54 A
Producer’s 63.80 16.60 1.32A
40- 69 User's 26.29 29.34 44.37
Producer’s 32.04 41.01 11.84
70-100 User's 0.63 A 9.34 90.03
Producer’s 415A 42.39 86.84
Overall map accuracy 79.09
Washington Western Cascades
0-39 User's 70.62 17.43 11.96
Producer’'s 64.60 21.72 3.12
40-69 User's 19.57 26.17 54.26
Producer’'s 20.26 45.92 16.09
70-100 User's 4.30 5.19 90.51
Producer’'s 15.14 32.37 80.79
Overall map accuracy 74.17
Washington Western Lowlands
0-39 User's 590.68 B 25.81B 1452 B
Producer’s 63.79 B 30.77B 1047 B
40-69 User's 31.75B 38.10B 30.16 B
Producer’s 34.48B 46.15B 22.09B
70-100 User's 1.41 AB 16.90 B 81.69B
Producer’s 1.72 AB 23.08 B 67.44B
Overall map accuracy 60.71

Note: User's, producer’s and overall map accuracy values are shown. Code of (A) in acell indicates fewer than 5
total observationsin the cell; code of (B) indicates one or more of the strata (inventory groups) had no observa-
tions.
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Table 3-3—IVMP canopy structure map accur acy

Province/ Canopy Accuracy value Number of reference obs’
image subset structure® Producer’s User's Overall aa mb
——————— Percent ——————— ———Number ———

Oregon Coast Range

South SS 80.0 94.1 87.2 38 91
MS 94.5 80.2

North SS 88.5 88.5 87.5 48 137
MS 86.4 86.4

Oregon Eastern Cascades

Mid SS 61.9 59.1 63.0 46 140
MS 64.0 66.7

North SS 50.0 50.0 55.6 9 34
MS 60.0 60.0

South SS 78.3 66.7 70.2 47 141
MS 62.5 75.0

Oregon Klamath

North SS 54.3 76.0 65.2 66 192
MS 774 58.5

South SS 79.4 711 735 68 220
MS 67.6 76.7

Oregon Western Cascades

North SS 77.8 82.4 731 26 51
MS 62.5 55.6

Mid-North SS 73.0 67.5 69.7 76 106
MS 66.7 722

Mid-Southeast SS 75.0 724 76.6 64 136
MS 77.8 80.0

Mid-Southwest SS 57.1 66.7 75.0 40 153
MS 84.6 78.6

South SS 57.1 57.1 70.0 20 60
MS 76.9 76.9

Washington Eastern Cascades

North SS 70.0 53.8 55.0 20 58
MS 40.0 57.1

Mid SS 60.0 50.0 50.0 23 63
MS 40.0 50.0

South SS 36.4 80.0 57.9 19 48
MS 87.5 50.0

Washington Olympic Peninsula

East SS 78.9 78.9 724 29 67
MS 60.0 60.0

West SS 83.3 55.6 66.7 15 32
MS 55.6 83.3

Washington Western Cascades

North SS 61.1 84.6 75.0 36 95
MS 88.9 69.6

South SS 60.5 60.5 62.5 80 239
MS 64.3 64.3

# SS=single-storied, M S=multistoried
® aa=accuracy assessment plots, mb=model building plots
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In Cdifornia, an independent subsample of R5-FIA plots
(that is, those plots administered by Pacific Southwest
Region [Region 5] on Forest Service lands) and FIA plots
(those plots administered by Pacific Northwest Station on
non-FS lands) provided reference data for CALVEG map
accuracy assessment. Reference plots were systematically
located across the area to be mapped by IVMP. Accuracy
assessments are reported for tree size classes and tree
canopy closure classes.

The CALVEG map error assessment uses error matrix
procedures much like those of IVMP. In addition, map
accuracies reported for CALVEG attributes include esti-
mates based on fuzzy set ratings. Fuzzy set theory goes a
step beyond strictly evaluating whether an observation is
correctly or incorrectly classified relative to ground truth
data. Instead, the classification israted on arelative scale
from “absolutely right” to “absolutely wrong.” For example,
apure red fir stand, classified as “hardwood” may be rated
absolutely wrong, but a classification of “mixed conifer-fir”
might be considered sufficiently accurate and thus accept-
able for many decisionmaking purposes.

The logic that determines the assignment of fuzzy rat-
ings for each reference/map label combination is based on
deviation from the class parameters defined in the classifica-
tion keys. Fuzzy ratings are ultimately used to determine
what percentage of each map class is acceptable and the
magnitude of the errors within each map class. The example
below illustrates fuzzy ratings assigned to crown closure and
tree size based on the deviation from a defined class meas-
ured as a percentage of class width.

Example fuzzy rating matrix for CALVEG attributes

Fuzzy rating
5 4 3 2 1
Percent
Crown closure 7 10 15 18 >18
Treesize 10 30 60 120 >120

The fuzzy rating scale used for Region 5 accuracy assess-
mentsis as follows:

5: Absolutely right. Perfect match.

4: Good. Would be happy to find this label on the map.

3: Acceptable. Maybe not the best possible map label but it
is acceptable.

2: Understandable but wrong. Not an acceptable map label.
There is something about the site that makes the label
understandable, but there is clearly a better one.

1: Absolutely wrong. The label is absolutely unacceptable.

Overall map and class accuracies reported for CALVEG
atttributes include both nonfuzzy and fuzzy rating values.
Observations having afuzzy rating of 3 or better are con-
sidered correct. These operators are useful in identifying
more subtle confusion between map classes (for details see
Milliken and others 1998 and Franklin and others 2001).
The nonfuzzy (MAX operator) corresponds most closely to
the IVMP error matrix method. Note that CALVEG uses
more classes, and narrower classes for reporting both size
and cover. Therefore, we expect calculated classification
errors to be inherently higher than for fewer, wider classes
reported for IVMP data. In this report, both the MAX
operator and fuzzy rating (RIGHT operator) values based on
the error matrix are discussed in presenting CALVEG map
accuracy results.

The CALVEG classes for average tree size are 0-1,
1-4.9, 5-11.9, 12-23.9, 24-39.9, and 40+ in. No two-class
accuracy was evaluated that would correspond with the
IVMP classes—0-19.9 and 20+ in. Cover accuracy was
assessed for four classes: 0-19, 20-39, 40-69, and 70-100
percent. The CALVEG map project areas do not correspond
directly with physiographic provinces used in Northwest
Forest Plan monitoring. Tables are reproduced from http://
www.fs.fed.us/r5/rdl/projects/mapping/accuracy .shtml.
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Table 3-4—Accuracy matrices for average tree size mapped by

CALVEG in California

Map

L abel Sites Right

Inches Number  Number  Percent Number Percent

Sierran Forest-Alpine Meadows Province

Section M261A—KIlamath Mountains Section

(CALVEG North Coast and Montane—Zone 1)

0-1 0 0 0 0 0

1-4.9 5 0 0 0 0

5-11.9 65 31 47.69 49 75.38

12-23.9 182 99 54.40 144 79.12

24-39.9 257 87 33.85 167 64.98

40+ 10 4 40.00 7 70.00
Total 519 221 42.58 367 70.71

Weighted 41.82 69.00

Sierran Forest-Alpine Meadows Province

Section M261B—Northern California Coast Ranges

(CALVEG North Coast and Montane—Zone 1)

0-10 0 0 0 0 0

1-4.9 0 0 0 0 0

5-11.9 41 22 53.66 32 78.05

12-23.9 66 31 46.97 50 75.76

24-39.9 70 24 34.29 42 60.00

40+ 1 0 0 1 100.00
Total 178 77 43.26 125 70.22

Weighted 41.70 67.52
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Table 3-4—Accuracy matrices for average tree size mapped by

CALVEG in California (continued)

Map
L abel Sites Max Right
Inches Number ~ Number  Percent Number Percent
Sierran Forest-Alpine Meadows Province
Section M261D—Southern Cascades Section
(CALVEG North Interior—Zone 2)
0-1 2 0 0 0 0
1-4.9 3 1 33.33 2 66.67
5-11.9 53 25 47.17 45 84.91
12-23.9 226 121 53.54 196 86.73
24-39.9 50 18 36.00 34 68.00
40+ 0 0 0 0 0
Tota 334 165 49.40 277 82.93
Weighted 48.97 82.69
Cdlifornia Coastal Steppe-Mixed Forest-Redwood Forest Province
Section 263A—Northern California Coast Section
(CALVEG North Coast and Montane—Zone 1)
0-1 0 0 0 0 0
1-4.9 6 2 33.33 3 50.00
5-11.9 27 10 37.04 21 77.78
12-23.9 125 67 53.60 94 75.20
24-39.9 51 15 29.41 33 64.71
40+ 7 1 14.29 1 14.29
Tota 216 95 43.98 152 70.37
Weighted 43.09 69.16
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Table 3-5—Accuracy matricesfor conifer cover mapped by

CALVEG in California

Map label Sites Right

Percent Number  Number  Percent Number Percent

Sierran Forest-Alpine Meadows Province

Section M261A—KIlamath Mountains Section

(CALVEG North Coast and Montane—Zone 1)

10-20 18 10 55.56 11 61.11

20-40 39 29 74.36 34 87.18

40-70 149 100 67.11 122 81.88

70-100 361 224 62.05 259 71.75
Total 567 363 64.02 426 75.13

Weighted 64.14 75.24

Sierran Forest-Alpine Meadows Province

Section M261B—Northern California Coast Ranges

(CALVEG North Coast and Montane—Zone 1)

10-20 8 2 25.00 5 62.50

20-40 21 7 33.33 14 66.67

40-70 81 50 61.73 62 76.54

70-100 151 99 65.56 123 81.46
Total 261 158 60.54 204 78.16

Weighted 57.45 76.58

Sierran Forest-Alpine Meadows Province

Section M261D—Southern Cascades Section

(CALVEG North Interior—Zone 2)

10-20 12 4 33.33 6 50.00

20-40 74 46 62.16 63 85.14

40-70 162 112 69.14 139 85.80

70-100 86 42 48.84 55 63.95
Total 334 204 61.08 263 78.74

Weighted 60.26 78.14

Cadlifornia Coastal Steppe-Mixed Forest-Redwood Forest Province

Section 263A—Northern California Coast Section
(CALVEG North Coast and Montane—Zone 1)

10-20 0 0 0 0 0
20-40 16 5 31.25 6 3750
40-70 39 18 46.15 25  64.10
70-100 244 185 75.82 200  81.97

Tota 299 208 69.57 231  77.26
Weighted 68.15 75.94
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Appendix 4—Northwest Forest Plan
Expectations

Excerpted from USDA and USDI (1994a: 36-43) and
Hemstrom and others (1998)

Expected outcomes are quantifiable targets or thresholds
that can be assessed directly by using collective monitoring
information. Most Northwest Forest Plan expectations have
both short-term and long-term outcomes. Two examples are
(2) “At the end of the first decade, the amount of L SOG will
have increased by %2 million acres,” and (2) “At least 60
percent of the federal landscape will be covered by late-
successional and old-growth forest within 200 years as a
result of the Northwest Forest Plan.” The short-term ex-
pected outcome can be addressed by comparing the change
in observed amounts of older forest at the beginning of the
Plan and at year 10; the long-term expected outcome can be
addressed by continued monitoring, and also through trend

analysis—projecting current conditions forward and com-
paring the outcome with expected or desired trajectories.

Comparison of monitoring results with expected
outcomes provides adirect link to decisionmaking. For
example, observed outcomes that depart significantly from
projected trends (say, falling significantly below) could be
an early warning that might trigger a variety of actions,
ranging from review of refined trend estimates and mapping
methods, to examination of the Northwest Forest Plan and
its implementation.

Ecosystem Attributes, Thresholds, and Outcomes

The expected outcomes of late-successional ecosystems
under the Northwest Forest Plan are based on three at-
tributes that characterize the quantity and quality of compo-
nents of the ecosystem (USDA and USDI 19944). These are
abundance and ecological diversity, processes and
functions, and connectivity.

Table 4-1—L ikelihood of achieving a functional, interacting late-successional
and old-growth forest ecosystem on federal lands for Option 9

Moist provinces

Dry provinces

A? P c* Average A P

C Average

) Percent
76 75 80 77 69 53

66 63

® Attributes: A = abundance and ecological diversity; P = process and function; C = connectivity.
® Numbers of at least 80 percent represent the likelihood that the alternative will meet minimum

requirements for these attributes.
Source: Hemstrom and others 1998, table 2.

Abundance and Ecological Diversity

Abundance and ecological diversity isthe amount and
variety of plant communities and environments (USDA and
USDI 1994a: 35). Plan expectations are that, in the short
term (at year 10), and in the long term (at years 50, 100, and
200) the proportion of older forest will increase relative to
the amount present at the start of the Plan. The environmen-
tal impact statement (USDA and USDI 1994a: table 3& 4-5)
set quantifiable abundance and diversity thresholds relative
to long-term expected averages. The Plan does not project
achieving thresholds for at least 100 years because current
conditions are substantially below these amounts and stand
development takes considerable time. It is expected that half
the thresholds will have been achieved by year 50.

LSOG
(million acres)

W s OO~ ®

0 50 100 150
Years

Figure 4-1—Expected trend in amount
of late-successional and old-growth
forest (LSOG) after implementing the
Northwest Forest Plan for the next 150
years (Hemstrom and others 1998).
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Table 4-2—Abundance and diversity outcomes and thresholds for late-
successional and old-growth (L SOG) forests used in ranking alternative
land management strategies considered in the Northwest Forest Plan

Landsin stands
of more than

Provinces meeting

Land covered both amount and

Outcome by LSOG 1,000 acres stand size
Percent

1 60 to 100 80 to 100 100

2 40to 60 510 80 100

3 5t040 1to5 50 to 100

4 Lessthan 5 Lessthan 1 Less than 50

Source: USDA and USDI 199%4a; table 3& 4-5.

Outcome 1—L ate-successional and old-growth ecosystem
abundance and ecological diversity on federal lands are at
least as high as the long-term average...prior to logging and
extensive fire suppression....Relatively large areas (50,000
to 100,000 ac) would still contain levels of abundance and
distribution of late-successional forests that are well below
the regional average for long periods. However, within each
physiographic province, abundance would be at least as
high as province-level long-term averages, which might be
higher or lower than the regional long-term average.

Outcome 1 scenario: The long-term average proportion
of late-successional and old-growth forest for the entire
Forest Plan area was estimated at 65 percent in FEMAT
(1993: 51). Because this criterion is the same as ol der forest
cover in connectivity (below), the same number (60 percent)
was used for outcome for both abundance and connectivity.
Most (more than 80 percent) of the older forest in the long-
term average was assumed to have occurred in large blocks
(more than 1,000 ac).

Outcome 2—L ate-successional and old-growth ecosystem
abundance and ecological diversity on federal lands are less
than the long-term conditions (prior to logging and exten-
sive fire suppression) but within the typical range of condi-
tions that occurred during previous centuries.

Outcome 2 scenario: Late-successional and old-growth
forest is present in al provinces and at al elevations but
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with larger gaps in distribution than in outcome 1. The
average of the low end of the range for older forest amount
in the long-term average was assumed to be 40 percent in
FEMAT (1993: 51). The range in amounts under outcome 2
is between 40 and 65 percent. Less than 80 percent of the

L SOG would be in stands of more than 1,000 ac.

Outcome 3—L ate-successional and old-growth abundance
and ecological diversity on federal lands are considerably
below the typical range of conditions that have occurred
during the previous centuries, but some provinces are within
the range of variahility....The ecological diversity (age-class
diversity) may be limited to the younger stages of late-
successional ecosystems. Late-successional and old-growth
communities and ecosystems may be absent from some
physiographic provinces or occur as scattered remnant
patches within provinces.

Outcome 3 scenario: Amounts of older forest would be
less than the average century lows from the long term (40
percent; FEMAT 1993: 51), but some older forest would
still exist (for example, more than 1 percent of the federal
land area). Less than 80 percent of the older forest would be
in stands of more than 1,000 ac. Older forest may be absent
from some physiographic provinces or elevations within
provinces and occur as scattered remnant stands within
provinces.
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Outcome 4—L ate-successional and old-growth ecosystems
are very low in abundance and may be restricted to afew
physiographic provinces or elevation bands or localities
within provinces. Late-successional and old-growth com-
munities and ecosystems are absent from most physi-
ographic provinces or occur only as small remnant patches.

Outcome 4 scenario: Late-successional and old-growth
forest ecosystems cover less than 1 percent of federal land.
L ess than 80 percent of the older forest isin stands of more
than 1,000 ac. Older forest is absent from most provinces or
occurs only as small remnant forest stands.

Processes and Functions

Processes and functions are the ecological actions that lead
to the development and maintenance of the ecosystem and
the values of the ecosystem for species and populations
(USDA and USDI 1994a: 35). No quantitative criteria are
provided in the Plan for process and function thresholds. In
the near term, process and function thresholds will be as-
sumed to be provided to the extent that ecological abun-
dance and diversity thresholds are met (USDA and USDI
1994a: 3& 4: 38).

Table 4-3—Process and function outcomes for late-successional and old-growth forests used in ranking alternative
land management strategies considered in the Northwest Forest Plan

Outcome 1—The full range of natural disturbance and vegetative development processes and ecological functions are

present at all spatial scales from microsite to large landscapes.

Outcome 2—Natural disturbance and vegetative development processes and ecological functions occur across a
moderately wide range of scales but are limited at large landscape scales through fire suppression and limitation of areas

where late-successional ecosystems can develop.

Outcome 3—Natural disturbance and vegetative development processes are limited in occurrence to stand and microsite
scales. Many stands may be too small or not well developed enough to sustain the full range of ecological processes and

functions associated with L SOG ecosystems.

Outcome 4—Natural disturbance and vegetative development processes associated with LSOG ecosystems are extremely
restricted or absent from most stands and large landscapes. Most stands of older forest are too small or not well enough
developed to sustain the full range of processes and ecological functions associated with late-successional and old-growth

ecosystems.

Source: USDA and USDI 199%4a; table 3& 4-5.

Connectivity

Connectivity is the extent to which the landscape pattern of
the ecosystem provides for biological flows that sustain
animal and plant populations (USDA and USDI 1994a: 35).
Table 3&4-7 (USDA and USDI 1994a) set quantifiable con-
nectivity thresholds relative to long-term expected averages.
The Plan does not project achieving thresholds for at |east
100 years because current conditions are substantially
below these amounts and stand development takes consider-
abletime. It is expected that half the thresholds will have
been achieved by year 50.

Outcome 1—Connectivity is very strong, characterized by
relatively short distances (less than 6 miles on average)
between late-successional and old-growth areas. Smaller
patches of late-successional and old-growth forest fre-
quently occur....The proportion of the landscape covered by
late-successional and old-growth conditions of all stand
sizes exceeds 60 percent, a threshold where many measures
of connectivity increase rapidly. At regional scales, physi-
ographic provinces are connected by the presence of
landscapes containing areas of |ate-successional and old-
growth forests.
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Table 4-4—Connectivity thresholds for late-successional and old-growth (L SOG) forest used when ranking
land management alter natives considered in the Northwest Forest Plan

M ean distance
between stands of

Adjacent provinces

L SOG stands less connected with large

Outcome mor e than 1,000 acres L SOG cover than 1,000 acres L SOG stands
Miles Percent Percent

1 Lessthan 6 60 to 100 Common 100

2 6to 12 50 to 60 Common 100

3 12to 24 25t0 50 Present Less than 100

4 More than 24 Lessthan 25 Absent to few Less than 100

Source: USDA and USDI 199%4a; table 3& 4-7.

Outcome 1 scenario: Mean distances of less than 6
miles between older forest stands of 1,000 acres or larger
and older forest cover of greater than 60 percent indicate
outcome 1. Small stands of older forest (riparian buffers,
green-tree retention in harvest units, etc.) are common, as
indicated by cumulative frequency distributions of older
forest stand sizes. Large older forest stands connect between
adjacent provinces.

Outcome 2—Connectivity is strong, characterized by
moderate distances (less than 12 mi on average) between
large late-successional and old-growth areas. Smaller
patches of late-successional forest occur as described in
outcome 1. At regional scales, physiographic provinces are
connected by the presence of landscapes containing areas of
late-successional and old-growth forests. The total propor-
tion of landscape in late-successional and old-growth
conditions, including smaller patches, is at |east 5[0]
percent, so that the late-successional condition is still the
dominant cover type.

Outcome 2 scenario: Mean distances of 6 to 12 mi
between older forest stands of 1,000 ac or larger and older
forest cover of greater than 50 percent indicate outcome 2
(table 4). Small stands of older forest (riparian buffers,
green-tree retention in harvest units, etc.) are common as
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indicated by cumulative frequency distributions of older
forest stand sizes. Large older forests stands connect
between adjacent provinces.

Outcome 3—Connectivity is moderate, characterized by
distance[s] of 12 to 24 mi between large old-growth areas.
Thereislimited occurrence of smaller patches of late-
successional forest in the matrix. The late-successional
forest is at least 25 percent of the landscape, and the matrix
contains some smaller areas for dispersal habitat.

Outcome 3 scenario: Mean distances of 12 to 24 mi
between older forest stands of 1,000 ac or larger and older
forest cover of greater than 25 percent indicate outcome 3
(table 4). Small stands of older forest occur in matrix lands.

Outcome 4—Connectivity is weak, characterized by wide
distances (greater then 24 mi) between old-growth areas.
There isamatrix in which late-successional and old-growth
conditions occur as scattered remnants or are completely
absent.

Outcome 4 scenario: Mean distances of over 24 mi
between older forest stands of 1,000 ac or larger and older
forest cover of less than 25 percent indicate outcome 4
(table 4). Older forest occurs as small remnant stands or is
absent in matrix lands.
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Appendix 5—Disturbance Map Accuracy
Table 5-1—Map accuracy resultsfor change-detection mapsin Oregon and Washington

Reference plot class (disturbance year)

No Cut72- Cut77- Cut84- Cut88 Cut9l- Cut95 Cut00- Fire72- Fire77- Fire84- Fire88 Fire92- Fire95- Fire00- User’'s
Map class change 7 84 88 91 95 00 02 7 84 88 91 95 00 02 Total accuracy
————————————————————————————————————— Number of plots—--------------—-—-—- - ————— Percent
Eastern Oregon®
No change 135 2 10 1 4 3 3 1 159 0.849
Cut 72-77 2 8 1 11 0.727
Cut 77-84 5 1 16 22 0.727
Cut 84-88 8 12 1 1 22 0.545
Cut 88-91 2 8 1 1 12 0.667
Cut 91-95 1 7 8 0.875
Cut 95-00 4 1 1 12 18 0.667
Cut 00-02 2 1 6 9 0.667
Fire 72-77 0
Fire 77-84 0
Fire 84-88 0
Fire 88-91 0
Fire 92-95 0
Fire 95-00 1 2 3 0.667
Fire 00-02 1 1 0.000
Total 161 12 26 14 12 12 18 8 0 0 0 0 0 2 0 265
Producer’s
accuracy (percent) 0.839 0.667 0.615 0.857 0.667 0.583 0.667 0.750 1.000 0.777
Western Oregon ”
No Change 483 11 11 9 5 1 3 1 1 2 2 529 0.913
Cut 72-77 2 38 3 2 45 0.844
Cut 77-84 2 3 71 3 1 80 0.888
Cut 84-88 5 1 1 62 1 70 0.886
Cut 88-91 2 2 1 40 1 46 0.870
Cut 91-95 10 51 61 0.836
Cut 95-00 12 47 1 60 0.783
Cut 00-02 2 1 33 36 0.917
Fire 72-77 0
Fire 77-84 11 11 1.000
Fire 84-88 2 10 12 0.833
Fire 88-91 10 10 1.000
Fire 92-95 1 9 10 0.900
Fire 95-00 5 9 14 0.643
Fire 00-02 3 9 12 0.750
Total 529 55 87 74 46 52 51 34 2 13 11 11 11 11 9 996
Producer’s
accuracy (percent) 0.913 0.691 0.816 0.838 0.870 0.981 0.922 0.971 0.000 0.846 0.909 0.909 0.818 0.818 1.000 0.887
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Table 5-1—Map accuracy resultsfor change-detection mapsin Oregon and Washington (continued)

Reference plot class (disturbance year)

Map class No Cut 84- Cut88 Cut92- Cut96- Cut00- Fire84- Fire88 Fire92- Fire96- FireQ0- User’s
change 88 92 96 00 02 88 92 96 00 02 Total accuracy
—————————————————————————————— Number of plots—-- - - - —-----—-——— - Percent

Eastern Washington®

No change 160 4 2 3 1 1 1 1 2 175 0.914

Cut 84-88 2 9 11 0.818

Cut 88-92 1 16 1 18 0.889

Cut 92-96 5 5 1.000

Cut 96-00 1 15 16 0.938

Cut 00-02 7 7 1.000

Fire 84-88 2 2 1.000

Fire 88-92 2 2 1.000

Fire 92-96 1 9 10 0.900

Fire 96-00 8 8 1.000

Fire 00-02 1 1 11 13 0.846

Total 166 14 18 6 18 7 3 3 10 9 13 267
Producer’s
accuracy (percent) 0.964  0.643 0.889 0.833 0.833 1.000 0.667 0.667 0.900 0.889 0.846 0.914

Western Washi ngtond

No change 417 9 5 1 6 1 439 0.950

Cut 84-88 7 83 1 1 92 0.902

Cut 88-92 6 3 71 1 1 82 0.866

Cut 92-96 1 1 44 3 49 0.898

Cut 96-00 2 39 41 0.951

Cut 00-02 2 2 24 28 0.857

Total 435 95 78 47 51 25 731
Producer’s
accuracy (percent) 0.959  0.874 0.910 0.936 0.765 0.960 0.927

Note: Only the change cycles from 1995 (Oregon) or 1996 (Washington) through 2002 were used in the monitoring report.
% 15 pixels removed because they were either nonforest or were in the same disturbance unit as another point.
® 70 pixels removed because they were either nonforest or were in the same disturbance unit as another point.
© 14 pixels removed because they were either nonforest or were in the same disturbance unit as another point.
¢ 70 pixels removed because they were either nonforest or were in the same disturbance unit as another point.
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The following map accuracy results for California change detection maps are
reproduced from published reports (Levien and others 2003a, 2003b).

APPENDIX C - DATA ACCURACY

To assess the accuracy of the change map, 300 randomly selected change areas were compared
with known reference information of the same areas. All change classes were represented with
sites based on the acreage amount of change (e.g., the little or no change class has the largest
acreage, thus contains the most sites). Sites were seketed by creating polygons out of the
change areas, then randomly selecting change polygons between 10 and 30 acres. These areas
were interpreted for change using color aerial photography at a scale of 1:15,840, TM imagery
and field collected data. Becawse the decreasing and increasing change classes are relative to
each other (large decrease has more relative change than moderate decrease). the interpretation
of the photo or image was subjective based on the degree of mterpreted change.

Table 1¢ displays the error matrix for the Northeastern CA project area. The overall accuracy of
the change map 1s 89.3%. This means that of the 300 sample sites, 268 were correctly classified
ithe reference and classified classes are the same). Frrors of commission (reference class
included in the wrong classified class) and omission (reference class excluded from the correct
classified class) are also evident. For example, in Table le one site 15 classified as LDVC when
the reference class shows it was actually MDVC. Therefore, one area was omitted from the

Table 1c. Change Map Accuracy Assessment for the Northeastern CA Project Area

Reference Class

LOVC MOVE | 2DVC | MCH sIVE | MIVC LIV MY G TOTAL
- LDVC ] 1 9
< | MOVC 1 12 7 20
o] SDVC 1 2 an 33
=] MNCH 8 160 5 3 166
i S 38 [ 1 40
= ] 14 16
LIWVC ] 9
e 7 7
TOTAL 10 15 45 150 45 15 10 10 300
Producer's Accuracy User's Accuracy
LOWVC a1 20% LOVC a/9 200,
WO C 12156 B80% i 12020 G0,
=0VE (/45 67% S0OVC 30033 91,
MiZH 150/160 100% HiZH 1500166 G0%,
ST 38/45 Bd% SIVC 2840 T
MV 14156 3% MY C 1416 BR%
LIVC 2/10 A0% LIVC EIE 100%
MYG TH0 70% MWVG 77 100%

LDVC - large decrease in vegetation cover; MDV C - moderate decrease in vegetation
cover; SDVC - small decrease in vegetation cover; NCH - little or no change in
vegetation cover; SIVC - small increase in vegetation cover; MIVC - moderate
increase in vegetation cover; LIV C - large increase in vegetation cover; NVG - non-
vegetation change; CLD/SHA - cloud or shadow
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correct MDVC class and committed to the incorrect LDVC class. The producer's accuracy for
each change class ranged from 67% to 100% and the user's accuracy ranged from 60% to 100%.
Producer's accuracy represents how well the reference data of each change class is classified.

User's accuracy indicates the probability that a given change class actually represents that same
change on the ground.

The accwracy assessment also shows how well the methods classify decreases and increases.
Areas classified as a decrease were always a decrease, although the correct class was not always
assigned. The same is true for the areas classified as an increase. Also, a decrease site 15 not
classified into an increase class and an increase site 1s not classified into a decrease class. The
small decrease and increase classes have sites classified mnto the litle to no change class (eight
and five out of 45, respectively). This 1s expected, however, as this type of change can be very
subtle and the methods will have difficulty detecting it.
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APPENDIX C - DATA ACCURACY

To assess the accuracy of the change map, 10 to 30 acre polyzons for use as reference data were

randomly selected from all of the change classes (see Table l¢ for change class descrniphions).

The number of reference sites per change class was based upon the acreage amount of change

{e.z., the little or no change class has the largest acreage thus the most sites), with a goal of 50

reference sites per change class.

Reference sites were interpreted for Table 1c. Change Code and Corresponding
Change Class

canopy cover and shrub/chaparral

: color ﬂll‘l'i?.l| photography at Change
of 1:15,840, digital camera Code CHANGE CLASS

images at a scale of 1:3000, digital 1 7110 -100% CC
orthophoto quadrangles with a 1-meter 2 A1 to -T0% CC
cell size and field collected data. A 3 -16 1o -40% CC
number of the reference sites had to be 4 +15 1o -15% CC (Little or No Change)
discarded from the accuracy assessment 5 +16 1o +40% CC
because the data used to determine & +41 10 +100% CC .
vegetation cover change for each of them ; gnngrass Pecrease :"1:32;5

as either absent or of noor quality. The rub/Grass Increase = 15%
;':“JSI':'L_]L]TF m:""l';‘r “"\Il.tmmx ]L".i'm_}' th 9 Change Within Existing Developed Area

inal result was 382 reference sites. 15 Cloud of Cloud Shadaw

These 382 sites with known vegetation
change were then compared to the clas

ified change map to create an error matrix

Table 2c displays the error matrix for the Morth Coast project area. (See Table ¢ for change
code descriptions). The overall accuracy of the change map 1s 89.8%. This means that of the
382 sample sites, 343 were correctly classified (the reference and classified classes are the same;
Congalton and Green, 1999). Ermrors of commission {reference class included in the wrong
classified class) and omission (reference class excluded from the correct classified class) are also
evident. For example, Table 2c shows that one site was classified as +16 to +40% CC when the
reference class shows 1t was actually hittle or no change. Therefore, one area was omitted from
the correct little or no change class

Table 2c. Change Map Accuracy Assessment for the North Coast Project Area

Reference Class

Change
Code | 1 | 2|3 |a]|]s|6|7 ]| 8] 9]|Tota
" 1 14 14
< 2 30| 1 14
B 3 1| 2212 26
w[a 2 [218] 4 5 B | 235
E: 5 1|18 | 1 20
e 6 1] 312 116
7 1 10 11
8 4 23 27
9 2 7| 19
Total | 18 | 12 | 24 229 | 25 | 13 | 15 | 23 | 23 | 382

and committed to the incorrect +16 to +40% CC class. The producer’s accuracy of each change
class ranged from 67% to 100% and the user's accuracy ranged from 71% to 100%; (Table 3c).
Producer’'s accuracy represents how well a particular class is classified. Or, in other words, of all
the referenced sites that have a particular change class, how many times {or what proportion) did
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those sites get classified as such? For mstance, of the 24 reference sites with a —16 to —40% CC,
21 of those sites were classified correctly, The user’s accuracy looks at the matnix from a
different approach. Instead of locking at known reference data and calculating how many are
correct (producer’s accuracy ), the user’s accuracy looks at the number correctly classified and
compares that to the number of sites in that classification.  As an example, 26 sites are classified
inte the —16 to —40%% CC class, but 21 of those sites are actually referenced to be in that class.
User's accuracy mdicates the probability that a given change class actually represents that same
change on the ground

Table 3c. Producer's and User's Accuracy of Each Class

Producer's Accuracy User's Accuracy

1 1418 T8% 1 1414 | 100%
2 10112 83% 2 10/14 T1%
3 21724 B88% 3 21126 B81%
4 218/225 95% 4 218/235 93%
5 18/25 72% 5 18/20 Q0%
[ 12113 92% 5] 1216 75%
7 10/15 67% 7 10011 91%
g 2323 1 100% ] 23127 B5%
10 17123 74% 10 1718 B89%

The accuracy assessment also shows that general vegetation cover decreases and increases were
mapped well. Mo classified decrease corresponded to a vegetahon inerease m any of the
accuracy assessment sites, although a few sites were referenced as little or no change. The same
15 also true for the areas classified as an increase. Additionally, a referenced decrease site was
never classified as an increase and a referenced increase site was never classified as a decrease.
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